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- THIN-UNTIL-WET ABSORBENT FOAM MATERIALS
FOR AQUEQUS BODY FLUIDS
AND PROCESS FOR MAKING SAME

FIELD OF THE INVENTION
This application relates to flexible, microporous,
~ open-celled polymeric foam materials having fluid absorption
. ' ' . and retention characteristics that make them particularly
‘"  s ' suitable for absorbing aqueous body fluids, e.g., urine. This
- ’ application particularly relates to absorbent foam materials s
that remain relatively thin until wetted with such fluids. !

BACKGROUN 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
L\ in the package, making the diapers easier for the consumer to
- 3 carry and store. Compactness in packaging also results in
ggf_5574: : reduced distribution costs for the manufacturer and
RN distributor, including less shelf space required_in the store '&\k‘
per diaper unit. _
The abiTity 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 dxscharged body fluids, in
particular urine. In 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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regard, the use of cgdvaAtdye 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 disclose dual-layer core
structures comprising a fibrous matrix and particulate
absorbent polymers useful in fashioning thin, compact,
nonbulky diapers. '

These particulate absorbent polymers are unsurpassed in
their 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 crosslinked
polyacrylates comprise a multiplicity of anionic (charged)
carboxy groups attached to the polymer backbone. It is these -
charged carboxy groups that enable the polymer to absorb
aqueous body fluids as the result of osmotic forces.

~ . Bésides 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 bf the rate of fluid acquisition and wicking, i.e.
the ability to move 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 retained by the particulate absorbent
'pélymer positioned in layers or zones of the core.
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An alternative absorbent material potentially capable of
providing capillary fluid transport would be open-celled
ho1ymeric 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 is 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
also be molded in any desired shape, or even formed into .
integral, unitary diapers.

Literature and commercial practice is replete with
descriptions of various types of polymeric foams that can
imbibe a variety of fluids for a varietylof purposes. Indeed,
employment of certain types of polymeric foam materials 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
discloses a shape-retaining diapér that can employ a foam
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 retaining 'aqueous body fluids. _See, for
éxamp]e, U.S. Patent 3,563,243 (Lindquist), issued February 6,
1971 (absorbent pad for diapers and the 1ike 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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Although various polymeric foam materials have been
suggested for use in absorbent ahticles, 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 fluid 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 other components and keep the fluids
stored within the foam structure;

(b) relatively good wicking and fluid distribut1on
characteristics in order for the foam to transport the

_ .imbibed urine or other bbdy fluid away from the initial

e , impingement zone and into the unused balance of the foam

. ‘structure, 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 compressive forces.
As previously noted, a thinner absorbent core is usually
a requirement for mak%ng relatively thin absorbent articles,
such as ‘diapers. However, providing absorbent p61ymeric foam
materials that remain relatively thin in form until wetted
with aqueous body fluids is not straightforward. The
absorbent foam material needs to remain reﬁative]y thin during
normal stofagé and use prior to being wetted. This 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 absorbent cores. 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
_ adeduate or preferably superior absorbency characteristics,
including capillary fluid transport capability, so as to be
desirable in high performance absorbent cores used in
absorbent articles such as diapefs, adult incontinence pads or
briefs, sanitary napkins and the 1ike; (2) is relatively thin
during normal storage and use until wetted with aqueous body
fluids; (3) is sufficiently flexible and soft_so'aé 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 Tow cost. :
~ DISCLOSURE OF THE INVENTION .
The present invention relates to relatively thin, ..
- collapsed (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
hydrophi]ic, flexible, nonionic polymeric foam structure of
interconnected open-cells that provides a specific surface
area per foam volume of at ‘teast about 0.025 m2/cc. The foam
structure has 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
expaﬁsion 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 surface 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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collapsed polymeric foam materials remain relatively thin
during normal shipping, storage and use conditions, until
ultimately wetted with aqueous body f]uid#, at which point
they expand. Because of their excellent absorbency
characteristics, including capillary fluid transport
'capabi]ity, these collapsed polymeric foam materials are
extremely useful in high performance 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 dbtaining such relatively thin, collapsed
polymeric foam materials by polymerizing a specific type of
water-in-oil emulsion having a relatively small amount of an
0il phase and a relatively greater amount of a water phase,
~ ) commonly known in the art as High Internal Phase Emulsions 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 to about 80% by weight of a substantially water-insoluble,
monofunctional rubbery comonomer; (c) from about 10 to about
40% by weight of a substantially water-insoluble polyfunc-
tional crosslinking agent component. The o0il phase further
comprises from about 2 to about 33% by weight of an emulsifier
component that is soluble in the oil phase and will provide a
stable emulsion for polymerization. The water or “"internal"
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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 is to carry out the emulsion formation and
polymerization steps in a manner such that coalescence of the
relatively small water droplets formed in the HIPE emulsion is
reduced. This leads to a number average cell size in the
resulting polymeric foam material of about 50 microns or Tess.
It is believed that this 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 materials having good absorbency and fluid
transport characteristics. This reduction in coalescence can
be consistently achieved by the use of certain emulsifier

. 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 .
commercial scale, and at a potentially reasonable or low cost.

BRIEF DESCRIPTION OF T RAWINGS

Figure 1 of the drawings is a photomicrograph (1500 X
magnification) 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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_ . Figures 3a through 3d of the drawings are photomicro—
graphs (500 X magnification) of cut sections of absorbent
poiymeric foams prepared by polymerizing/curing a certain HIPE
emulsion at different temperatures.

Figure 4 of the drawings is a phqtomicrogréph (1000 X
magnificétion)-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 utilizes the absorbent pd]ymeric-foém
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-fitting article such as a disposable training pants
product which employs an absorbent polymeric foam according to

~ the present invention as an absorbent core. |

Figuré 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
layer with a modified hourglass shape.

ETAILED DESCRIPTION OF THE INV NTION
Polymeric foams of the type referred to herein can be

characterized as the structures which result when a relatively
monomer-free 1iquid is dispersed as droplets or "bubbles" in a
-polymerizable monomer-containing liquid, followed by polymer-
ization of the monomers in the monomer-containing 1iquid which
surrounds the droplets. The resulting polymerized dispersion
can be in the form of a porous solidified structure which is
an aggregate of cells, the boundaries or walls of which cells
comprise solid polymerized material. The cells themselves
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polymer1c foam materials useful as absorbents in the present
invention are typ1ca1]y prepared by polymerizing a particular
type of water-in-oil emulsion. Such an emulsion is formed
from a relatively small amount of a polymerizable monomer-
containing oil phase and a relatively- larger amount of a

C oA relatively monomer-free water phase. The relatively

- monomer-free, discontinuous “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 'preparéd from
water-in-oil emulsions, can be relatively closed-celled 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, polymeric
material. The polymeric foam materials useful in the
absorbent articles and structures of the present invention are
those which are relatively open-ceiled 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'substantiaIIy open-celled foam
structures have intercellular openings or "windows" which are
large enough to permit ready fluid transfer from one ce]] to
the other within the foam structure.

In substahtially open-celled structures of the type
useful herein, the foam will generally have a reticulated
character with the individual cells being defined by a
plurality of mutually éonnected, three dimensionally branched
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webs. The strands of polymeric material which make up the
branched 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 photomicregraph
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 cell.
Alternatively, a foam material can be considered to 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-o0il weight
ratio of the HIPE emulsion from which the foam materwa] is
formed. :
In addition to being open-celled, the collapsed polymeric
foam materials of this invention 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 foam types and methods of foam preparation, the
" internal surfaces of the foam structures herein can be
rendered hydrophi]ic 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 quantified by
referéncing the “adhesion tension" exhibited by such foams in -
contact with an absorbable test liquid. Adhesion tension is

- defined by the formula '
AT =y COS 8
wherein AT is adhesion tension in dynes/cm;
v is the surface tension of a test liquid absorbed by the
" foam material in dynes/cm;
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using a procedure whereby weight uptake of a test liquid,
e.g., synthetic urine, is measured for a foam sample of known
dimensions and capi1]afy 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 hydrophilic 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 synthetic urine having a
surface tension of 65 + 5 dynes/cm.

In addition to being "open celled" and “hydroph111c," the
polymeric foam materials useful in the present invention have
a specific set of structural and.mechanical properties,
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 ranges'set_forth hereafter for these
‘parameters. However, such foams are nevertheless still within
"the scope of this invention if they later undergo physical or
rheological changes so that they have the requisite values
specified hereafter for these properties, features and/or
characteristics at at least some pbint prior to and/or during ,
contact with the aqueous body fluid to be absorbed.

The properties, features and/or characteristics of the
pblymeric foam materials of the present invention are somewhat’

g\



of -from about 10 to about 50796of its dry basis density in its coIIapsed
state. - -6-- It is believed that the
7 t e hmh&d f the present invention to remain in a

abi
coIIapsed unex due to the capillary pressures developed
within the collg
by t

cture that at |east e yted
the el astic recovery ten ency (i.e., expansion pleBY8 EdfHASHBE
conpressed pol yner. Surprisingly, these coIIapse pol h&QEQmun ]
materials remain relatively thin -12- :

interrelated and interdependent, but can be essentially
categorized as follows: (I) those particularly relevant to

 its collapsed state; (II) those particularly relevant to its
expanded state; (III) those equally relevant to either its
collapsed or expanded state; and (IV) those particularly
relevant to its absorbency when in contact with aqueous body
fluids. '

1. Collapsed State.

' The collapsed polyméric foam materials 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 of 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
thermal drying, such as by heating in an oven, or by vacuum

~ dewatering. After compression, and/or thermal drying/vacuum
dewatering, the polymeric foam material is in a collapsed, or
unexpanded state. :

. The cellular structure of a representattve co]]apsed HIPE
- foam from which water has been expressed by compression is
shown in the photomicrograph set forth in Figure 1. As shown
in Figure 1, 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 is in its
expanded state.) As can also be seen in Figure 1, the voids
or pores (dark areas) in the foam structure have been
flattened or e]ongated There is also no or mtntma] contact
between adjacent struts of the foam structure.

Following compression and/or thermal drying/vacuum
dewatering, the collapsed polymeric foam material can
potentially re-expand, especially 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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during-nornmal shipping, storage and use conditions, until ultimately wetted
with aqueous body fluids, at which point they expand. Because of their
.excel | ent Tﬁb&embhmBuiRhanabteristlcs including capillary fluid

transport ¢ e col I'apsed pol yneric foan1nater|als are
extrenely us erformance absorbent coreg

such as di apers I’ nconti nence pads or brlefé

the like. These collapsed polyneric foam materi al

f1exible and 'soft so as to provide a high_ﬂggree- ek

of the absorbent article. The present "1 nvention further relates to a
process for consistently obtaining such relatively thin, coll apsed
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nonof unct i onal glassypr
is believed to be due to the capillary forces, and in

particular the capillary pressures developed within the foam
structure. As used herein, "capillary pressure" refers to the -
pressure differential across the liquid/air interface due to
o ~ . the curvature of meniscus within the narrow confines of the
| pores in the foam. [See Chatterjee, "Absorbency," Textile
Science and Technology, Vol. 7, 1985, p. 36.] For wetting.
liquids, this is essentially-a pressure drop compared to
atmospheric.’
r * After compression, and/or fherma] drying/vacuum
' dewatering, the polymeric foam material of the present
invention has residual water that includes both the water of
‘hydration associated with the hydroscopict hydrated salt
incorporated therein (as described 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 30%; by weight of the foam
when stored at ambient conditions of 72°F (22°C) and 50%
relative humidity. Preferred collapsed polymeric foam
materials of the present invention have residual water
contents of from about § 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 exerted by
the elastic recovery or modulus of the compressed polymer. In
other words, the capillary pressufe necessary to keep the
collapsed- foam material rélétive]y thin is determined by the
countervaling force exerted by the compressed polymeric foam
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fromabout 0.2 to about 20% by wei ght of aisater-

as it tries to "spring back." The e]astic 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 state until an equilibrium or relaxed stress

value is measured. Alternatively, and for the purposes of the
present invention, the equilibrium relaxed stress va]ﬁe is
determined from measurements on the polymeric 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
section 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 bo]ymeric foams according to the
present invention is relatively constant. Accordingly, the

capillary préssures necessary to provide collapsed, unexpanded

polymeric foam materials according to the present invention

_a]so typically fall within 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=217cos (8)

e

where v is the surface tension of the fluid, 6 is thé contact
angle, and r¢ is the radius of a capi]]any tube. However,
because of various complicating factors, including the

(c) fromabout 10 to about 40% by wei ght

n |a Lzdansol ubl e pol yfunc- tional crosslinking agent
%m further conprises from about—2-to about 33%!

onponent that is soluble in f{ hgey®ih b
for polynerization. The wdfer o%éﬁﬁgﬁﬁ%a )

-7- phase of these H PE enul si ons conpri ses an aque



solubl.e el ectrolyte. The weight ratio of the water phase to the oil phase
i n these H PE enul sions ranges fromabout 12:1 to about 100:1. The
pal ymeri zed foamis subsequently dewatered (with or wthout prior

washi ng /tﬂmémﬁeﬂuls celo . provi de the col l apsed foam nateri al . An
|nportant rocess of the present invent=ea=F51 ardeeneyt
‘the enuIS| d polynerization steps in & ]

e

coalescence o re a |ver smal | water droplets f
emul sion is reduced This |l eads to a nunbengaverage €€ ze 1IN the
resulting polyneric foam material of about 50 microns or less. It is
believed that this reduction in coal escence of the relatively small water
~droplets fornmed in thmﬂﬂhaﬂtgrmi aboignimnd tdlae rtdsryg tfongthenmlymerioufdae;
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consistent formation O col 8d¥ner|c oam
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enul sifier systens,: ures
equation jn the following, more genera form, that 1s

applicable to any porous structure (e.g., foams):
P=5Scp ycos®

wherein S¢ is the capillary suction specific surface area of .
the foam structure, p is the foam den;ity, is the porosity
of the foam, and v cos O 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]lery pressures developed
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 tens1on 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 value Scp in the above |
general equatioh. 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 direct measurement of the dried,
collapsed foam structure. Even so, it has been found that



pol ynmeri zation (curing), or both, as described hereafter. Mor eover, these

reIatlve%y—%hfﬁ——ee++aﬁsed—absorbent polymeric foam materials can be

con3|stenfﬂ§g f rgdsaccording to the process o tion
on a potenl %L}?e&h& I scal e, and at a potenti af|l THp&AEET "? w
cost. F DESCRI PTI ON OF THE PRAW N REPY ; t he
dr aw ngs | graph (1500 X magnification) of an edge view of a

cut section of a representatlve,absorbent pol ynmeric foam according to the
present invention in its collapsed state. -16-

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 specific surface area per foam volume
values of at least about 0.025 m/cc, preferab]y'at least
about 0.05 m2/cc, most preferably at least about 0.07 m2/cc
have been found empirically to remain in a collapsed state.
Capillary suction specific surface area, foam density and
the surface tehsion component of adhesion tension of  the
fluid, as well as other factors relevant to the cahi]]ary
pressure and/or expansion pressure of the polymeric foam, are
discussed more fully hereafter:
'A) gap111ar1 Suction Specific Surface Area _
Cap111ary suction spec1f1c surface area is, in general, a'
measure of the test-liquid-accessible surface area of the
~ polymeric network forming a particular foam pér 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 is thus a way of quantifying the total
amount of solid surface provided by the foam network to the
extent that such a surface participates in absorbency.
S~ , 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 suction specific surface area and low density
provide the very desirable combination of . high capacity and
high capillarity. High specific surface area is also a
consequence of the fineness of the struts making up the foam
structure. It has been found that foam 9ap111arity must be -
_controlled and selected so that the foam materials herein have
sufficient capillarity to provide acceptable fluid Eetention'
and wicking rate of the fluid to occur within the foam



8 . E;gﬂ[ﬁ_gﬁgi_liﬁijﬂij ngs i s a photom crograph of a cut section of a
represen I've absor bent polynerlc foam according to the present invention
in rts. expamdﬂﬁa&ba&@nkqice Figures 3a through 3d of the draw ngs are
photonlcro nagnlflcatlon) of cut sections- of absor bent

pol yneric f y pol ymeri zi ng/ curing a on at
different te a ures Figure 4 of the draw fgiHIS SHEER ASHBREN

(1000 X magnification) of a cut section of an absofjbent RERWAGRED ¢ f ogim
according to the present invention that ig,prepare ion

containing a preferred co-enulsifier systen1 Figure 5 of the draw ngs
i s-a cutaway depiction of a disposable diaper which utilizes the absorbent

pol ymeric foam of thetrict@ent Adjuetienbrofagaminlhousgitaos -spbaifad $urfack
L[ A0C o St ULl ORrERTRONRAY {4 cHfrPSRY BRH iy BhARGI1c36Y r0tnd! Ry | OV

confi gurati on. ur é Fawi ngs re t-away Vi ew of
a formfitting articPel¥genswfagesdi dposbus h?rﬂ?ﬁi'isnﬁmbam‘?)‘r“@dl}b? V\/m ch

enpl oys an absor bent rpqiigied idegie@ant aapoTidrity tfor the absorbent foams of
: this invention.

The capillary suction specific surface area is
particularly relevant to whether adequate capillary pressures
are developed within the foam structure 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 the foam structure also increases
(or decreases) propdrtionately. :

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 water-to-oil ratio of the HIPE
emulsion, and the type and amounts of monomers, emulsifiers,
and electrolytes utilized in the HIPE emulsion. Process
parameters 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 suction specific surface area_can also be utilized.




the pr.ésent invention as an absorbent core. Figure 7 of the draw ngs
represents a bl own-apart view of the conponents of a diaper structure also
of- dual layer core configuration having an hourgl ass-shaped fluid.

ac U|S|tTmn$kayhsB@memm¥ang an absorbent foam fl ui d—storage/djstribution

Iayer mnt ur gl ass shape. ' $ﬁgﬁé S TI'ON OF
THE | NVE WI HEIL'merl c foams of the type refgrred ggp gbgbﬁeggn be
characterized"as Tuctures which result when : i -free

liquid is dispersed as droplets or "bubbleg- in a polynerizable

nmononer -containing liquid, foll owed by polynmer- ization of the nononmers in
the nononer-containing liquid which surrounds the droplets. The resulting
pol yneri zed di spersion céilebeollapsdde openreebleda pbgovbents gl yieriedfeams uct ure
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conprise solid pol yrrerlc%giqlary sucta"non spec?ﬁc sur%ace ared ofeat Teast about
0.3 md/g. Typically, the capillary suction specific surface
area is in the range from about 0.7 to about 8 me/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 having 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 suction specific surface areas can
develop a sufficient capillary pressure to keep the foam in a

- collapsed, unexpanded state until wetted with such aqueous
body fluids. '

.B) Foam Density

Foam density in grams of foam per cubic centimeter of
foam volume in air is specified herein on a dry basis. Thus
the amount of absorbed aqueous liquid, e.g., residual salts
and liquid left in the foam, for example, after HIPE emulsion
polymerization, washing and/or hydrophilization, s
disregarded in calculating and expressing foam density. Foam

. density as specified herein does include, however, other
residual materials such as emulsifiers present in the
po]ymerized foam. Such residual materials can, in fact,
contr1bute significant mass to the foam material.

The density of the foam: materials herein, like capillary
suction specific surface area, can influence a number of
performance and mechanical 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 herein can determine the cost



-9- contain the relatively nononer-free liquid which, prior to

pol ymerization, had formed the droplets in the liquid dispersion. As
descri bed nore fully hereafter, the collapsed polyneric foammaterial s
useful asT t nReplacede present invention are typically prepared by
pol yrmeri zi I ﬂ WH Im type of 'water-in-oil ermulsion. Such an enul sion

Is forned f iiMel y small anmount of a po .zabl e nononer -

containing oil phase and a relatively larger anpumse ERT HALH y
nononer-free water phase. The relativgby Oer -HERACEH S qinuous
"internal" water phase thus forns the dispersed by the

conti nuous nononer-contai ning oil phase. Subsequent polynerization of
"effectiveness of such structures. Most importantly, foam

density can partially determine what. capillary pressures are
sufficient to keep the foam in a coilapsed, 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 alternate 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
veny Jow density foams such as the foams herein wherein the
'dry density approximates the inverse of the pore volume of the
foam. [See Chatterjee, "Absorbency," 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 inclusive, i.e., they are

intended to encompass density values that can be determined by
any reasonable experimental test method:

The collapsed absorbent polymeric foams of the present
jnvention have dry basis density values in the range of from
about 0.05 to about 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 édjusted
to within the foregoing ranges by controlling, in particular,
‘the water-to-oil ratio of the HIPE emulsion.



.the nononersin the continuous oil phase forns the cellular foam structure.
The aqueous liquid renmining in the foamstructure after polymerization can
be remeved by pressing, thernmal drying and/or vacuum dewat eri ng. .
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will generally have modiefyi:tguhgﬁmd plape water hay hhsu:rlﬁece belisiond wdl aboet 178 bei ng

defined by a 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
materials can also be included in the residual water as a

- result of post polymer1zat1on steps, e.g., to hydroph1]1ze the
foam surface.

One such material present in the res1dua1 water of the
collapsed polymeric foam is a toxicologically 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

N - about 0.1 to about 8%, preferably from about 3 to about 6%, by
' weight of the foam.

Another material that is present in the collapsed
po]ymer1c.foam materials are certain oil-soluble emulsifiers.
Representative oil-soluble emulsifiers that can be present in
the foam structures of the present invention include sorbitan
laurate (e.g., SPAN® 20), -mixtures of sorbitan laurate with
sorbitan paimitate (e.g., SPAN® 40), mixtures of sorbitan
Taurate with certain polyglycerol fatty acid esters to be
described hereafter, and sorbitan oleate (e.g., SPAN®.80).
These emuisifiers are typically incorporated for the purpose
of rendering the surface of the foam structure hydrophilic.




pluraltty of nutually connected, three dinensionally branched
-10- webs. The strands of polyneric material which nmake up the branched
webs of the-open-ceH—feamstructure can be referred to as "struts.”
Open-cel led .f ga Q? lcedtyplcal strut-type structure are shown by way of
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However, the more water-soluble components in these
emulsifiers can also be dissolved in the residual water
present in the foam structure and can affect its surface
tension, typically by decreasing it. These oil soluble
emulsifiers are present in the foam structure in an amount of
fat least about 0.5% by weight of the foam and typically in the
range of from about 0.5 to about 20%, preferab]y from about 5
 to about 12%, by weight of the foam.
D) Cell Size ,

An alternative feature which can be useful in defining
preferred collapsed polymeric foam materials of this invention
is cell size. Foam cells, and especially cells 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
"diameter" of such substantially spherical cells is thus yet
another commonly utilized parameter for characteriiing 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 capillary suction specific
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 deve]oped within the
foam structure. _

. A number of techniques are available for determining the
average"cell size of foams. These techniques include mercury



fluid comunication wth at | east one adj acent cell. Alternativel y, a foam
material can be considered to be substantially open-celled if it has a
measured avail able pore volune that is at |east 80% of the theoret ically

avai | abl’'e pore volune, e.g., as determned by the wat s tio
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sufficiently y!ropgi lic to permit the foampto absorb aqueous body fl uids
in the amounts hereafter specified. As discussed hereafter with respect to

preferred foamtypes and nethods of foam preparation, the internal surfaces
of the foam struct ur epotegimgtmy amwthdsts whichcarewelly dinowhiini thebyrtyi rhgemasit

residual hydrophili zi ﬂﬂemeﬂ&ﬁmlqaét hbneJehe fﬁ:PadE‘t&FnﬁHi?ﬂdJEé’HaEﬁﬂ in foams

pol yneri zation or by vyirtue of ost,- ation eat ment
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quantified by ’ mvent_‘.\on 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 commonly

- employed analytical tool which can be used to determine

' average cell size of the foam structures herein. Such a
technique 1is described in greater detail in U.S. Patent
4,788,225 (Edwards et al), issued November 29, 1988 which is
mcorporated by reference.

The cell size measurements given her'em 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 the range of from
about 5 to about 50 microns. More preferably, the number
average cell size will be in the range from about 5 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 infiuence
capillary suction specific surface area and foam density. For
the preferred HIPE-based foams, these include primerﬂy 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 varjed by adjusting
the energy input during mixing and the type and amount of
emulsifier used to form the HIPE emulswn

E) Plasticization Effects
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heferencing the "adhesion tension" exhibited by such foans in contact with
an absorbabl e test

AT = [ernl_LXELLELL}_Mhe%eln AT is adhesion tension in dynes/cm

is the surface tenS|on

mat eri al iThi
is the cont

g [

| iquid. Adhesion tension is defined by the formula

Rqﬁﬁig test liquid absorbed by the: f oam
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The 0il-soluble emulsifiers present in the collapsed 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
hydrophilization treatments. Plasticization by the
emulsifiers usua11y tends td decrease the polymer modulus and
thus Towers 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
resistance to compression deflection characteristics specified
hereafter. )

II. . QDAML :

A) Density Upon Saturation With Synthetic Urine

[err]

‘err]

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 expahded foam when saturated with
aqueous body fluids, relative to its dry basis density in its
collapsed (compressed) state, provides a_ measure of the
relative thickness of the foam in its expanded state. This
provides-a'particular1y 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 B88°F (31.1°C) to its free absorbent
capacity with synthetic urine haVing a surface tension of 65 +
5 dynes/cm. The density of the foam in its expandéd state
when saturated with the synthetic urine can be measured by a

_procedure described more fully hereafter in the Test Methods



the pol yneric foam and the vector which is tangent to the

at the point that the test liquid contacts the foam surface.
any given—hydrophit+c—foammaterial, the adhesion tension exhibited by the

foam can he. '

upt ake ofqﬁw%ﬁk, e.g., synthetic urine, is neasured for a foam
sanpl e of ktﬂﬂﬂ" Iﬂgu ﬂﬂs and capillary suction specfffTc_surtace ,
Such a proc i bed i'n greater detail in th FrtPH j@%ﬁ%ﬁ? C 1

hereafter. The foams which are useful as-absorbents

ggﬂ{9§ggrinentally usi ng a procedure whereby wei ght

the ¢

test liquid

‘ion

i nvention are generally those which have been rendered hydrophilic to th
extent that they exhibit an adhesion tension of from about 15 to about 65
dynes/cm nore pref etasbion.f rthe density af the Lp¥Lmeasyrad nids tmexpandgds er ni ned
by capillary suctionsatpr#tied statsynshgheh redateds isauimcgmge,; aoeuteeagiholn of

. ng. "qpe . " ilic,"
t he pol yneric foam n%atségi‘gelqgw sg?utlth%i gﬂgmhg" ﬁgsgor}tqg\uﬁ\?eﬁ%aﬁgh h@%g{%? '
specific set of struktraesss ehdhadrasantcinveptioperthecdensiaefiribe tasm/ b

65 + 5 dynes/cm

characteristics.

Qifizerern pr()perti escaﬁEEny“&$¥h 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 l '

‘Pore volume is a measure of the volume of the openings or
cells in a porous foam structure per unit mass of solid
material (polymer structure plus any residual solids) which
forms thg'foam structure. Pore volume can be important in

" influencing a number of performance and mechanical features of

the absorbent foams herein, especially in their expanded
state. Such performance and mechanical features include
absorbent capacity of the foams 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 experfmenta]
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." |

One conventional way for determining available pore
volume experimentally involves 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 hereaftér
in the TEST METHODS section. It should- be understood,

It #fs0ekphnded wtdee sipondsdtheitiohete itoafrewatabsordbst can have



and/ or- characteristics at different tines prior to contact between the foam
and the_aqueous body fluid to be absorbed. For exanple, during their
manuf act ur e, shlpgln 'storage etc., the foans herein can have density

and/or ¢ lFS ut si de t he ranges set forth hereafter for fhese
paraneter h foans are neverthel ess st ' e of
this inve Il n at er undergo physical or The Hﬁgﬁhgfpgﬁgﬁﬁﬁﬁp;o
that they have the requisite values specified heregiter 1
properties, features and/or characteristi@g-at at |east sone point prior to

and/or during contact wth the aqueous body fluid to be absorbed. The -

properties, features and/or characteristics of the polymeric foam
materials of the prebewever,nfbaft pbteraztdve destidguids and procedures can also

be used to determine available pore volume.

' The pore volume of the absorbent foams useful herein can
be influenced and controlled 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 of
the foam and degree of recovery of the polymerized foam
structure after such steps. _

The foam materials of the present invention will
generalTy 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 éxperimenta] 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 method are
i within the scope of this invention.

s _ C) Resistance to Compression Deflection
An important mechanical featuré of the polymeric foams of

this invention is the strength of the absorbent foam, in its
expanded state, as détermined by its resistance to compression.

- deflection. The resistance to compression deflection
exhibited by the foams herein is a function of the polymer
elastic modulus and the density of the foam network. The
polymeric elastic modulus 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.



-12- :interrelated and interdependent, but can be essentially categorized
as follows: (I) those particularly relevant to its collapsed state; (I11)

t hose particularly relevant-to its expanded state; (I e _equally
rel evant to elther |t§ QI | apsed or expanded state; anlsng eg -

partlcuIaKMyﬁﬁ s absor bency when in cont fct mnmgp“
fluids. L. “ iﬁ The col | apsed poly SRR S

t he present usually obt ai ned by polynmerizing a HIPE-type
enmul sion-as described hereafter. These aé-water-in-oil enul sions having a
relatively small amount of an oil phase and a relatively greater anount of
a water phase. Accordingly, after polynerization, the resulting foam
contains a substantial am®ubr usefylhtas absenbgntasiauciuxes Hin cabseeledtd from

the foam by conpressiavgicies eaeh agndiapérssathedebsoebentefodnymiteeiatel ofirtye ng,
such as by heating i Br&%n? %Uent? lMs‘E’%S”&Uﬁab]y resistant to deformation or
' compression by forces encountered when such absorbent
materials are engaged in the absorption and retention of
fluids. Foams which do not possess sufficient foam strength
in terms of resistance to compression defiection 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 compression deflection exhibited by the
poiymeric foams of the present invention can be.quantified by
determining the amount of strain produced in a sample of
saturated foam material held under a certain confining
pressure for 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 wh1ch are 0.25 cm thick and
have a cross-sectional circular area of 6.5 cm?). Such
samples are saturated with synthetic urine having a surface
tension of 65 * § dynes/cm and are thereafter subjected to a
confining pressure of 5.1 kPa for a period of 15 minutes at a
~ - temperature of 88°F (31.1°C). The amount of strain produced

' in such testing is reported as a percentage of the saturated
and fully expanded sample thickness that the compressed
thickness of the sample represents. The method for carrying

- out this particular type of test for quantifying resistance to
. compression 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 of 5.1 kPa produces a strain of typically from about
- 2 to about 80% compression of the-foam structure when it has
: béen.saturated to its free absorbent capacity with synthetic




dewatering. After conpression, and/or thermal drying/vacuum dewatering, the

polymeric foammaterial is in a collapsed, or unexpanded state. ~ The
cellul.ar structure—of—a Tepresentative coll apsed H PE foam from which water

TR R 0 R WA W, -

has been:expressed (EMEET ession is shown in the pheteseragraph -set—forth
in Fi guréz"fhljfs)S SEEntix iFigure 1, the cellular str j THIeSItEET has Begl s -
di storted, H mm\ﬂk conpared to the H PE foa ruB‘EBL&CEbown i
Figure 2. ( ure shown in Figure 2 is i Fs—expandeg=stat €. )
As can al so be seen in Figure 1, the voidgjor pores (dark areas) in the
foam structure have been flattened or elongated. There is also no or

m ni mal contact between adjacent struts of the foam structure.

Fol | owi ng conpr essi onriedharing e soeflaceryensiphvef 65#5 dynes/emi nPreferably
col | apsed pol yneri c ftﬁ’@@tﬁﬁ%hgﬁr‘foﬁbceaaﬁhd%tﬁ:@ﬁ'c%h&MiBlgs' ’?v’fPlaEQ"n_eEnPee% ey
0 ul whi ch s

when wetted wi th aqueous S. ee FI gur ows a typical
H PE f oam st ruct urg e ARRYTGS L P %"tpf‘@geﬁ?sfi 39%%?’?%’( Trom @Bowdy SatRied.

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 and emulsion polymerization conditions and
techniques. Thus, such preferred foams can be formed from
materials with elastic modulii large enough to provide
adequate resistance to compression deflection even though such
foams are low density and have very fine struts.

D) Recovery From Compression Deflection

" -Recovery from compression 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 with synthetic urine.

A suitable procedure for determining recovery from
compression deflection is set forth in the TEST METHODS
section hereafter. Such a procedure in general- involves
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 then are released from
compression. The extent to which the sample recovers its
thickness, in the presence of available free fluid, in the
one-minute period after the release of compressive force is
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Surprisingly, polyneric foammaterials of the présent

|nvent|on—reﬁﬁrﬁ—rﬁ—%hrs—eﬂ+lapsed or unexpanded state, for signific
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structure. As used herein, "capillary pressure"” refers to tHe pressure

differenti al

across.the liquid/air interf-a88e due to the curvature of

meni scus Wi thin the narrow confines of the . .-

‘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.

. IIT. Collapsed or Expanded State

A) Flexibility
The absorbent foams of the present invention should be
sufficiently flexible so that they can be utilized in

absprbent 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 absorbent properties.
Preferred absorbent foams of the pfesent invention should
also be suff{ciently'flexible 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 packagéd and marketed in a folded
condition wherein the diaper core is folded in both the.
longitudinal and transverse directions. Disposable diapers
are also generally 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 marketing can be even greater

than those which are applied 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



ee Chatterjee, "Absorbency," Textile Science and
85 p. 36.] For wetting liquids, this is essentially

a. press R RIpPALEd 4t 0 at nospheri c. After conpression, and/or
t her mal ewatering, the polyneric f et eral OL_1ng’
present T\Qﬂ ﬂm f“ sidual water that includes b'Eh’ﬁSﬁ%T EHE;N
hydratlon h the hydroscopic, hydrate sal t RERAT A at e
therein. (as described hereafter), as well as free water absorbed Wit hin the
foam It i's this residual water (assistedgby the hydrated salts) that is
~believed to exert capill ary pressures on the resulting collapsed foam
structure. Col l'apsed polyneric foam materials of they(g;nesent I nvention can

have residual water bendiRthiw thgutatundergeingboignioant ydamags | to f¥heir about 4
to about 30% by wei gitucfiral Nmté@any Whpescrtbudedn a8heaTESTERETHOD: Bett s  Of

72[err]F (22[err] C 0% r el u d I d
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structure at Ieast eg]'go%lndthe tl ﬁ?cale mgn&r%(li ?é’ 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 88°F
(31.1°C) can be subJected to this bending test mthout
breaking, i.e., exhibit a bending value of at least one cycle.
More preferably, preferred foams can be bent at least 3 times
without breaking when subjected to such a test procedure.
B) [Foam Integrity and Softness

-While not absolutely essential for the realization of
operable or useful absorbent structures, the absorbent foams
of this invention will preferably possess the additional
mechanical attributes of structural integrity' in use and
softness (lack of irritatibn) 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 compress 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 for 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

pores.in the foam

" [S
Technol egy Iu. +—19

configurations wherein the foam material surface can come in
close proximity to or even in actual contact with the wearer’s
skin. Accordingly, it would be very desirable for the surface



the.el.astic recovery or nodulus of the conpressed polyner. |In other words,

the capillary pressure-necessary to keep the collapsed foan1nater|al
relatlvely thln |s detern1ned by the count erval i i

conchas§@ X T4

tries to I The el astic recovery teng ol [

can be'de stress-strain experinents where the expanded foamis
conpressed to about 2596of its original, expanded cali per (thlckness) and
then held-in , -30-

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

Absorbent foams having suitable polymeric compositions,
and the structural characteristics and mechanical features as
he?einbefore 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 materials herein which render such foams especially
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; B) the
rate of vertical wicking of fluid through the foam structure;
C) the absorbent capacity of the foam at specific reference
wicking heights; and D) 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)  Eree Absorbent Capacity
' Free absorbent capacity is the total amount of test fluid
(synthetic urine) which a given foam samp]e will absorb into
its cellular structure per unit mass of solid material in the
samp]ef 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.



this conpressed state until an equilibriumor relaxed stress value is

measured. Alternatively, and for the purposes of the present |nvent|on t he
equilibriumrel axed stress value is determned fro rx-nn"—_a --------- he
pol y e This Slieetetiws Been Remgaceb| | apsed state when in conta tTHA.SBh!EER]WBEHN '
s hermlmﬁEDefer

e.g. ( rnatlve rel axed stress val ue
as the ! ? sure" of the foam A detail ed—descripl 0 -
procedure tor determning the expansion pressure of foans is set forth in

the TEST METHODS section hereafter. -3he expansi on pressure for
pol yneric foans of the present invention is about 30 kil oPascals (kPa) or
less and typically fromabout 7 to about 20 kPa, i.e. the expansion

pressure is within a rellsihngdhg pracedsie rdeseribed Tniareatemdetaié hereafitec

recovery tendency ofjqf yrd qasy m@tmu&tmanﬁeecmmm éa@aéh@ e BEIH
invention is rel ativel ssur es

necessary to provi de% %Ffﬂ'&%@dptfﬁﬁe?ﬁaﬁb‘éea 5%4"&/ﬁﬁwaga$5a?naﬁf’ﬁ?e‘%ﬁ1cs
accordi ng to the -prexahysisnteshnique. al Bo sughpiac 4edhpiquel, | avfoami semple afst ant

range, It m ghd eEﬁfﬁeBel%ﬁﬁ'ﬁ%b'éﬁdpﬂtﬁ%@'i@ bﬁhc@'@aﬁ#’éedﬁ'hr 6Ftteyt the
capillary pressures A’ 3 (Os'?ﬁﬂ\e‘%é hur?né)h%nfio'%maﬁowegtyreabgorb 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

Yet another fluid handling attribute of the absorbent
foams useful herein relates to their ability to quickly move
or "wick" écceptablg amounts of body fluids through their foam
structures. Vertical wicking, i.e., fluid wicking in a
direction opposite from gravitationél force, is an especially
desirable performance attribute for the -absorbent foam
materials herein. This is because such materials will
frequently be utilized in absorbent articles in a manner that

. fluid to be absorbed must be moved within the article from a
re]étive]y 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 1iquid
through the foam and holds it in the foam structure. Foam
characterizing 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.



cold apsed pol yneric foans according to the present invention. For exanple,
if nmodeled sinply as a hollow cylinder, the .capillary pressure (P) can be.
defi riad sheet i @ednRRhIAEL €CUAt i ON: P=2Terr] cos ([err])
'[err] Is the surface tension of the fluid, [err] is the
contaci"M’le mrc I's the radius of-a capill aryTh@§HEEfﬂ)&§‘é‘%ﬁN '
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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.is 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 present
invention will have a 5 cm vertiéa] wicking rate of no more
than about 5 minutes when wicking synthetic urine.
2) Vertical Wicking Absorbent Capacity

The vertical wicking absorbent capacity test is carried
out in conjunction with the vertical wicking rate test.
Vertical wicking absorbent capacity measures the amount of
test fluid per gram of absorbent foam that is wicked 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 MEfHODS section.

To be especially useful in absorbent articles for
absorbing urine, the preferred absorbent foams of the present
invention will generally have a vertical wicking absorbent
capacity such that, at 11.4 cm (4.5 inches) of vertical
wicking height, the foam test strip wicks to at least about
.50%, most preferably at about 75%, of its free absorbent
capacity.



-15; .difficulty in assigning a value to rc for the polyneric foam the
capillary pressures deveLﬂped withi'n the foam structures of the present

i nventi on-are-—not—easured directly. Instead, the capillary pressures

devel oped mn hkﬁ Mg Hepadwi st ructure are nore easily estimated by rewiting

t he above n in the follomnng, nor e—geperab—fgFm—tal | S
appl i cabl e \mm structure (e.g., foans): TR1$6HE!ET HAﬁkﬁﬁE& l Scis.
the capill cific surface area of th; f oarRER is the
foan1den3|ty, is.the porosity of t] foan1 ‘ T err] is

t he adhesion tension (AT) between the fluid and the f oam st ruct ure.
Assumi ng the value for is close to 1 (typically the case when the foam
structure is in its expapgadtidnahg), the capillary pressures devel oped
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suction specific surface area,
utilized in absorbent art1c1es along with other types of

absorbent structures which can also participate in acquiring,
distributing 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 structure
— from other absorbent components which also are absorbing such
fluids. Such a propensity 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. 4,610,678 (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 preVious1y noted, collapsed polymeric foam materials
according 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
hhase emulsions ("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
maferia] 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 matter what the particular monomeric makeup,



density; and (C) the adhesion tension between the fluid and the foam
structure. _For _a constant adhesion tension value, it has been
that the specific surface area per. foamvolunme is pg et arl Y, A
enpi ri cal Tps §heey 1 &tructures of the present - i&z;
remain in a I ﬁi te. As used herein, "speci BEES ea
f oam vol unef e capillary suction specifit surface area of the

foam structure tines the foamdensity, i.e. the value S[err] in the above
general equation. This specific surface afr¥®a per foam volune value is
characterized as "enpirical” in that it is derived from(a) the capillary

suction specific surface area which is neasured during wetting of the dried
foam structure, and @Bjecuhr weighttqr merphaltogd,fatbr@otyiRismrtarial @ighY or
wetting to saturati ome, r ghd1eresubtingbyolineetd foamsuweliendenefalise bari ed,

col | apsed fqam str ucw&ede]a@{gniﬁochauctgﬁ,s PN HOY88h [ fBhctures wint
pbssess both viscous, i.e. fluid-like, properties and elastic,
i.e. spring-like, propefties.' It is also important that the
polymeric material which forms the cellular foam structure
have physical, rheological, and morphological attributes
which, under conditions of use, impart suitable flexibility,
resistance to compression deflection, and dimensional
stability to the absorbent foam material. _ ' _
N ' : The relative amounts of the water and'oi]'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 oil 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
genera]iy have water-to-oil phase ratios ranging from about -
12:1 to about 100:1, more preferably from about 20:1 to about
70:1, most preferably from about 25:1 to about 50:1.
. A. 0il Phase Components .

" The continuous oil phase of the HIPE emulsion comprises
monomers that are po1ymefized to form the. solid foam
structure. This monomer component includes a "glassy"
monomer, a "rubbery" comonomér'and,a'cross-]inking agent.
Selection of particular types and amounts of monofunctional
agent(s) can ben§mportant to the realization of absorbent HIPE
foams having the desired combination of structure, mechanical,
and fluid handling properties which render such materials
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



~16- ‘certain minimimspecific surface area per foam volume val ues are
correlatable to the ahility of the foamstructure to remain in a coll apsed

state.aPoF? 3¢ € rding to the present |nvent|on haV|ng speC|f|c
surface are rlﬁ ume val ues of at |east abou 0
preferably ' 0.05 nR/cc, nost preferabl) 07
mMerr]/cc have been found enpirically to remain in a l
Capillary suction specific surface area, foam density—anc
t ensi on conponent of adhesion tension of t3ge fluid, as mell as other

factors relevant to the capillary pressure and/or expan5|on pressure of the

pol ymeric foam are discussed nore fully hereafter: ﬁlllar Suction
Specific Surface Ar edhat tend to impart glass-like propert1es 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 40°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
— N being the most preferred monomer of this kind. Substituted,
e.g., monosubstituted, styrene such as p-methylstyrene can
also be employed. The monofunctional glassy monomer will
normally comprise from about 5 to about 40%, more preferably
- from about 10 to about 30%, more preferably from about 15 tb
about 25%, most preferably about 20%, by weight of the monomer
. component,

The monomer component also comprises one or more
monofunctional comonomers which tend to impart rubber-1ike
properties to the resulting polymeric foam structure. Such
comonomers are referred to as “rubbery" comonomers and are,
for purposes of this invention, defined as monomeric materials
which would pfoduce high molecular ﬁeight (greater than

N 10,000) homopolymers having a glass transition temperature,
Tg, of about 40°C. or lower. Monofunctional rubbery co-
monomers of this type include, for example, the C4-Cy12 alkyl-
acry]ates, the Cg-Ci4 alkylmethacrylates, and combinations of
such comonomers. Of these comonomers, n-butylacrylate and
2-ethylhexylacrylate are the most preferred. The mono-

~ functional rubbery comonomer will generally comprise from
about 30 to about 80%, more preferably from about 50 to about
70%, most preferably from about 55 to about 65%, by we1ght of
the monomer component. : :

Since the polymer chains formed from the glassy
mbnomer(s) and the rubbery comonomer(s) are to be
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mechanical, and fluid-handling properties. :
Depending upon the type and amounts of monofunctional
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 difunctional,

monomers. Thus, the cross-linking agent can be a divinyl
aromatic material such as divinylbenzene, divinylto]u]éne or
dialiylphthalate. 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 ph;se of the foam-forming

“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 011 phase of the HIPE emuisions

will comprise the aforementioned monomers, comonomers and

crosslinking agents. It is essential that these monomers,
comonomers and cros§-linkihg agents be substantially
water-insoluble so that they are primarily soluble in the 0il
phase and not the watér phase. Use of such substantially

- water- 1nso]uble monomers 1nsures that HIPE emulsions of

appropriate characteristics and stability will be realized.

It is, of course, highly 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

ifrdiiE10hS3 Y npRERCD. SOMNaREL, Ot Rlerilghppapact Ly and

ace nsequence of the
fineness of the strm%'trﬂﬂﬁhgtxﬂs ande apert) Sf r‘U‘@’e‘%‘r‘é"k‘“Bt aggag b"eé‘r?"i’ound

that foam capil |l ari timpoednt bso eReteveniiall m%mhactoedpmmaat pdlymerfieam
material s herein ha"PoaﬁEf hhFing tthg 2Rl 1 RE' (YnbiRaPlcRY ' ¥e &?ﬁ@%i‘?' e fluid



and. wi'cking rate of the fluid to occur within the foam
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and appropriately chemically stable. These monomers,
comonomers and cross-linking agents should preferably have
little or no toxicity if present at very low residual
concentrations during post-polymerization foam processxng
and/or use.

Another. essential component of the oil phase is an
emulsifier which permits the formation of stable HIPE
emulsions. Such emulsifiers 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 and sorbitan paimitate (e.g.,
SPAN® 40) in a weight ratio of from about 1:1 to about 3:1,
and especially combinations of sorbitan laurate with .certain
po]yg]yﬁero] fatty acid esters to be described hereafter.

The o0il1 phase used to form the HIPE emulsions will
generally comprise from about 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 component.

N In addition to the monomer and emulsifier components, the

' _oil phase can contain 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 insoluble solvent for the monomer and

"emulsifier components. A solvent of this type must, of
course, not be capable of dissolving the resulting polymeric
foam. Use of such a solvent is not preferred, but if such a -
solvent is employed, it will generally comprise no more than

" about 10% by weight of the oil phase.



ar e~devel oped within the foamstructure to keep it in a collapsed state
until wetted with aqueous body fluids. Using the general formof the

Lapl ace equation above, the capillary pressure devel oped within the foam
St T UCt Ur EThisShiet 9B Bk irQRAL, 1 © the capillary suction specific surface area.

Assum ng O : uch as the foam density and §ohe t he
fluid are Bmmm[ﬂﬂ means that, as the capillaryl SHSSHEETHASBEENS
surface ar d (or decreased) the capilla pr RERIFACED t hi n
foam structure al so increases (or decreasgs) proportionately. :
capi-llary suction specific surface area of the foam herein can be
i nfl uenced and controlled by adjusting various conpositional and processing

parameters that, affdct fWaken Phasen€amponentfor HI PE enul si on- based foans,
conposi tional paramet er gpb Nfkedht i hdbas VL BFmal Phasé ofaiheOHIPE M sidnkEis |

ol oLt ol Yt os uti | i 2o TReER R pndeh MET D ASRerabhg BBs S Baresis. SHEIRY ect i ng
capillary suction smpeotdining wné xremarecdissed veddcomponents. enegpssentiial -
tenperature. FQfi s§3IVEO S@mp@ent N4 thEWRREF Phas€ Rl hal FiderSsgiubpd
spec fic surface ar ee e:lzigsroq)?tte?r r?hgegisgxwﬁae létr:{rwytteh?n atmguwpattegfphase pf
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
oii/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 resu1ting'preferred"uolymeric foams can be
" open-celled. -
Any electrolyte which provides ionic species to impart
_fonic 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 in the present invention. Generally 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 water phase. More preferably, the
electrolyte will comprise from about 1 to about 10% by weight
of the water phase. '

- The HIPE emulsions will also typically contain a
polymerization initiator. Such aﬁ initiator component is
generally added to the water bhase of the HIPE emuisions and
can be any conventional water-soluble free radical initiator.

~ Materials of this type include peroxygen compounds such as

sodium, potassium and ammonium persulfates, hydrogen peroxide,



capillary upt ake of a low surface tension liquid (e.g., ethanol) which
'occur's W t hi-n—afoamsanple_of.a known mass and di nensions. A detailed
descri.ption of such a procedure for determ ning foam specific surface area

via the caplﬂp “ tdhod is set forth in the VETHODS sectlon
hereafter. ternative nmethod for dete '
suction speC|f a can also be utilized.
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‘sodium peracetate, sodium percarbonate and the 1like.
Conventional redox initiator ‘systems .can also be utilized.
Such systems are formed by combining the foregoing peroxygen
compounds with reducing agents such as sodium bisulfite,

- L-ascorbic acid or ferrous salts. _

The initiator 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 the
total moles of polymerizable monomers in the oil phase. When
used in the water-phase, such initiator concentrations can be
realized by adding initiator to the water phase to the extent
of from about 0.02% to about 0.4%, more preferably from about
0.1% to about 0.2%, by weight of the water phase.

C. Hydrophilijzing Agents and Hydratable Salts

The cross-Tinked 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 pq]ymerization 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 further 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 necessary, can
generally be accomplished by treating the polymerized HIPE'
foam structures with a hydrophilizing agent in a manner
described more fully hereafter.

Hydrophilizing 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.
Hydrophilizing agents will generally be employed in liquid

“ /:
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mh|Qh~aPe useful in the present |nvent|on are those that have a capillary
sudt i*on’ speci fic surface area of at |east about 0.3 n2/g. Typically, the

capi || ar'y suction specifit surface area is in the range fromabout 0.7 to
“about 8 thgmsg£g§§haQ§¥iL£ n1about 1 to about 7 nferr]/g, nost preferably

from about 1 For pore volunes to be defined hereafter,
hydroph_incfrm&wr HH e aeedl
-val ues w ||

uch capl | lary suction speettFe=5tr] éi pRERA
capacity, fluid- retaining and fluid-w oing or di

ess an especially desira
characteristics for aqueous body liquids such as urFe.— Tn addition,
" having such capillary suction specific surface areas can devel. o
sufficient capill arfpripr ergean be dissepved or fishersedain @) hydyeptyili g}{@xpanded

~ state until wetted sMﬁtfioﬁ%"i]rtﬁqB%th@OdU the HI#E . foam surBjcesFodm Beissity
Spoct {1 od hor el n°ofaints, hABpRA LD i) call b adtbpbnatp EE | 1 &l e
liquid, e.g., residohymesig tsyreacqs| qfqiihel areferred, RIRE fogunstrighurgsaifp e,

after H PE enul si onampedt¥meditaBld Gor renderiinggsuchneichacedysiborantialdgtion, is
hydrophilic but without altering the desired flexibility and
compression deflection characteristics of the foam. In
‘preferred foams which have been treated with hydrophilizing
agents, the hydroph1llz1ng agent is incorporated into the foam
“structure such that residual amounts of the agent wh1ch remain
in the foam structure are in the range from about 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
sorbitan laurate (e.g., SPAN® 20), and combinations of
sorbitan laurate with certain polyglycerol fatty acid esters
to be described hereafter. Such hydrophilizing surfactants
.can be incorporated into the foam during HIPE emulsion
formation and polymerization or can be incorporated by
treatment of the polymeric foam with a solution or suspension
of the surfactant dissolved or d1spersed in a su1tab1e carrier
-or solvent. .
Another material that needs to.be incorporated into the
HIPE foam structure is a hydratable, and preferably
hygroscopic .or deliquesent, water soluble inorganic salt.
Such salts include, for example, toxicologically acceptable
alkaline eafth metal salts. Materials of this type and their
use in conjunction with oil-soluble surfactants as the foam
hydrophilizing 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 ghis type include the calcium

abso-bent

f oans



dlsregarded i n calculating and expressing foamdensity. Foam density as
SpéCIerd herein does include, however, other residual nmaterials such as

_enuls:f%e%sw‘ esent in the polynerlzed foam Such residual materials
can, in tﬁgﬂ&%ﬂﬁﬂﬂm&dSIgnlflcant mass to the foam materi al. The -
den5|ty o lals herein, like capillary suction speC|f|c
surf.ace ar ce a nunber of performance and nmechani ca

absor bent foans herein TH ' or bent

characterl . ESE_ T 1t
‘capacity for aqueous ‘body fluids, the extgnt and r tTé'"%ﬁHE?DHGScﬁ@N'! buti on
within the foamand the foan1f|ex1b|I|ty and conpr=55|o@ﬁﬂHM¥¥%lon
characteristics. Inmportantly also, the density of the foam absorbent
structures herein cdal ittesesuchnas tclabcwmsghlonde which, as previously noted,
can also be emp]oyed as the eélectrolyte 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
inorganic salts can generally be used to treat the foams after
completion of, or as part of, the process of removing the
residual water phase from the just-polymerized foams. 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 foam structures which are
relatively hydrophobic as po1ymer12ed with hydroph11121ng
agents (with or without hydratable salts) will typically be.
carried out to the exten; that is necessary and sufficient to
impart suitable hydrophi]iéity-to the preferred HIPE foams of
the present invention. Some foams of.the'preferfed HIPE
emulsion type, however, can be Suitab1y 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 0il phase and calcium
chloride is used as an electrolyte in the water phase of the
HIPE emulsion. In that instance, the residual-emulsifier-
containing internal polymerized foam surfaces will be suitably
hydrophilic, and the residual'water-phase Tiquid will contain
or deposit sufficient amounts of calcium chloride, even after
the polymeric foams have been dewatered.




;-19~. ef fecti veness of such structures. Mst inportantly, foamdensity can
parTially determ ne what capillary pressures are sufficient to keep the

feamin a coll apsed, unexpanded state over substantial periods of tine
unti | wet ThigShegt E body fl uids. Any suitable gravinetric

pr ocedure de a determ nation of nmas —Sor o Toam-nateri a
per unit, VWMIE‘ tructure can be used to me H@&E’)@FﬁﬁéﬁﬁE@' For
exanpl e,/ an ASTM gravi metri.c procedure described nor f ul REPLACERe TES
METHCODS section hereafter is one nethod wkdi-ch can be enployed for density-
det erm nati on.- For those situations where the foam sanple preparation

procedures (drying, aging, preerX|no. can |nadvertently alter the
density neasurenentd)obf"ﬁ~‘ p1%1 4 dbtadning: WIPEEQamsi nation tests

can also be utilized. Syamn p.l-etpgf-;[tabh vey;meﬁ'hgdsnvjwés EKWﬁps caf; i ncl ude
gravimetric densi ty ﬂe?g ! rrents%ab"i% ﬁ%hamterna] phase emulsion (HIPE); 2)
polymerizing/curing this stable emulsion under conditions
suitable for forming a solid polymeric foam structure; 3)
washing the solid 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 hydrophilizing‘agent and/or hydratable salt
to deposit any needed hydrophilizing agent/hydratable salt,
and 4) thereéfter dewatering this polymeric foam structure
(preferably including compression in the z-direction) to the
extent necessary to provide a collapsed, unexpanded polymeric
foam material useful as an absorbent for aqueous body fluids.
To 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 stéps in a manner
such that ‘coalescence of the water droplets in the HIPE
emulsion is reduced or minimized. HIPE emulsions are not
always stable, particularly when subjected to higher
temperature conditions to effect po]ymerizafiqn 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 structhre, 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'sma11 in
size, such nonuniform cell sizes in the resulting foam can
“adversely affect the fluid transport propert1es of the foam,
especially its wicking rate.)




test |'iquid absorbed within the foammaterial. This type of density
" det®rm nation nmethod can be useful for characterizing very |ow density
fodns such asthe foamstereimwherein the dry density approxi mates the
i nver se of th&sg@eﬁmyg&um@uthe foam [See Chatterjee, "Absor bency,

Textile SC|en gy, Vol. 7, 1985, p. 41§ :
suction speci fji m Em [l a, ‘the ranges for foam 'heﬂ‘ﬁs E§§t"'/’fso$EEN I

hereafter are inclusive, i.e., they fare
enconpass denS|ty val ues that can be detggm ned by any reasonable
experinental test nethod. The col l-apsed absorbent pol yneric foans of

the present invention have dry basis density values in the range of from
about 0.05 to about 0. 4Reduchinn pnether abdlpséencen efbwatero dogpleds atmodibe 0. 25

g/cn8, and nost pr eﬁmaehmsfuameabp% Q ﬂmatweralaoe»tage 19/ smeeﬁﬁ]theThe
density of the foan1na ted.to wt far £goi o

ranges” by control | i AgY ?wgpggmcgﬁruéfuret Jﬁﬁt%qoéqurdzgmon %{{a 613N hé HI PE

enul si on. is believed that this resulting smaller 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. (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 emu]sioq. Techniques for cdnsistent]y 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. FEormation of HIPE Emulsion :

‘The RIPE emulsion is formed by combiniﬁg the oil phase
components with the water phase components in the previously
specified weight ratios. The o0il phase will contain the
previously specified esséntia] components such as the
requisite monomers, comonomers, crosslinkers and emulsifiers,
and can also contain optional components such as solvents and
polymerization initiators. The water phase used will contain
the previously specified electrolytes as an essential
component and can also 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 generally applied to the extent
and for a time period necessary to form a stable emulsion from



-20-, © ;0 Surface Tension of Fluid As previously noted, the

‘col "apsed polyneric foammaterials of the present invention have. a
certain Tevel of residual water. In the absence of other surface tension
nmodi f yi nghiaGleetts BgsnReplaged er has a surface tension of about 73 dynes/cm at
22[err] C. Hm mtunm residual water typically contaps—other materials

that wll NI e or decrease its surface tensjomis sSHEEPpARBS&RIN §Ul S
can be present 1 n the water phase of the H PE enul sion frompepleepe

polyneric foammaterials of the present ifffention are typrcaty—nade—Thase
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materials can al so be included in the residual water as a result of

ost-pol ynmeri zati on steps,.e.d.,.to hydrophilize the foam surface.
P oty _ t eF%ombiné% oi].andyhatep phases. Such a process can be

conducted in either batchwise 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 oil and water phase combination will
frequently involve the use of a mixing or agitation device
such as a pih 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. 1In such a
procgss; a liquid stream comprisiﬁg the oil phase is formed
and providéd at a flow rate ranging from about 0.08 to about
1.5 mL/sec. Concurrently, a liquid stream compriéing.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 fanges, 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 exfent of
from about 1000 to about 2500 sec.-l. Residence times in the
mixing chamber will frequently range from about 5 to about 30
seconds. Once formed, the stable HIPE emuision in Tiquid 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
(DesMara{s et al), issued September 22, 1992, which is
incorporated by reference.




_One suth material present in the residual water of the collapsed polyneric
foaMiis a_toxicologically acceptable hydroscopic, hydratable salt,
preferably_cal ciumchloride. In addition to keeping _the residual \An_'r_er in

the foam sff : porating, these hydratalil g, salfeETGas BESQ
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structure in an anount of at |east about (Qg51% by weight of the foam and
typically in the range of fromabout 0.1 to about 8% preferably from about

3 to about 6% by weight of the foam - Another material that is present
‘in the coll apsed pol ynerila ¢omafisteatr iradiciag ctheecdziiescence -folthbl water
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for the purpose fer‘red emulsifier systems comprise a combination o
sorbitan laurate (e.g., SPAN® 20), and certain polyg]ycero1
fatty acid esters (PGEs) as co-emulsifiers. The welght 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 yith
sorbitan laurate are usually.prepared from polyglycerols
characterized by high levels of Tinear (i.e., acyclic)

' diglycerols, reduced levels of tri- or higher polyglycerols,
and reduced levels of cyclic diglycerols. Suitable
polyglycerol reactants (weight basis) usua11y'have'a linear
diglycerol level of at least about 60% (typical fange 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 60 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 -
Taurate are also prepared from fatty acid reactants
characterized by fatty acid compositions having high levels of
combined C12 and Cy4 saturated fatty acids, and reduced levels
of other fatty acids. Suitable fatty acid reactants have

fatty acid compositions where the combined level of Cj2 and
Ci4 saturated'fatty acids is at least about 40% ( typical

-




of renderlng the surface of the foam structure hydrophilic.

C.2r -___However —the—nore wat er - sol ubl e, conponents in these emulsifiers can
al so be dIS V&Qn kde residual water present in the foamstructure and

can af tension, typically by decreastag I
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| east a i ght of the foam and typical lly i n RERLAGERe of {from
about O. to about 20% preferably from about 5
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rénge of from about 40 to about 85%), the level of Cig
saturated fatty acid is no more than about 25% (typical range
of from about 5 to about 25%), the combined level of Cjg or
higher saturated fatty acids is no more than about 10%
(typical range of from about 2 to about 10%), the combined
level of Cjp or_]owér 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 C1g monounsaturated fatty
acids. Preferably, the fatty acid composition of these fatty
acid reactants is at least about 65% combined C12 and Cj4
saturated fatty acids (typical range of from about 65 to about
75%), no more than about 15% Cjg saturated fatty acid (typical
range of from about 10 to about 15%), no more than about 4%
_combined C)g or higher saturated fatty acids (typical range of
from-about 2 to about 4%), and no more than about 3% Cjg or
Tower 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
also usually characterized as imparting 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
measuring the IFT of these PGEs is set forth hereafter in the
PGE ANALYTICAL METHODS section.) ;
PGEs useful as coemulsifiers with sorbitan mono]aurate
" can be prepared by methods well known in the art. See, for
example, U.S. Patent 3,637,774 (Babayan et al),_issued January
25, 1972, and Mcintyre, “Polyglycerol Esters," J. Am. 0il
Chem. Soc., Vél. 56, No. 11 (1979), pp. 835A-840A, which are



_ to about.12% by weight of the foam D) Cell Size An alternative
feature which can be useful in defining preferred collapsed polyneric foam
materials of thi ention is cell size. Foamcells, and especially cells

whi c higheet R Ilrcl_‘%"olyrrerizing a nononer - contai _ 'hat
SurrOj m[ﬁi‘ﬁml mononer - free wat er - phase HropteHEETWAS Bl \uent 'y be
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certain preferred absorbent foam structures of the present invention. .
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approxi matel y the sammrporated iy aefersgee cad| whichedescrébe megbodsgdovel |
ST on,speet 112 SRRl doeroamaryite, o o |8y
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absor bent foam mat eacids. of Apptopriate ecombinati@isnoé pelvglyderelcoranr bputes to
~capillary suction spagiabid byUREAGE BEBAIWRETY cbedieletrom cBrrieparal
hydrophilicity, : . .
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 commercial 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 0.1 - 0.2% sodium hydroxide as
the esterification catalyst. The reaction is initiated at
atmospheric pressure at about 210°-220°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%, the catalyst is then
neutralized with a phosphoric acid solution and the reaction
mixture 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 cured. In one embodiment herein, the
reaction vessel comprisés a tub constructed of polyethylene
from which the eventually polymerized/cured solid foam
material can be easily removed for further processing after
polymerization/curing has Begn carried out to the extent
desired. It is usually preferred that the temperature at




_detern1ne the capillarity of the foam cell size is a foam structure

parqﬂgLeL,Lha%~Caﬁ’HTF€btIy affect the internal fl-uid w cking properties of
t he foa qgﬁgﬁﬁan&$MWéreln as well as the capillary pressure that is

devel foam structure. A nunber of technigues—a+e

avail a N\ ning the average cell size of f '17"réﬁﬁASQEEN||ues
I ncl ud .

met hods which are well known in the art. éghe nost

which the HIPE emulsion is poured into the vessel be
approximately the same <as the polymerization/curing
température.

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 30°C, more preferably above about
35°C, for a time period ranging from about 4 to about 24
hours, more preferably from about 4 to about 18 hours.

In reducing coalescence of water droplets in 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 Tower poly-
merization/curing temperatures are in the range of from about
30° to about 50°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 50°C, the thermal
stress on the emulsion can cause the water droplets present to
aggregaté and coalesce, thus forming much larger cells in the
resulting polymeric foam, especia1]y if the preferred
combination of sorbitan laurate and PGE co-emulsifiers is not
used in 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 typ1ca11y obtained when
the HIPE emulsion 1s-po1ymerlzed/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 subsequent treating/



usaf ul techni que, however, for determning cell size in foanms involves.a
si npl e nmeasur enent based ‘on the scanning el ectron photom crograph of a foam
sanpl e _Fi-gure-2—fer—exanpl e, shows a typical H PE foam structure

according.to the resent invention inits expanded state. Superi nposed
on the B A SBHCel s 5 scale representing a LR =FACr ons.
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is, in fact, a commonly enployed anal yti-ggl tool which can be used to
determ ne average cell size of the foam structures herein. , Such a
technique is described in greater detail in U S Patent 4,788,225 (Edwards .
et al), issued Novewdsbing@nd Hessterind sheriss anoelhasaterenare ether %H%e.
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3. Treating[WaShing HIPE Foam :

The solid polymerized HIPE foam which is'formed will
generally 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 comprises an aqueous solution of
electrolyte, residual emuisifier, 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 will
usually be carried out by compressing the foam structure to
squeeze out residual liquid and/or by washing the foam
structure with water or other aqueous washiné solutions.
Frequently several compréssing 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 suitable hydrophilizing agént and/or
_hydratable salt. Hydrophilizing agents and hydratable salts
which can be employed have been previou#]y described and
include sorbitan ]auraté'(e.g., SPAN 20) and calcium chloride.
As noted, treatment of the HIPE foam structure with the
hydrophilizing agent/hydratable salt solution continues, if
necessary, until the desired amount of hydrophilizing
agent/hydratab]e salt has been  incorporated and until the foam
exhibits a desired adhesion tension value for any test liquid
of choice.



average;cell size will be in the range fromabout 5 to about 40 m crons,
most preferably, fromabout 5 to about 35 microns. The size or dianeter
of" the cells in the foans herein can be influenced and contr.oll ed by '
vari at i on Tafs ShdaeHas Besa Repigged of f oam conposi ti onal and processing features

that influe ' suction specific surface area and foam density.
For the pre sed foans, these include p 3 _ ors
whi ch deter '

of the water-phase droplet§ THISSHEENHAES BEENS) on

precursor of the polynmeric foam structur&g-herein. . be
vari ed by adjusting the energy input during mxing and the Type an unt
of emulsifier used to formthe. H PE enul si on. E) Plasticization

‘Ef fects 4. [Foam Dewatering

After the HIPE foam has been treated/washed to the extent
necessary to render the eventually dried foam suitably
hydrophilic, and optionally to incorporate a sufficient amount
of a hydratable 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 aboqt_GO‘C to about 200°C, or to
microwave treatment, by vacuum dewatering or by a combination
of compression and thermal drying/microwave/vacuum dewatering
-techniques. The dewatering step of HIPE foam processing will
generally be'carfied_out until the HIPE foam is ready for use
and is as dry as practical. Frequently such compression

~ dewatered foams will have a water (moisture) 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 moisture content of from about 5 to about 40%, more
preferab]y from about 5 to about 15%, on a dry weight basis.
The resulting compressed/ dried foam will be in a col]apsed,
unexpanded state.
VI. Absorbent Articles o

The collapsed polymeric foam materials of the present
‘invention can be used as at least a portion of the absorbent
structurés (e.g., absorbent cores) for various absorbent
articles. By "absorbent article" herein is meant a consumer

| product which 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 garments,
catamenials such as tampons and sanitary napkins, disposéb]e
training pants, bed pads, and the like. The absorbent foam



-23- ¢ '; The oil -soluble enulsifiers present in the.collapsed f oam
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' In its simplest form, an absorbent article of the present _'
jnvention need only include a 'backing sheet, typically
relatively liquid-impervious, and one or more gbsorbent 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 région of
the wearer of the absorbent article. Liquid impervious
backing sheets can comprise any material, for exampie
polyethylene or polypropylene,. having a caliper of about 1.5
mils (0.038 mm), which will he1p 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 absbrbent 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 Tike which is substantially porous and permits body fluid
to readily pass therethrough and into the underlying absorbent
core. The topsheet material will preferab1y 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 structures herein. For example, the absorbent core can
éomprise 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

o b——




‘hereafter,. 11. Expanded State A) Density Upon Saturation Wth Synthetic
Uri ne A particularly inportant property of the absorbent foams of the
presént invention in their expanded state is their .density upon saturation
Wit h aqy@suﬁuh@ﬂﬁmkhﬂmds relative to the dry baS|sEdenS|ty of the

absor be collapsed state. The density 'WMEQS anded—regm
when sang‘ ueous body fluids, relative tf it E?ﬁ BERM ity
inits c onpressed) st at e, prOV|des a nea E%IQLLME
t*hi ckness of the foamin its expanded statsg. This provides a partrcutarly
rel evant measure of how thin the foamis when expanded and when saturated
wi t h -aqueous body fl ui ds. For the purposes of the present invention,
the density of the aBdsbealy basdess togethReiar Whishreasds WPAY e Sonstraineed when
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with synthetic urine i @n e
density of the.foam Fm\ik)g“g t??)a%d %gt'&et‘gﬁév?ﬁethﬁstfp% IBQEI(&IH]eShS?);gt hetic
uri ne can be neasure@f tiheaabéﬂbtt%ﬂm’fé‘ﬂéscrl bed nore fuI I y hereafter-in the

Test Met hods 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.qg.,
an air-laid mixture, of particles or piéces of the absorbent
foam structures herein and conventional absorbent materials
such as a) wood pulp or other cellulosic fibers, and/or, b)
particles or fibers of polymeric gelling agents.

In one embodiment invoiving 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 comprising
conventional absorbent structures or materials. Such
conventional absorbent structures or materials, for example,
can include air-laid or wet-laid webs of wood pulp or other
cellulosic fibers. Such conventional structures can also
comprise conventional, e.g., large cell, absorbent foams or
even sponges: The conventional absorbent structures used with
the absorbent foam herein can also contain, for ekample.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 Apri] 19, 1988, which is incorporated
by reference. o :

One preferred type of absorbent article herein is one
which utilizes a multi-layer absorbent core having fluid




=24~ sectron-*he—deﬁsrfy of the foam neasured in its expanded, saturated
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foamin | ate. For the purposes of the present invention,
t he denS| inits expanded state upon saturation to its free
absorbentI synthetlc uri ne can be in=therange of from about
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preferably in the range of fromabout 10 to abouf| 30% REPEACED ly from
about 15 to about 25% B) Pore Vol unme _.s3.

handling layer positioned in the fluid discharge region of the
wearer of the articie} 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 layef 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 articles described in
U.S. Patent No. 4,935,622 (Lash et al), issued June 19, 1990,
- which is incorporated by reference.

These multi-layer absorbent cores also comprise a second,
 i.e., Tower, 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 closest to the article topsheet. 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 utilize
the absorbent foam structures of this invention in a lower
fluid storage/redistribution layer underlying an upper fluid
icquisition/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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conventional diaper making techniques, but by replacing or
supplementing the wood pulp fiber web ("airfelt") or modified
cellulosic 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 core 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 (ancan et a1), 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; all of which are
incorpqréted by reference.

A preferred disposable diaber embodiment of this -
invention is illustrated by Figure 5 of the drawings. Such a
diaper includes an absorbent core 50, comprising an upper
fluid acquisition layer '51, and an underlying fluid
storage/distribution layer 52 comprising an absorbent foam
structure of this invention. A topsheet 53 is superposed and
co-extensive with one face of the core, and a 1iquid
impervious backsheet 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 diaper is
preferably constructed in an hourglass configuration.

Another preferred type of absorbent article which can

. utilize the absorbgnt foam structures of the_present invention



_intp the foam structure. ‘A procedure for determning avail abl e pore

vol ume 'using Z2-propanol is set forth hereafter in the TEST METHODS secti on.
|.t* shoul drhx&héenHs BeénPRlaced -25-  however,

t hat alter qui ds and procedures can al sg
avallable - The pore volune of the abg
herein can and controlled by adjusting

and processing features. For exanple,

conposi ti ona
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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 pervious, nonwoven material.
Such core overwrapping thus serves as the "topsheet" for the

- form-fitting absorbent article.

The flexible substrate which forms the chassis of the
form-fitting article can "comprise cloth or paper or other

kinds of nonwoven substrate or formed films and can be

elasticized or otherwise stretchable. Leg bands or waist

- bands of such training pants articles can be elasticized in

conventional fashion to improve fit of the article. Such a
substrate will generally be rendered relatively liquid-
impervious, or at least not readily liquid-pervious, by
treating or coating one surface thereof or by laminating this
flexible substrate with another re]atively 1iquid-impervious

- substrate to thereby render the total chassis relatively

liquid-impervious. In this instance, the chassis itself

_ serves as the "backsheet" for the form-fitting article.

Typical training pants products of this kind are described in
U.S. Patent 4,619,649 (Roberts), 1ssued October 28, 1986,
which is incorporated by reference. o

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 lining 1ayer 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




_prefierred H PE emul si on-based foans herein, these pore volune influencing
feature I hcl ude the water-to-oil ratio of the PE_enul si on, type and

amount. of wat er phase—electrol yte used, type and ai fUflsQ ol LA
i} washil 1 ;

enul si fi eflisShed Hanqs) 5. POl ymeri zation steps to effe ‘

densi fi cat | ' Baffland degree of recovery: of 200 lam
structure | % ps. The foam materials of the preseén

i nvention w T {@) have a pore volunme of fromabout 12 to about 100
m./g, nore preferably from about 20 to akseut 70 nl/g, and nost preferably

from about 25 to about 50 nL/g. Such ranges for pore volunme are intended
to be an "inclusive" definition of theoretical pore valune for the foans

enconpassed by thi s 3FYbREE sAre Ghhoemprisingnan absprberiedean Sthgtuse afthi ch

can reasonably be expeqiresentoimyientiomeasur enents approxi mating theoreti cal

pore vol une provides values within the f%@gqjﬁ%ﬁanges, then the foam

matertals tested by any such nethod are ) scope of this_invention.
@) Resi st ance to Conpri@sdpsvibing d6gi Bresent inygntieReor 8 aRY™HSECRENi cal -
feature of the pol yroharaztéwiattcsobdf tihie SHIPE VEDami ab3orbent lstradtueegtalre ofett he

absorbent foam in iéb?th. 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 - Synthetic Urine _

_ Several of the measurements described in the tests herein
involve 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 described hereafter is
made from a commercially available synthetic urine preparation

" manufactured by Jayco Pharmaceuticals (Mechanicsburg, PA,
17055). This Jayco synthetic urine made from the preparation
comprises KC1, 0.2%; NazSOq, 0.2%; NH4H2PO4, 0.085%;
(NHg)2HPO4, 0.015%; CaCl2*2H20, 0.025%; and MgCl2*6H20, 0.05%.
(weight- %’'s) The synthetic urine Samp1es 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
+ 5 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




_expanded.state, as determined by its resistance to conpression deflection.
The -resistance conpression defl ection exhibited by the foanms herein
is a funetion of theiggky&er el'astic nodulus and the density of the foam
net wor K. ;mw®b- | astic modulus is, in turn, determined by a) the
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.the measurements made in éarrying 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
pressﬁre of 0.05 psi (350 Pa). A1l measurements of foam
density and dry weight are usually carried out after the foam

- sample has been water washed and dried, as described

hereafter.
IT) Determination of Properties, Features or Characteristics
of Foam

A. Collapsed State
1) Expansion Pressure .

This 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 11 is used having a parallel plate assembly capable of
retaining liquid. This parallel p]éte 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 placed 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
88°F (31.1°C) for at least 10 minutes, with the top plate
being adjusted to rest on the cut sample with a force of about



To. bé _usef ul as absorbent structures in absorbent articles such as
di apers, the absorbent foam materials of the. present invention nust be
sui t abl ymrscShdesHammtf«apLdsed ormation or conpression by forces encountered when

such abs s .are- engaged in the absorpti onga: s entlon of
f1 uids. not possess sufficient foam strg

reS|stance on deflection may be able to a

acceptable anDunts of body fluid under no-load conditi's =3

easily give up such fluid under the conggessive stress caused by t he moti on
and activity of the wearer of the absorbent articles which contain the

f oam The resistance to conpression deflection exhibited by the
pol ymeric foanms of 1&8e prThe Rheongtyics MedelcBIR AL tuRredrrmeed B9 48t &r i ni ng

the anount of stragtrensadioHadion téstsatml. 6% atraiat ufnatmbrémmmtesa'eal hel d
under a certain cogg eg:d}g p@h gu&o f‘w‘“ﬁe&%gf ? Ptﬁfc'tﬂﬂl % EHEE For the

- purposes of the pr I'nv uch s Ut enen on a foam
sanpl e of standar deraugh watgr ihavingsa \tigmearatyre of B8°k A1 4°Ek ianauickle a

cross-sectional chgd*eul 6 ﬂfeeBoafochlﬁ) eMe. usinguah sgeimge eto arneurseat ur at ed
W th synthetic uri nginpt?@‘e” thl?raw PFCthe cut sample (e.g., 3 mL in 1
second). The pressure the cut sample exerts on the plates ‘as
it tries to expand (i.e. its expansion pfessure) is recorded
for at least 15 minutes after the point at which the water is
added; the value at 5 minutes is recorded as the expansion
pressure of the cut sample. '
2) Capillary Suction Spec'ific Surface Area
Capillary suction specific surface area of the foam can
be determined from the equilibrium weight uptake of a test .
Tiquid of known low surface tension. In this instance,
absolute ethanol (flash point is 10°C) is used.
' To conduct the test, a tared foam sample 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 1-2mm 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 should be less
_than the sample length. The ethano]-contaihing strip is then
weighed to determine the weight of total ethanol uptake.
During this procedure the sample should be shielded, for
| examh]e with a capped glass cylinder, to prevent ethanol
evaporation. The ethanol is then allowed to evaporate 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. = Mebln
Mn7e
where Sc = capillary suction specific surface area in cm/gm;
. Mg = mass of liquid uptake of ethanol in gms; G = the



tension,of 65 * 5 dynes/cn1and are thereafter subjected to a confini ng

pressure of S/ihEEg/Lgpﬂa period of 15 minutes at a tenperature of 88[err]F
(31. 1 err] G —Fhe anoun% of strain produced in such testing is reported as

a pereemntage of d.BeReS® rated and fully expanded_sanple thickness that the

conpr es \‘m “ the sanpl e represents. ’ M@E@pq geﬁa[ryl ng out
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this part test for quantifying riesi st HiegaAbe npr933|on
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deflectio

secti on. The absorbent foans useful-5%erein are those which exhibit a
resi stance to conpression deflection such that.a confining pressure of 5.1

the Foam struct ur o SumuitatiTalcCasstanto dieh atseed anfeeds Hoe” pter pgwn "
capacity wit-h synt heft wet sample in cm; My = 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 me/g. '

3) [Eoam Density :

One procedure which can be used to determine foam density
js that described in ASTM Method No. b3574-86, Test A, which
is deéigned primarily for the testing of urethane foams but
which can also be utf]ized for measuring 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 samples which have been
preconditioned 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 determinations 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
using a pressuré on the dial foot of 350 Pa (0.05 psi).
Density is calculated as mass per unit volume. For
purposes of 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 samp]e is saturated at 88‘F

(31.1°C) to its free absorbent capacity with Jayco synthetic
urine. The volume is 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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Conpr essi on Defl ecti dnvo]ves the measurement of the amount of 2-propanol (flash

point 12°C) which can be introduced into the structure of an

absorbent foam sample. Equipment and materijals used in mak1ng_

such a measurement are equilibrated at 22 * 2°C. Measurements
are also performed at this temperature.

Dry foam samples are cut into 1 in?2 (6.5 cmz) circular
surface area x 0.1 inch (0.25 cm) thick cylinders or the
équivalent.” Such cylindrical samples can be 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 al]owed 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 fluid 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).

'¢) Steps a) and b) are'fepeated 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 = [WW(g) - DW(g)1 -
- DW(g)

~ Available pore volume is then calculated by dividing the

MFC of the foam for 2-propanol by the density of 2-propanol

-l'arge enough to

be in the range fromabout 5 to
For the preferred

lﬁmlwml‘sl on, resistance to conpression
within the foregoi ng rangeff fw
and aﬁhb@ﬁﬁ?atran

cover From



_-Rechen —eﬁﬁﬁfessr0n~deflect|on relates to the tendency or propen5|ty'

of a piece to return to its origi nal_di-reasiowF e
b€i ng def or ee a° een% ]%e((lj under forces encounter Hl$ ME]TWBEEN \
storage or’ es of the present |nvent|-lj reBﬁPéA?EPron1 ,
conpre55|on the preferred absorbent fdes—He

determ ned on foans mhlch are in their expanded. state, and contain absorbed
body fluid. Accordingly, recovery fromconpression deflection is neasured
on expanded feans which are saturated w-6h synthetic urine. A suitable
procedure for deternining recovery fron1cogpressionddeflectlon |s|set fFrth
I n the TEST METHODS sectlon hereafter. Such a procedure in general involves
conpr essi on and rel'ishk i§70.d88admbiar dhis givesormavainpble merecMolume faven
saturated to its frihe fdamoinbmifg.capacity with synthefic urine. Sanples are

n hen are
e ander 0%, ORI ARl o Ghpfas3 iy BEFLOE o' sarple recovers |t
thi'ckness, in the presdifsistdncatai F‘H'!Plréssﬂ%é’eﬂ%ﬁtdm icantbee qypetifiedit e
peri od after t he T eforaprpofesC @RPLIGESS imnt iUnC By ineasuring the amount of
' strain (% caliper reduction) produced 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 sémples, 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 cm?) circular
surface area is punched out of the saturafed, fully expanded
sheet. A dial-type gauge. suitable for making caliper
measurements is positioned on- the sample. Any gauge fitted
with a- foot having a circular surface area of at least 1 in2
(6.5 cm?) and capable of measuring ca1iper 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 confining pressure. From the initial and final caliper
measurements, a percent strain induced can be calculated for
the sample.

4) Recoverz'From Compression Deflection
To test recovery from compression deflection, foam
samples similar to those prepared for the Resistance to
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(reS|I|enee}_pLgpen3LLy—QL_the sanpl e. Preferred absorbent.-foans of
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t he expand It after one mnute. Mre preferably such
preferred f have a recovery fro gtefN §cti.on
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Flexibility The absorbent foans of the presen g be
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Compression Deflection test (see II(B)(3) above) are used.

Using a diaﬁ-type gauge, a test sample saturated,fo its
free absorbent capacity in Jayco synthetic urine at 88°F
(31.1°C) is compressed within 10 seconds to 50% of its
original thickness and maintained in the compressed state for
1 minute. The pressure is then released, and the foam is
allowed to recover thickness for 1 minute in the presence of
"the expelled fluid. The percent recovery is based on the
original height of the uncompressed foam.

C. . Collapsed or Expanded States
1) - Flexibility |
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 cellular 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 1 lap in 5 seconds until the ends of the strip meet. The
foam-is 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 sample is saturated at 88°F (31.1°C)
- with Jayco synthetic urine. The same procedure described in
11(B)(2) above for Available 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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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 approximately 70 cm long x 2 cm wide Xx

© 0.25 cm thick is supported vertically with one end immersed 1
to 2 mm into a reservoir of synthetic urine. .The liquid is
allowed to wick up the foam $trip to its equilibrium height
(e.g., about 18 hours), which should be less than the sample
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 exh1b1ted by hydrophilized foam
samples which 1mb1be.test fluids via capillary suction is the
product of the surface tension, 7, of the test fluid times the



_ Gven'the nature of treatnment which the absorbent foans herein can
- encounter, preferred. absorbent foammaterials of this invention wll
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cosine of the contact angle, 8, exhibited by the test f]uid in
contact with the interior surfaces of the foam sample.
Adhesion tension can be determined experimentally by measuring
the equilibriuﬁ-weighf uptake by capillary suction exhibited ,
by two test samples of the same foam using two different test
Tiquids. 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)(Z)'abbve for Capillary
Suction Specific Surface Area. o

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 f]uid; (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:

cosy = MUBLN
MNTUSc

where 8y = contact angie of Jayco synthetic urine in degrees; My
mass of liquid uptake of Jayco synthetic urine in gms; G
gravitafiona] constant which is 980 cm/secZ; MN = mass of dry foam
sample in gm; 7Yy = surface tension of Jayco urine which is ~65
dynes/cm; S¢ = specific surface area of the foam samble in cmz/gm as
determined by the ethanol uptake procedure; and Lp = length of the
wet foam sample in cm. , ,

When a surfactant is present (on the foam sample surfaces
and/or in the advancing test 1liquid), characterization of the
advancing liquid front is defined by applying the adhesion tension
(AT) equation:



~around ascylindrical mandrel at a specified rate wthout 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
foan1nateria| at 88F (31.1[err]C) can be subjected to this bending test
mﬁthou%~bweakLngT-L?e, .exhibit a bending value of at |east one cycle. Mire
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In determining adhesion temnsion 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 (v cos@) is especia11y useful when viewed as a percentage of

the maximum adhesion tension which is the surface tension of the

test Tiquid (e.g., the maximum adhesion tension using Jayco
synthet1c urine would be [65 * 5] [cos 0°] = 65 + 5 dynes/cm).

. PGE _ANALYTICAL METHODS
A. Interfacial tension (IFT) 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 principles. 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 (typically 5 microliters) is injected into the
spinning capillary tube of the tensiometer which contains the
aqueous phase pre-equilibrated to 50°C. The spinning 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 e]ongated drop is .allowed to equ111brate at 50°C
until equ111br1um is reached (i. e. no further change in drop
diameter) or until approximately 30 minutes have elapsed.
Preferably, the elongated drop is of uniform diameter (except at the
hemispherical ends) and its interface with the aqueous solution is
essentially free of deposited material and/or smaller droplets. If




_structures which are to be used in this manner to have sufficient
structural |ntegr|Ly_to mnimze the incidence of foamtearing or
fragmenting n use. TRhe absorbent foans of this invention can also be
used in abﬁl@SﬁlﬂiﬁaSE@DMﬁS‘i as described nore fully hereafter, iin

configurati e.ifoam material surface c =50 |
prOX|n1ty t ctual contact with the we r BrISSHEETHANBEBN d ngly,
woul d be eS|rabIe for the surface REPLACED ’

- 30_ -66- ' i

.not, then a region of the elongated drop that is essentially free of
deposits, has a‘]ength:diameter;ratio of greatef than 4:1 and 2
minimum diameter (if regions of different diameter are present) is .
chosen for the measurement. ~ The interfacial tension (7) is
calculated from the measured radius (r, 1/2 the cylindrical
diameter), the angular velocity ( 5 2 n, where n is the frequency
of rotation of the tube), and the density difference between the o0il
and aqueous phases (A p), using the following equation:

=0.25 r3pp 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 adding 10 parts of the PGE-to 100 parts of a monomer mixture
containing styrene, divinylbenzene (55% technical grade) and
2-ethylhexylacrylate 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 is and diluted (sequentially if necessary) with additional
monomer mixture to yield emulsifier solutions having Tlower
concentrations. In this fashion, solutions having nominal PGE
concentrations ranging from approximately 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 CaCl12:2H20 in distilled water.

A series of IFT measurements are made by varjing the
concentration of PGE in the o0il 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



of st he absorbent foams herein to be acceptably soft and non-irritating to
the touch. 1V. Fluid Handling and Absorbency Characteristics - Absorbent

f oams Naving suitabl e pol yneric conpositions, and t OCt '

char act errhlsgheeﬂ{aaaeénmmahl cal features as herei nbe Jﬁ@@é@ﬁﬂ'@é EFV'\\III h
gener al Iy desirabl e and useful bogly fl REPHM nd
absorbencﬂj%ﬂ cs' Such fluid handling —and absorbency ‘
characteri re |n turn the attributes of the preferred foam materials
herei n which render such foans especial |-67suitable for use as absorbent

structures in absorbent articles designed to acquire and hol d agueous body

fluids. The fl UI and bsor enc characterlstlcs whi ch are
oSt Tl evant o t o TG NSLETBH B 0 AT VARBFALCF HoRETB A %ﬁeetem"me

free absorbent calbacttapylurytswefmmcaﬂs)ﬂmmda chatmatography.t | eel Chdstr oy of,
fluid through the jf ogehSidsUCtitor: 8 thrioRe RS ébeﬁbltll Ic??q@%st)y pf 1 @eetfg

specific referenc sorb

f oam st ruct ur es tgn\é\itﬁFrf"egB%‘f’t ?'E‘? BHB-V‘-‘E-Y?ﬁ"B]? r‘Brﬁ?‘Eo??ﬂ'B ¢ Aye e?BgYﬂrﬁé‘ﬁt“ “the
structures with whrespectine ftovdmethghsilgl i etheosit byt reacEtmh witht bts{érimethyl-

characteristics i %1%5)‘3{?11??90!‘0%& RfdeS’ The! Btimeiy1silyl ethers are separated
and then quantified by capillary supercritical fluid chromatography
using flame ionization detection. The'frimethylsﬂy'l ethers elute
from the polydimethylsiloxane 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 polyglycerol species is
calculated from peak areas in the chromatogram. Weight ;iercentages
are calculated by assuming that the flame ionization detection
responds eduaﬂy to all "po'lyg]ycero] species in the sémp’le.
C. [Fatty Acid Composition (FAC) _

: The fatty acid éomposition 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. 0il1 Chem. Soc., Vol. 58
(1981), p. 215 et seq. In this method, the fatty acids in the
sample are converted to fatty acid methyl esters that are then
separated and quantified by  high resolution capillary gas
chromatography with flame ionization detection. The capillary
column stationary_phas'e (a stabilized polyethylene glycol) separates
the methyl esters according to chain 1length 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 the peak areas in the chromatogram.
Weight percentages are calculated by assuming the flame ionization
detector responds equally to all fatty acid species in the sampie.

'EXAMPLES

Preparation of cb]'lapsed HIPE  absorbent foams, the
characteristics of such collapsed foams and utilization of these



fohlémsi‘A) " Free Absorbent Capacity Free absorbent capacity is the
total _amount of test—fluid (synthetic urine) which a given foamsanple wll

absorb into it r structure per unit mass of solid nmateri al in t he
sanpl e Wﬁ’ﬁ <0r bent capacity measurements are for sei n
cal cul a | HT lum i.e., after the foam sa to
ach|re13 ' | of the fluid it can over wh S

needed to forma conpletely saturated foam sanple w
The foam materials which are especial ly-B&eful as absorbent structures in
absorbent articles such as diapers wll at | east meet a nininumfree

absorbent capaci t¥o]1apsed absorbent foams in disposable d1apers are all illustrated
by the following examples. '

EXAMPLE |

This example illustrates the preparation of a collapsed HIPE
foam falling within the scope of the present invention.

mulsion 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 cont1nuous process for form1ng a
HIPE emulsion. _ o _

To a monomer combination comprising styrene (1600 g),
divinylbenzene 55% technical grade (1600 _.g), and 2-ethylhexyl-
acrylate (4800 g) is added sorbitan laurate (960 g as SPAN® 20).
After mixing, this combination of materials is allowed to settle
overnight. The supernatant is withdrawn and used as the o0il phase
in a continuous process for forming a HIPE emulsion. (About 75 g of
a sticky residue is discarded.) 3

At- an aqueous phase temperature of 48- 50 C. and an o0il 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
combtned 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 mounted in a.
cylindrical sleeve which forms the dynamic mixing 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



.31 ¢ Using the procedure described in greater detail hereafter in

".thé TEST METHODS section, free absorbent capacity can both be determn ned

for any given foam sanple by a gravinmetric analysis technique. In such a
techni. qumlssaeefmm peed of speci fi ed known size and wei gh -

di sh of - t hetic urine) and is allowed t
fluid to F“m\m ter renoval of the saturated §
t he anmoun [ eld per gramof foam i.e., the S ;
capacity, is then cal culated. To be espe6%-ally useful in absorbent articles
for absorbing urine, the absorbent foans of the present invention should
have a free capacity of at_ |east abou - an referably  at | east abaqut
20, mL of synthet FEyUWﬂe“Hé‘r 3504 U‘I‘}‘dﬁ'?’f GQ& ﬁ'ﬂ'ﬁb‘fel %Q.a gEeT. Vgl?‘ﬁl ghytic
W cki ng Perfor manaéxer is aYBAH &mbusheiesfNodet 0F6+820 ; mgd tfiied i byucwttong tolfi€ 2.4
absorbent foams u§giisk &e.rieé“n.rel_ ates to their ability to quickly nove

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 filled, 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 35.56

- 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 impéller 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 thereafter 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
65°C. for 18 hours to bring about polymerization of the emulsion in
the boxes to thereby form polymeric foam.

Foam _Washing and Dewatering

After curing is complete, the wet cured foam is removed from

the curing boxes. The foam at this point contains about 30-40 times



_or yw ck” acbeptable amounts of body fl uids through their foam structures.
VerticalF—wcking, 1.e., fluid wicking in a direction opposite from
gravitati Qﬁi@kheét@ragseennaplaaan especial |y desirable performance attribute for

t he absorb al s herein. This is because such’ naterlals mnll
frequently absorbent articles in a manner that f -+
thin the article froma rel ati v .'

absor bed
to a relatively higher p05|t|on wi thin the absorbent co
Vertical wicking performance i s related -8 the magnitudd et
suction driving force which noves liquid through the foam and holds it in-:

the foam structur har cterizin | a t
vertical w cking %B? o‘f)eéaggi t‘\? §‘9F)'r28§ '&%‘egha] K’gé %gﬁ Vgr? gget%‘ h%l{%]\/\g iier
preferred foans Ipbass monﬁdm"meldﬁm% empbGfiRnss electealytesandn inHdatitent -
articles. For the theagapbisos PiReE swikh 4 RRay ?@@BPoda@VﬁH\tsh@fM add lintsl shegtsi ng

PrOPenSTLY. can, be A hed hesiladiE 9.0 LAy gl oAt O
subjected 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 resaturated with a 1% CaClz solution at 60°C., are
squeezed in a nip to a water phase content of about 10X, resaturated
with the 1% CaClz solution at 60°C., and then squeezed again in a
nip to a water phase content of about 10X.

The foam sheets, which now contain about 10X of what is
essentially a 1% CaClz solution are passed through a final nip
equipped with a vacuum slot. The Tlast nip reduces the. CaClz

-solution content to about 5 times (5X) 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. for about three hours. Such drying reduces

 the moisture content to about 5 - 7 % by weight of polymerized
material. At this point, the foam sheets have a caliper of about
0.075 in. (0.19 cm) and are very drapeable. The foam also contains
about 11% 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 mi/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
wicking absorbent”éapacity of about 26.7 mL/g or about 88% of its
free absorbent capacity.

EXAMPLE 11
A disposable diaper is prepared using the conf1gurat1on and
" components shown in expanded and blown-apart depiction in Figure 7.



-32- ., 1) Vertical Wcking Rate " The vertical wcking rate test
neasur es—thetinetakemfon a colored test liquid (e.g., synthetic urine)

froma re | k&lced vertical distance of 5 cmthrough a test strip
of foamo Jéﬁ(&l'thiitr)c IIZTHCF when the test is performed at 37[err]C. Such a’

verti cal WJEIE&H t is described in greater detail hereafter
TEST METHOD! L be especially useful in absorhept—artFere

absorbing urine, the foam absorbents of the present nﬂqsﬁﬁﬁﬁﬁﬁ#
preferably have a- 5 cmvertical w cking tHte of no mire thaEPEABEY 30

L——_______________,
Such a diaper comprises a thermally bonded polypropylene topsheet
70, a fluid-impervious polyethylene backing sheet 71, and a dual
layer absorbent core positioned between the topsheet and the backing
sheet. The dual Tlayer absorbent core comprises a modified
hourglass-shaped, fluid storage/rédistribution 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 parafle] leg
elastic strips 77. A sheet of.polyethylene 78 is affixed to the
outside of the backsheet as a dedicated fastening surface for two
pieces-79 of Y-tape which can be used to fasten the diaper around
the wearer. _ .

The acquisition layer of the diaper 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 (Foley fluff) which has been crosslinked with
glutaraldehyde to the extent of about 2.5 moie percent on a dry
fiber cellulose gnhydroglucose basis. The fibers are crosslinked
according to the "dry cross]fnking.process“ as described in U.S.
Patent 4,822,453 (Dean et al), issued April 18, 1989.

These stiffened fibers are similar to the fibers having the
characteristics described as follows in Table II.

t he

_ : Table I1
Stiffened, Twisted, Curled Cellulose (STCC) Fibers
" Type = Southern softwood kraft pulp crosslinked with
glutaraldehyde to the extent of 1.41 mole percent on a dry
fiber cellulose anhydrogiucose basis .
Twist Count Dry = 6.8 nbdes/mm
" Twist Count Wet = S.I'nodes/ﬁm




_ mnutes when wicking synthetic urine (65 + 5 dynes/cn). Nbre preferably,
the preferred foam absorbents of the present invention will have a 5 cm
verti eal vuekrmg—ra’t e of "ho nore than about 5 m nutes when wi cking

synt hetic ur|n as Bodn RepBdell i cal W cki ng Absorbent Capacity sThe
vertical wc apaC|ty test is carried Oi‘*-iﬂﬂﬂ unction with
the verti cal \ ml“ Vertical w cking absof bepg Ysaa = _
nmeasures the f1uid per gram of absorbent Tt ogm ﬁa#\s@s gked

to each one inch '(2.54 cn) vertical secti®n of the same=st-adA GEDI ze
sanple used in the vertical w cking rate test. Such a determ na

general |y nmade after t?%réﬂm @aﬁ‘prfe%&l I %d to vertically wck t est

fluid to equilibrium(e. g hours). Like the vertical w cking
rate test, the vert|cdfatﬂrdktﬁwa'bs\’é}‘tﬁeﬁt”é‘apam ty test is described in

greater det ai | hereaf t@i]ifactre=T0:83 METHODS secti on. ' To be especially
useful in absorbent articles for absorbing urine the preferred absorbent

foanms of the present i nvention:w || general lﬁ have a vertical w cKki n&
absorbent capacity "@ué‘l’f“’@hﬁ‘t""ahtﬂ"n‘lﬂlffﬁﬁﬂﬁq £e31qlQse diverst uged tip ceambinatiipmg

hei ght, the foam twith Shei [STEE CEfberd are | absy mddeutfrom 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 °t°7
.g[hm3, an average density upon saturation with synthetic urine, dry
weight basis, of about 0.08 g/cm3, and an averaﬁe basis weight of
about 0.03 g/cme. 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 cm?). It has a caliper of about 0.44 cm.

The fluid storage/redistribution layer of the diaper core

.o comprises a modified hourglass-shaped piece of collapsed HIPE foam
' of the type described in Example 1. About 13 grams of HIPE foam are
used to form this storage/distribution layer which has a surface
area of about 52.5 inZ (339 cm?) 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
incidence of leakage when worn by an infant in the hofma]-manner.
Similar results can be obtained if air-laid stiffened fibers are
substituted for the wet-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
collapsed polymeric foams according to the present invention,
especially when SPAN® 20 is the only emulsifier used in preparing
the HIPE emulsion. In this example, a HIPE emulsion is prepared by



50%6'nDst-ﬁ+e#eFabL¥_aL_abnut 75% of its free absorbent capacity.

-33- 1 in ‘The absorbent foam structures herein wll
frequently sorbent articles along with other types of
absor bent st an al so participate in ac

b

and/ or stori
REPLACED

dy fluids. In those THIS SHEET HAS BEEN |
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a procédure 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
temperatureé of 100°F (37.8°C), 115°F (46.1°C), 130°F (54.4°C), and
150°F (65.6°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 50X, 500X and 1000X.
Figures 3a through 3d are representative of such photomicrographs
(500 X magnification). Specifically, Figure 3a shows a cut section
of the 100°F (37.8°C) cured foam, Figure 3b shows a cut section of
the 115°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
150°F (65.6°C) cured foam. '

As- shown in Figures_3§ and 3b, the HIPE emulsions cured at

Tower temperatures (i.e. below about 50°C) resulted in foam
structures having smaller pores of re]ative]y uniform size, i.e. the
foam structures are relatively homogeneous. This suggests that
there is reduced coalescence of 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 50°C),
resulted in foam structures having numerous largef pores and a
relatively nonuniform pore size, i.e. the foam structures are
essentially heterogeneous. This suggests significantly increased
coalescence of the water droplets dur1ng 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 . " Description
1 massive coalescence, barely recognizable as foam
2 very bad coalescence, open voids, smeéred struts
3 bad coalescence, thickened struts .
4 moderate coa]escen;e, some strut anomalies (thickened)




. conQeitSamherein the foam structures herein are to serve primarily as a
fluid storage/redistribution conponent in absorbent articles, it is
desi r abl e ThegSh xReplaced have a propensity for pulling body fluids into
t he foam st | Iﬁul : her absorbent conponents. which also are absorbing
such fluids nsity to drain fluid fromoth ]
conponents is known in the art as "partiti-oning." The dpieHSHBET HAS BEE
partitioning and certain procedures for determ ning par itioﬁ“ﬁﬂAGEﬁﬁﬂm_
perfornmance aie described, for exanple, iR4.S. Patent F610,678 (VWi snan
et al), issued Septenber 9, 1986. \Wen tested for partitioning perfornmance
usi ng procedures simgdar to_ihgs ' sed | ) nt 4,610,678, the
absorbent foam str uctgur es O@fnpﬁicgaa?%s}gh%,oﬁo éiﬁ#biﬁlnmgg%gci ally desirable
fluid partitioning cHaract eRinimalc§oalgscenopepar gt AneMaldes | apsed Pol ymeric
Foam Materi al s A5 previ@asresoMvddeRomogéncbaP sCrucRatey/meri ¢ foam materi al s
according to the present invention can be prepared by polynerization of
certain water-in-oil enulsions having a relatively high ratio of water
phase to oi | phase. EnuPeMesak degerminatiops narenmada f%évéﬂ“hé@eﬂ‘%l%&"?‘bef%ﬁms
high water to oil pisedeoR aheOabsviet sELIRDANdY ald1Cbhen | dvergedartd 6tstalin o mean

i nternal grade for each of the cured foams, as shown in the following table:

~ Cure Temperature Mean Grade

100°F (37.8°C) 6.5
115°F (46.1°C) 5.5 .
130°F (54.4°C) 3.3
150°F (65.6°C) .25

A portion of the above foam samples cured at 115°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 Isb’F,
65.6°C). Each of the dried foams is evaluated to determine whether
it maintained its co]]absed 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 not remain thin. By contrast, the dried foam
samples cured at 115°F (46.1°C) did remain thin. ' .

EXAMPLE TV

"The.fo11owing examples illustrate the prepération of HIPE foams
using sorbitan laurate (SPAN® 20) and po1y91ycerol 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. -



) phasé equl sions ("H PES" or "H PE" -emul sions). The polyneric foam
. mat eri al s—whi-eh—+esul-t—froem-the pol yneri zati on of such enulsions are

réfenred"pngg L o8 Seen RLEE. § OANE. " The chemical nature, makeup and
mor phol ogy 0 mﬂﬁﬁ [Ipac??at erial which fornms the HLPE foamstructures

herein is 'dﬂ th the type and concentr dtl itis 8figEH B ABHERRELS,

conononers a utilized in the H PE emd| si on g ackyp t he
enul sion formation and pol yneri zation conditions enpeyet=—No—patter—nhat

the particul ar nononeric maekeup, -75- _ ' - 34-

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 SPAN® 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 obfained by esterifying polyglycerols with fatty acids in a
weight ratio of 64:36 using'sodium hydroxide as the catalyst at
210°C under conditions of mechanical agitation, nitrogen sparging
and gradually increasing vacuum, with subsequent phosphoric acid
neutralization, cooling to about 60°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 CWt.%

-Tinear diglycerols - 63.5
triglycerol 36.0
or higher

cyclic diglycerols 0.4

Fatty Acids Wt.%

8 _ -
clo -
C12 | 31.7
Cl4 37.2
c16 11.5
€18:0 : 3.2
c18:1 o 13.8
C18:2 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 1 part of
the PGE containing.oil. phase. (About 75 g of a sticky residue is
discarded from each of the batches.)



- The enul si ons use

nbheéular wei ght or norphol ogy of the polyneric material mght be, the
resul ti ng—poetyreric—foans—wil|l generally be viscoelastic in character, i.e.
the f.oam stpugh LGSRk RipRQssess both viscous, i.e. fluid-like, properties

.and el ast 1 c, ! | ke, properties. It is also inmportant .that the
pol ymeri c ws‘t‘“llﬂmaﬂuﬁ orms the cellular foam structure have physical,
r heol ogi cal , . ical attributes which, CQnar t1.0 Y ‘ use,

inpart suitable flexibility, resistance to conpre éﬂﬂﬁﬁ@?i}%ﬁg%ﬁk d

di nensi onal stability to the absorbent ftam materllal. REPL re ve

anounts of the water and oil phases used to formthe H RE emul sions are,

among many ot her par a&@%ﬁra%ge&dzp@{ats@ngem#&agﬁteeBF“4?L.r& bR Shd H:?totl? glh’ase |
mechani cal and performance properties of the resulting polymeric ans. In
particul ar, the rbempgrauretfeeilc separate tsteeamsanf ridenphly duvatiesnphaghs

influence the foasred€edsitoya dgmdnic smixer ianthe &pinl bAiray psnidhpeiiespedhis @in
o e o o oL AT AR AT AR, e e ot o A i g

diameter of about 1.9 cm. The shaft holds 4 rows of pins, two rows
having 17 pins and two rows haying 16 "pins, each pin having a
diameter of 0.5 cm and extending outwardly 1.6 cm from the central
axis of the shaft. The pin impeller is mounted within a cylindrical
sleeve with the pins having a clearance of 0.8 mm from the inner
wall. ' _

A sbiral 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 oil
and water phases at a ratio of 2 parts water to 1 part oil. The
‘apparatus is vented to allow air to escape until filling of the
apparatus is complete. The flow rates during fi]]ing are 3.0 g/sec
oi]lphase and 4.5 cc/sec water phase. '

Once the apparatus is ff]]ed, .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 ,f]ow rate is
evenly ramped down to 1.77 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 approximéte]y 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 Econdmy
Cold Food Stofage 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 allowed to settle overnight to
remove insolubles. The molds are preheated to facilitate the




general |y have water-to-oi

phase ratios ranging fromabout 12:1 to about

100: 1, nore preferably fromabout 20:1 to about 70:1, nost preferably from

about 25:1 to about 50:1. A Ol

Phase Conponents

The conti nuous oi

hasehBSmkhﬁwﬂhﬁEhﬂﬂa¢S|on conprises nononers th 'o form
the SO ture Thi s nmononer conponent

nononef conmononer and a cross-1inki .of .

partic pes an anount s of nonof uncti onal nononer(s) “and conononer(s)
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St in a room maintained at 65°C for 18 hours to allow
for curing. The cured foam is then washed with a ‘1% calcium
chloride solution. The residual solution _refhined 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 Tike that of this example. The
foam structure shown in Figure 4 is in its expanded state.
be seen, this foam structure has relatively small pores of
relatively uniform size, i.e. the foam structure is relatively
homogeneous. This suggests evidence of reduced coalescence of the
water droplets during curing of the HIPE emulsion.

As can

* 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. This PGE is obtained by esterifying -polyglycerols
with fatty acids in a weight ratio of about 67:33 us1ng reaction
conditions similar to those described in Examp]e IV A. The
composition of the polyglycerols and fatty acids used in making the
PGE are shown in the following table:

Polyglycerols Wt.%
1inear diQ]ycerO]s 73.1
triglycerol 24.5

or higher

cyc]ic'dig]ycerd]s 2.4



~-35; " that tend to inpart glass-like properties to the resulting polyneric
foah1strEE£ELg;_§ggﬁ nononers are referred to as "glassy" nononers, and
are, Tor purposes of this invention, defined as nononeric nmaterials which
woul d priadeeHiniBgtr Brplesdul ar wei ght (greater than 6000) honopol ymers havi ng
a gl ass erature, T[err], above about 40[err]C These
nDnofunﬁi _ nhomer types include nethacrylat_ S '
(e.qg., met hacryl ate) and styrene-based.nononers

preferred nnnofunctlonal gl assy nononer ty&e is a styre
with styrene-itself being the nost preferred nononer of
Substi t ut ed, e.g. nDno%%Q§t|E¥és styrene: ﬁggp as p- nethylstyrene can

c8 -
clo- -
c1z . 3

- Cl4 37
C16 | _ 11
€18:0 - - 3.2
ci8:1 13

C18:2 1.5

After mixing, each oil bhase 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 o0il phase to 1 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 0il 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 3.0
g/sec oil phase and 7.5 cc/sec water phase.

Once the apparatus is filled, agitation is begun, with' the
impeller turning at 1200 RPM. The aqueous phase flow rate is then

_evenly ramped up to 45.0 CC/Seé 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 instantly 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 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.



al so" be enpl oyed. The nonof uncti onal glassy nmononmer will normally conprise
fromabout 5 to about 40% nore preferably from about 10 to about 30% nore
.preferably from about 15 to about 25% nost preferably about 20% by weight

as rubber nd are, for purposes of mvention, oefined as
nonomneric naterlals whi ch woul d produce-h-gh nol ecul ar wei ght (greater t han
10, 000) honopol yners having a glass transition tenperature, T[err], of '
~about 40[err]C. or lower. Mnofunctional rubbery co- nononers of thIS type
i ncl ude, for exanple, the C4-Cl2 aIkyI--&ﬂE&LdLeé, the Jer]r-derr]

al kyl met hacryl at es, andwatefiyphasé i@ﬁﬁamfxngsuettmmnaneﬁﬁregpotaehmnhpaeutfate

comnoner s, N- but g} pgpydqt & A0ceRsmk Iyl 5K LRRE LSS 4018 d Bokpared as

preferred. ‘The fion cSHONO y conprise
from about 30 to AbdxampieodV fer & bﬂé’f’&'rz&b%tch r"@ﬂ?%om"tBl‘P t‘é s rrepared

nost preferably foppradapsyita PEE tepuBididr Gh2H ikpareei Ohdinifumt 68 /WRRONEFT of
conponent . 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
cpmpositibn of the polyglycerols and fatty acids used in making the

PGE are shown in the following table: '

of the nononer conponent . ,- The nononer conp 'S one or
mor e nonofhingieptdianbees ghers which tend to i nardisausBEEH-AS BeEENrpperti es
to the res I mﬂﬁm c foam structure. SuchiicononeB®kACER e reflerred to

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

or higher _
cyclic diglycerols ~5
Fatty Acids wt.%
+ (8 -

C10 4.4

€12 : 43.6

c14 25.1

- Cl6 ' ' 12.1

Cl18:0 - 3.8

Ci8:1 9.2

C18:2 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, 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



- Singe’the polymer chains forned fromthe glassy nononer(s) and the rubbery
connnowe&fs}—a%e—%e—be———ﬂ cross-1linked, the nononer conpgonent

al 5o econti Qs tahaggeeng pqg:ct(lnonal cross-linking agent.: As with he

nmonof uncti &hd conpnoners, sel ecti op-of—a—partiegta—type and

anount of agent is very inportant {orHiBSHEEEMASBEENG| i zati on
of preferr oans havi ng t he desired onbi rRERACER strctural ,
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the apparatus is comp]éte. The flow rates during 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 flow 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 are washed with a 1%
calcium chloride solution. The residual solution retained in the
foam before drying is 5 times the weight of foam.

. XAMPLE IV D

A water hhase containing calcium chloride/potassium persulfate
and an-0il 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 obtéined by esterifying polyglycerols
. . with fatty acids in a weight ratio of about 61:39 using reaction
conditions similar to those described in Examp]é IV A. The
composition of the polyglycerols and fatty acids used in making the

PGE are shown in the fo]]owing table:

Polyglycerois Wt.%
linear diglycerols ~15
triglycerol ' ~85

or higher

-cyclic dig]ycero1s_ -



_ mechani cal , and f1uid- handl i ng propertles Dependi ng upon the type and
amount s of nonof unctional nononers and conopnomers utilized, and dependi ng
furthﬁLﬁuponwihe desi+ed characteristics of the resulting polynerlc f oans,

t he pol yfunctj onal -linking agent can be selected froma w de variety

enR%ﬁQc .
of pol erably di functional, nononer *hg S BEEN _
cross-1li be a divi nyl aromatlc mat er aT :%'EE%%? I
di vi nyl bl quIene or diallylphthal ate. tALter g5s —disl nyl.

allphatlc Cross- Ilnkers such as any of tige-diacrylic or dlnethylacrylic
~acid-‘esters of polyols, such as 1, 6-hexanediol and its honol ogues, can be
utilized. The cross-1linki.ng agent found to be suitable for preparing the
preferred H PE enulsionsﬂﬁ%ﬁéﬂﬁﬁﬁs di vi nyl - Be%ene. The cross-Ilinking
agent of whatever type willIcggenerally be enpl gyed in the oil phase of the
foam form ng emnul si ons her%ig I n an anount of from about 10 to about 40%
nore preferably from about i to about 25% nost preferably about 20% by
wei ght of the nmononmer conpdddnt.. .~ The maj¥r portion of the oil phase of
the H PE enul sions will cogpgi se the af orenergsi oned nononers, conononers
and crosslinking agents.'lklgs essenti al thatsthese nonomners,

C18:0 3
c18:1 1
cl18:2 1

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 phasé} as in Example IV A. The aqueous (55° - 60°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 0il1 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 3.0
g/sec oil phase and 6.0 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 45.7 cc/sec and the oil phase flow 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 aliow for
curing, as in Example IV A. The cured foams are washed with a 1%
ca1cium 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 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



comononers and crogg_Lngjng agents be substantially water-insoluble so
that they—are primarily soluble in the oil phase and not the water phase.
Use of s ;‘ghgalhastgteﬁkealateyl wat er -i nsol ubl e nononers |nsures t hat H PE

enuIS|ons characteristics and st abi e T ed.
It is, “[mw preferred that the nonone T'"y"SCQg g%%zégg'ﬂdl
_Cross- I|n sed herein be of the type sich th esul til ng

polynerlc foan1|s sui tably non- tOXIC
- 37- N -82-

0.042 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:

Polxg]yceroTs MWt.%
linear diglycerols 70.6
triglycerol | 24.1

or highér
cyclic diglycerols. 5.3
Fatty Acids Mt %
c8 -

C10 -

C12 To32.1

C14 38.6.

Clé 11

C18:0 . 3.2

c18:1 13.4

C18:2 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 o0il phase to 1 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 0il 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 phdse 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



and “appropriately cheni cal | y stable. These nononers, conbnoners and
cross-linking agents stioul d preferably have little or no toxici ty if .
-,presen’fhlesheétﬁaé’Bée@K\é [aé‘e%u dual concentrations during post- pol ymeri zation foam

process . Anot her essential co ponent of the oi | phase is
an enul l!'! Hﬁ rmts the formation of .‘7.'
enul sifi whi ch are soluble in the ¢il™ WBE

Such

enul sion. Emulsifiers utilized are typically nolikani cTanef
-~ sorbitan fatty acid esters, the polyglyce3el fatty aco es S0
conbi nati ons 't her eof . Preferred enul sifiers include sorbitan Iaurat]e (e.qg.,
SPAN err] 20), SOI’bI an ol eate, ( SPAN.err] 8Q), combinations o
sorbitan |aurate HGKsBFHISEES bl %%t Psé- (e'hﬁ JimpgIART o RPY i) then 4 nsanghy
- ratio of from abouincteaked ctoab80st RFB1. 1,Thanhhcesmesstaiel incroadeisned 5 PsOf The

sorbitan | aurate rit I ol f a ensqt 0;pe,

| IR ERTsToA oY MEERI! o' Blods 2GAdT BRhCIAo 03P, roo. | |

descri bed hereafte ase use mil sfo
general 'y conpri sé“af‘P'bar’rP%‘bth 5%7: t’:?)‘P dBotRurs gt @y! %f@)‘ht‘:“ﬁﬁrﬂonﬁ idokpronbant
and from about 2 tl¥ doufTh@3turey \feamhtarenuashddi avitkoapaneoilcibn cERToMply,

the oil phase Wi lls.§0fhl Sqhe residual solution retained in the foam before drying
' is 5 times the WEIth of foam.

EXAMPLE IV F _ _

A water phase containing calcium chloride/potassium persulfate
and an o0il 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 g as SPAN® 40). After mixing, the oil phase
is allowed to settle overnight, with the supernatant being withdrawn
for use in forming the HIPE emulsion. _

The aqueous (48° - 50°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 oil1 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 3.0 g/sec o0il phase and 6 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 42 3 cc/sec and the oil phase flow rate is
evenly ramped down to 1.5 g/sec over a time period of 60 sec. The
back pressure 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 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.



. from about 80 to about 95% by_weight nonomer conponent and fr
about 20% by wei ght enmul sifieg $r§ N addi tion t mr" ﬂm”",

ONEnt
and mbﬁdemeBeem saknts, t o HASHEENOft ai N ot her opt+t ora

conpon h option E90rrpon nt is an oil soluble
pol yme ator of the general type tereafter -described. Another
possi b | ona conponent of the oil phase is a substantially water

|nsoluble solvent for the nononer and enuéflfler conponents. A solvent of
this type nust, of course, not be capabl e of dissolving the resulting
pol ymeric f oam WhS 0k s SUfdi P Qlsient is not preferred, but if such a
solvent is enployed, it wll generally conprise no nore than about 10% by~

wei ght of the oil. phaseéoliapsed polymeric foam material 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 celis, characterized in that said foam structure has:
A)  a specific surface area per foam volume of at least about 0.025 mZ/cc,
preferably at least about 0.05 m2/cc;
B) at least about 0.1% by weight of ‘a toxicologically acceptable
~ hygroscopic, hydrated salt incorporated therein,
C) -in'its collapsed state, an expansion pressure of about 30 kPa or less,
preferably from about 7 to about 20 kPa; and _
D) inits expanded state, a detisity when saturated at 83°F (31.1°C) to its
free absorbent capacity with synthetic urine having a surface tension of
65 + 5 dynes/cm of from about 10% to about 50%, preferably from
about 10 to about 30%, of its dry basis density in its collapsed state. .

2.  The foam material of Claim 1 characterized in that said foam structure has:

A) a capillary suction specific surface area of from about 0.7 to about 8
_ mzlg, preferably from about 1.5 to about 6 mzlg, -
B) from about 0.1 to about 8% by weight, preferably from about 3 to about

6% by welght of calcium chloride, and from about 0.5-to-about 20% by

weight, preferably from about 5 to about 12% by weight, of a nonionic

oil-soluble emulsifier, preferably sorbitan laurate, incorporated therein
. to render the surface of the foam structure hydrophilic;
C) initscollapsed state: '

(i) a residual water content of residual water content of at least
about 4% by weight, preferably from about 4 to about 30% by
weight, most preferably from about 5 to about 15% by weight;

(i) a dry basis density of from about 0.05 to about 0.4 g/cm?,
preferably from about 0.1 to about 0.2 g/om3.

D) inits expanded state:

(i) a pore volume of from about 12 to about 100 mL/g, preferably
from about 25 to about 50 mL/g;

(ii) a resistance to compression deflection of from about 2 to about .
80%, preferably from about S 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;



-38- -B:  Water Phase Conponents . The di scontinuous int f -
the H PE enul sions is the wat @ TSe W ch—wr T gener al | yeilmﬂ iiﬁﬁﬁﬂ"""
-sol'uti on contai ni ng one or no T"c'l'é /%A %ﬁ%nfnts. One ess Laly

di ssol ved conponent of the watler_ph | _wat gt - sol ubl e el eCtrOI yte. The

di ssol ved electrolyte in the water phase of the HI PE enul sion serves - to
mnimze the tendency of nmonomers and crosslinkers which are primarily oil

soluble to also dissolve in the water pHse. This, in turn, is-believed to
m ni nize the extent to (i @muntber av%&g%blyﬂ&rdaflf?dm @bowefs fohBo@nsy ficdhs,

I nterfaces
]E)glr?/mrrgrlbg '[rﬁfae\r/vzi?larf Iplhl'i:et c@?é%?tg{(g\émmfﬁﬂ'\é% gouﬁﬁagié‘lf{é'\é\slag?rel ef:'?ro?yte and
the resulting ionic .strength of the water phase is believed to determ ne
whet her and to what Titfim enatepal mmlotcmnpr £ £Chasbrdiaky PthhCie (O5EFar&R N -be
open-cel | ed. . A%p%lly%?e'i'mggx ter-m-onpelgulsmn a%'tsngI onic species to inpart
1) an onl phase-comprising: '
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-

- n Replaced insoluble, monofunctional glassy monomer, preferably

This She “\\\“\ selected from the group consisting of styrene-based

\\\\\‘\\\\“\\\\\ ~monomers and methacxylate—based monomers, most
preferably styrene

ii)  from about 30 to about 80% by weight, preferably ﬁom
about 50 to about 70% by weight, most preferably from
about S5 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 1 to about 10% by weight, of a water-soluble electrolyte,
preferably calcium chloride;
3)  a weight ratio of water phase to oil phase of from about 12:1 to about
100:1, preferably from about 20:1 to about 70:1.

4.  An absorbent article especially suitable for absorbing and retaining aqueous
body fluids, preferably a diaper, said article characterized in that it comprises:




i oni ¢ strength to the wat er phase can be used. = Preferred m

npno- , di-, or tri-valent i norgaﬁi c_salts such as the water-: m

-hal i des, e.g., chlorides, nitratleggndueet [aLesEeRf |al kal i FTET ’ "'”M””"’
OTn y %

al kal i ne earth netals. Exanples || ncl ugEpiadigpm C ride, calctuntc
sodi um sul fate and magnesi um sul &ste=—=Cateizm-—chiefide is the nost
preferred for use in the present invention. GCenerally the electrolyte wll
be utilized in the water phase of the H PE enulsions .in a concentration in
the range of from abol) O0aBadkingsheantpréfotblpjiquidinggerviafs; t he wat er phase. Mre
preferably, the el ect il yhe aoltenCPhdsStadd Hith P bicidhe sheck A hat LafDY

h he H I W

wei ght of the water phase. . enul s1 ons I also typically
contain a pol yneri zafPOFPerhFeredt ppsitions d’r‘?“’é"ﬁ“isﬂ‘gt?a&'ﬂ% shestzah b HP'g
general |y added to t hdisciatger regions of athe tweardrll éfEthenaitisiep 3sid aatsdorbam bereany

convent i onal Water-SO'chQ?L&erizE&ﬁ.hzhﬁq{E&ﬁdpds&ithé?éaﬂ{matbﬁél%?' of Qlinks i3 tYP

i ncl ude peroxygen conpounds such as sodi um potassium and “amoni um .
persul fates, hydrogen~per oxi de,
II) preferably a liquid pervious topsheet joined with said backing sheet,

said absorbent core being positioned between said topsheet and said
 backing sheet.

e naay

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

a) . afree absorbent capacity at 88°F (31.1°C) of at least about 12 mL,
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 5 minutes or less )
c)  preferably a vertical wicking absorbent capacity at 37°C of at least
about 75% of said free absorbent capacity at a vertical wicking height of
11.4 cm. : '

6. The absorbent article of any of Claims 3 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 -

.. This Sheet Has Been Replaced comprising:
II | 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-

-




Conventi onal

- 39- sodi um peracetate, sodium percarbonate and the Igm”’

--formed .by conbi ni ng t he forEgorg—perexXygen—-c onpounds wi th réduei ng'mﬂ’!’yﬂ’

such as sodiumhisulfite,
mat eri al- can cony

initiator

redox initiator systens can also be utilized.

SO HJﬁEJ laS 8EBK

errous salts. The
i se BEPHACEDOUL

nol e percent based on the

total noles of polynerizabl e nDnomers esert!'in the oil phase. Mre
preferably, the initiator conprises frofifabout 0.001 to 0.5 nole per cent

based on the total

mol es of pol yselublzamonofunciwmelr glassy tnomomier, prefessbly \When

used in the water-phase, such i ghihd Honf IRE SHbEALRNSing2 B Pyrene-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 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

his Sheet Has Been Replaced the group consisting of divinylbeniene divinyltoluene and

mm
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diallylphthalate, most preferably divinylbenzene; and
)  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 20% by weight of a water-soluble
electrolyte, and preferably furthér comprising from about 0.02 to |
about 0.4% by weight of a water-soluble free radical polymerization
initiator;
3)  the weight ratio of the water phase to the oil phase being in
the range of from about 12:1 to about 100: l 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 35° 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



. . realized by adding initiator to the water phase to the ext f ut
0,02%to about 0.4% nore preferably fromabewt—6=%00to0 abi’m'ﬂ”gﬁ/"@ﬂﬂjglm :
-wei ght of the:water phase. C QierdHeei HKS B@émtf and Hydratabt e .
The cross-1linked polynmer materiali t hat ggpLAasEDhe col | apsed -absor bent foam
structures herein will preferabl i free of polar functional
groups on its polyneric structure. Thu§ i medi ately after the '
pol ymeri zati on step, the pol yner nater Bl which forms the foam structure

surfaces of such pref &rmed inthe vetseitoit esatsionsis redupesh seethat phepumber averags| y

hydrophobi ¢ in char agélBsize of fifeGolysteria Foam matéredi Brabeut sSowséronPerilysger i zed foans
can need further treatnent to render the foam structure surfaces relatively

nmore hydrophilic so that such foans can be used as absorbents for aqueous
body fluids. Hydr8phi Mhe gricess off Claime 7 fchamacteniaet du dkat the emalsifiersegmponenin

general 'y be acconpl i ehfpkisey séroRa latvdtel 4ha poBjgldBrol fatty akldRistel @ wéignict ur es
wi th a hydrophilizing e ' '
Hydrophi |l i zi ng agents o

R
wettability of the pollylatheipolyglyedralester bgingdepivedfiomh E) azpolyglyesrobhaviang aand
onto which they are dap&sidightterol 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 having a fatty acid composition wherein the combined level of
C12 and Cy 4 saturated fatty acids is at least about 40%, the level of Cj¢

- saturated fatty acid is no more than about 25%, the combined level of Cyg
 This Sheet Has Been Replaced ) o o
' 1 ‘ ‘ - or higher saturated fatty acids is no more than about. 10%, and the
' \ ‘“\l“ ‘I““ “‘l m |“ ' combined level of C10 or lower 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: (1) a pblyglycerol having a linear diglycerol level of from about 60 to

" about 80% by weight, and a tri- or higher polyglycerol level of from about 20 to about
40% by weight; (2) a fatty acid reactant having ‘a fatty acid composition wherein the
combined level of C)2 and C14 saturated fatty acids is at least about 65%, the level of
C¢ saturated fatty acid is no more than about 15%, the combined level of Cig or
higher fatty acids is no more than about 4%, and the combined level of Cjq 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
dynes/cm, preferably from about 0.09 to about 0.3 dynes/cm.



Hydrophilizing agents are well known in the art, and can include surfactant
material s, preferably of the nonijons NMilizing agents will
generally be enployed in |liquid THIS SHEET HAZ BEEN -40 -
form and can be dissolved or di $per qpﬁEPMEERydInL i1izing solution which
Is applied to the H PE foam surfaces. In this manner, hydrophilizing agents
can be adsorbed onto the polyneric surfaces of the preferred H PE foam
structures in anounts suitable for renderlrle(gﬁuch surfaces substantially
hydrophilic but without altering the desi l exibility and

\
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'conpr555|on defl ection characteristics of the foam. In preférred f oans
whi ch have been treated with hydrophilizing agents, the hydrophilizing

.agent is incorporated into the foa g 1&:;‘"--«-_;_ hat resi dual anmounts of

the agent which remain in the foamfs UE@THWSBEEMIe range from about
0.5%to about 20% preferably fromligba BFH#ﬂQﬁﬁout 18% by wei ght of the

. - -
f oam One type of suitable hydrophilizimg—ag ‘'S a non- irritating
oi |l -sol ubl e surfactant. Such surf act ' can include all of those

previ ously described for use as the enuIS|f|er for the oil phase of the

H PE enul si on, such.as sorbitan laurate (e.g., SPAN[err] 20),  and

conbi nati ons of sorbitan laurate with certain pol yglycerol fatty acid
"esters to be described hereafter. Such hydrophilizing surfactants can be

i ncorporated into the foamduring H PE enul sion formation and

pol yneri zation or can be incorporated by treatnment of the polyneric foam
with a solution or sugbeﬁsﬂéhS%*nR@®uﬁurfactant di ssol ved or dispersed in a

sui table carrier or sol} ther material that needs to be
i ncorporated into the ture is a hydratable, and preferably




hygr 0scopi ¢ or dequUesent wat er sol ubl e I norganic salt. Such salts

i ncl ude,
-sal ts.

surfactants as the foam hydrophil i

in the
1991, t

. of this

hal i des

for exanple, toxicologically- acceptable al kaline earth netal
Materials of this type and their ction with oil-soluble
i bed in greater detai
U.S. patent application Ser filed August 12,
he di scl osure of which is if norated—7Fererence. Preférred salts

type include the cal cium E;é - -41-
such as cal cium chloride mhlch EéreV|oust noted, .
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can.al sa be enpl oyed as the electrolyte in the water phase of the HI PE
emul si ons used to prepare the polynerlc foans A_Hydratable I norgani c
salts. can easily be incorporated foans her ei n by
treating the foanms with aqueous s lts. Solutions of
hydrat abl e i norganic salts can ge treat the foanms after
conpletion of, or as part of, the process of renoving the residual water
phase from the just-polynerized foans. Cogt g} of foams with such sol utions
is preferably used to deposit hydratable i"nofganic salts such as cal ci um
chloride in residual ampbunts of at |east about 0.1% by wei ght of the foam
and typically in the rags .ot , : , bly from
about 3 to about 6% by Y Y 4 : % erred foam
structures which are r i N - ;
hydr ophi i zi ng agents (% . £
carried out to the ext ¢ : , 3ié art
sui tabl e hydrophilicit % 7
i nvention. Sone foans
sui-tably hydrophilic a
sufficient anounts

er, can be

S.8kV x580

Fig. 3¢
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of .hydratabl e salts, thus requiring no additional treatnment with.
hydrophilizing agents or hydratable salts. In particular, such

= ‘fatty acid esters such
Tofls of sorbitan laurate

as'sorbitan laurate (e.g., SPAN

with certain polyglycerol fatty Wcid eme®ACRR he described hereafter, are
/ . . .
c ciumchloride is used as

used as enulsifiers added to t he\leit—prase—and cal
an electrolyte in the water phase of th@?ﬂ$E enul sion. In that instance,
the residual -enul sifier- containing int ar polymerized foam surfaces wl |
be suitably hydrophilic, and the residual water-phase liquid will. contain
oF deposit sufficient anounts of calciumchloride, even after the polyneric
f oans have been dewat er ed.
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-42- . D _Processing Conditions for bt ai ni n H PE Foans Foam
preparatlon typlcally i nvol ves the steps of : 1) fornlng a stabl e high

i nternal phase enmulsion (HHPE); 2) p iﬂ@{ 1 UL ﬁ this stable enul sian
under conditions suitable for formn stk LEQE 3Lfoan1structure, 3)
washi ng the solid polyneric foam strdicture ve t original residua
wat er phase fromthe polyneric foan1structE{?Ef if necessary, treating
t he polyneric foamstructure with a hydrop |ng agent and/or hydratabl e
salt to deposit any needed hydrophilizing agent/hydratable salt, and 4)
thereafter dewatering this polynmeric foam structure (preferably including
conpression in the z-direction) to the extent necessary to provide a
col | apsed, unexpanded pol ynmeric foam material useful as an absorbent for
aqueous body fl uids. To consistently obtain relatively thin, coll apsed
polymeric foam materials according to the present invention,

H

—————

\
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a0 FE

arry out the enul sion

ngththat coal escence of the-

it has been.found to be particul a
formati on and pol yneri zati on stefsti &
wat er droplets in the H PE enul siffon isREaaﬂggg or mjnimzed.- H PE
ermul si ons are not -al ways stabl e, i ' ubj ected to higher
tenperature conditions to effect polynerization and curing. As the H PE
emul si on destabilizes, the water droplets7ag ent in it can aggregate

t oget her, and coal esce to form nuch | arge r droplets. Indeed, during

pol yneri zation and curing of the enulsion, there is essentially a race

bet ween solidification of the foam structure, and coal escence of the water
droplets. An appropriate bal ance has to be struck such that coal escence of
the water .droplets is reduced, yet polynerization and curing of the foam
structure can be carried out within a reasonable tine. (Wile sone

coal escence can be tolerated if the remaining water droplets are very smal |-
in size, such nonuniformcell sizes in the resulting foam can adversely
affect the fluid transport properties of the foam especially its w cking
rate.) ‘

T

heet Has Been Replaced:
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\&43/’5@» " Reduction in the coal escence of water droplets in the H PE

mil sion l'eads to a snal |l er average cell size i n the resulting foam
.structure after polymerization and FEF:H%T@’; ved that this
resulting smaller average cell size| THIS 'Ho'l"% \'Lanm material is a key
nmechani sm behi nd consi stent formatilpn:- of REE] Eel Vi I n, collapsed
“polynmeric foam materials according TO T neeér esent invention. (Uniformy

smal | cell sizes in the resulting foam@y8al so believed to | ead to good
absor bency, and especially fluid transport (e.g., :

This Sheet Has Been Replaced
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W cl_«/ng) char acteristics.) The : S *size of th
foam materials is about 50 nmicr §H§r3'1k5§s"* 8EFR it ypi cal | $fos
,__from about 5 to about 50 mi cron pr eRerahY fromls

m crons, nost preferably ffom about 5 to about 35 ni crons, wh

under condi ti ons PGT reduce . ¥ORLP SEELFEIUALFROPERTY BR0 ns, whehop ,:,:l .
opr e s ORISR, APcATRY e

f ol | owi rigsiriewmmstionst Ragspt Qhsificdtiet Uil i on. for ﬂatht@nmnd'nqbghgprmnberat i onMﬁQrﬂ“ﬁ@M

steps fqr OQeSH 23208610 15/24)15/60 pol ymer | 41 daQn Of P
119@3'? 'ﬁ%‘%‘f’nl E1994 (230694)

Emul si on The H PE enul sion is forne

e0|1D

conponernts with the water phase cg

wei ght  r|4th gtrmations] dppligagion B’H‘E@’e Wi Tg@’gﬁﬁgﬁ
essent i dleraeRakanfiig Dueh A% Nov@bet DIPASI I BE
crosslinkers and enul sifiers, and can al so
as sol ve &?p&ﬂ&n&@' ynmerization initiators.
contain the pressRoUS| Yy Spb&tndbiraw2 al.eedr oby
can alsd contain optional conponents such
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SAME
L ' (57) Abstract

. \

/ o Relatively thin, collapsed, i.c. unexpanded, polymeric foam materials that, upon contact with aqueous body fluids, expand and absorb
SN such fiuids, are disclosed. A process for consistently obtaining such relatively thin, collapsed polymenc foam materials by polymerizing a
specific type of water-in-oil emulsion, commonly known as High Internal Phase Emulsions or "HIPE", is also disclosed.

_

—

This Sheet HasB

(54) Title: THIN-UNTIL-WET ABSORBENT FOAM MATERIALS FOR AQUEOUS BODY FLUIDS AND PROCESS FOR MAKING

T ——

Replaced

N T




wat er - sol ubl e enul sifiers, and/or polynerization initiators. The HI PE

enul sion can be forned fromthe conbi ned oil and water

S , teety ng
t hese-conbi ned phases to shear agitation. Shear agitat if IEENTE§HEET _

applied to the extent and for a tine period necessary
“emul sion from - 44-

wat er phases. Such a process can be conducted in either| batchw se “or

conti nuous fashion and is-generally carried out -under
for formi ng an emul sion wherein the hater phase drop

o] form a stablé
the oM {b40!

and

conditions—stit+ablle
ts are dispersed tjo .

THIN-UNTIL-WET ABSORBENT FOAM MATERIALS

FOR AQUEOUS BODY FLUIDS
AND PROCESS FOR MAKING SAME

FIELD OF THE INVENTION

This application 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

characteristict for such prqducts-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. Compactness in packaging also results in
reduced distribution costs for the manufacturer and
distributor, including less shelf ‘space réquired 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. In 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.



such an:extent that the resulting polyneric foan1mﬁ|| have the requisite.

pore vol unme and other structural characteristics. —E=rH-st T Agf the oil
and wat er phase conbination will frequently invol&éﬁﬂﬂﬁlﬁégp oI ENXlng or
agitation device such as a pin inpeller. One 3r=Terred nmet ho f
form.ng H PE enul sions which can be enpl oyed herein q? ggcx)tlnuous
process for conbi ning and emul sifying the requisitejoi mater phases.
In such a process, a liquid strean12$npr|5|ng t he | o—phase—i rired and
provided at a flow rate ranging from about 0.08 t¢ about 1.5 nlL/sec

Concurrently, a liquid streamconprising the water—phase s also forned and
provided at a pitent TR wgnquagnohyor’(\sa&fau:uun@ 20 Wyttt disckee. At flow

rates wfthin the foregqoi lg& pana cﬁ]atg ﬁgf‘?fﬁmsﬁ‘;‘ﬁ?‘ﬁ%‘ﬂr stop&ﬂ\tconb' ned in a

sui tabl e ni xi ng cH3 ner e requisite water
to oi | phase wettjnies. atlftdse‘hsthﬂ deveJapnept sefeth inney dippersphasobedted, reached
and nai nt ai nedthe dlrecltncérﬂ%qti@néérlﬁ ¢hiireer atBbrienbecoreb etia@bdieed streans

are general | SHBhEGe e T AL G0OTTSheR SRR O s dosdnp ol o Y
typi cally be applymecs to abserketaeget qwafnhties 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 disclose dual-layer core

structures comprising a fibrous matrix and particulate

absorbent polymers useful in fashioning thin, compact,

nonbulky diapers. '

These particulate absorbent polymers are unsurpassed in
their 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 crossiinked
polyacrylates comprise a multiplicity of anionic (charged)
carboxy groups attached to the polymer backbone. It is these
charged carboxy 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 suiperior performance .
in terms of the rate of fluid acquiéition and wicking, i.e.

'the'ability to move 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 retained by the particulate absorbent
polymer positioned in layers or zones of the core.



from ahout 1000 to about 2500 sec.[err]. Residenc | in the mxing
chamber wil | frequently range fromabout 5 to about33®‘$¢t@ﬂds«~'

forged, the stable HHPE emulsion in liquid formca ~mk{hdnamn ﬁhé t he
m xi ng chanber or zone at a flow rate of from abou 3?‘£ about 52 sec

This preferred method for formng H PE emul sions viaja n%U&amu§ cess
Is described in greater detail in US. Patent 5,14 22Q~LDesNhra|s al),

|

i ssued Septenber 22, 1992, mhlch S 5ncorporated r ef er ence.
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An alternative absorbent material potentially capable of
providing capillary fluid transpert 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 articlies containing such foams could possess
desirable wet integrity, could provide suitable fit throughout

~the "entire period the article is 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
also be molded in any desired shape, or even formed into
integral, unitary diapers.

Literature and commercial 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 materials 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
discloses a shape-retaining diapér that can employ a foam
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 retaining aqueous body fluids. See, for
exampie, u.s. Patent 3,563,243 (Lindquist), issued February 6,
1971 (absorbent pad for diapers and fhe Tike where the primary
absorbent is a hydrophilic polyurethane foam sheet); U.S.
Patent 4,554,297 (Dabi), issued November 19, 1985 (body fluid



In consistently reducing the coal escence of the water droplets present in
the HI PE emulsion, it is particularly preferred to gse-eertain it s _of
enul si fier systems in the oil phase, especially if {HREFIAPE: Fulcsariis to

A ]

be pol ynerized or cured at tenperatures above about] 50l errie—Fhese
preferred emul sifier systens conprise a conbinatior gf ég{gpban | afir at e
(e.g., SPAN err] 20), and certain polyglycerol fatt]yjac éPgé( s) as
co-emul sifiers. The weight ratio of sorbitan | aurate 4e-RGE.I Iy
within the range of fromabout 10:1 t#&-about 1:10. |Preferably, this Peight
ratio is in the range of fromabout 4:1 to about 1:T: Fhe—ReEs—

C Y et B STBIL R B SoR s r bR 4L ()
acyclic) diglycesaskmenipbchroduttispydl.§. Fatenti 4, H40,628 H{6arveyl ¢ylajderol s, and
reduced |evels jg3lied AYFiT 86, 088 Yabsctbént compdsiRbEEru2eYNed! iRl @4 reactants
(wei ght basis) %ﬁualé%1ga%e_ﬁ Ignear ghﬁgyce %% Ifygltgn at | east about 60%
(typi cal range of'®Pf RS FAHD A9 95%, g Tike. thst (Fogtadn :
pol ygl ycerol | evsfongd abeorbents made facboudertdi¥o ¢ypesi obl supangeckingf r om about
10 to 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 fiuid 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 other components and keep the fluids
stored within the foam structure;
(b) relatively good wicking and fluid distribution
characteristics in order for the foam to transpert the
- imbibed urine or other body fluid away from the initial
impinéeﬁent zone and into the unused balance of the foam
structure, 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 compressive 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 relatively 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. This relatively




about 40%, and a cyclic diglycerol level of no nore than about 10%
(typical range of fromO to about 10% . Preferably, these polyglycerols
have*a |inear diglycerol |evel of from about 60 tp‘abeu% 80%..a tri- or

hi gher pol ygl ycerol |evel of from about 20 to aboUngogéiaﬂﬁ A Gy

di gl ycerol level of no nore than about 10% hbd‘for~derel

pol ygl ycerol distribution is set forth hereafter %ﬁ% ANAL

METHODS section.) . PGEs especial ly useful as cc{

sorbi tan laurate are al so prepared frdﬁlfatty acild ~eaeLaan_gh§~a terized

saturated fatty @I‘Hndﬁe]yﬂlgplcr ?Mﬁ&elr‘wlehﬁsp d&"ft%ﬁa'l ave the
fatty acid reactag have he

e .
of err] and C] 8psorbengy,r "éaél?"dffvsaéP ‘P%d éP°‘f9ed§t1hb‘t§utt°4b%( t ypi cal
' useful in high performance absorbent cores. 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
desirable in high performance absorbent cores used in
~ absorbent articles such as diapers, adult incontinence pads or
briefs, sanitary napkins and the like; (2) is relatively thin
during normal storage and use until wetted with aqueous body
fluids; (3) is sufficiently flexible and soft so as to provide
2 high degree of comfort to the wearer of the absorbent
article; and (4) can be manufactured on a commercial scale, at
relatively reasonabie or low cost.
DISCLOSURE OF THE INVENTION
The present invention relates to relatively thin,
collapsed (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 that provides a specific surface
area per foam volume of at least about 0.025 m2/cc. The foam
structure has 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 surface tension of 65 + § dynes/cm,
+ of from about 10 to about 50% of its dry basis density in its
collapsed state.



-46- range of from about 40 to about 85%, the level of Cl[err]6 saturated
fatty acid is no nore than about 25% (typical rangef f-abotH ot

mr

ot —fron 3o4H-—S
about 25%, the conbined | evel of C[err] or higher ‘“_I.Jé’_i_t -”iatfyeuﬁ'i? ds S
no nore than about 10% (typical range of from about{2ito About™ “10%

conbined level of CJerr] or lower fatty acids is no nmor e k, puty 1 %
(typical range of from about 0.3 to about 10%, the{bal anc 'ng(ﬁqg’fp%er atty

acids being primarily C18 nmonounsaturated fatty acifs™Pref-erably hie.
fatty acid conposition of these fatt}ﬁ acid reactantp is at | east ab9 65%
conbined CJerr] and C[err] saturated fatty acids (typical Tange of—fom

about 65 to about 7pp9; 1 B9, t'ﬁ"naﬂb ?‘H%’g‘%f@ﬁ@ a&hg{ﬁ;ﬁd fatty acid

typi cal range of froma out PSRt~ 4%
(cox’gl ned ClBgor thy é’ﬁé’ie"éat"ﬂl‘fe&%ﬂ!‘ F&t“tej}‘alalbl‘asa(%]ﬂ)imﬂ, réneypanded f r om about 2

to about 4%, asthteoisraue tohahe dapillladPprédsaréd 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. Surprisingly, "these
collapsed polymeric foam materials remain relatively thin
during normal shipping, storage and use conditions, until
ultimately wetted with aqueous body fluids, at which point
they expand. Because of their excellent absorbency
characteristics, 'including capillary: fluid transport
capabi]ity, these collapsed polymeric foam materials are
extremely useful in high performance absorbent cores for
- absorbent articles such as diapers, adult incontinence pads or
briefs, sanitary napkins, and the like. These collapsed
polymeric fdam'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 dbtaining such relatively thin, collapsed
polymeric foam materials. by polymerizing a specific type of
water-in-oil emulsion having a relatively small amount of an
0il phase and a relatively greater amount of a water phase,
commonly known in the art as High Internal Phase Emulsions 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 to about 80% by weight of a substaniia]]y water-insoluble,
monofunctional rubbery comonomer; (c) from about 10 to about
40% 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 will provide a
stable emulsion for polymerization. The water or "internal®




| ower fatty acids (typical range of from about 0.3 to about 3%.
for detérmning the fatty acid conposition is set forth her eaf t er

PGE ANALYTI CAL METHCDS section.) PGEs useful as coﬂe-mla-f_.t;e
sorbitan laurate are also usually characterized as i ng&iEi AQTaiim hSHERT
interfacial tension (IFT), where the oil phgs
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dewatered (with or without prior washing/treatment steps) to
provide the collapsed foam material.

An important aspect of the process of the present
invention 1is to carry out the emulsion formation and
polymerization steps in a manner such that coalescence of the
relatively small water droplets formed in the HIPE 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 this 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 materials having good absorbency and fluid
transport characteristics. This reduction in coalescence can
be consistently achieved by the use of certain emulsifier

. systems, by the use of lower temperatures during
polymerization (curing), or both, as described hereafter.
Moreover, these relatively thin, col1apsed absorbent polymeric
foam materials can be consistently manufactured according to
the process of the present invention on a potentially
commercial scale, and at a potentially reasonable or low cost.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 of the drawings is a photomicrograph (1500 X
magnification) 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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pol ygl ycerols and converting themto PGEs. PCGEs are t
esterifying polyglycerols with fatty acids. Appropri
pol ygl ycerol s can be prepared by m xi ng pol ygl ycerol s
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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.

Figure 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 utilizes the absorbent 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-fitting article such as a disposable training pants
product 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 cdmponents of a diaper structure also of dual layer core
configuration having an hourglass-shaped fluid acquisition
layer overlying an absorbent foam fluid storage/distribution
‘layer 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 1iquid is dispersed as droplets or “"bubbles” in a
polymerizable monomer-containing 1iquid, followed by polymer-
ization of the monomers in the monomer-containing liquid which
surrounds the droplets. The resulting polymerized dispersion
can be in the form of a porous solidified structure which is
an aggregate of cells, the boundaries or walls of which cells
comprise solid polymerized material. The cells themselves

by



pol ygl yeerol to fatty acid is usually fromabout 50:50 to 70:30, preferably

from about 60:40 to about 70:30. Typi cal reaction conditions for :

preparing suitable PGE co-emulsifiers involve es STty 1:rg°~t~_h@-pol.;igl ycerol s

with fatty acids in the presence of 0.1 - 0.2% gd&ditnhiytir'okisdgigs t he _

esterification catalyst. The reaction is initidgtdd at atmospheti ¢ pressure

at about 210[err]-220[err] C, under nechanical agi tatQ%nAggdla%r;t ogen
[

sparging. As the reaction progresses, the free fiafty aci 5h and t he
vacuumis gradually increased to abeust 8 nm Hg. en—-the—f+ ajty acid
| evel decreases to | ess than about 0.5% the catal yst is the_n neutralized
with a phosphoric acid solution and the reaction m xture Tapreiy—cooled to

about 60[ er r] cCOntfip ther pefativelyt menemey-firee o iauith whithen Prigr taubj ected to
settling or polyeerizanimt ihadaformedi theadrophetst eips the. Yiquido reduce the

| evel unreacte i@gwg,lnycerol) to yield the.desired PGEs. 2.

Pol ymeri zation/ Curing of the H PE Enul sion The HI PE emnul sion forned
will generally be 8bi fieserdbedormoseyfully rhexeafiter abthe recddensed vessel , _
cont ai ner or r pefiymarico foem peteniels ueefulr as Wbeekbentd AnOfiR pA&RAL MeENnt herein,

the reaction vVeasftidCIrRe it§'§'§ca€|‘1§ lb@efa%ﬁtﬂ’yussﬁﬁepifziggowep%r HeETS
type of water-in-oil emulsion. Such an emulsion is formed
from a relatively small amount of a polymerizable monomer-
containing oil phase. and a relatively larger amount of a
relatively monomer-free water phase. The relatively
monomer-free, discontinuous "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-celled 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, polymeric
material. The polymeric foam materials useful in the
absorbent articles and structures of the present invention are
those which are relatively opeh-ce'l"led 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 "windows" which are
large enough to permit ready fluid transfer 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 defined by a
plurality of mutually connected, three dimensionally branched



from whi.ch the eventual |y pol ynmerized/cured solid foam material can be
easily removed for further processing after polynerization/curing has been
carried out to the extent desired. It is usually f arvedsthat: &
t enperature at ' - Ag- i i e PE

emul sion is poured into the vessel be approxi natelly {the same as the| .

pol ymeri zati on/ curing tenperature. Pol yneri z tionZéUAUGd?&Qn'iﬂions to
which the H PE emul sion will be subjeﬁ;ed will valy!dependi ng upoﬁ Ihe

webs. The strands of polymeric material which make up the
branched 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 cell.
Alternatively, a foam material can be considered to 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 invention 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 foam 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 quantified by
referencing the “adhesion tension® exhibited by such foams in
contact with an absorbable test 1iquid. Adhesion tension is
defined by the formula
_ AT = v COS 6
wherein AT is adhesion tension in dynes/cm;

¥ is the surface tension of a test liquid absorbed by the

foam material in dynes/cm;



monormer and ot her nmakeup of the oil and water phases of the enuI5|on
espeC|aIIy the enul sifier systens used, and the type and anounts of
pol yyreri zation initiators utilized. Frequently,
pol yneri zation/curing conditions will conprise
enul sion at el evated tenperatures above about 30Jjer,
above-about 35[err]C, for a tine period ranging firg
hours, nore preferably fromabout 4 to about 18
coal escence of water droplets in thelH PE enul si én, 1 tTs pant.%dl rly
preferred to carry out the polymerization/curing relatively | ower
tenperatures, especially if the preferred conbé|e t|o of S Dltgn—1aurate

and PGE co-enul si f i%is the spatacks apgle,in degeges F’E"’ue In these
si tuations, sui tablmelm/gmerpolﬁoamrmml Treet vmt/ocurhmty ttsetﬁmeat doetheare in the

range of fr om about ¢
about 45[ert] G an redfl BlrdefaQ E&OBB"@OE{%‘Q k e g Picihl Yesht¥Bsabout 35 to

polynerlzatlon/currﬂg foamcsrfae’t out at t enper at ures nuch above about
S50[err]C, the ther ni&ir ahy efiverdhytiiuphed foam materi@dysthet adhasdiver dropl et s

present 10 299" G991, 8fheial 898, fAia 60 O it (1 L

resulting poly oam espe
using a procedure whereby weight uptake oF a test liquid,

e.g., synthetic urine, is measured for a foam sample of known
dimensions and capillary suction 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 hydrophilic 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 synthetic urine having a
surface tension of 65 *+ 5 dynes/cm.

In addition to being "open celled" and “"hydrophilic," the
polymeric foam materials useful in the present invention have
a specific set of structural and mechanical properties,
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 ranges set forth hereafter for these
parameters. However, such foams are nevertheless still within
the scope of this invention if they later undergo physical or
rheological changes so that they have the requisite values
specified hereafter for these properties, features and/or
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

P
szUa‘ha&g @ ut 24

ouyr déci ng

l—+




conbi natsi on of sorbitan |aurate and PGE co-enulsifiers is not used

in

preparing the H PE enulsion. This can |ead to polyneric foams that cannot

rematn in a collapsed, unexpanded state after deWatEring—-
pol ymeric foamis typically obtained when the HI Edamﬁﬂgf’fﬁiSt i
pol yneri zed/cured in a reaction vessel, such as g tub. Thrs Bulk
polynerized H PE foamis typically cut or slicedjinft e
Sheets of polynerized H PE foam are easier to proc sgzsﬁ$§€3§%%b
treating/ -12- -49- ¢
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byl k sol i d

b form
gquent:

interrelated and interdependent, but can be essentially
categorized as follows: (I) those particularly relevant to
its collapsed state; (II) those particu]ar1y're1evant to its
expanded state; (III) those equally relevant to either its
collapsed or expanded state; and (IV) those particularly
relevant to its absorbency when in contact with aqueous body
fluids. _

I. Collapsed State.

The collapsed polymeric foam materials 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 of 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
thermal drying, such as by heating in an oven, or by vacuum
dewatering. After compression, and/or thermal drying/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 1. As shown

~in Figure 1, 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 is in its
expanded state.) As can also be seen in Figure 1, the voids
or pores (dark areas) in the foam structure have been
flattened or elongated. There is also no or minimal contact
between adjacent struts of the foam structure. '

Following compression and/or thermal drying/vacuum
dewatering, the collapsed polymeric foam material can
potentially re-expand, especially when wetted with aqueous
body fluids. (See Figure 2 which shows a typical HIPE foam
structure according to the present invention in its expanded



=:mashing and dewatering steps, as well as to prepare the H PE foamfor use
in absorbent articles. The bul k polynerized H PE foamis typically
cut#sliced to provide a cut caliper in the ra DR RReRED. 08 to
about 2.5 cm During subsequent dewatering, t Bgi{lﬁgg rmgﬁﬁi df to
-col | apsed H PE foans having a caliper in the a?ge of fromabput 0.008 to

e

about 1.25 cm 3. Treating/Washing H PE Foa 26nAUBap94l po| yreri zed
H PE foamwhich is forned will generally be ajflexible, open-gejl porous
structure having its cells filled w3-h the regidual water phasel materia
used to prepare the HPE enulsion. This res water _phase material,
whi ch general |y conprises an aqueous sol ution of electrolyte r esi dual
emul sifier, ahate.polSpnerisieglyerpolpmerist taam mateviads if &he PEesMtpartial |y
removed from tiRPert9aMrehd tCHM RISt c d1mh;$seapld?t umpﬂﬁdeHOsﬁdtét hRar processing

Godal Ty be ca PR BEM B ofe 200 o B Bl LEPE B TG eeze out
resi dual |iquivéaend¥be aby1ikysef nthe pelymesis sftoi“md!aliﬁ@ﬂﬁth videer or other
aqueous washi ngpesehtUinveRtion to remain in this collapsed/unexpanded state

is believed to be due to the capillary forces, and in

particular the capillary pressures developed within the foam

structure. As used herein, “capillary pressure" 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," 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 thermal 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 described hereéfter), 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 30%, by weight of the foam
when stored at ambient conditions of 72°F (22°C) and 50%
relative humidity. Preferred collapsed polymeric foam
materials 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 exerted by
the elastic recovery or modulus of the compressed polymer. In
other words, the capillary pressure necessary to keep the

collapsed foam material relatively thin is determined by the
countervaling force exerted by the compressed polymeric foam




Frequently several conpressing and washing steps,.e:g:, from 2 g4 cycles,
w il be utilized. After the original water phase mat.erial*has| been
renmoved fromthe foamstructure to the extent required, the H PE|fpam if
needed, can be treated, e.g., by continued mashlég, we thAdSE 18ggiebup
solutlon of a suitable hydrophilizing agent and/ ¢r jhydratabl e sajt
Hydr ophili zi ng agents and hydratable salts mhlchican be enpl oyed hpve been
previ ously described and incl ude so[PLtan | aur at é-—Le.g. SPAN 20)_&and
calciumchloride. As noted, treatnent of the H PE foam structure with the
hydr ophi | i zi ng agent/ hydratable salt solution continues, if necessary,

until the desirgd;arpyy +gf "sfwmgomm r'znmg €getid ycbvarpieadanyt has been
}g?ogﬁgr?teg? anogwpahlg{eri%hg o];ag?nz:aenxrye LerflilGSiehGe APRESIsPRaihensi on val ue

experiments where the expanded foam is compressed to about 25%

of its original, expanded caliper (thickness) and then held in

this compressed state until an equilibrium 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 polymeric 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

section 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 is relatively constant. Accordingly, the
capillary pressures necessary to provide collapsed, unexpanded
polymeric foam materials according to the present invention
also typically fall within a constant range.

It might be theoretically possible to measure dﬁrectly
‘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- (8)

rc

whefe 4 is the surface tension of the fluid, © is the contact
angle, and r¢ is the radius of a capillary tube. However,
because of various complicating factors, including the



- 50- 4. Foam Dewat eri ng After the H PE foan1has been. treated/mas@ed
to the extent necessary to render the eventually drled foa-.= - ab_
hydrophilic, and optionally to incorporate a suffi |ent “arbunt:. of: e
hydratabl e salt, preferably calciumchloride, the: oam,yvl |
dewat er ed. Dematerlng can be brought about by conp eéswﬂg Al
(preferably in the z-direction) to squeeze out resjd ~yater,
subj ecting the foam or the water therein, to el ey
thermal drying at tenperatures frontHbout 60[err] : _
to m crowave treatnent by vacuum dewat ering or by a conbination of
conpressi on an ¢1 ¢l ve{yacu t ni ques. The
dewat eri ng st eg g ¢ aé‘ﬁ?%{ Héesgl {ol |c H{p ‘é F’i;}“l)ggccg‘ra%?ed out until
t he H PE f(ganq|tgerq;a¢gﬂarbrpn§g§yres deve]oped w1th1n 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 form, that is

applicable to any porous structure (e.g., foams):

P=3Scp v cos8

wherein Sc is the capillary suction specific surface area of
the foam structure, p is the foam density, is the porosity
of the foam, and v cos © 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 capillary pressures developed
within the foam structure are essentially a function of: (A)
the capilliary 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 value 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 spécific 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 direct measurement of the dried,
collapsed foam structure. Even so, it has been found that



and is.as dry as practical. Frequently such conpression dewatered foans
will have a water (noisture) content of from about 5Q.toa._about 500% , noré
preferably from about 50 to about 200% by wei ght on ?Pﬂngmﬁlght«hgﬁr :
Subsequently, the conpressed foans can be thermally ¢ eé~~e~v ; b
heating) to a noisture content of from about 5 to abpu 4096 nor e '
preferably fromabout 5 to about 15% on a dry weigh has 8. Abithd9%sesiul ft | ng
conpressed/ dried foamw |l be in a collapsed, unexpanded._state. VI.
Absorbent Articles The col | apseé®-pol yneric foan) materials of t el
present invention can be used as at |east a portion—n+—+he~absanh&nt
structures (e. q absor bent cqﬂgg%ﬁuré%var1ous absor artlcles By

"absorbent arti STt“‘“h'%‘r“éT"H" Fee Sn¥fRele” 8?%&8 umEnY %]H‘EFS capabl e of
absor bi ng si gniare cearretptablke tpethe @bilitynef diheoferm strugtdse (Yo.e., i quids),

|'i ke aqueous f eemdin mtat@dnsmanmb@webomgmenéaﬁ)s a&'oﬁ@ﬁ@rﬂﬁ@h@y an
[er,or use suc absor bent

e beC ot BB R an Hax bt sBEci T RumtaGh ares Bonofad Yo luBt arem i al o
such as tamponyahurs efirt deystnabeutnd, 025 spincabbeeferablynatgleashts, bed pads,

and the 'like. Tbeuttosey kepdc,f AP preferably at least about 0.07 m2/cc
have been found empirically to remain in a collapsed state.

Capillary suction 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 specific surface area'is, in general, a
measure of the test-liquid-accessible surface area of the
po]ymerlc 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 is thus a way of quantifying the total
amount of solid surface provided by the foam network to the
extent that such a surface participates in absorbency.

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 suction specific surface area and low density
provide the very desirable combination of high capacity and
high capillarity. High specific surface area is also a
consequence 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

7




-51- structures herein are particularly suitable for use in articles such,

as di apers, i

ncontinence pads or garments, clothing shields, and t hed i ke.

In rts sinplest form an absorbent article of thepps m,ﬁ n need
only include a backing sheet, typically relative ?ng i dWﬁpehW% us, and
one or nore absorbent foam structures associ ated th this backrn sheet.
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structure. Adjustment of capillary suction specific 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
particularly relevant to whether adequate capillary pressures
are developed within the foam structure 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 the foam structure also increases

(or decreases) proportlonately .

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, composifiona]
parameters include the water-to-o0il ratio of the HIPE
emulsion, and the type and amounts of monomers, emulsifiers,
and electrolytes utilized in the HIPE emulsion. Process
parameters affecting capillary suction specific surface area
include mixing energy and temperature.

For purposes of this invention, capillary suction
specific surface area is determined by meésuring 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 suction specific surface area can also be utilized.



foam structure and the backing sheet will be associated in such a manner
that the absorbent foam structure is situated bet bhacki ng_sheet and

thesfluid discharge region of the wearer of the a Rﬁfbéﬂgda?FTC; RET Li quid
| npervi ous backi ng sheets can conprise any materi &l , |uu CAQHH e

pol yet hyl ene or pol ypropyl ene,. having a cali per & 0. 038
nmm, which will help retain quid wi thin the abso b=nt $ @ﬂ Mor e
conventional ly, the absorbent articles herein wl| &-sa Inrlude '
| i qui d- pervious topsheet el ement whildh covers the|side of the absorfpent
article that touches the skin of the wearer. Int ion.i the

article includes afhd bc%?!?p%@& % C&qurlﬁlsg&gﬂge?mgmmrefg orbent foam

structures of the present ‘I nve on pos’itione en the backi ng sheet
and t he t opshedhich|angypspfydrin dbas premhewsn*dan y8nihasgethafyhaygt eri al such
as pol yester, ﬁ?Oda)Sﬁ)ﬂerynsuclt@MD&p&t’iCht harfadeeardal oh dts 1easistbaiti al |y porous

and permts bo yal_&'k}qd i—ﬁ’ ?ﬁ%ﬁtyheogﬁaﬁW%'ﬁng egnqcl Q&anwe under | yi ng

absor bent core. haye no affinity for
hol di ng aqueoué"%od? fiF uthes viangg tfé‘O‘&r@ta’uédeorﬁOaéPmﬁe@vﬂéﬁg’t he topsheet and
the wearer's sidferably 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 having 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 suction specific surface areas can

develop a sufficient capillary pressure to keep the foam in a

collapsed, unexpanded state until wetted with such aqueous

body fluids. '

B) [Foam Density

Foam density in grams of foam per cubic centimeter of
foam volume in air is specified herein on a dry basis. Thus
the amount of absorbed aqueous liquid, e.g., residual salts
and liquid left in the foam, for example, after HIPE emulsion
polymerization, washing and/or 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 influence a number of
performance and mechanical characteristics of the absorbent
foams herein. These include the abéorbent 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 herein can determine the cost




The absorbent core of the absorbent article enbodinents of this invention

can consi st solely of one or nore of the foan1str}r, r ?‘T'

exampl e, the absorbent core can conprise a singlée™U

shaped as desired or needed to best fit the type Joff absorbent ar

which it is to be used. Alternatively, the absorQfent Q(ﬁﬁuga@ggo

plurality of foam pieces or particles which can e '

-52 - adhesively bonded together or which can sinmply ‘
: -19- :

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 determihation. For those situations
where the foam sample prepdration procedures (drying, aging,
preflexing, etc.,)' can inadvertently alter the density
measurements obtained, then alternate 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," Textile Science and
Technology, Vol. 7, 1985, p. 41.] As with capillary suction
specific surface area, the ranges for foam dénsity set forth
hereafter are intended to be inclusive, i.e., they are
intended to encompass density values that can be determined by
any 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 about 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 adjusted
to within the foregoing ranges by controlling, in-particular,
the water-to-o0il ratio of the HIPE emulsion.



i nto an ~unbonded aggregate hel d together by an overwappi ng of envel ope
tissue or by means of the topsheet and backing sheet of t-he._ahsorbent
artitcle. The absorbent core of the absorbent artlclééhhew@ﬂr;h_
conprise other, e.g., conventional, elements or nateri i
one or nore absorbent foan1structures of the present i
exanpl e, absorbent articles herein can utilize an absorbi_t :
conprises a conbination, e.g., an air-laid m xture, of jp lrles or pi ces
of the absorbent foam structures hef®in and conventiondl absorbent :
materials such as a) wood pulp or other cellulosic fibersm—ang~et Dl

particles or fiberg of 4 ?ﬁ i I g!agents. I n one enbodi nent

i nvol vi ng a conbi nat i syPPace Tl Ford Sk FW foam herein and ot her absorbent
materials, the abddr l?éﬁ‘{wélﬂ)i chatgdnethe; eottapsedppeymerigulform | ayer absor bent
core confi gur aaterialdesfeithe present meationORavd Nl Bertaie Wvenyre foam

Sruotures of vebiduah YRR Oy 3le DIUREH! deoERIDLORRN i, one or o e

addi ti onal separate core [ rs conpri Sing conv onal ~—"absor bent
structures oMo h%)t‘éﬂlaéFBts’ P‘B‘Gc‘l’ﬁt@lﬁrhﬂéni |58h%icea¥%‘éiﬁeﬂf abowtudBures or

material s, fordyaesyenl et 2220. i nlevie, atkisl rbeidadl Waktet atypivahyg of wood pul p
or other 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 invéntion are typically made. These

materials can also be included in the residual water as a

result of post-polymerization steps, e.g., to hydrophilize the

foam surface. . .

One such material présent in the residual water of the
collapsed polymeric foam is a toxicologically acceptable
hydroscopic, hydratable salt, preferably calcium chloride. 1In
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 chioride 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 aboyt 6%, by
weight of the foam.

Another material that is present in the collapsed
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 sorbitan
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® 80).
These emulsifiers are typically incorporated for the purpose
of rendering the surface of the foam structure hydrophilic.




cellulsic fibers. Such conventional —structures can iafsp-conpfi-se
conventional, e.g., large cell, absorbent foans or ev¢M~ 3, eﬁh_Tﬂ GET
conventional absorbent structures used with the absorRQerjt “foam heraimjcan
al so contain, for exanple up to 80% by wei ght, of paréicle%épgubhgﬁés o]
polymeric gelling agent of the type comonly used in @bs en rcl s
that are to acquire and retain aqueous body fl uids. Pl yrrerie—geti-hg
agents of this type and their use in absorbent articlé¢s are nore fully

described in U S. Reissue Patent No.-2Re. 32,649 (Brandt et ar); i¢&issued

April 19, 1988, which is incorporated by reference One prefeéerred type

of absorbent article herein is one which_ utilizes | t ayer absor bent
core having fl iqyever, the more waEEr soluble components n11 {hes y

emulsifiers can also be dissolved in the residual water
present in the foam structure and can affect its surface

~ tension, typically 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.

D) Cell Size .

An alternative feature which can be useful in defining
preferred collapsed polymeric foam materials of this invention
is cell size. Foam cells, and especially cells which are

. formed by po]ymeriiing a monomer-containing oil phase that
surrounds relatively monomer-free water-phase droplets, will
frequently be substantially spherical in shape. The size or
“diameter* 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 pb]ymeric 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 capillary suction specific
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 eapillarity 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 determining the

average cell size of foams. These techniques include mercury

.




-53- handling | ayer positioned in the fluid discharge region of the wearer

of the article. This fluid-handling layer can be in the
but is preferably in the formof a fluid acq RE}R pn%df;_ﬁ *
| ayer conprising a |ayer of nodified cellulosic fibers =
curled cellulosic fibers, and optionally up to about 1p9
fIuid.acquisition/distributlon | ayer of polyneric gel
nmodi fied cellulosic fibers used in the fluid acquisitij
of such a preferred absorbent artick& are preferably \
have been stiffened and curl ed by neans of cheni?alha woberaal. !
Such nmodified cellulqgsic fib are  of the sane type as are
& 1 thaghn 0 (5hs ansar e g5t 4, 935, 622

nonwoven,

treat nent.

enpl oyed in t RPTEHYE
(Lash et al),

of a high |oft

n

n4ﬂ£ﬂjibuti0n

B Rethads high age ue

od pul p fibers

W

ysefule dechuriquel, hove80, fuuhideberimsningcoelios tteedn bipamef er ence.
These multi -1 ayRb1 ARSI AfPie MRASKTemn Ob£:R0r The RcemAiRGde1ectron

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 commonly
employed analytical too]nwhich can be used to determine
average cell size of the foam structures herein. Such a
technique is described in greater detail in U.S. Patent

4,788,225 (Edwards et al), issued November 29, 1988, which is

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 typica11y in the range of from
about 5 to about 50 microns. More preferably, the number
average cell size will be in the range from about 5 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 emulsuon 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

on

1|s

| gyer

ich



i.e., lQwer, fluid storage/redistribution |ayer conprising a foam structure
of the present invention. For purposes of this inyentiaon _an “uppery |ayer
of a.multi-layer absorbent core is a |ayer which ijgurefagivel?y €liBger to
the body of the wearer, e.g., the layer closest (¢ tﬁe«artrcke topsheet.
The term "l ower" | ayer conversely nmeans a | ayer of g It|-Ia¥ | @bsorbent
core which is relatively further away fromthe bocy10f7§héuﬂeﬁ§ e.g.,
the | ayer closest to the article backsheet. This Idm@r fluid !

storage/redistribution |ayer is typica&Bty positiorled within the abs¢rbent
core so as to underlie the (upper) fluid-handling 4ayer—ane—be—~+n—ftuid

conmuni cation therew.th. ﬁb ﬁ{ ent r cles which can ut |ze %he absor bent
foam structures of tHes®ilise quF"\" ’FB?/\@FesfeI"g ot} eaPrc‘%ch 8% put i on

| ayer under | yi ngstamctyreecar lafifettatbriipsl yneonhaiudvs nltaelfonelgayeas c¢ont ai ni ng

stiffened curl ed ic r d I th
U.S. patent 5, 14|}fa§zg@i(zY§ The & pﬁa?ﬁ%ﬁ’ﬁs‘é'ﬁ&’%@ k:ih gzﬁgﬁ’élerbe gh@i | in the

i ncor por at ed by resulf <o Cethe u?éorgo ation o e1:he efmu?m g’drmg t?h which 1s
formation of the HIPE emulsion, or else can be due to
incorporation as a_ vresult of. post-polymerization -
hydrophilization treatments. Plasticizetion 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
cbllapsed 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
resistance to compression deflection characteristics specified
hereafter.

II. 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 fiuids, relative to its dry basis density in its
collapsed {compressed) éféte, provides a measure of the
relative thickness of the foam in its expanded state. This

_provides a_particularIy 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 B88°F (31.1°C) to its free absorbent
capacity with synthetic urine having a surface tension of 65 +
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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characteristics of the specific absorbent foam stryet
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form of di sposabl e diapers. Disposable diapers.conpr|3|ng THE absoi be
foam structures of the present invention can be nmade |b |Q@%§@§gent
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Foam structures of this invention can thusS be uUSed rn diapers in

single layer Qfactfsh. NOfRdqdIRi Y WReY Foanl 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 the present invention, the density 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 preferab1y 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 vo]ume of the openings or
cells in a porous foam structure per unit mass of solid
material (polymer structure plus any residual solids) which
forms the foam structure. Pore volume can be important in
influencing a number of performance and mechanical features of
the absorbent foams herein, especially in their expanded
state. Such performance and mechanical features include
absorbent capacity of the foams 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."

One conventional way for determining available pore
volume experimentally involves 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,



various- nultiple | ayer core configurations. Articles in the form of
di sposabl e di apers are nore fully described in U S. It .;ﬁ%%w -

(Duncan et -al), issued January 31, 1967; U. S. Patent:ig; SFMGAT (SBR
I ssued July 13, 1971; U.S. Patent 3,489,148 (Duncan €t al),, T8sUed

13, 1970; U.S. Patent 3,860,003, issued January 14, 97§f,@@%.@ g. Pat ent
4,834,735 (Alemany et al), issued May 30, 1989; all} of which™a 8
i ncor porated by reference. A preferred disposdbl 'a@eFaenbaﬁi

this invention is illustrated by Figﬂ?e 5 of the drfawi ngs. Such a di
I ncl udes an absorbent core 50, conprising an -upper flulrd acqursition | ayer

51, and an und I.0g Ly efdisstrd i LSing an
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constructed in prefdroed WIPE 2maTyibhased ifoams 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 o0il phase emulsifier used, post-
polymerization steps to effect washing and/or densification of
the foam and degree of recovery of the polymerized foam
structure after such steps.
The foam materials of the present invention will
generally have a pore volume of from about 12 to about 100
mlL/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 experimental 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 method are
within the. scope of this invention. .
C) Resistance to Compression Deflection
.An important mechanical feature of the polymeric foams of- -
this invention is the strength of the absorbent foam, in its
expanded state, as determined by its resistance to compression
deflection. The resistance to compression defiection
exhibited by the foams herein is a function of the polymer
elastic modulus and the density of the foam network. The
polymeric elastic modulus is, in turn, determined by a) the
polymeric composition; b) the extent to which the polyméric
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 materials of the
present invention must be suitably resistant to deformation or
compression by forces encountered when such absorbent
materials are engaged in the absorption and retention of
fluids. Foams which do not possess sufficient foam strength
in terms of resistance 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 compression deflection exhibited by the
. polymeric foams of the present invention can be quantified by
determining the amount of strain produced in a sample of
saturated foam material held under a certain confining
. pressure for 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
samples are saturated with synthetic urine having a surface
tension of 65 * 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 88°F (31.1°C). The amount of strain produced
in such testing is reported as a percentage of the saturated
-and fully expanded sample thickness that the compressed
thickness of the sample represents. The method for carrying
out this particu]gr type of test for quantifying resistance to
compression 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 of 5.1 kPa produces a strain of typically from about
2 to about 80% compression of the foam structure when it has
been saturated to its free absorbent capacity with synthetic
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not readily |iquid-pervious, by treating or coating one surface thereof or
by lamnating this flexible substrate with another*rel atively
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formfitting afelsisiance rtot tumpressivoidefl edt sgnosablbe ddjastednto gardis product is
shown in Fi gur\ﬁ]ﬁesotli{th% the foregoing ranges by appropriate selection of
monomer, comonomer and crosslinker types and concentrations in
combination with the selection of appropriate emulsion
formation and emulsion polymerization conditions and
techniques. Thus, such preferred foams can be formed from
materials with elastic modulii large enough to provide
adequate resistance to compression deflection even though such
foams are low density and have very fine struts.
D) Recovery From Compression Deflection
-Recovery from compression 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 with synthetic urine.
A suitable procedure for determining recovery from
compression deflection is set forth in the TEST METHODS
section hereafter. Such a procedure in general involves
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 then are released .from
compression. The extent to which the sample recovers its
thickness, in the presence of available free fluid, in the
one-minute period after the release 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.

ITI. Collapsed or Expanded State

A) Flexibility

The absorbent foams of the present invention should be
sufficiently flexible 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 absorbent properties.

Preferred absorbent foams of the present invention should
also be sufficiently flexible 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 diaper core is folded in both the
10ngitqdina1 and transverse directions. Disposéb}e diapers
are also generally 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 marketing can be even greater
than those which are applied 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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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 88°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 can be bent at least 3 times
without breaking when subjected to such a test proCedure.

B) Foam Integrity and Softness

While not absolutely essential for the realization of
operable or useful absorbent structures, the absorbent foams
of this invention will preferably possess the 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-ebsorbent articles such as
infant diapers.wi11 frequently be subjected to both dynamic
and static forces which arise when the wearer walks, runs,
crawls or jumbs.. Such forces not only tend to compress 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 for 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 fﬁl]y hereafter, in .
configurations wherein the foam material surface can come in
close- proximity to or even in actual contact with the wearer’s
skin. Accordingly, it would be very desirable for the surface
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of the absorbent foams herein to be acceptably sdft and
non-irritating 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 materials herein which render such foams especially
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; B) the
rate of vertical wicking of fluid through the foam structure;
C) the absorbent capacity of the foam at specific reference
wicking heights; and D) 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 characteristics is described in greater detail as
follows:

'A). Free Absorbent Cagacity

Free absorbent capacity is the total amount of test fluid
(synthetic urine) which a given foam sample will absorb into
its cellular structure per unit 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 é minimum free absorbent capacity.
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be determined for any given foam sample by a

gravimetric

analysis technique. 1In such a technique, a foam sample of

specified known size and weight is placed in a

dish of test

fluid (synthetic urine) and is allowed 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
B) Vertical Wicking Performance

foam material.

Yet another fluid handling attribute of the absorbent
foams useful herein relates to their ability to quickly move
or "wick" acceptable amounts of body fluids through their foam

structures. Vertical wicking, i.e., fluid wi
direction opposite from gravitational force, is

cking in a
an_especially

desirable performance attribute for the absorbent foam
materials herein. This is because such materials will
frequently be utilized in absorbent articles in a manner that
. fluid to be absorbed must be moved within the article from a
relatively lower position to a relatively higher positioh

within the absorbent core of the article.

Vertical wicking performance is related to the ﬁagnitude
of the capillary suction driving force which moves liquid
through the foam and holds it in the foam structure. Foam
characterizing 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
artit]es. 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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strip of foam of specified size when the test is 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 present
invention will have a 5 c¢m vertical wicking rate of no more
than about 5 minutes when wicking synthetic urine.

2) Vertical Wicking Absorbent Capacity

The vertical wicking absorbent capacity test is carried
out in conjunction with the vertical wicking rate test.
Vertical wicking absorbent capacity measures the amount of
test fluid per gram of absorbent foam that is wicked 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 have a vertical wicking absorbent

capacity such that, at 11.4 cm (4.5 inches) of vertical

- wicking height, the foam test strip wicks to at least about

50%, most preferably at about 75%, of its free absorbent
capacity.
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C) Partitioning

The absorbent foam structures herein will frequently be

utilized in absorbent articles along with other types of

absorbent structures which can also participate in acquiring,
distributing and/or storing discharged body fluids. In those

contexts wherein the foam structures herein are to serve
¢ primari1y 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 structure
from other absorbent components which also are absorbing such
fluids. Such a propensity 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 4,610,678 (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

according 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
phase emulsions ("HIPEs* or "HIPE" emulsions). The polymeric
foam materials which rgsult 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 crossiinkers utilized in the HIPE emulsion and

by the emulsion formation and polymerization conditions

employed. No matter what the particular monomeric makeup,
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i.e. spring-like, properties. It is a]so important that the

polymeric material which forms. the cellular foam structure

have physical, fheo]ogica], 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 oil 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 have water-to-oil phase ratios ranging from about
12:1 to about 100:1, more preferably from about 20:1 to about
70:1, most preferably from about 25:1 to about 50:1.

. A. 0il Phase Components

The continuous oil phase of the HIPE emulsion comprises
monomers that are polymerized to form the solid foam
structure. This monomer component includes a "glassy"
monomer, a “rubbery" comonomer and a cross-linking ageht.
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 materials
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 40°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-methylstyrene can
also be employed. The monofunctional glassy monomer will
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 dalso comprises one or more

- monofunctional comonomers which tend to impart rubber-like

properties to the resulting polymeric foam structure. Such
comonomers are referred to as "rubbery" comonomers and are,
for purposes of this invention, defined as monomeric materials
which would produce high molecular weight (greater than
10,000) homopolymers having a glass transition temperature,
Tg, of about 40°C. or lower. Monofunctional rubbery co-
monomers of this type include, for example, the C4-Ci2 alkyl-
acrylates, the Cg-Ci14 alkylmethacrylates, and combinations of
such ‘comonomers. Of these comonomers, n-butylacrylate and
2-ethylhexylacrylate are the most preferred. The mono-
functional rubbery comonomer will generally 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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foams having the desired combination of structural,
mechanical, and fluid-handling properties. '

Depending upon the type and amounts of monofunctional
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 difunctional,
monomers. Thus, the cross-linking agent can be a divinyl
aromatic material such as divinylbenzene, divinyltolulene or
diallylphthalate. Alternatively, divinyl aliphatic cross-
linkers such as any of the diacrylic or dimethylacrylic acid
esters of polyels, such as 1,6-hexanediol and its homologues,
can be utilized. The cross-linking agent found to be suitable
for preparihg 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-forming
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 phase. Use of such substantially
water-insoluble monomers insures that HIPE emulsions of
appropriate characteristics and stability will be realized.

It is, of course, highly prefefred 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-linking agents should preferably have
little or no toxicity if present at very low residual
concentrations during post-polymerization foam processing
and/or use. _

Another essential component of the oil phase is an
emulsifier which permits the formation of stable HIPE
emulsions. Such.emulsifiers 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 and sorbitan palmitate (e.g.,
SPAN® 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 about 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 component.

In addition to the monomer and emulsifier components, the
oil phase can contain 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 o1l phase is a
substantially water insoluble solvent for the monomer and
emulsifier components. A solvent of this type must, of
course, not be capable of dissolving the resulting polymeric
foam. Use of such a solvent is not preferred, but if such a

solvent is employed, it will generally comprise no more than
about 10% by weight of the oil phase.
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electrolyte. The dissolved electrolyte in the water phase of
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
fonic 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 in the present invention. Generally 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 water phase. More preferably, the
electrolyte will comprise from about 1 to about 10% by weight
of the water phase. _

‘The HIPE emulsions will also 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 ,
sodium, potassium and ammonium persulfates, hydrogen peroxide,
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sodium peracetate, sodium percarbonate and the 1like.
Conventional redox initiator systems can also be utilized.
Such systems are formed by combining the foregoing peroxygen
compounds with reducing agents such as sodium bisulfite,
L-ascorbic acid or ferrous salts.

The initiator matefia] 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 the
total moles of polymerizable monomers in the oil phase. When
used in the water-phase, such initiator concentrations can be
realized by adding initiator to the water phase to the extent
of from about 0.02% to about 0.4%, more preferably from about
0.1% to about 0.2%, by weight of the water phase.

C. Hydrophilizing 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 further 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 nehessary, can
generally be accomplished by treating the polymerized HIPE
foam structures with a hydrophilizing agent in a manner -
described more fully hereafter.

Hydrophilizing 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.
Hydrophilizing agents will generally be employed in liquid
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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. about 0.5% to
about 20%, preferably from about 5 to about 12%, by weight of
the foam. .

One type of suitable hydrophi]izing 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
sorbitan laurate (e.g., SPAN® 20), and combinations of
sorbitan laurate with certain polyglycerol fatty acid esters
to be described hereafter. Such hydrophilizing surfactants
can be incorporated into the foam during HIPE emulsion
formation and polymerization or can be incorporated by
treatment of the polymeric foam with a solution or suspension
of the surfactant dissolved or dispersed in a suitable carrier
or solvent.

. Another mater1a1 that needs to be lncorporated into the
HIPE foam structure is a hydratable, and preferably
hygroscopic or deliquesent, 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
hydrophilizing agent is described in greater detail in the
U.S. patent application Serial No. 07/743,851, filed August
12, 1991, the disclosure of which is incorporated by
reference. Preferred salts of this type include the calcium
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prepared for the Regjgia96f liforganic salts can easily be incorporated
into the polymeric foams herein by treating the foams with
aqueous solutions of such salts. Solutions of hydratable
inorganic salts can generally be used to treat the foams after
completion of, or as part of, the process of removing the
residual water phase from the just-polymerized foams. 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 foam structures which are

relatively hydrophobic as polymerized with hydrophilizing
‘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 phasé of the
HIPE emulsion. In that instance, the residual-emulsifier-
containing internal polymerized foam surfaces will be suitably
hydrophilic, and the residual water-phase liquid will contain
ot deposit sufficient amounts of calcium chloride, even after

the po]ymekic foams have been dewatered.



-62 -
Using a dial-type gauge,
capacity in Jayco synthetic urine at 88[err]F (31. 1[err]C3

Conpression Deflection test (see I1(B)(3) above) are used.
a test sanple saturated to its free absorbent
i s conpressed

within 10 seconds to 50% of its original thi t-nentained in the
conpressed state for 1 mnute. The pressure Rﬁﬁbﬁéﬁnnﬁfé§ﬁ@@T and the foam
Is allowed to recover thickness for 1 mnute .the présencejof the
expelled fluid. The percent recover¥ S based on2t g@.PS% ngl jhei ght of
t he unconpressed foam C ‘apsed or{ Bxpanded S 1)
Flexibility Foam flexibility can be quardti‘tee—by rcfcr'noing a test

D. Processing Conditions for Obtaining HIPF 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 solid 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 hydrophilizing 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 collapsed, unexpanded polymeric
foam material useful as an absorbent for aqueous body fluids.

To 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 is reduced or minimized.

always stable, particularly when subjected- to higher

‘HIPE emulsions are not

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.

the emulsion, there is essentially a race between

solidification of the foam structure, and coalescence of the
An appropriate balance has to be struck such

water droplets.
that coalescence of the water droplets is reduced, yet

Indeed, during polymerization and curing of

polymerization and curing of the foam structure can be carried

out within a reasonable time.
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.)

(While some coalescence can be
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consistent formation of relatively thin, co]]apsed 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. Techniques 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 po]ymerizafion/curing steps for
obtaining collapsed polymeric foams:
1. Formation of HIPE Emulsion

The HIPE emulsion is formed by combining the 0il phase

components with the water phase components in the previously

specified weight ratios. The oil phase will contain the
previously. specified essential components such as the
requisite monomers, comonomers, crosslinkers and emulsifiers,
and can also contain optional components such as solvents and
polymerization initiators. The water phase used will contain
the previously .;pecified electrolytes as an essential
component and can also 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 generally applied 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 batchwise 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 oil and water 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 o{] and water phases. In such a
process, a liquid stream comprising 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 comprising the
water phase is also formed and provided at a flow rate ranging
from about 4 to about 50 mL/sec. At flow rates wfthin 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
exampie, 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.-l. 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
(DesMarais et al), issued September 22, 1992, which is
incorporated by reference.
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preferred emulsifier systems Eomprise a combination of
sorbitan laurate (e.g., SPAN® 20), and certain polyglycerol

fatty acid esters (PGEs) as co-emulsifiers.

the range of from about 4:1 to about 131._

These

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 PGEs especially useful as co-emulsifiers with
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 Tlevels of cyclic diglycerols.

Suitable

polyglycerol 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% ‘typica] 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’ 60 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
Taurate are also prepared from fatty acid reactants
characterized by fatty acid compositions having high levels of
combined C32 and C14 saturated fatty acids, and reduced levels .
of other fatty acids. Suitable.fatty acid reactants have
fatty acid compositions where the combined ievel of Cj2 and
C14 saturated fatty acids. is at least about 40% ( typical
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The absorbent capacity of the 1 inch segnen _4.5 inches
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range of from about 40 to about 85%), the level of Cjg
saturated fatty acid is no more than about 25% (typical range
of from about 5 to about 25%), the combined level of Cjg or
higher saturated fatty acids is no more than about 10%
(typical range of from about 2 to about 10%), the combined
level of C1g 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 Cjg monounsaturated fatty
acids. Preferably, the fatty acid composition of these fatty
acid reactants is at least about 65% combined Cj; and Cj4
saturated fatty acids (typical range of from about 65 to about
75%), no more than about 15% C)g saturated fatty acid (typical
range of from about 10 to about 15%), no more than about 4%
combined C1g or higher saturated fatty acids (typical range of
from-about 2 to about 4%), and no more than about 3%.C10 or
Tower- 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
also usually characterized as imparting 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
measuring the IFT of these PGEs is set forth hereafter in the
PGE ANALYTICAL METHODS section. )

PGEs useful as coemulsifiers with sorbitan monolaurate
can be prepared by methods well known in the art. See, for
example, U.S. Patent 3,637,774 (Babayan et al), issued January
25, 1972, and McIntyre, "Polyglycerol Esters,” J. Am. 0il
Chem. Soc., Vol. 56, No. 11 (1979), pp. B35A-840A, which are



Adhesi on tension can be determ ned experinentally by_ni%furing t he
equilibriumweight uptake by capillary suction exhi b{Rg Yix SELr
sanptes of the same foamusing two different test | X Jl h% ﬁﬂT
step of such a procedure, specific surface area of h foanlsanp S

bed 2 &6 AUG 49952)

determ ned using ethanol as the test fluid as descr :
for Capillary Suction Specific Surface Area. he_capill ary syctji on
upt ake procedure is then repeated in identical manner to the etn
procedure except that: (a) Jayco @nthetic urine

fluid; (b) the test Is carried out at 37[err]C, and (c) a foam sanple

strip > 70 cm 4 afed t%’F e % 5 f%ht glleg&w # %%* Tper contact angle

of the synthetlc u | ne ca e’ ¢ rom the known
speci fic surf abeePAFg %\‘?Mghffé‘”glﬁma%tcﬂvq}‘ﬂ%thﬁﬂ éRe"GES daPBEs are

[err] wher etypica]ly=peepared tbyargteridfingapoDygd yedrio®s i withr Fautyl N degr ees;
Merr] = acids. Appropriate combinations of polyglycerols 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 commercial sources. In

making PGEs useful as co-emulsifiers, the weight ratio of

polygiycerol to fatty acid is u§ua11y 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 0.1 - 0.2% sodium hydroxide as
the esterification catalyst. The reaction is initiated at
atmospheric pressure at about 210°-220°C, under mechanical
agitation and nitrogen sparging. As the reaction progresses,
the free fatty acids diminish and the vacUgm is gradually
increased to about 8 mm Hg. When the free fatty acid level
decreases to less than about 0.5%, the catalyst is then
neutralized with a phosphoric acid solution and the reaction
mixture 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 cured. In one embodiment herein, the .
reaction vessel comprises a tub constructed of polyethylene
from which the eventually polymerized/cured solid foam
material can be easily removed for further processing after
polymerization/curing has been carried out to the extent
desired. It is usually preferred that the temperature at




mass of liquid uptake of Jayco synthetic urine in gns; G =

gravitational constant which is 980 cm sec[err]; M,err]l = mass of dry foam
sanple in gm [err] = surface tension of Jayco yf .»Aﬂmhm y »
dynes/cm Sc = specific surface area of the foam sgnpre—+h—cHR
determ ned by the ethanol uptake procedure; and L[drr] = |length of jtlhe wet

foam sanple in cm When a surfactant is pregent 7
sanple surfaces and/or in the advangggng test |iquifdi...characterizatfon of

t he advancing liquid front is defined by applying qhe adhesi on tensi pn (AT)
equati on:

which the HIPE emulsion is poured into the vessel be
apprcXimately 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 30°C, more preferably above about
35°C, for a time period ranging from about 4 to about 24
hours, more preferably from about 4 to about 18 hours.

In reducing coalescence of water droplets in the HIPE
emulsion, it is particularly preferred to carry out the
polymerization/curing at re]atiVe1y_ Tower 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-

| merization/curing temperatures are in the range of from about
30° to about 50°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 50°C, the thermal
stress on the emulsion can cause the water droplets present to
aggregate and coalesce, thus forming much larger cells in the
resulting polymeric foam, especially if the preferred
combination of sorbitan laurate and PGE co-emulsifiers is not
used in 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-l1ike form. Sheets of polymerized
HIPE foam are easier to process during subsequent treating/
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foam sanple, and G LN, M\, and Sc are as defined b gﬁPEAt%®E§@b§HEE§ on

and Berg, J. Coll. Int. Sci.. 121(1), 1988, pp. 22- 1] i ng
adhesi on tension for_ any given test liquid, no-assu he
nunerical value of the surface tension at any point t pat

possible changes in surfactant concentration.on {h€ s e
and/or in the advancing liquid durin%h cking are immterial. The
experinental value of adhesion tensr ([err] cos[err]) is especrarty
useful when viewed as a percentage of the maxi num adhesion tension which is

o ng saoce by REnbnd il S 0By of 5, BEBAPACRR o enston
dynes/ cm). foam for use in absorbpgi=aphisl &sp| C'}iL R K-eelymarized rﬁlgﬁf aC, al
tension (IFT) nieahoid ¢gpicaniynguifsdpled to préviidean due cwaper déd thei ng a Kruss
SITE 04 Spinni %ng% 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
generally 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 comprises 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 will
usually be carried out by compressing the foam structure to
squeeze out residual liquid and/or by washing the foam
structure with water 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, é.g., by continued washing, with an
aqueous solution of a suitable hydrophilizing agént and/or
hydratable salt. Hydrophilizing agents and hydratable salts °
which can be employed have been previoué]y described and
include sorbitan laurate (e.g., SPAN 20) and calcium chloride.
As noted, treatment of the HIPE foam structure with the
hydrophilizing agent/hydratable salt solution continues, if
necessary, until the desired amount of hydrophilizing
agent/hydratable salt has been incorporated and until the foam
exhibits a desired adhesion tension va]ue for any test 1iquid
of choice.
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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 60°C to about 200°C, or to
microwave treatment, by vacuum dewatering or by a combination
of compression and thermal drying/microwave/vacuum dewatering
techniques. 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 (moisture) 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 moisture content of from about 5 to about 40%, more
preferably from about 5 to about 15%, on a dry weight 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 which 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 garments,
catamenials such -as tampons and sanitary napkins, dispoSable
training pants, bed pads, and the like. The absorbent foam

g(?ro&nf\ ﬁ'&' fiﬂ\rd”b 1§ﬁ‘fﬂtl§rto( frcofpdrate 4 E@fﬁ%ﬁ‘ér&p&ﬁfuhﬁm ends)

ee of



-66- mot, then a region of the elongated drop that_is essentlally free of
deposits, has a length:dianeter ratio of greater t fpypd;A <0l

di arreter (if regions of different dianeter are pref K AS P2 K t he
measur enent . The interfacial tension ([err]) |if cal cul at&d=Hrgm t he
rreasured radius (r, 1/2 the cylindrical diameter),| the2sa y@a@%e gity (
;2 ‘where n is the frequency of rotation of tHe t ube), ' nenS|ty
difference bet ween the oil and aqueous phases ([efr] Ursterrg=<t-

foll owi ng equati on: [err] 0.2%r[err]p Callbratlon;of this

~systemis periodically checked by neasuring the
structures herein are particularly suitable for use in
articles such as diapers, incontinence pads or garments,
clothing shields, and the like.

In its simplest form, an absorbent article of the eresent
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 he]p 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, reyon and
the like which is substantially porous and permits body fluid
to readily pass thefethrough 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 structures 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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| ET val ue is thanesent invention. For examp]e, absorbent articles herexn 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 conventional absorbent materials
such as a) wood pulp or other cellulosic fibers, and/or, b)
particles or fibers of polymeric gelling 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 comprising

" conventional absorbent structures or materials. Such
conventional absorbent structures or materials, for example,
can include air-laid or wet-laid webs of wood pulp or other
cellulosic fibers. Such conventional structures can also
comprise convent1ona1, e.g., large cell, 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 art1c1e herein is one
which utilizes a multi-layer absorbent core having fluid

LW:
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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 articles described in
U.S. Patent No. 4,935,622 (Lash et al), issued June 19, 1990,
which- is incorporated by reference. '

- These multi-layer absorbent cores also 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 1&yer closest to the article topsheet. 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 utilize
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.

t er mi ned
, J. High
i s ‘et hod,
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nol ecul ar weight. Peak identities are establishe Laupt Hﬁ
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* supplementing the wood pulp 1ber web ("airfelt") or modified

cellulosic 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 core 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; all of which are
incorporated by reference.

A preferred disposable diaper embodiment of this
invention is illustrated by Figure 5 of the drawings. Such a
diaper includes an absorbent core 50, comprising an upper
fluid acquisition layer 51, and an underlying fluid
storagé/distributibn layer 52 comprising an absorbent foam
structure of this invention. A topsheet 53 is superposed and
co-extensive with one face of the core, and a liquid
impervious backsheet 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 diaper is
preferably constructed in an hourglass qonfiguratibn.

Another preferred type of absorbent articlie 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 pervious, nonwoven material.
Such core overwrapping thus serves as the “topsheet" for the
form-fitting absorbent article.

"~ The flexible substrate which forms the chassis of the
form-fitting article can comprise cloth or paper or other
kinds of nonwoven substrate or formed films and can be
elasticized or otherwise stretchable. Leg bands or waist

"bands of such training pants articles can be elasticized in

conventional fashion to improve fit of the article. Such a
substrate will generally be rendered relatively liquid-
impervious, or at least not readily liquid-pervious, by
treating or coating one surface thereof or by laminating this
flexible substrate with another relatively liquid-impervious
substrate to thereby render the total chassis relatively
1iquid-imperyious. In this instance, the chassis itself

. serves as the "“backsheet" for the form-fitting article.

Typical training pants products of this kind are described in
U.S. Patent 4,619,649 (Roberts), issued October 28, 1986,
which is incorporated by reference.

A typical form-fitting article in the form of a
disposable training pants product is shown in Figure 6 of the
drawings.' Such a product comprises an outer layer 60 affixed
to a lining layer 61 by adhesion along the peripheral zones
thereof. For example, the inner lining 61 can be affixed to
the outer 1ay;r 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

ni zati on detector



EXAMPLE | This exanple illustrates the preparg-+en-0f_a collapsed H PE

foamfalling within the scope of the present inveﬁREQhACgNg@ﬁrgHE
Pr epar ati on Anhydr ous cal cium chl oride (36.32{k et pot-astH

persul fate (568 g) are dissolved in 378 liters of This pr
“wat er phase streamto be used in. a continuous préc ssé#bAUE6PW$
enul si on. To a nononer conbination conpr i sikhg.._.st.yrene
g), divinyl benzene 55% technical grade (1600 g), fnd 2-ethyl hexyl -
(4800 g) is added sorbitan laurate (Y60 g as SPAN _ :
this combination of materials is allowed to settle overnlght The

supernatant i saNddrbelita\eore g éﬁr@%ﬁ%gti}ﬁ aBbérbBRESFRah NstRu@ph i gRUIOUS process
for formng a PE_enul sj on. out 75 g of a sticky residue is dlscarded )

At an aqueous pha §5e??ﬁpHW5FU&B of 48-50[err]C. and an oil phase
tenperature of 22[err]C., separate SIESEMETHODS t he oi|l phase and water phase

are fed to a dynamg Haeerm&r@pﬁﬁéabis&en{f h%&Hﬂi’bnm >sl mqmw‘r tdye conbi ned
streans in the ﬁ X|n t a Y, aeans of a pin
impel ler. At th g ?%n‘é g&%gﬁﬂb’ﬁ éb‘ﬁ %trgc ures are set
forth. Where reported, these character15t1cs can be
determined using the following test fluids and test methods.
I) Test Fluids and Foam Sample Preparation

A) Test Fluid - Synthetic Urine

Several of the measurements described in the tests herein
involve 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 described hereafter is
made from a commercially available synthetic urine preparation
manufactured by Jayco Pharmaceuticals (Mechanicsburg, PA,
17055). This Jayco synthetic urine made from the preparation
comprises KC1, 0.2%; Na2S04, 0.2%; NHgH2POs, 0.085%;
(NH4)2HPO4, 0.015%; CaClz*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 imbrove 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
*+ 5 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 sbecified, 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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pin inmpéller conprises a cylindrical shaft of abou

21.6 cmin length with

a dianeter of about 1.9 cm The shaft holds 4 romﬂREP;RCE@EﬁﬁxsgBET avi ng

17 pins and 2 rows having 16 pins, each having a d
extending outwardly fromthe central axis of the s
cm The pin inpeller is nounted in a cylindrical
dynam ¢ m xing apparatus, and the pins have a clea
wall's of the cylindrical sleeve. ¢, A spiral sta

1aft to a lengthfof 1.6
sl eet & AUG 3996 of nk t he
rafce of 0.8 mMm¥rpmthe
fic mxer is nountked

downstream from t he dynam c m xi ng apparatus to pr!

sv-de—back-pressurle in

. the dynam c mxer and to provide inproved incorporation of conponeh;s I nto
the emul si on tthat messuestitsiahdde fiRr 6ReyingSWwab enstsdvbFalmipsef is 14 inches

(35.6 procedures hereafter set forth.

Sample size specification will also generally inciude 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). A1l 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

This test directly measures the stored energy in the

collapsed foam. The stored energy of the col

lapsed 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 (t
To conduct this test, a 23.8 mm. diameter
collapsed foam is carefully cut out using a

hickness).
cylinder of the
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 having a parallel plate assembly capable of
retaining liquid. This parallel plate assembly comprises a

bottom cup plate having a cylindrical chamber
diameter of 29 mm., and a top plate having a
with a diameter of 25 mm.

The cut, dry sample is placed within the
bottom cup plate and centered under the circul

with an inside
circular member

chamber of the
ar member of the

top plate. The entire assembly/sample is then equilibrated at

88°F (31.1°C) for at least 10 minutes, with
being adjusted to rest on the cut sample with

the top plate
a force of about
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' is a TAH I ndustries Mdel 070-821, nodified b tAl I Filnches
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(6.1 cm. The conbi ned m xi ng apparatus set-up il & phase
and water phase at a ratio of 2 parts water to 1 parjt joil. The dyngmijc

m xi ng_apparatus is vented to allow air to escape wfille 2i6 AUGg199be |
apparatus conpletely. The flowrates during fillingjarje 1.127 g/ secjoi
phase and 2.19 cnB/sec water phase. Once the apparatus set-up Ts
filled, agitation is begun in the dyfvam ¢ m xer, w th-the-lopeller tufning
at 1800 RPM The flow rate of the water phase is then steadily increased to

' At j .1 . The ck pressure
by The 9T e e L TR g e U LD 3501
kPa). The i npelSFEsSSsfrdayatigntlesh adt @k $YradedrinLompression)spedd bf. 1200 RPM
over a period ¢8180Ckec White mbwitior figessryse fif Cu);sfuh?t%ngaf’?limiﬁlbogpkﬂpa) Tha
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p plate using a syringe to insure
complete saturation of the cut sample (e.g., 3 mL in 1
second). The pressure the cut sample 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 value at 5 minutes is recorded as the expansion
pressure of the cut sample.
2) Capillary Suction Specific Surface Area
Capillary suction specific surface area of the foam can
be determined from the equilibrium weight uptake of a test
liquid of known low surface tension. In'this instance,
absolute ethanol (flash point is 10°C) is used.
_ To conduct the test, a tared foam sample 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 1-2mm into a reservoir of the
ethanol using a Tab jack. The ethanol is allowed to wick up
the foam strip to its equilibrium height which should 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 shielded, for
example with a capped glass cylinder, to prevent ethanol
evaporation. The ethanol is then allowed to evaporate 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:

S¢ = MeGLp -

Mnve
where S¢ = capillary suction specific surface area in cmz/gm;
Me = mass of liquid uptake of ethanol in gms; G = the



4.5 PSI- (31.05 kPa). Polynerization of the Emulsiong———-—-—7Fte—forfet—
emul sion flowing fromthe static nmixer at this poinéREELAﬁEEE%ﬁeSHEET
Rubber mai d Econony Col d Food Storage Boxes, Mdel 3%0@ " "THESEDOXE} are
constructed of food grade pol yethyl ene and have nomjnal gkpgnéhg?g pf { 18" X .
26" x 9" (45.7 cmx 66 cm22.9 cm. The true inside§dinensi ons t hege
boxes are 15" x 23" x 9" (38.1 cmx 58.4 cmx 22.9 ¢nf—Fhese—boxes! afe
pretreated with a filmof a solution_ conprising a 29% sol uti on of SPAN err]
20 in an equal weight sol vent mi xt uf ¥ of xyl ene and Z-propanol . _Tne
solvent mxture is allowed to evaporate to | eave only the SPAN err] 20.

Forty-seven |1 t2h1Qtidnay oh ngrv?\iﬁﬁ"i'seﬁoe@m/s@é?;a‘ﬁh -bgéta] ]en[gtﬂ_he

enul si on-cont ai'ni ng boxes are In a roon1na|qt ned at 65[err]C. for 18

hours to bring %50%th SHATE Nt FBathnon "8FS ofednSrAI8NTN 47 890 Es to t her eby
form pol yneri c suotave FeaionashetipnahdvDehaise 2R 1y dynes/clf t daleasri ng i S

corrpl ete, t he Vb‘%iaﬁ!‘éaegarifqggﬁ 5 rdﬁVﬁéﬁdb;'rfUﬁbé hgngmziag [p.gg(ﬁﬁ. The foam at
this point Contc%Ip'Iﬁ a%)osldtction_ ﬁp()ec%il’iréegui'face area in ml/g.
3) Foam Density

One procedure which can be used to determine foam density
is that described in ASTM Method No. D3574-86, Test A, which
is designed primarily for the testing of urethane foams but
which can also be utilized for measuring 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 sampTes which have been
preconditioned 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 determinations on larger foam
samples are calculated from measurements of the sample
dimensions made under no confining pressure. Dimensions of
smalier foam samples can be measured using a dial-type gauge
using a pressure on the dial foot of 350 Pa (0.05 psi).

Density is calculated as mass per unit volume. For
purposes of 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 88°F
(31.1°C) to its free absorbent capacity with Jayco synthetic
urine. The volume is 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) Avéilab]e Pore Volume -




-70- the weight of polynerized material (30-40X) of t:
phase containing dissolved emulsifiers, electrolyte angp
-is sliced with a sharp reciprocating saw bl ade i nto sh'e

wat er

2

Igpam

inches (0.89 cn) in caliper. These sheets are then subje¢ted to conprefs|on

in a series of 3 nip rolls which gradually reduce the
content of the foamto about 6 tinmes (6X) the weight’
At this point,

mat eri al .
CaCl [err]

content of about 10X,
60[err] C.,
about 10X.
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t he sheetgp-are then resaturjated with a I9%
solution at 60[err]C., are squeezed in a nip—

phase |

resaturated with the 1% CaCl [err] solution at
and t hed mg@@zw faidetermiaing pavadlablearere pydyee cont ent of
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point 12°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 cmz) circular
surface area x 0.1 inch (0.25 cm) thick cylinders or the
equivalentl Such cylindrical samples can be 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 samp]es 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 fluid 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 repeated 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 = [WM(qg) - DW{(g)]
Du(g)

Available pore volume is then calculated by dividing the
MFC of the foam for 2-propanol by the density of 2-propanol



essentially a 1%)CaCI[err] sol ution are passed through a final nip equipped
wth a vacuum slot. The last nip reduces the CaCl[err] solution

content to about 5 tines (5X) the weight of polynmer.} (manedrRt
conpressed after the final nip at a caliper of about pUVzgﬁE&ggggﬁgﬁ).
The foamis then dried in an air circulating oven s at about 60[ erjr J{C.
for about three hours. Such drying reduces the noistjurfe 2ndiRt 1996 dbdut 5
- 7 % by weight of polynerized matefjal. At this poiinti__the foam sh etls
have a caliper of about 0.075 in. {(0.19 cm) and are very drapeabl e. he
foam al so contains about 11% by wei ght of residual -

enmul sifier andhadirys CY89N/ME! 9tkis( #VRYdiPYFa i8S hordf vhRmkdp hydrated
cal cium chl ori Ln the collapsed state, the density of the foamis about

0.17 g/ cnB. é?amQQpﬁ ded in Jayco synthetic wurine, its free
absor bent capadi t \Resistanen to Tomprassiap Deflpetionpanded foam has a capillary

Shout "By | C Melaskensecalraitth keid e/, faptero e 0
?te)(r)lg}[ oﬁloptagbfﬁ @%p&%egﬁ{;‘a\ggﬁﬁv%ﬁp& 6’( JeRsYRing; Hie APUBLL8ht capacity of
about 26.7 ni/s§rein fhcal imgosasuct ton) fpreducald siov befaamcsamate t 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 making caliper
measurements is positioned on- the sample. Any gauge fitted
with a foot having a circular surface area of at least 1 in2
(6.5 ;mz) 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 confin%ng 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 confining 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




EXAMPLE | |

conponents shown in expanded and bl own-apart depicti orf e " ,
-71 1 Such a diaper conprises a thermally bonded pol jf _Lﬁ‘ﬁMENEﬁEEEﬁ

A disposabie diaper is prepared using the configuration and

70, a fluid-inpervious polyethyl ene backing sheet 71, {arjd a dual |aye
absorhent core positioned between the topsheet and th tacﬁ%ngughgg .1 The
dual layer absorbent core conprises a nodified hourglass-shaped
fluid storage/redistribution layer 7g _conprising the ¢olTapset—H+-PE-+ba of
the Exanple | type positioned bel ow a

Compression Deflection test (see II(B)(3) above) are used.

Using a dial-type gauge, a test sample saturated to its
free absorbent capacity in Jéyco synthetic urine at 88°F
(31.1°C) 1is compressed within 10 seconds to 50% of its
original thickness and maintained in the compressed state for
1 minute. The préssure is then released, and the foam is
allowed to recover thickness for 1 minute in the presence of
the expelled fluid. The percent recovery is based on the
original height of the uncompressed foam.

C. Collapsed or Expanded States
1) [Elexibility . _

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 cellular 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 1 1ap in 5 seconds until the ends of the strip mé;t. The
foam is 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)  Eree Absorbent Capacity

In this test, a foam sample .is saturated at 88°F (31.1°C)
with Jayco synthetic urine. The same procedure described in
I1(B)(2) above for Available 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




nodi fi ed- hourgl ass shaped fluid acquisition | ayeg.Z3__ The topshee

contains two substantially parallel barrier leg c REPEACEM%F@H gzﬂr

elastic. Affixed to the di aper backsheet ar t-mo- rUbLang
el asticized wai stband nenbers 75. Also affixed t ¢ag§ Rg Béh

pol yet hyl ene backsheet are two wai stshield el enengs GoAbEr l of
pol yethyl ene. Also affixed to the backsheet are t parallel leg elastic
strips 77. A sheet of.polyethylene g8 is affixedjto the out si de of
backsheet as a dedi cated fastening surface for t
whi ch can be used to fasten the di aper -around the wearer. The
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described as f()hkéﬂmﬁn'fh ¢91f3w¥dg 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 approximately 70 cm long x 2 cm wide x
0.25 cm thick is supported vertically with one end immersed 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 less than the sample
length. During this procedure, the samb]e should be shielded,
for example with a capped glass cylinder, to prevent
evaporation.

The time needed to w1ck 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 samb]e is quickly removed and placed on a non-
absorbent surface where it is cut into 1 inch 12.54 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 Tensign

The adhesion tension exhibited by hydrophilized foam
samples which imbibe test fluids via capillary suction is the
product of the surface tension, v, of the test fluid times the

U’




Table 1 Stiffened, Twi sted, Curled Cellul ose (STCC) Fibers Type =
Sout her n sof t wood kraft pulp crosslinked with %ﬁf%aF&kdeﬁxd ~-{a-the
extent of 1.41 nole percent on a dry . fiber celil P&é@ﬂéﬁﬂYﬂﬁb@[ﬁtose
basi s Twi st Count Dry = 6.8 nodes/nm Tw 4t [Countwet—="531
nodes/ mm -72- 2 6 AUG 1996

-64- ‘

cosine of the contact angle, 6, exhibited by the test fluid in
contact with the interior surfaces of the foam sample.
Adhesion 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:

cosdy = MUGLN
MNYUSc

where 6y = contact angle of Jayco synthetic urine in degrees; My =
mass of liquid uptake of Jayco synthetic urine in gms; G =
gravitationaI constant which is 980 cm/sec2§ MN = mass of dry foam
sample in gm; 7u.='surface tension of Jayco urine which is ~65
dynes/cm; S¢ = specific surface area of the foam samb]e in cm&/gm as
determined by the ethanol uptake procedure, and Ly = length of the
wet foam sample in cm.

When a surfactant 1is present (on the foam sampie surfaces
and/or in the advancing test 1iquid), characterization of the

advancing liquid front is defined by applying the adhesion tension
(AT) equation:



2- Propanol Retention Value = 24% Water Retention Value = 37% Cur |
Factor = 0.63 The conventional non-stiffened cellulose fibers used in
conbination with the STCC fibers are also made from Foley fluff.
These non-stiffened cellulose fibers are refined | Y?ﬂﬁu{?Q@xnh~k
(Canadi an St andard Freeness). The acquisition | aye y bﬁzcry
density of about 0.07 g/cnferr], an average density upgon saturation wijth
synthetic urine, dry wei ght basis, Xﬁf about 0. 08 g/cnferrLZéaAﬂGaEygv rage
basi s wei ght of about 0.03 g/cn®. out. 13 grans of tHe |fluid acquisitign
| ayer are used in the diaper core. The surface area off the acqursrtion
| ayer is about 46.8 in[eral]l =(MBRNcn{err]). It has a ¢ of _about 0.44

cm The fluid storage/reqhgtrlbutlon | ayer of the diaper core conprises
a nodified hourgl ass-shaped ple e of coll apsed H PE foam of. the type
described in Exanple I. About 13 grans of H PE foamare used to formthis

st orage/ di swhetmihi Bn {sawhe miyschfhaise aestr Tamed atakenolip alyoutheS5Zodm i N[ err]
(339 Cﬂie”l} wR] AhaC8l IRET M 2PN 2k bl forifed BefdPe.  [seeudlgdfie™ having
this particula ore cb ts

and Berg, . Coll. Int. Sci . 121(1) 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 (7 cosB) is especially useful when viewed as a percentage of
the maximum adhesion tension whith is the surface tension of the
test 1liquid (e.g., the maximum adhesion tension using Jayco
synthetic urine would be [65 + 5] [cos 0°] = 65 j'S dynes/cm).

. PGE ANALYTICAL METHODS
A. Interfacial tension (IFT) 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 principles. See Cayias et al, Apggrﬁ;jgg__g;
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 (typically § microliters) is injected into the
spinning capillary tube of the tensiometer which contains the
aqueous phase pre-equilibrated to 50°C. The sp%nniné 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 allowed to equilibrate at 50°C
until equilibrium is reached (i.e. no further change in drop
diameter) or until approximately 30 minutes have elapsed.
Preferably, the elongated drop is of uniform diameter (except at the
hemispherical ends) and its interface with the aqueous solution is
essentially free of deposited material and/or smaller droplets. If



especial ly desirable and efficient utilization of the core for holding»
di scharged urine and accordingly provides excepti
| eakage when worn by an infant in the normal mann

obtained if air-laid stiffened fibers are substitute Tor Thewet=l gi d
stiffened fibers in the acquisition |ayer of the absj

EXAMPLE |11 This exanple illustrates the benefif &gﬁﬁgﬁ%elatively
| ow pol ynmeri zation/ cure tenperaturgs to consistentll y+eduee—coaledcgnse of

wat er droplets in the H PE enul sion and to consi stlently obtain coII’psed
pol ynmeric foanms according to the present invention, €Speclalty wh
SPAN[ err] 2®tjsthenea oagioncefithe fel ergagieddrom tpabparessgn a1 HIfpee eful si on.

In this exaggpbeitsy hdLE ETBAYEH :@PaneteP! €136 €6F Dyreater than 4:1 and a
minimum diameter (if regions of different diameter are present) is
chosen for the measurement. The interfacial tension (y) s
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: "

4 = 0.25 r3Ap 4

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 adding 10 parts of the PGE-to 100 parts of a monomer mixture
cohtaining styrene, divinylbenzene (55% technical grade) and
2-ethylhexylacrylate 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 is and diluted (sequentially if necessary) with additional
monomer mixture to yield emulsifier. solutions having lower
concentrations. In this fashion, solutions having nominal PGE
concentrations ranging from approximately 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
stsolving 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 lbg-log plot of IFT values as a function of
PGE concentration in the o0il phase. A minimum IFT value is then
estimated from the curve.

B. Polyglycerol Distribution



-73- @ procedure simlar to that of Exanple I, but using a different |ot
of SPAN[err] 20 as the emulsifier. This H PE enulsion jis_collected in a
nunber of 1 pint plastic I|idded jars. Four ovensg ?ﬂﬁﬁmﬁﬁ?quﬁgT
t enperatures of 100F (37.8[err]C), 115F (46.1[err]Q, 41 Lcr#,l it
(54.4[err]C), and 150[err]F (65.6[err]C), and several jof} the jars of HIRE
enul sion are cured in each oven for 24 hours. A portidn fof 2t AUGBE5t 4nt
cured foans are then washed with water and dried. Phgt raphs off fhe
dried foanms are then taken at magnifications of 50X, 500X and 1000X.
Fi gures 3a through 3d are representative of such phot érmerogaphs—(500

magni fication). TRPAGsfrieation, ofFpelyigtycobPNans Sarfiple &AChe Qlﬁté}fm'nhéﬁ%
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130[err] F (54
150% err% F §65n Gl{heﬁrlﬂe@hod?utlﬂ;d pbDAMycerols iASthehoaplé nrki chavexedtoate 3b, the
H PE emul si Ongspe%iwe atr‘1methy]s1'ly'| ethers by reaction with bis(trimethyl-
silyl)-trifluoroacetamide. The trimethylsilyl ethers are separated
and then quantified by capillary supercritical fluid chromatography
using flame ionization detection. The trimethylsilyl ethers elute
from the polydimethylsiloxane 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 polyglycerol 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 (FAC)

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. 0j1 Chem. Soc., Vol. 58
(1981), p. 215 et seq. In this method, the fatty acids -in the
sample are converted to fatty acid methyl esters that are then
separated and quantified by high resolution capillary gas
chromatography with flame ionization detection. The capillary
column stationary phase (a stabilized polyethylene glycol) separates
the methyl - esters according to chain 1length 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 the peak areas in the chromatogram.
Weight percentages are calculated by assuming the flame ionization
detector responds-equa11y to all fatty acid species in the sample.

EXAMPLES
Preparation of colldpsed HIPE absorbent foams, the
characteristics of such collapsed foams and utilization of these
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terns of ceIL %MEq%lﬂﬂﬂ ﬁqg% @Ehce can be graded qualitatively fromthe
photonicrogra%hs usi ng fhe F0 'owi ng scale: Gade .

Description 1 massi ve coal escence, barely recogni zable as foam 2
very bad coal escence, open voids, SERMMPEH Istruts 3 bad coal escence,
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foam falling within the scope of the present invention.

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 comprising styrene (1600 g),
divinylbenzene 55% technical grade (1600 .g), and 2-ethylhexyl-
acrylate (4800 g) is added sorbitan laurate (960 g as SPAN® 20).
After mixing, this combination of materials is allowed to settle
ovefnight. 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 48-50°C. and an oil phase
temperature of 22°C., separate streams of the o0il 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 impelier 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 mounted in a
cylindrical sleeve which forms the dynamic mixing 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 0.5 inch (1.3 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 filled, 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 35.56
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 preﬁsure remains constant thereafter 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
65°C. for 18 hours to bring about polymerization of the emulsion in
the boxes to thereby form polymeric foam.

Foam Washing and Dewatering

After curing is complete, the wet cured foam is removed from

the curing boxes. The foam at this point contains about 30-40 times
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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 resaturated with a 1% CaClz solution at 60°C., are
squeezed in a nip to a water phase content of about 10X, resaturated
with the 1% CaClp solution at 60°C., and then squeezed again in a
nip to a water phase content of about 10X.

The foam sheets, which now contain about 10X of what is
essentially a 1% CaClz solution are passed through a final nip
equipped with a vacuum slot. The last nip reduces the CaCly
solution content to about 5 times (5X) 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. for about three hours. Such drying reduces

the moisture content to about 5 - 7 % by weight of polymerized
material. At this point, the foam sheets have a caliper of about
0.075 in. (0.19 cm) and are very drapeable. The foam also contains
about 11% by weight of residual sorbitan laurate emulsifier and
about 5% by weight (énhydrous 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 ml/g, a pore
volume of about 31 mi/g, a number average cell size of about 15

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

wicking ébsorbent'capacity of about 26.7 mL/g or about 88% of its
free absorbent capacity. '

EXAMPLE II . |
A 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 diaper comprises a thermally bonded polypropylene topsheet

70,

a fluid-impervious polyethylene backing sheet 71, and a dual

layer absorbent core positioned between the topsheet and the backing
sheet. The dual 1layer 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 paraliel 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.polyethylene 78 is affixed to the
outside of the backsheet as a dedicated fastening surface for two

pieces- 79 of Y-tape which can be used to fasten the diaper around
the wearer.

The acquisition layer of the diaper 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 (Foley fluff) which has been crosslinked 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 crosslinking process" as described in U.S.
Patent 4,822,453 (Dean et al), issued April 18, 1989.
These stiffened fibers are similar to the fibers having the

characteristics described as follows in Table II.

Jable II

Stiffened, Twisted, Curled Cellulose (STCC) Fibers
Type = Southern softwood kraft pulp crosslinked

with

glutaraldehyde to the extent of 1.41 mole percent on a dry

fiber cellulose anhydroglucose basis
Twist Count Dry = 6.8 nodes/mm
Twist Count Wet = 5.1 nodes/mm

des



(4800 g} is added sorbitan laurate (960 g as SPAN[err] 20). To another

hal f;si ze batch of the same nononer nixture is added PGE enul sifier (480 g)

that inparts a mninmmoil/water IFT of 0.09 dynes/cm .This PGE is obtained

by esterifying polyglycerols with fatty acids in a MBI{FE“W&HLAQ:QF 1 *?ﬁ
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~ 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/cm3, an average density upon saturation with synthetic urine, dry
weight basis, of about 0.08 g/cm3, and an average basis weight of
about 0.03 g/cm?. 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 cm?). 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 foah_are
used’to form this storage/distribution layer which has a surface
area of about 52.5 in2 (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 pfovides exceptionally low
incidence of leakage when worn by an infant in the normal manner.
Similar results can be obtained if air-laid stiffened fibers are
substituted for the wet-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 consistent]y reduce coalescense
of water droplets in the HIPE emulsion and to consistently obtain
collapsed polymeric foams according to the present invention,
especially when SPAN® 20 is the only emulsifier used in preparing
the HIPE emulsion. In this examb]e, 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 Jjars. Four ovens are set at
temperatures of 100°F (37.8°C), 115°F (46.1°C), 130°F (54.4°C), and
150°F (65.6°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 50X, 500X and 1000X.
Figures 3a through 3d are representative of such photomicrographs
(500 X magnification). Specificaily, Figure 3a shows a cut section
of the 100°F (37.8°C) cured foam, Figure 3b shows a cut section of
the 115°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
150°F (65.6°C) cured foam.

As- shown in Figures 3a and 3b, the HIPE emulsions cured at
Tower * 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 homogeneous. This suggests that
there is reduced coalescence of 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 50°C),
resulted in foam structures having numerous larger pores and a
relatively nonuniform pore size, 1i.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 : Description
1 massive coalescence, barely recognizable as foam
2 very bad coalescence, opeh voids, smeared struts
3 bad coalescence, thickened struts
4

moderate coalescence, some strut anomalies (thickened)
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grade for each of the cured foams, as shown in the following table:

Cure Temperature Mean Grade
100°F (37.8°C) 6.5
115°F (46.1°C) 5.5
130°F (54.4°C) 3.3

150°F (65.6°C) . 2.5

~ A portion of the above foam samples cured at 115°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 stéte, 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 not remain thin. By contrast, the dried foam
samples cured at 115°F (46.1°C) did remain thin.

EXAMPLE IV :
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 emu]sjon.
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point is 4.9 psi. Over a tine period of 30 sec, tfhe inpeller 1s slqwed to
1000 RPM When the back pressure drgps to apprOX|uM*n'y 3-psi.,_thejinpeller
speed is then instantly increased to 1800 RPM and the back pressure

I ncreased to 5.5 psi. The water and oil flows are then adjusted to 47.8
cc/sec and 1. 66 dosecmonmepentxtuekycomprisinjhestytdie €d600ghn ﬂblioxol-l ect ed in
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PGE is obtained by esterifying polyglycerols with fatty acids in a

weight ratio of 64:36 using sodium hydroxide as the catalyst at

210°C under conditions of mechanical agitation, nitrogen sparging

and gradually increasing vacuum, with subsequent phosphoric acid

neutralization, cooling to about 60°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:

phase flowrate is then evenly ranmped up to 46.5 j c%sec and the

Polyglycerols Wt.%

Tinear diglycerols = 63.5
triglycerol 36.0
or higher

cyclic diglycerols 0.4

Fatty Acids Wt.%
c8 -
clo -
Cl2 31.7
C14 37.2
Cl6 11.5
Ci8:0 3.2
Cl18:1 - 13.8
c18:2 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 1 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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h
¢ mixer 1n %E£“¥%r8foftaebin impeller. This pin

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

diameter of 0.5 cm and extending outwardly 1.6 cm

from the central

axis of the shaft. The pin impeller is mounted 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 préssure
in the dynamic mixer and to provide uniformity in the HIPE emulsion.
The combined dynamic and static mixer apparatus is filled with oil
and water phases at a ratio of 2 parts water to 1 part oil. The
apparatus is vented to allow air to escape until filling of the
apparatus is compiete. 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 flow rate is
evenly ramped down to 1.77 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 approximéte]y 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 allowed to settle overnight to
remove insolubles. The molds are. preheated to facilitate the

lan be
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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 suggests evidence of reduced coalescence of the
water droplets during curing of the HIPE emuision.

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. 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:

* linear diglycerols 73.1
triglycerol 24.5
or higher

cyclic diglycerols 2.4
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Fatty Acids _ W . %

: 32 Cl4
~C18: 0 3.2
1.5 After m xing,
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Eatty Acids Wt.%
c8 -
c10 -
Cl12 32
c14 37
C16 11
€18:0 3.2
c18:1 13
€18:2 1.5

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, 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 flow rates during filling are 3.0
g/sec oil phase and 7.5 cc/sec water phase.

Once the apparatus is filled, agitation is begun, with the
impeller turning 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 instantly 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 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.
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conditions similar to those described in Example IV A. The
composition of the po]yg]ycero]sland fatty acids used in making the
PGE are shown in the following table:

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

or higher
cyclic diglycerols ~5
Fatty Acids Wt.%
c8 -

C10 4.4

C12 43.6

C14 25.1

Clé 12.1

C18:0 3.8

c18:1 : 9.2

C18:2 1.4

After mixing, each o0il1 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, as in Example IV A. The aqueous (45° - 47°C)
and. 0i1 phases are then fed to the combined dynamic and static mixer
apparatus as in Example IV A. The combined apparatus is filled with
the 0il1 and water bhases 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 during filling are 2.2
g/sec o0il 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 flow rate is
evenly rampéd 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 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 D

A water phase containing calcium chloride/potassium persul fate.
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:

Polyglycerols Wt.%
linear diglycerols ~15
triglycerol ~85

or higher

cyclic diglycerols -



PCE are’shown in the follow ng table: : Pol ylycerols

W. % ~linear diglycerols -71 triglycerol
-24 _ or hi gher o cycggc di glyc S - -5
Eggty pords 4.Zy' 9 Cl12 REPLAC&Q%E%E‘%HEET
ci: 0 T8 . Clai 26 AUG 55
C18: 2 1.4 A?%er m xi ng, each hil_ phase batdgh |i s
al'lowed to settle over- night with the supernatantsy being withdrawn gnd
m xed at a rati o dfatty Acids Wt.% :

c8 6

Cl0 5

Cl2 55

Cl4 23

€16 6

C18:0 3

C18:1 1

Cl8:2 1

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 o0il phase to 1 part PGE
containing oil phase, as in Example IV A. The aqueous (55° - 60°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 phasés at a ratio of 2 parts water to 1 part oil,
while venting the apparatus to allow air to escape until filling of
the apparatué'is complete. The flow rates during filling are 3.0
g/sec oil phase and 6.0 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 45.7 cc/sec and the oil phase flow 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 1%
calcium chloride solution. The residual solution retained in the
foam before drying is 5 times the weight of foam.

XAMPLE IV E
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



2 parts* of the SPANferr] 20 containing Oij—phase to 1 part PGE
containing oil phase,- as in Exanple IV A The a NWE| rqcdoemfd7[err] O
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0.042 dynes/cm. This PGE is obtained by ester1fy1ng po]yglycero]s

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 70.6
triglycerol - 24.1

or higher
cyclic diglycerols 5.3
Fatty Acids Ht.%
c8 -

C10 -

C12 ©32.1

Cl4 *38.6

Cl6 11

C18:0 3.2

C18:1 13.4

Cl18:2 : 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, as in Example IV A. The aqueous and 0il
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 ijs filled, agitation is begun, with the
impeller turning at 1100 RPM. The iqueous 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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EXAMPLE IV F

A water phase containing calcium chloride/potassium persulfate
and an oil phase monomer mixture containing SPAN® 20 are prepéred 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 g as SPAN® 40). After mixing, the oil phase
is allowed to settle overnight, with the supernatant being withdrawn
for use in forming the HIPE emulsion.

The'aqueous (48° - 50°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 the apparatus is complete. The
flow 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 1800 RPM. The aqueous phase- flow rate is then
evenly ramped up to 42.3 cc/sec and the oil phase flow rate is
evenly ramped down to 1.5 g/sec over a time period of 60 sec. The
back pressure 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 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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claimed is:

1. A collapsed polymeric foam material which, upon contact with aqueous

body fluids,
comprising

expands and absorbs said fluids, said polymeric foam material
a hydrophilic, flexible, nonionic polymeric foam structure of

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

A)

B)

0

D)

a specific surface area per foam volume of at least about 0.025 m2/cc,

preferably at least about 0.05 m2/cc;

at least about 0.1% by weight of a toxicologically acceptable
hygroscopic, hydrated salt incorporated therein;

in its collapsed state, an expansion pressure of about 30 kPa or less,
preferably from about 7 to about 20 kPa; and

in its expanded state, a density 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’ of from about 10% to about 50%, preferably from
about 10 to about 30%, of its dry basis density in its collapsed state.

2. The foam material of Claim 1 characterized in that said foam structure has:

A)

B)

C)

D)

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

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

from about 0.1 to about 8% by weight, preferably from about 3 to about

6% by weight, of calcium chloride, at{d from about 0.5 to-about 20% by

weight, preferably from about 5 to about 12% by weight, of a nonionic

oil-soluble emulsifier, preferably sorbitan laurate, incorporated therein
to render the surface of the foam structure hydrophilic;

in its collapsed state:

() a residual water content of  residual water content of at least
about 4% by weight, preferably from about 4 to about 30% by
weight, most preferably from about 5 to about 15% by weight;

@) a dry basis density of from about 0.05 to about 0.4 g/cm3,
preferably from about 0.1 to about 0.2 g/cm3.

in its expanded state:

() a pore volume of from about 12 to about 100 mL/g, preferably
from about 25 to about 50 fnL/g;

~ (i)) a resistance to compression deflection of from about 2 to about
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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 + S dynes/cm;
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: to about 95% by weight, of a monomer component comprising:

i) from about S 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-
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 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;

ili)  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-m-ml emulsion, preferably
comprising sorbitan laurate; and
2)  a water phase comprising from about 0.2 to about 20% by weight,
from about 1 to about 10% by weight, of a water-soluble electrolyte,
preferably calcium chloride; :
3)  aweight ratio of water phase to oil phase of from about 12:1 to about
100:1, preferably from about 20:1 to about 70:1.

4. An absorbent article especially suitable for absorbing and retaining aqueous
body fluids, preferably a diaper, said article characterized in that it comprises:
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A. A hal f-size batch nonone ed by adding a PGE
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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 1 to
3; '

1) pref‘erably a liquid pervious topsheet joined with said backing sheet,
said absorbent core beintg positioned between said topsheet and said
backing sheet.

S.  The absorbent article of Claim 4 characterized in that the foam material has:
a)  a free absorbent capacity at 88°F (31.1°C) of at least about 12 mL,
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 5 minutes or less

c)  preferably a vertical wicking absorbent capacity at 37°C of at least

about 75% of said free absorbent capacity at a vertical wicking height of
11.4 cm.

6.  The absorbent article of any of Claims 5 to 6 characterized in that said
- - absorbent core bompn'ses (1) a fluid-handling layer, preferably a fluid |
acqulsmonldlstnbutton 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 .weighf, of a substantially water-
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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 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;

ili) 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; and
2) a water phase comprising an aqueous solution containing
from about 0.2 to about 20% by weight of a water-soluble
electrolyte, and preferably furthér comprising from about 0.02 to
about 0.4% by weight of a water-soluble free radical polymerization
initiator;
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 35° 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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ratio of from about 10:1 to about 1:10, preferably from about 4:1 to about

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

linear diglycerol levél 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 having a fatty acid composition wherein the combined leve! of

C12 and Cj4 saturated fatty acids is at least about 40%, the level of Cy¢

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

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

combined level of C19 or lower fatty acids is no more than about 10%; €]

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: (1) a polyglycerol having a linear diglycerol level of from about 60 to
about 80% by weight, and a tri- or higher polyglycerol level of from about 20 to about
40% by weight; (2) a fatty acid reactant having a fatty acid composition wherein the
combined level of C}7 and C14 saturated fatty acids is at least about 65%, the level of
C)¢ saturated fatty acid is no more than about 15%, the combined level of Cyg or
higher fatty acids is no more than about 4%, and the combined level of Cjq 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
dynes/cm, preferably from about 0.09 to about 0.3 dynes/cm.

- This Sheet Has Been Replaced
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-83- back pressure isy i Fhe—jnpeller RPM is then
instantly increased to 18'3CFHW+EE!'hBA§£c,ElENp]essure Lncreases to 5.8 psi.
The HI PE enul sion is col ljpct ed REFLASESs and|lt hen kPREP]!AC 10 Ttai ned
at 65[err]C for 18 hours To—arrow for %grlng, as i h bR The
cured foams are washed with a 1% caldium chl or .id
residual solution retained in the foam before dryihg iQéAU Wei ght
of foam EXAMPLE |V F A wat er phase
cont ai ni ng cal ci um chl ori de/ pot assAﬁS’Smfate and an oil phase nmononer
m xture containing SPANJerr] 20 are prepared as int-bBanplel M A ___Td the
nonomer m xture i's added sorbitan |aurate

THIN-UNTIL WET ABSORBENT FOAM MATERIALS FOR AQUEOUS

BODY FLUIDS AND PROCESS FOR MAKING SAME

Relatively thin, collapsed, i.e. unexpanded, polymeric foam materials that,
upon contact with aqueous body fluids, expand and absorb such ﬂﬁids, are
disclosed. A process for consistently obtaining such relatively thin, collapsed
polymeric foam materialé'by polymerizing a specific type of water-in-oil emulsion,

“commonly known as High Internal Phase Emulsions or "HIPE", is also disclosed.

This Sheet Has Been RCpldC\'.’d
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(480 g .as SPANJerr] 20) and a mixture of sorbitan laurate (240 g) and
sorbitan palmitate (240 g as SPAN 40). After nixing, the oil phase is

all dwed to settle overnight, with the supernatant being wthdrawn for use
in formng the H PE emul sion. - The aqueous (48[err] - 50[err]C) and oi
phases are then fed to the conbined dynam c and statigE1 ARpat-atus, as
in Exanple IV A. The conbi ned apparatus is filled w : ﬁﬁgﬁﬁ%ﬁhﬂhﬁﬁfar
‘phases at a ratio of 2 parts water to 11¢HBt oil, whil ¢ venting Theé =
apparatus to allow air to escape until filling of th¢ apg@5q§y91§ﬂ%
conplete. The flowrates during filling are 3.0 g/se¢ ¢il phase &
cc/ sec water phase. Once the apparatus is fillef, agrtatt+ef—+s-begun,
with the inpeller turning at 1800 RPM The aqueous phase flow rate is it hen
evenly ranped up to 42.3 cc/sec and the oil phase flow rate I's eventy-
ranped down to 1.5 g/sec over a tinme period of 60 sec. The back pressure
Is. 4.5 psi. The H PE enulsion is collected in nolds (round tubs with a
central core) and then kept in a roomnaintained at 65/ err]C for 18 hours
to-allow for curing, as in Exanple IV AL The cured foans are washed with a
1% cal ci um chl ori de sol uti on. The residual solution retained in the foam
before drying is 5 tinmes the weight of foam

Q)




84 ( ai ns: 1. A col | apsed pol yrreri c foam material which, upon cont act

W t h aqueous body fluids, expands and absorbs said fluids, said

pol yneric foam materi al .conprising a hydrophilic, flexible, nonionic
pol ynmeric foam structure of i nt erconnect ed op4 ) temartes i zed
in that said foam structure has: (A RHEA@MHI‘Wéﬁt ate ’
area per foamvolunme of at |east 0.025 ' mMerr]/cyifrr]
preferably at |east about 0.05njerr]/cni /B 2 6 Ak o4t || past
0.1% by weight of a toxicologically acceptable

hygroscopi c, hydrated salt, and at |east 0.5% by wei ght—of ™=




noni onit oil-soluble enulsifier incorporated therein to render

L)

the surface of the foam structure hydrophilic; " T ité
col | apsed st at e: _ (1) an expa%@@gmmq 0 kPa

or less, preferably fromy to 20 kPa; ahn
(ii) adry basis density of from0.05 to 0.4g/cnfefr]; 28RUG
(D) In its expanded state: ED) a deng?gtéy en

saturated at 88[err]F (31.1C) to its f38é8
absorbent capacity with synthetic urine having a
surface tension of 65 [err] 5 dynes/cmof from 10%to
50% preferably fro ST WE
density in its coll &

average cell size o v

| ess; t he
cells in the foam
are in fluid comunig
the foam materi al h{¥as
| east 80% of the thelEe®l
"hydrophilic" being g .‘.& N

e

a nunber

80% of the
gn (m cron) size
gcell, or that
that is at
tand the term

Fig. 3a
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adhesi on tension exhibited by the foamin contact with an absorbabl e test

| i quid, "adhesion tension" being defined by the forn;ﬂm
' CEMENT SHERE

AT=[érr] _
AT is adhesion tension in dynes/cm [err] is
a test liquid absorbed by the foammaterial in 10[er

(dynes/cm); and [err] is the contact angle injd

surface of the polyneric foam - and4th8 vect or

"test liquid at the point that the test

]
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t he surface teng

g
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l'iquid contacts the foam surface. 2. The foammaterial of Caim1l

characterized in that said foam structure has: (A a capillary

suct'i on specific surface area of from0.7 to 8 nR/g,

preferably from1l.5 to 6 niferr]/g; (B) fromO0.1 to 8% by \/\/elght

preferably from3 to 6% by wei ght, of ' - Jaamenn) e nd
P AN AT

from0.5 to 20% by wei ght, preferabl yn%%S to
wei ght, of the nonionic oil-soluble e iDi er, prefer'bly
sorbitan | aurate, incorporated therein,; (O (;(?J ec dt at e:
(1) a residual water content of at |east 4% by weijg prete

from4 to 30% by weight, nost preferably from5 to JS%Dy

wei ght ; (i) a dry basis density of omO0.1to 0.2
g/cnerr]. (D) in its expanded state: (1) ore
volunme of from12 to 100 nmL/g, preferably from25 to

50 ni/g; (i) a resistance to conpression deflection of
from2 to 80% preferablyfromSto 40% when

saturated at 88[err]F (31.1 [err]C) to




“its free absorbent capacity with synthetic urine having a

surface tension of (65 5) x
(1i1) a nunber average cel
The foam material of any of
prepared by pol yneri zi
“an oil phase conpri sing:
preferably from80 to 95% by
conmponent conpri sing:

10[err] Ncm (65 5 dynes/cn;
size of from5 to 35 [err]n1(n1crons)
Clains 1 to 2 characteri
ing a water-in-oil emul

65233 from67 .




i) from5 to 40% by wei-ght, preferably from 10 to 30%

by wei ght, nost preferably from 15 to 25% by werght — of
a.substantially water-insoluble, nonofunction ;ﬁj LACEMEM SHEET gl assy
=‘mononer, preferably selected fromthe group consi sting
- of styrene-based nononmers and : I riyl jat e- based
nononers, nost preferably st yr2e{r?eltﬁ\‘ﬁ@tlé?6C i)
from30 to 80% by wei ght, prefer?b‘fafrom501o 0% . by
wei ght, nost preferably from55 to 65% by wei ght, . of a
substantially water-insol uble, nonofunctional rubbery
conmononer, preferably selected fromthe group
consisting of n-butylacrylate and 2-
et hyl hexyl acryl at e, nost preferably 2-
et hyl hexyl acryl at e; iii) from10 to 40% by weight, from15 to .
25% by wei ght, of a substantially water-insol uble, '
pol yfuncti onal crosslinking agent, preferably sel ected
fromthe group consi stinggdf divinyl benzene _
di vi nyl t ol uene and i | pht hal ate, nost preferably

preferably fromb5

di vi nyl benzene; and R I E Lo SR i
Zdent which is soluble

to 20% by wei ght,
in the oil phase g
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-

and. which forns a stable water-in-oil enulsioh, preferably
phase conprising fromO0. 2
to 220% by wei ght, preferably from 1 to 10% by weight, of .a

conprising sorbitan laurate; and 2) a wat er

wat er -sol ubl e el ectrolyte, preferably cal ci um
wei ght ratio of water phase to oil phase of fro
preferably from20:1 to 70:1; the gl ags NOMET;
mat eri al which woul d produce a honopgébzgfnhavir
greater than 6000 and a glass transition
40[err] C, and the rubbery conononer being a
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87 L rotecutar— wei ght greater than 10 r
t fansistion nperature (Tg) of 40[er meagrm&r An
absor bent u“l“l;mmulluwllulﬁy suitabl e for absorbing kBnd retaining Jaqueous
body fluids* pteflerdbly a*diaper, said article chafact & AMAR 2090t Hat| i t

. conpri ses: 1) a backing shest, preferab)ylliquid inperidus;

1) an absorbent core associated with said backijng sheet such that{ said
absorbent ¢QLigsl S POsitioned between said backi ng 'sheet—and-t-he

fluid discharge region of the wearer of the article, said absorbent

core characterized in that it conprises the foammaterial of any of
Clains 1 tg 3; ' f IO L ' QRB j oi ned
wi th said backi my 2Resed polymert fBarffdteral Sinichltiodh Gitfats R bRty | O M oned
bet ween sai d t ofblifsetexpangls and absorbs said Sfyids. p3aiknelymasiscfoam material

comprising a hydrophilic, flexible, nonionic polymeric foam structure of
interconnected open cells, characterized in that said foam structure has:

(A) a specifié surface area per foam volume of at least 0.025
m?cm preferably at least about 0.05m/em?’;

(B) at least 0.1% by weight of a toxicologically acceptable
hygroscopic, hydrated salt, and at least 0.5% by weight of a
nonionic oil-soluple emulsifier incorporated therein to render
the surface of the foam structure hydrophilic;

(C) inits collapsed state:

(i an expansion pressure of 30 kPa or less, preferably
from 7 to 20 kPa; and

(i) a dry basis density of from 0.05 to 0.4 g/lcm® and

(D) inits expanded state:

(i) a density 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 of from 10% to
50%, preferably from 10 to 30%, of its dry basis
density in its collapsed state; and _

(i) a number average cell size of 50 um (microns) or
less,

the term "open-celled" meaning that at least 80% of the cells in the foam
structure that are at least 1 um (micron) size are in fluid communication with
at least one adjacent cell, or that the foam material has a measured .
available pore volume that is at least 80% of the theoretically available pore
volume;. and the term "hydrophilic” being quantifiable by referencing the
adhesion tension exhibited by the foam in contact with an absorbable test
liquid, "adhesion tension" being defined by the formula

AT =Tt COS 6



5. The_ahsnr hent article of aim4 characterized in that the foam
nmet eri al a free absorbent capacy E
(31. 1[er;r] IIIH"meH pr ef SHERM nL, of
said syntheti c Ul ram of dry oam meterars; gnd
b) a:vertical W|ck|ng rate at 37[ergg C such th |c_Lr|_ne
W cks along a 5 cmvertical length Zd?m%@b nidl in 30
m nut es or | ess, preferably 5 m nut S ess ¢)
t 37[err]C of at lfeast

preferably a veryj

75% of said free a%r@ r'dgfent capacity

11.4 cm

glgdﬂgsﬁrp t%?u"s?&ﬁ rﬂ %ﬁ%gfc e a|

W CKi ng herght—of

6. tisShke ah‘tanellmﬁoramfta iebmqufd abspriet] By the feard ntaterfal in 10°

characterized in

f1ui d-handl i ng Iayer

stiffened cell ul gsj
region; (2) a i1

with

4

absorbent core conprises: (1) a
yﬁ%é&é)rgmy aflud acqui si tion/distribution
| ayer conpri si ngd isethé ubmactcanbldiﬂrdegre@ﬁbbWeﬂftﬁé 8likate of the pol@hét feam! Y

il S ETRLEraE o it 23} lauid at The poinc Babihm est

sai dllduidjmmlﬁémmblqumn sayade. preferably underlying said
acqui sition/distribution

2. The foam material of Claim 1 characterized in that said foam structure has:

(A)

a capillary suction specific surface area of from 0.7 to 8 m?g,
preferably from 1.5 to 6 m?/g;

(B) from 0.1 to 8% by weiéht, preferably from 3 to 6% by weight, of
calcium chloride, and from 0.5 to 20% by weight, preferably from 5 to

12% by weight, of the nonionic oil-soluble emulsifier, preferably

sorbitan laurate, incorporated therein;

(C) inits collapsed state:

(i) a residual water content of at least 4% by weight, preferably
from 4 to 30% by weight, most preferably from 5 to 15% by
weight;

(i) a dry basis density of from 0.1 to 0.2 g/cm®.

(D) inits expanded state:

(i) a pore volume of from 12 to 100 mL/g, preferably from 25 to
50 mL/g;

(i) a resistance to compression deflection of from 2 to 80%,
preferably from 5 to 40%, when saturated at 88°F (31.1°C) to
its free absorbent capacity with synthetic urine having a
surface tension of (65 + 5) x 10° N/cm (65 + 5 dynes/cm);

(i)  anumber average cell size of from 5 to 35 um (microns).

3. The foam material of any of Claims 1 to 2 characterized in that it is prepared

by polymerizing a water-in-oil emulsion having :

1)

an oil phase comprising:
a) from 67 to 98% by weight, preferably from 80 to 95% by
weight, of a monomer component comprising:

I on



| ayer and conprising the foam materi al . ' :

i A process—+ter—the preparation of a collaps bd]  but expanda il €,
absorbe pc foammaterial, the process stieps

M'"Lu""mﬁ"m[!ﬂa water-in-oil emnulsion from

from 67 to 989% by* wei ght
of a nononer conponent conpri sing: L)
to 40%by wei ght, preferally f 0%, . o
[ , host preferably from 1@8'51051%5%{3’&%%?‘8% p referably from 10 to 30%

of a substantially water-insol bpweighttonast preferdablydftom 15 to 25% by weight,
gl assy nononer,

cpm AMAR 200e | )

, preferably §som 80 to 95% py

frlom 5

preferably sel get edg HLAMINE WHi@HRsoluble, monofunctional

glassy monomer, preferably selected from the group
consisting of styrene-based monomers and
methacrylate-based monomers, most preferably
styrene;

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

iii) from 10 to 40% by weight, from 15 to 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 2 to 33% by weight, preferably from 5 to 20% by weight,
of an emulsifier component which is solubié in the oil phase
and which forms a stable water-in-0il emulsion, preferably
comprising sorbitan laurate; and

2) a water phase comprising from 0.2 to 20% by weight, preferably from
1 to 10% by weight, of a water-soluble electrolyte, preferably calcium
chloride;

3) a weight ratio of water phase to oil phase of from 12:1 to 100:1,
preferably from 20:1 to 70:1; the glassy monomer being a
monomeric material which would produce a homopolymer having a
molecular weight greater than 6000 and a glass transition
temperature (Tg) above 40°C; and the rubbery comonomer being a
monomeric material which would produce a homopolymer having a

by



consi-sting—ef—styrene-based nononers and REPLACERENT SHEET

gf;ﬂ:ﬁg“m‘mllmnﬂmmmmrs mﬁ?; prl?]; g:nagloyto 80% bynggﬁ%?ga eferabl y

rom 50*toc 709 ™ by wei ghrt, erail yf from
55 to 65% by wei ght, 87 of Subst-art-t-al-+y
wat er -i nsol ubl e, nonof uncti onal r ubbery

ggg‘s)lng'?ﬂlg p(r)]?f er abl %’n)} gcryl glgaegjt{toﬁ}&tatéj than 10000 and a glass transition® group
et hyl hexyl acryl at e tempersture (Tgrof #81Cdrl lpwer. 2-

et hyl hexyl acryl at e; iii) from10 to 40% by wei ght,
from15 to 25% by wei. ght, of a substantially
wat er - i nsol4ibl e, Apalhsorhent aiticlesdspecially suitable for absorbing and retaining aggsdusnki ng
agent, preferabl e e t he P

consi sting of dlt%//oldﬁyhgg%z gréfér%%;l %yfj@égue%aéd a%dde characterized in that it

di al | yl pht hal at ecompuises:pr ef er abl y di vi nyl benzene; and b)
from2 to 33% by weight, preferably from 5 to 20% by wei ght,

of an erruIS|f|er conp 5&5 Vg’hl(é{‘l Pé? o lﬂ QIJn MBE oi |l phase

and which forms ' sta%ﬁ W er-1 R er? si ﬁe %1'

a wat er phase Cdﬁprl samapsorbent core assecidtad M(ﬂ:h said backlng sheet such that said

containing from 0.2 .4, 2004,p Vo€l HbsitiBhed bRt said backing sheet and the

fluid discharge region of the wearer of the article, said absorbent

2)

core characterized in that it comprises the foam material of any of
Claims 1to 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 (31.1°C) of at least 12 mL,
preferably at least 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 om vertical length of the foam material in 30 minutes or
less, preferably 5 minutes or less

c) preferably a vertical wicking absorbent capacity at 37°C of at least
75% of said free absorbent capacity at a vertical wicking height of
11.4 cm.
6. The absorbent article of any of Claims 4 to 5 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.
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t he wei ght ratio of fhe water phasg fo the
gheing in the range of 7 1p:1 to

frgm20:1 to 70:1;

nost

B)

preferably at a tenperature of from35[err]Cto 45[err]C for from4 to 18
forming a water-in-oil emulsion from:

from 67 to 98% by weight, preferably from 80 to 95% by
weight, of a monomer component comprising:

A)

a)

b)

i)

i)

from 5 to 40% by weight, preferably from 10 to 30%
by weight, most preferably from 15 to 25% by weight,
of a substantially water-insoluble, monofunctional
glassy monomer, preferably selected from the group
consisting  of | styrene-based monomers and
methacrylate-based monomers, most preferably
styrene;

~ from 30 to 80% by weight, preferably from 50 to 70%

by weight, most preferably from 55 to 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;

from 10 to 40% by weight, from 15 to 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

from 2 to 33% by weight, preferably from 5 to 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 0.2 to 20% by weight of a water-
soluble electrolyte, and preferably further comprising
from 0.02 to 0.4% by weight of a water-soluble free
radical polymerization initiator; '
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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 process being
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 formed in the water-in-oil
emulsion is reduced so that the number average cell size of the
polymeric foam material is 50 pm (microns) or less; the glassy
monomer and rubbery comonomer being as defined in claim 3.

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 10:1 to 1:10, preferably from 4:1 to 1:1, the polyglycerol ester being
derived from: (1) a polyglycerol having a linear diglycerol level of at least
60% by weight, a tri- or higher polyglycerol level of no more than 40% by
weight, and a cyclic dig!yoerol level of no more than 10% by weight; (2) a
fatty acid reactant having a fatty acid composition wherein the combined
level of C4; and Cy, saturated fatty acids is at least 40%, the level of Csg
saturated fatty acid is no more than 25%, the combined level of C,s or higher
saturated fatty acids is no more than 10%, and the combined level of C4, or
lower fatty acids is no more than 10%; (3) the weight ratio of polyglycerol (1)
to fatty acid reactant (2) being from 50:50 to 70:30.
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ABSTRACT

THIN-UNTIL WET ABSORBENT FOAM MATERIALS FOR AQUEOUS
BODY FLUIDS AND PROCESS FOR MAKING SAME

Relatively thin, collapsed, i.e. unexpanded, polymeric foam materials that,
upon contact with aqueous body fluids, expand and absorb such fluids, are
-disclosed. A process for consistently obtaining such relatively thin, collapsed
polymeric foam materials by polymerizing a specific type of water-in-oil emulsion,
commonly known as High Internal Phase Emulsions or "HIPE", is also disclosed.



