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£ET VENTION
" This application relates to flexible, microporous,

absorbent materials having fluid absorption and retention
characteristics that make them particularly suitable for
absorbing aqueous body fluids, e.g., urine, bloqd, menses,
wound fluids, etc. This application particula%iy.re1ates to
the use of slitted regions in absorbent members formed of
absorbent open-celled polymeric foam materials that have the
potential for expansion in at least one direction within the
plane df the absorbent member when the absorbent foam material
absorbs such aqueous body fluids.

ACKGRO F£T

The development of highly absorbent articles for use as
disposable diapers, adult incontinence pads and briefs,
catamenial products such as sanitary napkins, and disposable
medical products such as bandages and dressings, is 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. Thinner articles are also
more compact in the package, making the articles easier for
the consumer to carry and store. Compactnmess in packaging
also results in reduced distribution costs for the
manufacturer and distributor, including less shelf space
required in the store per absorbent article.
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FI ELD OF THE | NVENTI ON This.applrcation rel-ates to flekible,

m cr.0porkous, ' absorbent material$ having fluid absorption and
retgﬁflon characteristics that nmake them-particularly suitable for
5 . __ absorbing aqueous body fluids, e.g., urine, blood, nenses,
woung fluids, etc. This application particularly relates to - the use
of slitted regions in absorbent nenbers fohned of absor bent

- open-cel.l ed polyneric foamnaterials that Hhave the potential for
expansion in at least one direction within the 10 pl ane of the
absor bent nmenber when th f C
aqueous body fl.uids %Q%%th p‘?-ﬂmdéahﬂ ln@J- IE?R&%S—%&J[\%Q@{#HE?& QS
I NVENTION -d“?ﬁ‘?é_ Ay ebepamennt ivgent N \theh 88 bidyt tar de¥el for use.
as ~ disposabl eeTitaperys thatlabsoribesproréwne estradturesdihati @insacdfire
cat ameni al proc_i_u_cts _%H&hst%%S?Wgteaﬁxaﬁqlgﬁsn%’f gvsdchqr&éao%%m! ef’]uids, in

5 particular urine. In this regard, the use of certain -

particulate absorbent polymers often referred to as
‘hydrogels,“ "superabsorbents" or "hydrocolloid" materials has
been particu1ar]y important. See, for example, U.S. Patent
3,699,103 (Harper et al), issued June 13, 1972, and U.S.

10 Patent 3,770,731 (Harmon), issued June 20, 1972, that disclose
the use of such partitu]ate-absorbent polymers in absorbent
articles. Indeed, the development of thinner diapers has been
the direct consequence of thinner absorbent cores that take
advantage of the ability of these particulate absorbent

15 polymers to absorb large quantities of discharéed 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), ibsued June 19, 1990, that disclose dual-layer core

20 structures comprfsing a fibrous matrix and particulate
absorbent polymers useful in fashioning thin, compaet,
nonbulky diapers.

These particulate absorbent polymers have the ability to
retain large volumes of aqueous body fluids, such as urine. A

25 representative example of such particulate absorbent polymers
are lightly cross inked 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

30 groups that enable the polymer to absorb aqueous body f1u1ds
as the result of osmotic forces.

Besides osmotic forces, absorbency besed on capillary
forces is also important in many absorbent art1cles, including
diapers. Caplllary forces are notable in various everyday

35 phenomena, as exemplified by a paper towel soaking up spilled
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medi cal products such as bandages and ‘dressings, is the' subj ect of

subsfantial comercial interest. A highly desired characteristic
for, such products is thinness. For-exanple, . thinner diapers are
Iesgubulky to wear, fit better under 20 clothing, and are |ess

not i ceabl e. Thinner articles are al so nore conpact in the package,
maki ng the articles easier for t he ,consuner to carry and store.
Conpact ness i n packagi ng ~also res&lts in reduced distribution
.costs for the manuf acturer and distributor, including |ess shelf
space 25 requi raqqh st Neapi Plafy PifsoPhents PEIN oFbdi Suferior performance

in terms of the rate of fluid acquisition and wicking, 1i.e.
the ability to move aqueous fluid away from the point of
initial contact. Indeed, the dual-layer core absorbent
5 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 layérs or zones of the core.
10 Other absorbent materials which provide capi11§ry fluid
" transport capabilities are'open-¢e11ed polymeric foams. . If
made appropriately, open-celled polymeric foams provide
features of capillary fluid acquisition, transport and storage
' required for use in high performance absorbent cores for
15 absorbent articles such as diapers. Absorbent articles
containing such foams possess desirable wet integrity, provide
suitable fit throughout the entire period the article is worn,
and avoid degradation in shape during use. In addition,
absorbént articles containing such foam structures are easier
20 to manufacture on a commercial scale. For example, absorbent
diaper cores could simply be cut 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
25 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,
30 . employment of certain types of polymeric foam matgria]s as
elements of absorbent articles such -as diapers and catamenial
products has previously been suggested. See, for example,
U.S. Patent 4,029,100 (Karami), issued June 14, 1977, that
discloses a shape-retaining diaper that can employ a foam
35 element in the crotch area of its absorbent pad assembly in
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--2- ' The ability to provide thinner absorbent articles such as

dlapets -has been contingent on the-abi’lity to devel op . relatively

t hi g=sbsorbent cores or structures that can acquire . and store | arge
guantities of discharged-body fluids, in 5 particul ar urine. In .
thi s.regard, the use of certain partlculate absorbent pol yners
often referred to as "hydrogel s, " _gsuperabsorbents" or
"hydrocol | oid" materials has -~ peen part|cularly i mportant. See, for
exanple, U S. Patent . ' 3,699,103 (Harper et al), issued June 13,

1972, and U.S. 10 ordePatoﬁ‘rHro%dUQn Blwéﬁ&rﬁﬁ’ﬂ‘)encyssmtimeﬁ%@s 3972

t hat di scl ose ] F ticul absor bent
absor bent arfOi weé'gc °ﬁﬂé@3erfﬂé é%‘(ﬁef' fEN SHITEH ﬁﬁe?s é?%\{ﬂér M has .
been t he di rabsorbeohsachichee fofr tthenperposksof bactuatty eunbtihmg,t ake

advant age of the abi ly; Hln@f Q,eoﬁe @Qggdﬁgl %ﬁ’eo%lis%gfnﬁuﬁs e pq:gyrrers

to absorb |arge quantltles o% di sch arqh ueous
typi cal |y whe® used i8¥aBRieni bhedi BAECRE 53 2% &)\:,g\dqmst), ‘ssr‘l'ﬁﬁrFekr“%'éfes,for

exanple, U S. Patent 1‘9757&4&%6%&% dﬁapers and th&lV)ike iwhevrethéUupeimipy
1987 and U.S. Patent a%‘sglgb ’ngz (Leh Iargphlhc polyurethane foam sheet); U.S.
Patent 4,554,297 (Dabi), issued November 19, 1985 (body fluid
absorbing cellular polymers that can be used in diapers or
10 catamenial products); U.S. Patent 4,740,528 (Garvey et al),
issued April 26, 1988 (absorbent composite structures such as-
diapers, feminine care products and the like that contain
sponge absorbents made from certain types of super-wicking,-.
crosslinked polyurethane foams). U.S. Patent No. 5,147,345
15 (Young et al.), issued September 15, 1992, illustrates
possible absorbent article configurations which are suitable
for use with absorbent members formed of such polymeric foam
materials, and is hereby- incorporated herein by reference.
_ Although various polymeric foam materials have been
20 suggested for use in absorbent articles, absorbent,
open-celled polymeric foams have been developed which have the
following desirable characteristics:
(a) a relatively greater affinity for absorbing body fluids
than exhibited by other components in the absorbent
25 article so that the foam material can drain (partifion)
fluids from these other components and keep the fluids
stored within the foam structure;
(b) relatively good w1ck1ng and fluid distribution
characteristics in order for the foam to transport the
36_ - imbibed urine or other body fluid away from the initial
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
35 fluid capacity under load, i.e. under.compre;siye forces.
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al);, issued June 19, 1990, that disclose dual -layer core 20

st'y@tuges conprising a fibrous matrix-and particul ate absor bent
pok mers useful in fashioning thin, conpact, nonbul ky di apers.
These particul ate absorbent polyners have the ability to retain

| arge vol umes of aqueous body fluids, such as urine. A 25 '
representative exanple of such particul ate.gabsorbent polyners are

lightly crosslinked pol yacryl ates. Like nmany of the other
absor bent polyners, these lightly crosslinked pol yacryl ates

c?{rpr_ihsg ? rr;JIhti pl : city g\fs Er[)év@ﬁd:ﬂlygﬁmﬁ?ﬁﬁ)th‘iﬁfeboxtys&ﬂb&wg%ore 1§ usually

a ache (0] e polyner aC one S e .C r car X .
groups that enable tRe p®VHE" tBorangk}'l? 5&?@6&&%3&" faﬁa?'g’s%t arQlc’les, as
the result of .osnoti cuthhrasediapers. . However, pro®idingecabsosbenti potymeris foam

absorbency based on G@api¢iads Ythat remain rd)Qt§@Sy thid SA FORPUREN WeRtdRNY
absorbent articles, |ni r orces_are

notabl e in vard ous e¥d é/gg‘l}“ne%ﬁ?b body ﬂl‘fé&%ﬁggagdtas%atgig@w‘f;@d- by TR paper
towel soaking up spilabsorbent foam material needs to remain relatively thin during
normal storage and use prior to being wetted. This relatively
thin polymeric foam material must additionally have the needed
absorbency characteristics described above if it is to be
10 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.
Relatively thin, collapsed (i.e. unexpanded), polymeric.
foam materials have been developed that, upon contact with
15 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. Such collapsed polymeric foam materials remain
relatiyely thin during normal shipping, storage and use
20 ~ conditions, until uthmately wetted with aqueous body fluids,
- at which point they expand. Because of their excellent
absorbency characteristics, including ‘capillary fluid -
transport capability, these collapsed polymeric foam materials
are extremely useful in high performance absorbent cores for
25 absorbent articles such -as disposable diapers, adult
. incontinence pads or briefs, catamenial products such as
_sanitary napkins, disposable medical products such as bandages
and dressings, and the like. Such collapsed polymeric foam
materials are described in commonly assigned, co-pending U.S.
30 Patent Application Serial No. 07/989,270 (Dyer et al., filed
December 11, 1992), the -disclosure of which is hereby
incorporated herein by reference.
Although such polymeric foam materials exhibit superior
storage capacity, and the advantageous thin-until-wet feature,
35 they are often slower to acquire fluid than other materials.
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- 3- ' liquids. Capillary absorbents can offer superior performance

in t&rms of the rate of fluid acquisition and wicking, i.e. - - t he
abi{ity to nove aqueous fluid away fromthe point of initial
cont'act.. I ndeed, the dual-layer core absorbent 5 structures noted
above use the fibrous matrix as the primry capillary transport
vehicle to nove the initially acquired .g- agueous body fluid throughout
t he absorbent core so that it can be absorbed and retained by the
parti cul at e absorbent - pol yner positioned in |ayers or zones. of the
core. 10 O hera Fes@rtheniddemtashéd SFWIILGH MaYOYine yCARN bFfoE fheli d

surface of such an absorbent member with comparatively little
fluid actually being absorbed and stored. This in turn may
lead to premature product leakage before the absorbent

5 capacity of the article is fully utilized. In addition, the
use of comparatively thicker slices or additional layers of
polymeric foam material to increase storage capacity increases
the resulting stiffness of the absorbent article, without
improving the acquisition rate.

10 Accordingly, it would be desirable to be able to make an
absorbent member that: (1) has 'adequate or preferably
superior acquisition characteristics, so as to be desirable in
high performance absorbent cores used in absorbent articles
such as disposable diapers, adult incontinence pads or briefs,

15 catamenial products such as'sanitary napkiné; disposable -

medical products such as bandages and dressings, and the like;
(2) is sufficiently flexible and soft so as to provide a high

“degree of comfort to the wearer of the absorbent article; (3)
utilizgs a combination of mechanical features and material

20 properties to produce advantageous dynamic structures; and (4)
can be manufactured on a commercial scale, at relatively
reasonable or low cost.

SURE OF TH T

_ The present invention relates to the use of slitted
25 regions in absorbent members formed of absorbent materials

having the ability to expand in at least one direction within
the plane of the absorbent member when they absorb aqueous
body fluids. More particularly, the present invention relates
to the use of such slitted regions in absorbent members formed
30 of relatively thin, collapsed (i.e. unexpanded), polymeric
foam materials which have the capability of expanding in at
Jeast one direction within the plane of the absorbent member
when they absorb adueous body fluids. These absorbent
polymeric foam materials preferably comprise a hydrophilic,

. ThlS Sheet Has Been Replaced .
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transport capabilities are open-célled polynmeric foanms. |If made

appropriately, open-celled polyneric foans provide features of
capillary fluid acquisition; transport and. storage required for use
i n. hi gh performance absorbent cores for 15 absorbent articles such as
di apers. Absorbent articles cont ai ni ng such foans possess
desirable wet integrity, provide swptable fit throughout the entire
period the article is worn, and avoi d degradation in shape during
use. In addition, absorbent articles containing such foam

structures are easi erflgRible, podymariuf aﬂbtaur&tencﬁu@omeri:ﬁwrcsmlceed For

exanpl e, absorbent ' 'er cores co ly. be cu
continuous foam sheet®"” ce]ﬂ aaé é?ﬂ dg%'ngté {ﬁ'echflﬁour‘?a\}’é’g ﬁg‘f‘é‘ér ably
greater integrity expandSanultwmﬁhoﬂm all tdinectdions | andd absdnbsusuchbStuidsnt

e O et M ST e iR
integral, unitlry di a‘ﬁeF%'er5¥b]°’ and Wnén' %ﬁ?bq’ gfﬁ ghﬁ i BEMDSY 4y co
is repl ete with to edapeat foni onsmigravion dosothereabsdrbent ymembees fihens

hoei™a0 ey IRARBFAL SepH TS A RHE e L PHRTR 1o
absorb the next potentia d1scharge of fluid.

Compared with non-slitted regions of the absorbent

10 _member, slitted regions acquire fluid much faster due to the
increased surface area provided by the edges of the slits. As
the material expands, the surface area in the slitted region
increases dramatically, and this increased surface area leads
to a further increase in acquisition rate. The ;cquisition of

15 more fluid leads to more expansion, and increased surface
area, etc., until no more fluid is introduced or until the
foam material reaches its ?ulIy expanded state, whichever
first occurs. )

'Qesides an enhanced acquisition rate, and increased

20 flexibility, slitted regions undergoing fluid acquisition in
combination with non-slitted and/or comparatively dryer
surrounding regions and the planar expansion properties of the
foam material enable the absorbent member to respond
dynamically to various fluid loading conditions and generate

25 beneficial structural features.

In one configuration, the deposition region of a
polymeric foam absorbent member is provided with a plurality
of slits to form a slitted region, while the perimeter of the
absorbent member remains unslitted. The unslitted perimeter

30 region also provides for greatér structural integrity of the
absorbent member during use by a wearer. When fluid is
introduced into the absorbent member via the slitted region,
the slitted region expands much more rapidly and to a greater
extent than the surrounding unslitted region. The slitted .

35 region is constrained at its edges by the slower-to-expand
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el enents of absorbent articles such as diapers and cat aneni al

products has previously been suggested. See, for exanple, Uus

Pat ent 4, 029, 100 (Karam ), issued June 14, 1977, that _ ~ discloses a
shape-retai ning diaper that can enploy a foam 35 el ement in the crotch
area-of its absorbent pad assenbly in _

-4- order to provide high wet resiliency. Certain types of

pol ymeric foam materials have al so been sufgested as useful in
absorbent articles for the purpose of actually inbibing,

unslitted region, and thus its continued expansion in the
-plane of the absorbent member forces it to deform and buckle
outside of the plane of the absorbent member, forming at least
one dome-l1ike structure. '
5 This doming effect causes the slits to open and the slit
' surfaces to displace angularly and/or translationally, at
least partially exposing the slit surfaces to provide
increased surface area for subsequent fluid discharges. The
doming effect also creates a void space under the absorbent
10 member which fluid can reach through the open slits. This
void space provides temporary surge capacity for capturing and
isolating excess fluid until it can be absorbed and stored.by
‘the absorbent member. | ‘ '
" In another configuration, an absorbent member as
15 | described above is employed ih.fluid communication with an
unslitted polymeric foam absorbent member in a multilayer
configuration. When fluid is introduced into the deposition
region of the.slitted layer, the slitted layer performs as
. previoley described. The unslitted layer then begins to
20 acquire fluid from the slitted layer, and as this occurs the
s]itted'layer begins to return to its collapsed state while
the unslitted layer is expanding in the plane of the absorbent
‘member. Due to restraining forces between the two layers
which prevent sliding relative motion between them (provided
25 that the layers are in direct contact or connected by an
intermediate member which inhibits relative motion), the
expanding unslitted layer causes the slits in the slitted
layer to remain open and/or open further as the slitted layer
collapses or partitions fluid to the unslitted layer. This
30 effect is enhanced by the contraction in the planar direction
of the individual strips of foam material between the slits.
The slit surfaces also acquire an advantageous -
funnel-like shape (compared with their usual straight-sided,
parallel crientation), as opposed to being merely opened, o
-35 which further enhances the ability of the absorbent member to
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"mﬁcking'and/or retaini ng aqueous body fluids. See, for 5 _ exanpl e,

U. S- Patent 3,563,243 (Lindquist), issued February 6, 1971
(absorbent’ pad for diapers and the |ike where the prinmary ]

absorbent is a hydrophilic polyurethane foam sheet); U.S. - Patent |
4,554,297 (Dabi), issued Novenber 19, 1985 (body fluid absor bi ng
cel lular polymers that can be used in diapgrs or 10 cat aneni al
products); U.'S. Patent 4,740,528 (Garvey et al), . issued April 26,
1988 (absorbent conposite structures such as di apers, fem nine

care products and theapidi§ hé@fir€aisabSequent disch&igenge ARSErdRNLs frde
fromcertain types of su

er - I ng, - - e..crassli,nked pal yupet.hane
foanms). U.S. Patent emqs%gg 1\911\#7,6‘5359'1@“5“ su(%c&nara t§| '5": mf‘éstﬁb‘g‘
Septenber 15, 1992, This |fupnelad éke shape is cyraded due Lo onbesntiantdfcitbe

configurations whichepe ki@Pbf the slitted’ PiyevSenive! Eh@ltprRR bfBNDEr S
formed of suchpol yneric fo er

_incorporated herein kﬂi?t@ﬂeﬁg}ﬁ,‘é.i" contact W ih??ﬂgﬁ]ldité}ghe%g 38l ymeri c
fO?_m lrrgts eri gLZO?.gVﬁt hestradfed as it augigaalsit &l cohtact with the) unsbitaedeldyer,
devel oped whi oh have tKe creating B LRy RXeATEY hfuiifhthe TR fier
(a) a relatively grednea dirédtionynormal dosthebplanenefijthe absaebent member.
' In yet another configuration, the above funnel-like slit
10 effect can be produced by performing the foam dewatering
operation with the polymeric foam absorbent member adhered to
a rigid substrate, or any other process by which the slits are
formed into the funnel-like shape when the foam material is
dry and ready for incorporation into an absorbent product. '
15 °  Absorbent members thus produced can then be incorporated into
absorbent articles with the slits already pre-formed in an
opened configuration to afford increased surface area for
rapid fluid acquisifion. Upon the acquisition of fluid, the
s1it sprfaces approach each other and become more parallel as
20 the foam material between the slits returns to its expanded
state. The pre-formed funnel-like slit orientation is also
particularly useful for containment and dewatering of moist or
runny fecal material, as well as achisition of higher
viscosity fluids and/or those having a higher concentration of
25 particulate material therein such as blood, menses, or wound
fluids.

F DESCRIPTION OF RAWING

The present invention will be better understood with

reference to the following Detailed Description and to the
30 accompanying Drawing Figures, in which:

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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t han exhi bited by ‘ot her.conponents in the absorbent 25
so thats the foammaterial can drain (partition)
t hese ot her conponents and keep the fluids

article
_ fluids from .
stored within the

foam structure; (b) relatively good wicking and fluid

di stribution characteristics in order for the foamto
transport the 30 i mbi bed urineyor other body fluid away from
the initial i npi ngenent zoné and into the unused bal ance of
the foam structure, thus allow ng for subsequent gushes of
fluid - to b?gtﬁ'@c?”ﬁoq{‘l& e&’naw is a photom(c‘?rbg1!?’ap'he|(PGl’JOVQI y

hi gh storage capacity wth rel ative
under | oadg i eP und%?grﬁ(ﬁhﬁ)‘rtég%)i o9& d su e%ecgion %? a representatwe Igsogggr?tc' ty

polymeric foam according to the present invention in its
... - expanded state. _
5 Figure 3 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 4 is a plan view of an absorbent member accordlng
10 to a first embodiment of the present invention.
Figure 5 is an elevational sectional view of the
absorbent member of Figure 4 taken along line 5-5.
Figure 6 is a fragmentary'elevatioha1.sectiona1 view of
the absorbent member of Figure 4, showing an individual slit.
15 Figures 7 and 8 are elevational views.(166king in the Y
and X directions, respectively) of the absorbent member of
Figure 4 in a partially wetted condition. .
Figure 9 is a perspective view of the absorbent member of
Figuiﬂ 4 in a partially wetted condition.

20 . Figure 10 is an elevational sectional view of the |
partially wetted absorbent member of Figure 9 taken along line
10-10.

Figure 11 is a perspective view of a multi-layered

absorbent member according to a second embodiment of the
25 present invention. '

Figures 12 and 13 are elevational sectional views of the
absorbent member of Figure 11 in a partially wetted condition
taken along lines 12-12 and 13-13, respectively.

Figure 14 is a plan view of an absorbent member according

30 to a third embodiment of the present invention.

Figure 15 is an elevational sectional view similar to
Figure 5 of the absorbent member of Figure 14.

Figure 16 is a fragmentary plan view of the absorbent
member of Figure 14, presenting a magnified view of one

35 individual slit in its preformed state. '

.
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- 5- As previously noted, a thinner absorbent core is usually

a requi-rement for making relatively thin absorbent articles, : such
as.di apers. - However, providing absorbent polyneric foam " materials
that remain relatively thinin formuntil wetted 5 wi th aqueous body
flui.ds 1is not straightforward. The absorbent foam material needs
to remain relatively thin during, npy-mal storage and use prior to
being wetted. This relatively thin polyneric foam material rmust
additionally have the needed - absor bency characteristics descri bed

above if it is to be 10 F1gures useind 18nsdﬁegbttlﬂﬂlwﬂancﬁ'aabswd)eaksm{ées
Maki ng rel atively

and flexible methods & rﬁﬁ§"? YIRS L fod g?oéé“%% %$§oﬁq§9£ ﬁéﬁﬂE}Ly soft

f t he Wear I's al s0" nho rivial task.

Rel atively thin, coldcaps@dlg(tq dhe \presgrindevBntiped yneric f oam
P?teélals have been devel oped that, upon contact with 15 aqueous body
ui ds d ' : mer i

expand and absorb such : SEE ON OF THE ING rnent pol yneric

foan1nater|als conprise a hydr
While the pr1nc1p1es of the -present invention are

applicable to absorbent members formed of any absorbent
material having an interconnected network of open spaces which
s capable of transporting aqueous body fluids within the
. absorbent member, and which expands upon acquisition of such
10 fluids, a presently preferred material for use in accordance
' with the present invention is a polymeric foam mater1a1
Polymeric foams of the type referred to herein can be
characterized as the structures which result when a relatively
monomer-free liquid is dispersed as droplets or "bubbles" in a
15 polymerizable monomer-containing liquid, followed by polymer-
jzation of the monomers in the monomer-containing liquid which
surrounds the droplets. The resulting polymerized dispersion
can bejin the form of a porous solidified structure which is
_ an aggregate of cells, the boundaries or walls of which cells
20 comprise solid polymerized material. The cells themselves
“contain the relatively monomer-free liquid whiéh, prior to
polymerization, had formed the droplets in the liquid

dispersion. _
Polymeric foams, including foams prepared from
25 . 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

- 30 absorbent articIes'and"structures of the present invention are
those which are relatively open-celled in that the individual
cells of the.foam are for the most part not completely

- iso]atéd from each other by polymeric matgriaI of the cell

walls. Thus the cells in such substantially open-celled foam
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fl exi bl e, nonionic polyneric foam structure of interconnected
open-cetls. Such coll apsed polyneric foamnmaterials remin-

relatively thin during normal shipping, storage and use 20 ~ condi tions,
until ultimately wetted with aqueous body fl uids, at whi ch poi nt

t heyw. expand. Because of their excellent absor bency
characteristics, including capillary fluidy,. transport capability,

t hese col | apsed pol yneric froam material s are extrenmely useful in-
hi gh performance absorbent cores for 25 absorbent articles such as

di sposabl e di apers, stelidkiires have mtéﬁ&@Dmllaﬁeéb‘e‘mﬁg?ii%ro"’mlhﬁbﬁ"swhfc?at apeni al
products such as large esanh f i’ aﬁ .08 ﬁUO% Pfe | cal gﬁCtS
such as bandages TN TR PET™ ?ﬂ?’d AN H"“CGT |

pol ynmeric foam the oftbercwithis thee foamsstruntdren conmonl y assi gned

co-pending U S. 30 PRt eqtst 4widlah ¢ tbm §€ﬁ'eﬁ| sN"uctQ?ésgaﬁﬁi gﬁ\g %ereby

al ., filed Dece I scl osure o

i ncor porated Berein B%fﬂgbg?'@ﬁﬂe tjhe oam ‘“Gh - genexiad by, hgwe sacretisrlatesi ¢
foam mat eri al s exhi bcharagpar iwith the individiadr 2gtl<aiedngt yefined byea

:g\éﬁm Zgﬁoﬂ? dt Pkgnugﬂ‘kﬁwn@{ ]:gflauy{glgﬂy %énnected,t'%}(eea rd?mggstiggaﬁlyog?arnckgd
webs. The strands of polymeric material which make up the
branched webs of the open-cell foam structure can be referred

10 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

15 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
vplume that is at least 80% of the theoretically available
pore vplume, e.g., as determined by the water-to-o0il weight

20 ratio of the emulsion from which the foam material is formed.

' In addition to being open-te]'led,_ the polymeric foam
materials useful in the present invention are hydrophilic in
character. The foams herein must be sufficiently hydrophilic
to permit the foam to absorb aqueous body fluids in the

25 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

30 polymerization or by virtue of sg'lécted 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 useful in the present invention are “hydrophilic" can be

35 quantified by referencing the "adhesion tension" exhibited by

i

—
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- 6- As a result, sudden gushes of f1uid may sinply run off of the

surface of such an absorbent menber with conparatively little fluid
actual ly being absorbed and stored. This in turn may |l ead to
prenature product |eakage before the absorbent 5 capacity of the
article is fully utilized. |In addition, the - use of conparatively
thicker slices or additional |ayers of -13- pol yneric foam material to

i ncrease storage capacity increases the resulting stiffness of ‘the
absorbent article, wthout ~inproving the acquisition rate,

such foams in contact with an absorbable test 1iquid.
Adhesion tension is defined by the formula

AT = y COS 6
. 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; .

@ is the contact angle in degrees between the surface of

the polymeric foam and the vector which is tangent to the

test liquid at the point that the test 1iquid contacts
10 the foam surface.

For any given hydrophilic foam material, the adhesion
tension exhibited by the foam can be determined experimentally
using a procedure whereby weight uptake of a test liquid,

_ e.g., synthetic urine or propanol, is measured for a foam
15 ~ sample of known dimensions and capillary suction specific
surface area. " Such a procedure is described in greater detail
in the TEST METHODS section of cemmonly assigned, co-pending
U.S. Patent Application Serial No. 07/989,270 (Dyer et al.,
. filed December 11, 1992), the disclosure of which is hereby
20 incorporated herein by reference. 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,
25 as determined by capillary suction uptake of synthetic urine
having a surface tension of 65 * 5 dynes/cm.

The properties, features and/or characteristics of the
polymeric foam materials useful in the present invention are
somewhat interrelated and interdependent, but can be

30 essentially categorized as follows: (I) those particular1y
 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
35 aqueous body fluids. '
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10 ) Accordingly, it would be desirable to be ébl e to nmake an

absoerbent menber that: (1) has adequate or preferably superi or
acqui si-ti on characteristics, so as to be desirable in hi gh

~ performance absorbent cores used in absorbent articles such as
di sposabl e di apers, adult incontinence pads or briefs, 15 cat aneni al
products such as sanitary napkins, disposahke .. medi cal products
such as bandages and dressings, and the like; (2) is sufficiently
flexible and soft so as to provide a high degree of confort to the

wearer of the absorbent @gotrespendipg)y numbered Seatidnszé&slVafeldobi rexpi oiniag .
oA 8l featvres JRorEber ' deatl the andUeCRRE IR pPofirBiice cagbigal ageous

dynam ¢ structures; commer ci al
scale, at relativel yand/or CharaF%}ﬁéhwl ‘e Bt cepls. forth the features and
DI SCLOSURE OF THE |N¥E§F§c@§hst1cs provided byT|§¢1Wedsﬂ@hohﬂ\ﬁﬂntu&nabﬁr@éeﬁ to

the us
a_bsorb_:n'?f n;!t Ié_:;[g?s members, aﬁgv%é‘?meggbﬁ?{%%?;bﬁsm‘ggﬁ‘éﬁdér%ﬁggi S st one
direction within preparihfiea ppeesently tpvefetredr bepe oferdodymetien fpm;y
?E\S;g;?i ggufgluzt os matedYY TRiHAES, BRinp1P& dreCptéiehYed WA R3CHbrth
' particular polymeric foam materials which have been found
particularly useful in accordance with the present invention.
10 The following sections particularly pertain to a
presently preferred variety of polymeric foam materials,
although the principles set forth with particularity therein
are applicable to other varieties of foam materials and other
absorbent materials having similar expansion characterxst'ncs
15 as well.
‘I. Collapsed State.

The polymeric foam materials useful in the present
invention are usually obtained by polymerizing a HIPE-type
emulsipn as described hereafter. These are water-in-oil

20 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
25 thermal drying, such as by heating in an oven, or by vacuum
~ dewatering in conjunction with compressive forces. After
compression, and/or drying, the polymeric foam material is in
a three-dimnsidnaﬂy collapsed (or unexpanded) state.
The cellular structure of a fepresentative collapsed HIPE
30 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
35 expanded state.) As can also be seen in Figure 1, the voids
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-to the use of such slitted regions in absorbent nenbers forned -30 of

“relativwely thin, collapsed (i.e. unexpanded), polyneric f oam
materi al s. whi ch have the capability of expanding in at : | east one
~direction within the plane of the absorbent nenber - when they
absorb aqueous body fluids. These absorbent ' pol ynmeric foam
naterlals preferably conprise a hydrophili-ds- _
-7- ' flexible, polymeric foam structure of |nterconnected

open-cells that, upon contact w th aqueous body fl uids;”"
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 drying, the coli;psed
§ polymeric foam material can potentially re-expand, especially
when wetted with aqueous body fluids. (See Figure 2 which
shows a typical HIPE foam structure useful in the present
invention -in its expanded state.) Surprisingly, these
polymeric foam materials remain in this collapsed, or .
10 unexpanded state, for significant periods of time, e.g., up to
' at least about 1 year. The ability of these polymeric foam -
. materials 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.
15 ~ As used herein, "capiliary 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
hnology, Vol. 7, 1985, p. 36.] For wetting liquids,
20 this is essentially a pressure drop compared to atmospheric.

After compression and/or drying, the polymeric foam
material useful in the present invention has residual water
‘that includes both the water of hydration associated with the
hydroscopic, hydrated salt incorporated therein (as described
25 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
useful in the present invention can have residual water
-30- contents of at least about 4%, typital]y 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 for use in the present invention have
residual water contents of from about 5 to about 15% by weight
35 of the foam.
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expands outwardly in all directions and absorbs such fl uids..

| npot.tantly, with.these foammaterials the expansion process 5 IS
reversi ble, and when fluid | eaves.the absorbent nenber due to
evaporation or migration to other absorbent nenbers the f oam
material at |least partially collapses and is available to absorb
the next potential discharge of fluid. - -16- Conpared with
non-slitted regions of the absorbent 10 menber, slitted regions
acquire fluid nuch faster due to the i ncreased surface area

surface area in the slitteq,region i,ncreases, dqranptically, an
this increased surfac'@th}'?eghfz e@&@ structure af(}eésflfrqf‘ﬁbr hF%@S%é’éréﬁtEd Y
‘acqui sition rate. Thethgcelassi¢ irecoverylér modulusoof theucampressid palymere In
expansi on, and incregspe c i r : ' esfLuid
i s interoduced or unt ﬁ%ﬁiﬁzw'jde’ the c?gg{l\agtgﬁ?ﬁéﬁe{'gggg%ﬂyt 29]‘ E%rp the
expanded stated whi cH®ldapsed foam materia} redatively thin is determingdsbyjddean

enhanced agqui siti OPld@hﬁervamﬁlg! fierceaegertdd by thef bempresiéd Yol ynerié efbam
ol ons under 019 {1 3426l S0l back.” ToeCBTEATE! HBuEl Dendeney e
pl anar expansi on propr tpodymerfict fgams can be determined from stress-strain
- experiments where the expanded foam is compressed to about 25%
10 of its original, expanded calibér (thickness) and then held in
this compressed state until an equilibrium or relaxed stress
value is measured. Alternatively, the equilibrium relaxed
stress value is determined from measurements on the polymeric
foam in its collapsed state when in contact with agueous
15 . fluids, e.g., water. This alternative reliited; stress value is
hereafter referred to as the "expansion pressure" of the foam.
A detailed description of a procedure for determining the
expansion pressdre of foams is set forth in the TEST METHODS
-sectign of commonly assigned, co-pending U.S. Patent

provided by the edges of [h§t&lcolPaps§ state, the &4p311THE b?é’is_u?é@%@dﬂopé@e

20 Application Serial No. 07/989,270 (Dyer et al., filed December
11, 1992), the disclosure of which is incorporated herein by
reference. - '

The expansion pressure for'po1ymeri; foams useful in the
present invention is about 30 kiloPascals (kPa) or less and
2% typically from about 7 to about 20 kPa, i.e. the expansion
pressure is within a reiatively narrow range. This means the
elastic retovery tendency of typical polymeric foams useful in
the present invention is relatively constant. Accordingly,
the capillary pressures necessary to provide collapsed,
30 unexpanded polymeric foam materials useful in thg present
invention also typically fall within a constant range. _
For purposes of the preseﬁt invention, it has been found
th;t.the specific surface area per foam volume is particu\arly'
useful for empirically defining foam structures useful in the
35 present invention that will remain in a collapsed state. A
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foam materi al enabl e the absorbent menmber to respond | dynami cal |y

to qarhous,fluid,Ioading'conditions*and-generaté 25 benefi ci al
structural features. " 'In one configuration, thé-deposition
region of a - polymeric foam absorbent nmenber is provided with a
plurality of slits to forma slitted region, while the perineter
of the absorbent nenber remains ugslitted. The unslitted perineter
30 regi on al so provides for greater structural integrity of the

absor bent nenber during use by a wearer. Wen fluid is i nt roduced

into the absorbent menbedetaiited Iddscisisidredfr speaifiic surface arefepesi ifoaned
Gurroundl ng s i (¢ g ke AY! Be YedtRd, 1P BmAb3 EEsioned, co-pBHEG V.S 1€
‘at its edges by the ng;%,l\pgbi_cg;whéerial No. 07/989,270 (%yer et al., filed
. December 11, 1992), the disclosure of which is hereby
5. incorporated herein by reference. 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. This specific surface area per foam volume value is
characterized as "empirical" in that it is derived from (a)
1d 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
15 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 useful in the
present invention having specific surface area per foam volume
values ff at least about 0.025 me/cc, preferably at least
20 about 0.05 m2/cc, most preferably at least about 0.07 m¢/cc,
have been found empirically to remain in a collapsed state.
.Capillary suction specific surface area, foam density and
cell size factors relevant to the capillary pressure and/or
expansion pressuré of the polymeric foam are discussed more
25 fully hereafter.
A) ion Specific S r
Capillary suction specific surface area is, in general, a
measure of the test-ligquid-accessible surface area of. the
polymeric network forming a bariicular foam per unit mass of
30 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

35
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- 8- unslitted region, and thus its continued expansion in the

pl ane of the absorbent nenber forces it to deform and buckle .
outsi de of the plane of the absorbent nenber, form ng at [ east one
dane-li ke structure. 5 - This dom ng effect.cduses the slits to
open and the slit surfaces to displace angularly and/or
translationally, at - least partiallygexposing the slit surfaces to.
provi de i ncreased surface area for subsequent fluid di scharges.

The dom ng effect also creates a void space under the absorbent 10

merber whi CQ fI;u d camouftaef &d1ieugirfade eaemealw Sthe fldamSnetwork to twei d
TSol ating excess f1ui 8ty Phey cod Tt R BRAS £ Bsorhency. he
absor bent nmenber . The capillaransuttionc apefiflicatsurfiaceanaegssoibent .
gﬁ”ber as 15  desfrtRe¥aMove dviner! ettler adehsltd EAFTTUENE prbourett h
5 are developed within the foam structure to keep it in a
collapsed state until wetted with aqueous body fluids. As
discussed in greater detail in the above-mentioned commonly
assigned, co-pending_'u.s; Patent Application Serial No.
07/989,270 (Dyer et al., filed December 11, 1992), the
10 disclosure of which is incorporated herein by reference, 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
15 capillary suction specific surface area is 1ncreased (or
' decreased) the capillary pressure within the foam structure
also increases (or decreases) proportionately.
'For_ purposes of this invention, capillary suction
specifjic surface area is determined by measuring the amount of
20 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 brocequre for
determining foam specific surface area via the capillary
suction method is set forth in the TEST METHODS section of
25 commonly assigned, co-pending U.S. Patent'Applicaiion Serial
No. 07/989,270 (Dyer et al., filed December 11, 1992), the
disclosure of which is incorporated herein by reference. Any
reasonable alternative method for determining capillary
suction specific surface area can also be utilized.
30 The collapsed open-celled, absorbent.pOIymeric foams
which are useful in the present invention are those that have
a capil]iry suction specific surface area of at least about
0.3 .mé/g. Typically, the capillary suction specific surface
area is in the range from about 0.7 to about 8 mz/g,
35 preferably from about 1 to about 7 m2/g, and most preferably
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unslitted polyneric foam absorbent menber in a nmultilayer

configuration. Wen fluid is introduced into the deposition - regi on
of .the slitted layer, the slitted | ayer perfornms as previ ously
described. The unslitted |layer -then begins to 20 acquire fluid from
the.slitted layer, and as this occurs the slitted | ayer begins to
return to its collapsed state while -~ -19- the unslitted layer is
expanding in the plane of the absorbent menber. Due to
restraining forces between the two |ayers whi ch prevent sliding

rel ati ve motion betvirem abpith § gt dei db@ﬂt #5m2/g. tFient perr: Modymass tar bei n

direct contact or Cmﬁé@(ﬁebé/aﬂ@r, hydrophﬂh@tﬁﬁmdhﬂﬁ: ”EHQ?E;W‘NH?-
inhibits relative noti I|tted &a yer causes

the oiits inthe sl iaEion shetiric sugpace FEFURLIE HIE oRnera)y Bosse At ner
as the slitted | ayerespecially d&sorilﬂpsbslmcepaftabscmbentf |aapdcity,t fituid-

unslitted |aygr. Th'r%ta?’tﬁng nd Q‘fﬂll n-é« m&?”&?ﬁr@ﬁu#%ﬁ Eﬂﬂtaci‘g'ﬂs?[?ci n the

pl anar directlon he IVI stri
between the slits. for aqueous b°d-Yﬂ1‘él“§¢$ t5“§hrﬁad’é‘§“&1 sé“aé‘!ﬂjltﬂ%"’arf“ms

advant ageous havihg!nsueh- kagsd 1ahaptict o speedf W tdurfi@l raré@siatan

straight-sided, - 0, ei ng nerel
opened, 35 V\hl%ﬁ’{ehf’r Ph%"ff]féﬁﬂgc% :Iﬂ%ryag}'ﬁs[u{;e 'rDUD?‘ J‘bgo€ naerrbe?/
to collapsed, unexpanded state until wetted mth such aqueous
' 10 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

15 - 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.
residua) materials such as emulsifiers present in the
20 polymerized foam. Such residual materials can, in fact,
contribute significant mass to the foam_materia].

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

25 example, an ASTM gravimetric procedure described more fully in
the TEST METHODS section of commonly assigned, co-pending U.S.
Patent Application Serial No. 07/989,270 (Dyer et al., filed
December 11, 1992, the disclosure of which is incorporated by
~ reference) is one method which can be employed for density
30 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 gfavimetric
35 density measurements using a test liquid absorbed within the
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-9- ' rapi dly acquire a subsequent discharge of fluid due to the

exposure of the increased surface area to inconing fluid. Thi s
funnel -1i ke shape is created due to contraction of the ' Tree surface
of. the slitted layer while the surface of the 5 slitted layer in
contact with the unslitted layer s restrained as it is held in
contact with the unslitted | ayer, - t4yis creating a strain
differential within the slitted |ayer in a direction nornal to the

pl ane of the absorbent nenber. .
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.T[See Chatterjee,
5 "Absorbency," Textile Science and Technology, Vol. 7, 1985, p.
i 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 densify values
that can be determined by any reasonable experimental test
10 . method.

The collapsed absorbent polymeric foams useful in 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

15 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-oil ratio of the HIPE emulsion.

C) Cell Size
An alternative feature which can be.useful in defining
20 . preferred collapsed polymeric foam materials useful in 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.
28 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 useful in the
. present.1nvention Since cells in a given sample of po]ymer1c
30 -  foam will not necessarily be of approximately the same size,
' - an average cell size, i.e., average cell diameter, will often
be specified.
A number of techniques are available for determining the
average cell size of foams. These techniques include mercury
35 porosimetry methods which are well known in the art. The most
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In yet another configuration, the above funnel;like slit 10 effect can

be produced by perform ng the foam dewatering operation with the
- pol ymeri c .f oam absor bent nenber adhered to .a rigid substrate, or
any other process by which the slits are formed into the
funnel -1i ke shape when the foammaterial is dry and ready for

i ncorporation into an absorbent product. 151. - Absor bent nenbers thus
produced canthen be incorporated into absorbent articles with the
slits already pre-formed in an : opened configuration to afford

i ncr eased sur;afc?a a(rjeaeﬂ‘lﬂrtechnique, howeper), foridétevainig cebh.siklpoim foams
acquisition o ui . a LQAC, nd
become nore parall el m”‘%s a sun;%]e ﬁ+ séag}éﬁ%{teﬁfsgpa%gtt%eﬁaﬁﬂﬁﬂ ?ﬁ%@{ of

. "PEt urns
to its expanded photomierpgraphriod pr E0qmosaBRIes unfigure  doe fori exampient ati on

imS; altSO - parishewd ark pitsefMPEf %ancqmmwﬁerusemﬂ ﬂxewmeﬁm@nof
I'S or

f t h
viscosity flui ﬁs andpa{eqtﬁﬁrigﬁ%? gexgamaah\gﬁ 460 é“ﬂﬁ? l%lfnﬁé)#doq’" hlal et
particul ate material photométrograph issabsove, repnesent ingra whimeasion of 20

fluids. _ microns. Such DEce LardR [dddRo q:etIHﬁnQRMN@ cell
' size via an image analysis procedure. Image analysis of

_ photomicrographs of foam samples is, in fact, a commonly

10 emp1oyed'ana1ytica1 tool which 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. _

15 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
invehtion will preferably have a number average cell size of

20 - about 50 microns or less and typically in the range of from
about 5 to about 50 microns. More preferably, the number
dverage cell size will be .in the range from about 5 to about
40 microns, and most preferab]y from about 5 to about 35

_ microns.

25 11. Stat

A) Density Upon Saturation With Synthetic Urine

A particularly important property of the absorbent foams
useful in the present invention in their expanded state is
their density upon saturation mith aqueous body fluids,

30 relative to the dry basis density of the absorbent foam in its
collapsed state. The density of the expanded foam when .
saturated with aqueous body fluids, relative to its dry basis
density in its collapsed (compressed) state, provides a
measure of the relative thickness of the foam in its expanded

35 state. This provides a particularly relevant measure of how
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The present invention will be better understood wth " reference to

the foliow ng Detail ed Description and to the 30 acconpanyi ng Draw ng
Fi gures, in which: Figure 1 of the drawings is a

phot om crograph (1500 X magni fi cation) of. an .edge.view of a cut
section of a representative absorbent polyneric foam according to
the : present invention in its collapgsed state. _

- 1 0- Figure 2 of the drawi ngs is a photomn crograph (1000 X

thin the foam is when expanded arid 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
5 it is saturated at 88°F (31.1°C) to its free absorbent
capacity with synthetic urine having a surface tension of 65 +
S_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 in the Test Methods section of
10 commonly. assigned, co-pending U.S. Patent Application Serial
No. 07/989,270 (Dyer et al., filed December 11, 1992), the
disclosure of which is incorporated herein by reference. The
density of the foam measured in its expanded, saturated state,
is then related, as a percentage, to the dry basis density of
15 the foam in its collapsed state. For the pufbdses of the
' present invention, the density of foams useful in the present
invention in their expanded state upon-saturation to their
free absorbent capacity yith'synthetic urine can be in the
range pf from about 10 to about 50% of their dry basis density

20 in their collapsed state, and is preferably in the range of
from about 10 to about 30%, most preferably from about 15 to
about 25%.
B) Pore Volume
Pore volume is a measure of the volume of the openings or
25 ~ 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
30  state. Such performance and mechanical features include
absorbent capacity of the foams for adueous 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
35 actual pore volume of the structure. Such experimental
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gnlflcatlon) of a cut section of a representative absor bent -

pol ynmeri c foam according to the present invention in its expanded
state. 5 _ Figure 3 of the drawings is a photonicrograph (1000 X
magni fi cation) of a cut section of an absorbent polyneric foam :
according to the present i'nvention that is prepared froma HI PE
enul sion containing a preferred co-enul sifazer system Figure 4
is a plan view of an absorbent nenber according 10 to.a first

enbodi nent of the present invention. Figure 5 is an

el evational secti onaethidswill gheerally involwebdbe neasurementrofotheivplume 4
taken along line 5-3Jnq/or ‘mass of 3 tesfi194L %h@h a;ahrwﬁﬁfmwe@hﬁt/@tﬂhena'

o VLEM ° 1 foum strultivg G MBTah SREEFOrEoy S, TIRE SRR Up oo
(1 ?Tglélr ngfl n the Y. volume ocaugied by rthet opers, celdspefttiheeifgam.of Fohethdbsor bent
g?gure 9is & perspéjc??yépetef e'g\’/rgf QHM }gk%ﬂ}é{’)ﬁ"t@ptﬁgnfyaﬁ# Herein can ﬂsou re 4
in a partially wettde# vefietred da. ap0available poreivglure.10 i s an el evati onal |
sectional view of the gpe convdi@iénadl Wiy VPédt esbtaPRIHIRGNAvAMADR goreFi gure
- 9 taken along |ine _
volume experimentally involves the introduction of a low
" surface tension, nonpolymer-swelling liquid such as 2-propanol
10 into the foam structure. - A procedure for determining
available'pore volume using 2-propanol is set forth in the
TEST METHODS section of commonly assigned, co-pending U.S.
Patent Application Se'r'ial‘ No. 07/989,270 (Dyer et al., filed
December 11, 1992), the disclosure of which is incorporated by .
15 reference. It should be understood, however, that alternative
test liquids and procedures can also be used to determine
“available pore volume. '
The foam materials useful in the present 1nventwn will,
generali'ly have a pore volume of from about 12 to about 100
20 mL/g, more preferably from about 20 to about 70 mL/g, and most
preferably from about 25 to about 50 mL/g.
C) Resistance to Compression eflection
An important mechanical feature of the polymeric foams
which are useful in this invention is the strength of the
25 absorbent foam, in its expanded state, as determined 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,
30 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.

'35
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10-10. Figure 11 is a perspective view of a nulti-I|ayered

absor bent nenber according to a second enbodi nent of the 25 pr esent

i nventi on. Figures 12 and 13 are el evational sectional views
of .the absorbent nenber of Figure 11 in a partially wetted

condi tion taken along lines 12-12 and 13-13, respectively.

Figure 14 is a plan view of an absorbent mesher accordlng 30 to a
third enbodi rent of the present invention. Figure 15 is an ~
el evational sectional viewsimlar to Figure 5 of the absorbent
mﬁnbe[) obei gure 14. To ‘be us]?fu'l FRigubsotifents sarﬁcrtageenharybsma%htvi ew 011:
t he absorbent - i g re g a,.pagni Vi ew o
one 35 i ndi vi du%lrlhgfdzb%:;'ﬁ'?l f tgé'f g%é%dﬂét %‘?gﬁér@ absor%enI Foan

materials must be su1tab1y resistant to deformation or
compression by forces encountered when such absorbent
5 materials are engaged in the "absorption ﬁnd 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 f]uid

10 under the compressive stress caused by the motion and activity
' of the wearer of the. absorbent articles which contain the
foam.

The resistance to cdmptession.deflection exhibited by the
' polymeric foams useful in the present invention can be
15 quantified by determining the amount of strain pfoduced 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 gn a foam sample of standard size (cylinders which are
20 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 conftnang pressure of 5.1 kPa for a period of
15 minutes at a temperature of 88°F (31.1°C). The amount of
25 strain produced in such testing is reported as a percentage of
the saturated and fully expanded sample thickness that the
conpréssed thickness of the sample represents. The method for
carrying out this particul;r type of test for quantifying
resistance to compression deflection is set forth in greater
30 detail in the TEST METHODS section of commonly assigned,
co-pending U.S. Patent Application Serial No. 07/989,270 (Dyer
et al., filed December 11, 1992), the disclosure of which is
incorporated by reference.
The absorbent foams useful herein are those which exhibit
35 *a resistance to compression deflection such that a confining
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-11- - Figures 17 and 18 schematically illustrate two possible
met hods of formng slitted regions in absorbent nenbers accordi ng

to the present invention. DETAI LED DESCRI PTI ON OF THE
| NVENTI ON 5 Wiile the principles of the -present invention are
appl i cabl e to absorbent members formed of any absorbent mat eri al
having an interconnected network of open sgfaces which . 1s capabl e of
transporting aqueous body fluids within the absorbent nenber, and
whi ch expands upon acqui sition of such 10 fluids, a presently '
preferred material fRnessure pfi SdckRadaneduces a straif of tyricyilystrom abautnt i on

I's a polynmeric.foam yggeipgut- 80% compression oPOIneNesdnt staArRTErfwheheit KRS
referred to herein can be . .
: _ been saturated to its free absorbent capacity with synthetic
urine having a surface tension of 65*5 dynes/cm. Preferably
5'n the strain produced under such conditions will be in the range
from about 5 to about 40%, most preferably from about 5 to
about 25%. For the preferred HIPE foams of this invention,
resistance to compression deflection can be adjusted to strain
values within the foregoing ranges by appropriate selection of
10 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
15 ' 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 -
. tenden%y or propgnsity of a piece of foam material to return
20 - to its origina! 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
25 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
30 section of commonly assigned, co-pending U.S. Patent
Application Serial No. 07/989,270 (Dyer et al., filed December
11, 1992), the disclosure of which is incdrporated by
reference. Such a procedure in general involves compression
and release of a standard size foam sample which has been
35 saturated to its free absorbent capacity with synthetic urine.
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characterized as the structures which result when a.relatively

nononer-free liquid is dispersed as droplets or bubbles in a 15

pokyrmeri zabl e nonener-containing liquid, followed by pol yner-

i zation of the nonomers in the nononer-containing liquid which

surrounds the droplets. The resulting polynerized di spersion can be
in the formof a porous -solidified structugé which is an aggregate
of cells, the boundaries or walls of which cells 20 conprise solid
polynerlzed material. The cells thensel ves contain the relatively
monorer -free |iquid Sampdes avei maintained under 5Bl compressiohofor kasktf perimd t he

droplets in the liqubfl time and tHenSHQY $éﬂﬁsed from compressnPnOI YTHR' bt dnQ24
i ncluding foams prepare

relatively closed-cel? é;g g’?e Taiiple rec?"@l’ét Ve%’cgbﬁi‘nlcjé?:@d%?c%ﬁ&?a‘!ﬁer

dependi ng upon whet hevailable free afidfids ihehexomermisutewiperind tafiterceie wal | s
or boundariesg’ release Sof co&ﬁﬁfﬁﬂd f}%é‘éd(i‘ﬁstal%'heaﬁ 4 Indsife 'af Q eVO' d
of , polyneric mat er | al meric oam materi als

the 30 absor beRRCOXeYY dirag %B’M"%-'tﬁ“%tdfrf@%cfdf’"t@f@sb}@éﬁ Pi"ﬁ%’?ﬂ’tbn are
those which are rel abf whkysampde-celled in that the i nd| vi dual '

cells of the foamare fop the. [P3h Rkt 1BinC O5PF T R n the present invention

will generally exhibit a- recovery of at least 75% of the
10 - 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) Flexibiljty
15 The absorbent foams useful in 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
f1exib¥e; therefore, means thap these foams can be deformed or
20 - 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 for use in the present
invention should also be sufficiently flexible to withstand
25 compressive or deforming forces which are encountered during
preparation, processing, packaging, shipping-and storing of
absorbent articles céntaining 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
jo 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 péckaging. Accordingly, the compressive and
deforming forces to which the foam absorbents herein can be

35
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I sol ated from each other by polynmeric material of the cell wal | s.
Thus the cells in such substantially open-celled foam

-12- : structures have intercellular openings or "wi ndows" which
are large enough to permt ready fluid transfer fromone cell to
the other within the foamstructure. - In substantially
open-celled structures of the type 5 -2pseful herein, the foamw ||

generally have a reticul ated

subjected dufing processing'and marketing can be even greater
than those which are applied to the foam materials in use.
IV. Fluid Handling and Absorbencﬁ Characteristics
Absorbent foams having suitable polymeric compositions,
5 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 -
'10 - foam materials herein which fender_such foams especially
| suitable for use as absorbent structures in absorbent articles
designed to acquire and hold agueous body. fluids.
The fluid handling and absorbency characteristics which
are most relevant to the realization of suitable absorbent
15 foams are: A) the free absorbent capacity of the foam; B) the
' rate of vertical wicking of fluid through the foam structure;
and C) the absorbent capacity of the foam at specific
reference wicking heights. Each of these characteristics is
descri?ed in greater detail as follows:
20. A) [Free Absorbent Capacity _
Free absorbent capacity is the total amount of test fluid
(synthetic urine) which a given foam sample will absorb into
° its cellular structure per unit mass of solid material in the
_ sample. Such free absorbent capacity measurements are for
25 purposes herein calculated at equilibrium, i.e., after the
foam sample has been allowed to acquire and/or hold ail 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
30 'structures in absorbent articles such as diapers will at least
meet a minimum free absorbent capacity.
Using the procedure described in greater detail in the
TEST METHODS section of commonly assigned, co-pending U.S.
Patent Application Serial No. 07/989,270 (Dyer et al., filed
35 December 11, 1992, the disclosure of which is incorporated by

e
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character with the individual cells being defined by a plurality of

mut cal |y connected, three dinensionally branched webs. The strands
of <polynmeric material which nmake up the branched webs of the
open-cell foam structure can be referred 10 to as "struts.”
Open-cel l ed foans having a typical strut-type structure are shown
by way of exanple in the photom crograph .28- set forth as Figure 2.
For pur poses of the present invention, a foammaterial is
"open-celled" if at |east 80% of the cells’ in the foam structure .
that are at least 1 yifarefted] Z5e8 sbsoPbent capacity 'cuh%&ﬂnwabeaiinhﬂéh %I-h
at. | east one adjacent cell. Qterna tively terr al
be considered to be 30y 9iven foam,sampie; Iayg‘@déﬂeE‘”élcl gb“lyf‘% tteﬁﬁ'éqae-ne&%ured
avai | abl e pore such. wotacheiqueat ai foant sdmpdet oBAYeof fielekddwros el and | v
avai |l abl e glu , d A Y, -iI

© wei ght 20 Tratio gpi’t hegﬁceﬁsﬂl 3 ?ﬁgmgm rktq%ég)f&)sg&&ne\gﬁéﬁhébg %
f or med. 5 is 13l lemedi to oabsmsb @enge&befﬁucd:wtwe@qumérpm yméfter f oam

materi‘al s useful " in. tRvRT RFCtHe 'sﬂt’nﬁﬁttéd)rkaﬁ\bﬁ lFy6hi Cﬁh@' ﬂlﬁd' "the amount of

character. The foans erel nmust be s i cientl )
permt the foamto ab u’é?fugr%ﬂ %qaﬂr dirs]‘ " eJ}greJ %reedﬁ:éamgy,

hereafter specified.is Medlmnakaridherhamteespemah’ty useful for absorbing
urine in absorbent articles according to the ‘present

10 invention, absorbent foams 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

15 - foams useful herein relates to their...abﬂiti"tb quickly move
or "wick" acceptable amounts of body fluids through their foam
structures. Vertical wicking, i.e., fluid wicking in a
direction opposite from gravitational force, is an especially .
desirable performance attribute for the absorbent foam

20 materials herem' This is because such materials will

' frequent]y be utilized in absorbent articles in a manner that
fluid to be absorbed must be moved within the article from a
relatiire]y lower position to a relativ_ely ‘higher position
within the absorbent core of the article.

25 . Vertical wicking performance. is related to the magnitude
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

30 foams herein will perform as absorbent structures in absorbent
articles. For the foam absorbents useful in the present
invention, fluid wicking propensity can be quantified by
referencing both a vertical wicking rate test and a vertical
wicking absorbent. capacify. test..

35 1) Vertical Wicking Rate
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respect to preferred foamtypes and net hods of foam preparation,
the.internal surfaces of the foam structures.’ herein can be
rendered hydrophilic by virtue of residual hydr ophi | i zi.ng agents
left in the foamstructure after - 30 pol ynmeri zation or by virtue of
sel.ected post-pol ynerization f oam treat nent procedures which can
be used to alter the surface enet®y of the material which forns

the foam structure. The extent to which polyneric foam
structures such as

“hydrophilic" can be 3%&he Vetrpfﬁ%in‘# f‘gflli weﬁgqe%%%%%gtas L%egﬁgéﬁéﬁ
t ensi on" exhi bited bfor 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
5 37°C. . Such a vertical wicking rate test is described in
' greater detail in the TEST METHODS section of commonly
assigned, cd—pending U.S. Patent Application Serial No.
07/989{270 (Dyer et al., filed December 11, 1992), the
) disclosure of which is incorporated by reference. To be
10 especially useful in absorbent articles for absorbing urine,
the foam absorbents 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 preférab1y, the
preferred foam absorbents for use in the present invention
15 will have a 5 cm vertical wicking rate of ne more than about 5
minutes when wicking synthetic urine. i

2) Vertical Wicking Absorbent Capacity

The vertical wicking absorbent capacity test is carried
out in conjunciion with the vertical wicking rate test. '

20 Vertic£1 wicking absbrbent'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

25 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 in the TEST METHODS section of commonly
assigned, co-pending U.S. Patent Application Serial No.

30 07/989,270 (Dyer et al., filed December 11, 1992), the
disclosure of which is incorporated by reference.

To be especially useful in absorbent articles for
absorbing urine, pfeférred absorbent foams - for use in the
present invention will generally have a vertical wicking

35 absorbent capacity such that, at 11.4 cm (4.5 inches) of
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- 13- such foans in contact with an absorbabl e test quui'd.

Adhesi en tension is defined by the fornmula AT = [err]. COS
[err] wherein AT is adhesion tension in dynes/cm 5 )
[err] is the surface tension of .a test |liquid absorbed by the

foam material in dynes/cm - .[err] is the contact angle in
degrees between the surface of o -30- the polyneric foam and the.
vector which is tangent to the test liquid at the point that
the test liquid contacts 10 e foam surface

F
any given hydrophi | i%@rt trh wigkdng &P‘gftthet@dﬁ%% dest stmp wickso§Q3dn1east o
exhi bited by the foaiboGer508¢ mdst Preferad pareibonenisy,| of its free absdirbenta

procedure whereby melght upt ake of a test |iquid, e.g., synthetﬂc
uri.ne or propanol, i@ ﬁ%a dured for a foam 15 sanpl e of known
di mensi ons and capi IV.ar ysldtted Regiopscific surface area. Such a

procedure is gé&scribed igy Gﬁﬂaikﬁ'(ard% irftance to the preseR€ ihk&nt ik THORRe
section of commonly 1nc?usg%on of lptein rggwns within the polymeric foam
absorbent member. .
Improved polymeric foam material absorbent members
according to the present invention incorporate a plurality of
10 slits extending at least partially through the thickness of
the absorbent member to form a slitted region. In a preferred
configuration, such as depicted in Figure 4 in the context of
disposable diapers, the slitted region is located primarily in
the typical deposition (crotch) region while ‘an unslitted
15 border of foam material sdrrounding'this region is maintained.
The slits can be formed when the foam material is in its dry,
collapsed state, or while still in its expanded state prior to
dewatering, and preferably extend entirely through the
th1ckneﬂss of the material. The size of the slitted area may
20 be varied as desired, and the slitting may be in any desired
pattern, although the alternating "brickwork" pattern depicted
in Figure 4 is preferred. L
The orientation of the slits plays a role in the
migration of fluid within the absorbent member. The presently
25  preferred pattern depicted in Figure 4 maintains a relatively
direct fluid path running in the X direction from the '
deposition region to both end regions of the absorbent member,
and thus promotes more even fluid distribution and better
utilization of the storage capacity of the foam material. On
30 the contrary, slit orientations which are more Y. direction
oriented provide a more tortuous fluid path for fluid
travelling in the X direction because the fluid must travel
around the ends of each slit when the slit surfaces are
displaced from one another.

35
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U S. Patent Application Serial No. 07/989, 270 (Dyer et al., filed

Decenber 11, 1992), the disclosure of which is hereby 20 I ncor por at ed
herein by reference. The foans which are useful _ as absorbents in

the present invention are generally those whi ch have been rendered
hydrophilic to the extent that they exhi bit an adhesi on tension of
fromabout 15 to about 65 dynes/ eBi- nore preferably from about 20

to about 65 dynes/cm 25 as determ ned by capillary suction uptake of
synthetic urine having a surface tension of + 5 dynes/cm

The properti es, featuresFHﬁmﬁog depicist ani absardent mqmyer 10 formedopfimeric

foam material s usef Upo liyRes ¥ fBErﬁ*Sﬁ’c‘ériﬂVem i20uBELantially moiSEurevVhle,
interrel ated and |nter4e endent

_ ]
categorized as fol | of®:aP38d cP'Pﬂﬁémba‘ﬁVCEuﬁ'%ﬁ 3”573" provided” "r‘tﬁ g dttef it s
col | apsed state; (IIyegibms20 macordingatd ythe present imveingiemt ﬁbe |ﬂsitteqoanded

state; (111) ghose e%bhyznd gL@é@%u mc]udes at;ﬁueqmr of lifd APlduEPSaqtor

expanded state and | cul ar, rel evant, tg its
absor bency when- in cé(ht apd W tareferably at a‘cf@ébu%a'ﬁéél ¥ purggmdeé by an

unslitted border region . 40. End regions 50 and 60 are
preferably unslitted as well. The slitted region 20 is
preferably substantially confined to the region of typical
10 1iquid deposition when the absorbent member 10 is- positioned
in an absorbent article and worn by an individual, although it
is within the scope of the present invention that at least
part of the slitted region may fall outside of the typical
deposition region or that a part of the depositton region may
15 ~ remain-unslitted. ¢ .
Also shown in Figure 4 is the coordinate system defined
by the absorbent member 10, which is suitable for use in a
disposable diaper or adult incontinence article. The X
directjon depicted is the longitudinal direct1on which passes
20 between the legs of the wearer from the end region 50 (near
* the front waist of the individual) to the end region 60 (near
the rear waist of the individual). The Y direction depicted
is the lateral direction which extends between the legs of the
. wearer from one side border 40 to the other. The I direction
25 is orthogonal to both the X and Y directions and is generally
normal to the upper and lower surfaces 11 and 12,
respectively, of the absorbent member 10.
As more clearly depicted in Figure 5, which is a
transverse sectional view of Figure 4 taken along’ line 5-5,
30 . each individual slit 30 forms two s1it surfaces 31 and 32. In
a preferred configuration, the slits 30 extend entirely
through the absorbent member 10 in a direction generally
normal to its top and bottom surfaces 11 and 12, respectively.
. For a generally planar absorbent member such as depicted in
35 Figure 4, the slit surfaces 31 and 32 have a generally
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-14- CorreSpoﬁdineg nunbered Sections I-1V foll ow,

expl’ai ni ng In greater detail the above-nentioned properties,

feat ures, and/or characteristics. Section V sets forth the
features and characteristics provided by slitted regions in such
absorbent 5 menbers, and Section VI describes wuseful .processes in
preparing a presently preferred type of peB&neric foam = mat eri al .
Finally, Exanples are presented which set forth parti cul ar o
pol yneric foam materials which have been found articularly usefu

€ p
in accordance with tTReIpFBLaRtshapee el bipd ab each end by thetpads oifi bh syit
sections particul ardnd opeddchi Hideobyathe upper and lower surfaces 11 and 12,

respectively, of the absorbent member 10. Figure 6 is a
fragmentary elevational sectional view of an absorbent member

_5’“ in the vicinity of an individual slit, illustrating a slit
surface 31 bounded by slit ends_33 and 34 and the top and
bottom surfaces 11 and 12, respectively.

When the absorbent member is in its collapsed, relatively
moisture-free state, the slit surfaces of each individual slit

10 are in close proxiﬁity to one another and are generally
aligned with one another. Since no material is preferably
removed from the absorbent member in the formation of the
slits, in the absence of any forces applied to the absorbent
member the slit surfaces are typically in contact with one

15 another across substantially their entire surface area.

. The deposition region of such an absorbent member
typically correlates to ‘the crotch region of a wearer during
use. While the general outline of the periphery of the
‘absorbent member in its unfolded and undeformed state is

20 designed to at least partially accomodate the anatomical
characteristics of a typical wearer, the use of slits in
‘particular locations enables the absorbent member to better
conform to the wearer’s anatomical characteristics in those
regions, particularly as the wearer moves about. ‘This results

25 ~in a more comfortable fit, as well as reduced leakage

' potential by minimizing gaps in fit.

While the use of slits provides improved flexibility in
the absorbent members, these slits also increase the effective
surface area of the absorbent member. The surfaces of each

30 slit contribute to the increase in surface area, particu]akly
given increase in height of the slit surfaces due to the
exbansion of the absorbent member in the Z direction. This in-
turn provides an increase in the rate at which the absorbent
member can acquire and store fluids. This acquisition rate

35 increase is a matter of degree, and is highly dependent upon
— T
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presently preferred \}ariety of potymeric foam materials, . al t hough

thesprinciples set forth wwth-particularity therein are applicable
to-other varieties of foam materials and ot her absorbent materials
-"having sim |l ar expansion characteristics 15 as well. . -
Col I apsed State. The polyneric foammaterials useful in the
pr esent i nvention are usually obt-@8ned by polynerizing a H PE-type
enmul sion as descri bed hereafter. These are water-in-oil 20 enul si ons

having a relatively. npynt of an oil phase and arelatively
greater ampunt of a %gaé?atﬁﬁhée used farat |{;am absorbent gemhgr and other

pol ynmeri zation, the rabsnﬂbbnngcdimﬂémnt(al 85, acellulose f1§y,b§ta‘-msloabe,ﬂrmunt
of water. This vvater se o] S|ve
forces, and/or can bd c?l'g a‘éﬁéﬁ{ﬁ% e ryﬁg ar']ryy E°gse g'ﬂaj?lq é‘saybﬁ %t ing
in an oven, or by vadﬂu?ﬂ‘t“] fluid Reauisdtion |fﬁh%ciqqumttrlmn mtems also '

conpressive fgfces. pj TEyerdependent up&uorfﬁéeé&iﬁﬂmgarﬁye%ur‘yy' ng,
pol ymeric foam materla al, si onal Iy coHapsed (or

n
unexpanded) - st at e. rnal pressurfﬂequg?qc{]pgqn stgF [TJ;&SGFIE"GW’&‘ bee yhegcwarst i ve
col | apsed H PE 30 by afweaner noderwaitialwaéamingacondetionsx piwdsh ethdigased

conpression 1s surface area, more fluid is acquired, which results in more
expansion, etc. until thé full storage capacity of ‘the foam
10 material is utilized. '

In a substantially moisture-free condition, the open
cellular structure of the foam material is in a collapsed
state, and when infused with fluid the cellular structure
returns to its expanded state, storing a comparatively large

15 quantity of the fluid in the internal void spaces. This
expansion property is directly tied to the acquisition of
fluid, so regions that acquire fluid more qu'icldy. expand more
quickly than regions which acquire fluid more slowly.

Besides an enhanced aéquisition rate, and increased

20 flexibility, slitted regions in combination with non-slitted
and/or relatively drier surrounding regions enable the
absorbent member to respond dynamically to various fluid -
loading conditions. The expansion property in the planar
direction of the polymeric foam absorbent members preferred

25 for use in the present invention thus provides an unexpected
additional benefit in combination with the use of a slitted
region in generating dynamic structural configurations which
further enhance the fluid acquisition capabilities of the.
absorbent members. '

30 Figures 7, 8, and 9 depict the absorbent member of Figure
4 when it is in a partially fluid-loaded condition. When
fluid is introduced into the deposition region, the slitted
region expands in all three principal directions much more
.r"apid]y and to a greater extent than the surrounding unslitted

. 35 region. Of particular importance is the ability of the.
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shown in the phot onmi crograph set forth in Figure 1. As shown I n
Figure-1, the cellular structure of the foamis distorted,
especially when conpared to the H PE foam structure shown in

Figure 2. (The foam structure shown in Figure 2 is inits 35 expanded
state.) As can also be seen in Figure 1, the voids : or
pores (dark areas) in the foam structure hd¢e been flattened or

el ongated. There is also no or mninmal contact bet ween adj acent

struts of the foam structure: .
. preferred foam materials to expand in at least one direction

in the plane of the absorbent member, and in this instance to
expand in all directions within the plane of the absorbent
‘member and also in the normal direction. The upper surface 11
3. and lower surface 12 are, in a preferred configuration,
~ substantially parallel, and in such a condition the planar
direction can be defined by reference to the general plane
defined by either surface. If, however, the two surfaces are
not substantially parallel, for purposes of the present
10~ . invention the planar direction can be defined by a plane which
can be constructed intermediate the general planes of the two
respective surfaces. Once a planar direction is established
by either method, a normal direction perpendicular to the
planar direction is also éorresponding]y defined. '

15 The slitted region is constrained at its - edges by the
slower-to-expand unslitted region, and thus its continued
expansion forces it to deform and buckle out of the plane of
the absorbent member to form one or more dome-like structures.
This ?oming effect causes the slits to opén and the slit

20 surfaces to displace angularly and/or translationally, further
exposing the slit surfaces to provide increased surface area
for subsequent fluid discharges. The doming effect also
creates a void space under the absorbent member which fluid
can reach through the oben slits. This void space provides

25 temporary surge capacity for capturing and isb1ating excess
fluid until it can be absorbed and stored by the absorbent

" member. | .
In the context of the present invention, by describing
the slit surface displacement as "angular", the phenomenon

30 intended to be described is the rotation of the slit surfaces
from their generally parallel initial orientation to a
substantia11y non-parallel orientation, producing what roughly
approximates a funnel-like "V" or cup shape. This funnel-like
shape provides an upwardly projecting exposed area for each

35 ~slit surface, providing enhanced fluid acquisition capability.
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Fol | owi. ng conpression and/or drying, the collapsed 5 pol ymeri ¢ foam

mat-erial can potentially re-expand, especially when wetted with
aqueous body fluids. (See Figure.2 which shows a typical H PE foam
structure useful in the present invention in its expanded state.)
Surprisingly, these polynmeric foammaterials remain in this
col l apsed, or 10 unexpanded state, fo¥-significant periods of tine,
e.g., upto at |east about 1 year. The ability of these polyneric

Lo hed to beBue (15 nsRule i v b Ik CBREPTE RIS e T
capil lary pressures effectivpresswof hihe shitsf darpreveatcingr luid$ from rukminged
Cherein, rcapillary leastiihe siFqfl Sof Rk NebsdrBa! nénber, the <164 fddgent i al
across the liquid/air 1nterface due to t . curvature o ni scus
within the narrow cdfis nEtOWiRg tthe gb‘#’é’s and permitting the fogmMaterjad to
%ggter] eg,G i‘g&b’ég;bxﬁg#g Tlegti le Scizgnce ~and Technol ogy, Vol. 7,
950, B 301 For el 0 lkeutiton the phedghpiod SuFSRBELIhb Heds R
drying, the polymerity tberuse of the temmclttranslasésnal”i disphecementein the
Ih%(ragt : 82 22202;3;23@\}“?%?&%%@“ of tﬁ@%oi Sriltud@eraes oft By Wakeicu®hr
individual slit from their initial orientation (wherein their
10 top edges are generally coextensive and their bottom edges are '
geﬁera11y éOextensive) to an orientation wherein one top edge
of one slit is somewhat higher than the other top edge, and
likewise the one bottom edge of one slit is somewhat higher
than the other bottom edge. This produces what may be roughly
15 described as a "wicker"-type orientation, and provides for a
laterally projecting exposed area for each slit surface, and
in turn enhances fluid acquisition capability.
As fluid migrates into the surrounding regions of the
absorbent member, and as these relatively drier regions tend
20 to attract fluid away from the slitted and initially wetted
' region, the doming and slit displacement tend to diminish as
the expansion of the surrounding regions approaches that of
the slitted region. In fact, once the moisture content of the
entire absorbent member is relatively uniform, the absorbent
25 member returns to generally the configuration:depicted in
Figure 4, albeit expanded in all directions.

" Absorbent members according to the present_invention may
in fact have more than one slitted region, or may be slitted
over substahtially their entire surface. In this fashion, the

30 slits may be utilized for their other -beneficial
.characteristics such as improved flexibility.

In addition, depending upon the arrangement of the slits,
more than one distorted or dome-like structure may be
generated even within one slitted. region (such as dgpicted in

35 . Figure 9, wherein two such structures are illustrated), such
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hydroscopic; hydrated salt incorporated therein (as described 25

hereafter), as well as free water absorbed within the foam It is
this residual water (assisted by the hydrated salts) that is
bel i eved to exert capillary pressures on the resulting _ col | apsed
foam structure. Collapsed polyneric foammaterials . useful in the
present invention can have residual wat er -380 contents of at |east .
about 4% typically fron1about 4 to about 30% by weight of the =

[oam whon, otor ed SRR S, SAATRehE Remper s wn”undlpghp ne) S ™
material s for use infumetipnetenmorienfielilyi exposavthe slit surfacesi dual water
contents of fromabout 5Sthe gPf4talSthdbactérigtic &P the pdilmédic TR
. materials insofar as this dynamic structure is concerned is
§  the ability of the foam to expand in at least one direction
~within the plane of the absorbent member. This may be
described in terms of an expansion potential, in that the
collapsed polymeric foam material has the potential to expand
to a certain percentage beyond its collapsed size when loaded
10 with fluid. Absorbent materials of the type presently
preferred for use in the present invention will possess an
expansion potential when fully loaded with fluid of at least
about 5% if expansion potential only exists in one direction
within the X-Y plane, and at least about 3% if the material
15 has expansion potential in two or more directions within the
X-Y plane. Such materials preferably have an expansion
potential in the Z direction of at least 200%. More
preferably,'such materials have expansion pdtentials of at
least about 10% in directions within the X-Y plane and at
20 least about 300% in the Z direction when fully loaded with
fluid. The preesently preferred HIPE polymeric foam expands
approximately-lzz in the X direction (machine direction during
manufacture), about 15% in the Y direction (cross direction
during manufacture), and about 500% in the Z (th1ckness)
25 direction when fully loaded with fluid.
' Figure 10 is an elevational sectional view of the
partially fluid-loaded absorbent member of Figure 9. The
point of view of Figure 10 is substantially that of Figure 7,
with the section line 10-10 intersecting one of the dome-1ike
30 structures of Figure 9 (but not intersecting any individual
slits). This Figure clearly depicis the expansion and
buckilng of the foam material which occurs in the slitted
region in the area of fluid acquisition. It is the expansion
and buckling such as depicted in Figure 10 which produce the
35
—_—
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-16- : Inits col | apsed state, the capillary pressures

devel oped W thin the foam struct ure at | east equal the forces
exerted by the elastic recovery or nodul us of the conpressed
polynmer. In ot her words, the capillary pressure necessary to keep
the 5 - col | apsed foammaterial relatively thin is determ ned by the
counterval i ng force exerted by the corrpreﬁéd pol ynmeric foam as it
tries to "spring back." The elastic recovery tendency of poI yneric
foans can be determ S nment s, whe
‘expanded foamis co yg%gn% J‘aﬁﬁﬁfa%ﬁﬁothe sTit fﬂ'#gfgs SCFOrdae {%%bﬁnded
cal i per (thickness) maenmenvmnm in this conpressed state until

an equilibriumor rel axeth geh&as, expansmn Fé’déﬁ%d]s iHEESH e t}cﬁ\' bersplehvel v,
the equilibriumrel e is deter

n
measur ements on thea?&ol ﬁeﬂ"c,“tw“ °f %E?og] an‘i'qdé'cﬁﬁlﬁrn}psté'd“%}‘é't‘@“%en in
contact with 5aqueousd1351 acement f phendmenoa. @as. ,a Watimary efifectal 4t nedy ve

rel axed stress val uese'cﬁndarﬂy prodil€& C&ne®" n&u?lf " 45 falefeht!, N FEPARLS! on

pressure" of the foa
expansmn potential in a direction perpendicular to the

direction of the slits produces the angular displacement
phenomenon as a primary effect and may secondarily produce ~
10 some translational displacement. In the foam materials which
are presently preferred, the expansion potential in all
directions, particularly both parallel to and perpendicular to
- the direction of the slits, produces both angular and
translational displacement of slit surfaces in regions where
15 - the expansion is occurring during absorption of the aqueous
body fluid. This combination of both angular and
translational displacement provides an optimaT configuration
in terms of acquisition rate because it maximizes the surface
irregularity and the surface area for acquisition.
.20 , As with the acquisition rate, the amount of deformation
"exhibited by absorbent members of the present. invention is
“also highly dependent upon such factors as slit length, slit
pattern, slit pattern density, sheet thickness, and the
expansion properties and acquisition rate of the foam material
25 itself. The area of fluid deposition and the pre;ente or
' absence of an unslitted border may also influence the amount
of deformations exhibited.
Figure 11 depicts a multilayered embodiment of a slitted
absorbent member according to the present invention, in which
30 at least one layer comprises a layer of the polymeric foam
"material and incorporates a slitted region. The upper layer
110 in this illustration is provided with slitted and
unslitted regions as described above. At least one of lower
layers, in this illustration layers 120 and 130, is preferably
35 ' not provided with slitted regions so as to provide a
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A detai | ed description of a procedu:r e for det e-rm' ning the
expanston pressure of foans is set-forth in the TEST METHODS

section of commonly assigned, co-pending U S. Patent 20 Application
Serial No. 07/989, 270 (Dyer et al., filed Decenber 11, 1992), the

- disclosure of which is incorporated herein by reference :
The expansion ‘pressure for polyneric foams3&seful in the pr esent
i nvention i's about 30 kil oPascals (kPa) or |less and 25 typically from

about 7 to about 20 kP nS| ' is within a
rel atively narrow raﬁﬂ’g’““ﬁﬂss \'ﬁ?&ﬁ% the slitted, %@PPB& eCEVERS, WPREency
of typical polynericliyenxts) undfenhance the overallt lseryotas@htintegrantyi afh the
relatively constant. abﬁﬁq g&gg%ﬁﬂey' while F'l%UtIeh?l Bjiéésarmregr ?§$€¥ sCFaving -

necessary to provide co expande neric
materials useful in S¥RStaREiadhy the sae sizg 30¢ #hage, anhsae tRAYi Ea|wef ar|

Wi thin a const@nt rapgés than three layers dndr tiRUNAYSSS may bdeofpidésfetting
i nvention, it has beep_foun that the specific surface area per

foam vol une is parti &A% P /or shapes. <ot Ul for.enmpirically defining foam
structures useful in theInaﬁmtllayepecbsgnﬁgunvennsorthehmpm slittednlayern a

col lapsed state. A performs substantially as described above insofar as initial
fluid acquisition 1is . concerned. In multilayered
10 configurations which incorporate adjacent multiple Iayers of
the po]ymeric foam material, once the upper layer has acquired
fluid, the upper and adjacent layers interact to produce a
unique and advantageous structural configu'rati'on. In
multilayered configurations where only one layer is a foam
15 material and the other layers do not have such expansion
characteristics, the behavior of the foam layer is essentiall y
simi_'lar to the single layer behavior described above.
As with most mu1ti'layered absorbent members, in which
each Iayer itself has a propensity to acquire and store fluid,
20 _layers which have a lower moisture content will tend to draw
fluid from layers which have a higher moisture content (a
‘phenomenon commom1 y referred to as "partitioning”). 1In an
absorbent member with layers having roughly the same
absorbency characteristics, the fluid would tend to' migrate

25 throughout the layers of the absorbent member until a roughly
’ equal fluid distribution is achieved throughout the absorbent
member. '

~The uppermost layer (or whichever layer is located in
proximity to the source of the body fluid) typically has a
30 highér moisture content, at least initially, than the next
lower layer, thus establishing a moisture gradient downward
through the absorbent member. The next lower layer will thus
tend to draw filuid from the uppermost layer through their
contacting surface areas in order to achieve an equilibrium
35 between layers with respect to moisture content.

—_—
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-17- : nore detailed discussion of specific surface area per foam

vol une. may be found in commonly assigned, co-pending U S. Pat ent
Application Serial No. 07/989,270 (Dyer et al., filed "Decenber 11,
1992), the disclosure of which is hereby 5. i ncor porated herein by
ref.,erence. As used herein, "specific surface area per foam
volume" refers to the capillary suction -39- specific surface "area of
the foam structure tinmes the foam density. This specific surface
area per foamvolune value is - characterized as "enpirical™ in

that it is derived from @4 to the unique abilities of the polymeric foam
materials which are preferred in accordance with the present
invention, the foam material in layers which are acquiring
- fluid will be expanding while the foam material in layers

5’ which are giving up fluid will be contracting. In addition,
the surfaces of the polymeric foam material tend to have a
comparatively high coefficient of friction when wetted, and
the surfaces tend to be drawn together by capillary forces.
As such, when adjatent“surfaées of adjacent layers are '

10 moistened, relative sliding movement between layers is greatly
reduced. '

As shown in Figure 12,'which is a cross-sectional view of
the absorbent member of Figure 11, these properties of the
polymeric foam material generate a beneficial structural

15 configuration'uhen multiple layers of collapsed polymeric foam
. materials are used. Forces exerted on various regions of thg
. foam material are depicted by the smaller arrows in Figuré 12,
and as shown the lower layers 120 and 130 tend to expand
outwaqﬁ]y (in all three directions, actually) while the
20 uppermost layer 110 is contracting with its corresponding loss
of fluid to the next lower layef 120. Since the bottom
surface of layer 110 and the upper surface of layer 120 cannot -
move relative to one another due to the above-described
friction/capillary suction phenomenon, the outwardly expanding
25- layer 120 tends to hold open or further pull open the slits of
' ‘the uppermost layer 110, as shown in Figure 12. This effect
is enhanced by the contraction of the individual strips of
foam material 115 between the slits and at the edges of the
uppermost layer. The funnel-like shape occurs due to
30 cbhtraction of the free surface of the slitted layer while the
surface of the slitted layer in contact with the unslitted
layer is restrained as it is held in contact with the
unslitted layer, thus creating a strain differential within
the slitted layer in a direction normal to the plane of the
35 absorbent member.

—_—
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10 the capillary suction specific surface area which is neasured
during-wetting of the dried foamstructure, and (b) the density of
t he expanded foam structure after wetting to saturation, rather
than by direct nmeasurement of the dried, col | apsed foam structure.
"Even so, it has been found that I5 certain mnimum specific surface
area per foam volune val ues are ca@orelatable to the ability of the
foam structure to ' ‘remain in a coll apsed state. Polyneric f oans
useful in the - present invention having specific surface area per..
f oam vol une val ndeedpfas dhe | foamt matievdial Gnoie wppenmpst dayer &flér abl y

at least 20 abehfeiRudd off ewrgﬁée@ refrgéitvepi@fﬁ\reahém %uéreq%&evatigvt 0.07

n2/cc, have remain in a col State.

Capi |l ary suction sptk§ fsl‘ée"@dhétfeth? éé‘“o@ﬂf’d*e%%??}“eaﬂﬂre curve ‘"'t"elal
size factors rel evantuﬂ-mkélesrﬂ@@lHﬂ@evﬁ)tmisuheﬂag\dbom This cupestpleensi on

B eani 1 oy Subet SRERsTre T HaFr ShARCEvARESebls in ehauehy PRRCECESC
specific surface ar eaurﬁgces rreg@irerexposed for subsequeehshmm)fdus%arges and
]Eest -11quid-accessi bla?t Sy framfe18r €6 (ﬁfreé’beﬂmd into tHOlsY B iahd N@dwhRird
ormng a particular tToam per unit SS
toward the under1y1n fsyers This structure is also
advantageous in the context of containing and dewatering moist
10 or runny fecal material, as such material will also be
directed downward into the slits rather than being allowed to
run'1atera1ly over the surface of the absorbent member.
This advantageous'tup—1ike shape can in fact be formed
during the process of making the absorbent member, such that
15 single layers of foam material can exhibit this structural
configuration even prior to fluid acquisition. Figure 15 is a
cross-sectional view similar to Figure 5, and illustrates such
a pre-formed single sheet of polymeric foam material with the
- slits formed into an open cup-like conf1gurat1on and indicated
20 by the numeral 210. Figure 14 is a plan view of such an
absorbent member, and Figure 16 is a fragmentary plan view of
‘the absorbent member of Figure 14 presenting a magnified view
of one individual slit in its preformed state.
In preparing such an absorbent member, the slits are
25 preferably cut into the foam material prior to the ~dewatering
process. The foam material is then dewatered, preferably via
air and/or thermal drying, with the lower surface adhered to a
flat, non- porous substrate. Alternatively, the material could
be dewatered, the slits formed in the substantially
30 moisture-free foam material, and the -material then
re-hydrated, after which the dewatering process in conjunction
with the substrate would proceed similarly. 1In a wetted
condition, the lower surface will not slide on the substrate
due to the high coefficient of friction of the wet foam and
35 capillary suction. As the foam material dries and contracts,
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30 the bul k foam materi al (polyner structural materi al plus solid

residual material).

det erni ned both by the dinmensions of the cellular units in
foam and by the density of the polynmer. Capillary suction specific

Capi |l ary suction specific surface area S
t he

sur-face area is thus a way of quantifying the total 35

- 18- anmount of solid surface proGerd by the foam network to the
extent that such a surface participates in absorbency.

10

15

20

25

35

the lower surface retains its closed-slit orientation because
the surface cannot contract while in contact with the
substrate. The upper surface in contrast contracts freely
with the loss of fluid, and the individual strips of foam

" material between slits contract. The resulting difference in

contraction between the-upper and lower surfaces of the .
absorbent member becomes "locked in" once the foam material is
thoroughly dried, and it can then be peeled up from the
substrate for further processing.

The pre-formed cup-like shape thus presents the surfaces
of the pre-opened slits for the first discharge of fluid
and/or deposit of fecal material, and the increased surface
area in comparison with the conventionally slitted absorbent
members provides an improved acquisition rate. Once the i_
absorbent member acquifes'fluid, and the moisture distribution
within the absorbent member equalizes (in a single Tayer
context), the slits will tend to lose their cup- -like shape and
return generally to the configuration shown in F1gure 4.

These pre-formed slit conflgurations are part1cular1y
useful tor containment and dewatering of moist or runny fecal
material, as well as acquisition of higher viscosity fluids
and/or those having a higher concentration of particulate
material therein such as blood, menses, or wound fluids. The
open cup-like regions function as receptacles for capturing
such materials and retaining them while the moisture they
contain is absorbed into the foam material. These pre-formed
slits also reduce the tendency of fluids to run off of the
surface of the foam material by providing a surface with large
openings into which the fluid penetrates via the upper.
opening.

- In a multi-layer configuration, such pre-formed slits may
also afford immediate fluid access to the next underlying -
layer (in configurations wherein the slits are substantially
opened from upper surface to lower surface) while still
maintaining a comparatively high degree of surface area
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The capillary suction specific surface area is : particularly

rel evant to whether adequate capillary pressures 5 are devel oped
Wi thin the foamstructure to keep it in a col | apsed state until
wetted wi.th aqueous body fluids. .. As ~ - discussed in greater detail in

t he” above- nenti oned comonly - assi gned, co-pending U. S. Patent
Application Serial No. 07/ 989, 270 {4yer et al., filed Decenber 11
1992), the 10 di scl osure of which is incorporated ‘herein by reference,
t he capillary pressure devel oped within the foamstructure is
proportional to the @&Bg $adaty thecineomingdduidc Jhis resmitethe underlying

Assumi ng ot her factonayexab mnhmqﬁmmgdemutMmaaeht@dyeﬁdoawecﬂy rather
tension of- the fluid %v? \ﬁ%négf{étt’ioﬂﬁ aéﬁ%ﬂsﬁé@ gaaé AR layer, and

capillary suction speci ce ar s i ncr
decreased) the capi| lhgnee fuetharr dmproves nt'teheveb?dr’n scqtu(;tltrrtm rate of thel so

I ncreases (or decreasaggaru@hgp@hbé,onately ' For purposes of
this |nvent|on capi | ary suc cific surfac? ar ea

é
det ermi ned by neasuring tif iﬁ?ﬁﬂ%’er fe'“E?ﬁ‘“‘e"tD Ssc QPRI PrRPTED %sonat’P“ow
surface tension |i quiatﬂsm(tmng..members may cpmpeisel )soméi miterdalir sthert than a f oam

sanpl e of a known magy1adc foam, subhTESLOWSre Acblettidid1 SBShHE N OF

such a procedure for
' material. Such layers of other materials may be utilized as

10 an acquisition layer over one or more layers of foam material
having slitted region(s) and/or as a storage layer underlying
such layer(s) of foam material having slits. Such materials
may also be utilized between the layers of foam material.
Some materials which may be suitable include cellulose fibers,

15 modified cellulose fibers, rayon, polyester fibers such as
polyethylene terephthalate (DACRON), hydrophobic nylon
(HYDROFIL), and the like. Absorbent structures formed from
thermally bonded, airlaid cellulosic fibrous materials may
also be utilized. Along with such fibrous materials,

20 absorbent gelling materials in particulate or sheet form may
also be desirable. The use of slits may also.be advantageous
for absorbent gelling materials in sheet form for enhanced
fluid acquisition.

. Figures 17 and 18 schematically illustrate two possible

25 ‘methods of forming slitted regions in sheets of polymeric foam
materials. In Figure 17, the sheet of foam material 300 is
passed between a knife roll 310 and an anvil roll 320. The
knife roll 310 includes a series of small, sharp knife blades
in the desired pattern and spacing, and these blades cut

30 through the foam material when it is compressed between the
two rolls to form the slitted region. Figure 18 depicts a
stamping operation in which a die 410 including a series of _
small, sharp knife blades in the desired pattern and spacing
and an anvil 420 are brought together to capture and compress'

35 a foam sheet 400. The blades on the die thus cut through the
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determ ni ng foam specific surface ar ea via'the capillary : suction

met-hod-is set forth in the TEST METHODS section of 25 commonl y

assi gned, co-pending U S. Patent Application Serial No. 07/989, 270
(Dyer et al., filed Decenber 11,.1992), the di scl osure of which is
I ncorporated herein by reference. Any reasonabl e alternative

met hod for determ ning capillary -83ction specific surface area can .
al so be utilized. 30 The col | apsed open-cel |l ed, absorbent

pol yneric foans which are useful in the present invention are

t hose that have foam materapl | taafprmuthe shitdedcregion. s fthex cprocessest at

| east about th1$zm%/ gfmT yd&laﬁ@iel Ynn&ﬂtqdﬁﬂpldr' 3bYuent Pl dnivge Gl i C
surface : rea,l? he rayg .7 to about 8 nferr]/g,
35 preferably f1dh %'b(?ﬁi’“fstﬂa aB?)fﬂ 3P¥T 'g, and nost preferably

- With respect to each of the foregoing embodiments, it is

5 presently preferred that the slits extend entirely through the
absorbent member, aithough at least some of the advantages of

- the present'inventioh may be obtained if the slits only extend
B partially through the thickness of the absorbent member.
It is also possible to form grooves or channels in the
10 absorbent member rather than slits, but the use of slits is
presently preferred to minimize ‘the amount of material loss
which may accompany the grooving process and retain full
absorbent capacity. .
The overall shape and/or size of the absorbent membér may
15 be tailored as desired for specific applications, and the
' overall shape and/or size of the slitted region(s) may'also be
adjusted as desired. '
In the design of the slitted region, other performance
aspects may be considered, such as in-use integrity of the
20 absorbent member, flexibility, and elasticity/stretch
~ considerations. S1it length, pattern density, and slit
orientation are all characteristics which may be adjusted to
optimize overall performance of the absorbent member in terms '
of acquisition rate and mechanical perforﬁ;nce.
25 The degree of deformation in single and multi]ayer'

' contexts, and the amount of cupping experienced in preparation
of preformed open slits, are all influenced by slit length,
slit pattern density, sheet thickness, and material
properties. In general, thinner sheet thicknesses are

30 believed to reduce the level of dynamic effects exhibited due
to the corresponding reduction in foam material per unit area
and the reduction in strain differential between upper and
lower surfaces. Higher density patterns in general are
believed to reduce the amount of displacement and the degree

35 of cupping exhibited. Shorter slit lengths are also believed .
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- 19- fromabout 1.5 to about 6 h{err]/g. For pore volunes to

be ~ defined hereafter, hydrophilic foans having such capillary
suetion specific surface area values will generally possess an
especi al |l y desirabl e bal ance of absorbent capacity, fluid- 5

retaining and fluid-w cking or distribution characteristics for
aqueous body liquids such as urine. |n aded4-i on, foans havi ng
such capillary suction specific surface areas can devel op a
sufficient capillary pressure to keep the foamin a col | apsed,

unexpanded state-untilo viteduesl the: Hisplasementsowsd 16he amounboofy cuppiitsg.
B) Foam Density exh1b1ted ﬁ%ﬂmséihﬁbiﬂngr%ﬁwﬁf Jx‘ﬂi‘ﬁ@ﬁﬁr r‘ik'gé

centineter of aﬁ% ‘ﬂ? 3 I S sgg herein, on a
basis. Thus Q%@rﬁ uhs h’bss PYY 948 ’Gugeﬁﬂoﬂfﬁﬁ apd g"‘atef'éasllsdual
salts . having less expansion potential in the plane of the structure

5 generally exhibit less dynamic response than materials having
greater expansion potentials.

In the area of preforming the slits in the open
'configuration, the temperature at which the dewatering
operation is accomplished is also believed to be an important

- 10 f consideration. If it is accomplished at or below ambient
temperatures the resulting structure appears to be generally
stiffer, and thh; does not as easily collapse to form the
pre-opened slits in the cup-like configuration. If the
‘operation is carried out at higher temperatures, for example

15 - at 100 degrees F, the polymer structure typically remains
' softer and more compliant, and thus more readily forms the
pre-opened slits in the cup-like configuration.

While absorbent members according to the present
inventfon may be utilized separately, i.e., without

20 accompanying structures, for use in absorbing aqueous body
' fluids such absorbent members are preferably incorporated into
some sort of absorbent artic]e As such, the absorbent
article in general will compr1se one or more absorbent members
according to the present invention and some sort of backing -
25 sheet having means for affixing the absorbent article onto a
wearer so as to maintain the deposition region of the
absorbent member in proximity to the source of the aqueous
body fluid. In a preferred type of absorbent article, the .
backing sheet will have a substantially liquid impervious

.30 character so as to protect clothing, bedding, etc. from
contact with the wetted absorbent member.

Absorbent members according to the present invention have
been found to be particularly well suited for use in absorbent
articles in the form of disposable articles and adult

35 incontinence garments. In this context, a presently preferred
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15 and liquid left in the foam for exanple, after H PE enul sjon

pol yneri zati on, washing and/or hydrophilization, i1s

di sregarded in cal cul ating and expressing foamdensity. Foam

density as specified herein does include, however, other - resi dua
material s such as enulsifiers present in the 20 pol yneri zed foam
Such residual materials can, in fact, -45- contribute significant nass
to the foam nmateri al . Any suitable gravinetric pr ocedur e

which will provide a g5 %‘;- ?bsg%&rtmagﬁtcir]gnfgj s%g’( hg%nfsto?g Fr%taerl al

per unit vol une f T.0am stru .can used :
density. For 25 aceanding, tantmsmegeratvimentwnprlécouens@taésby|bhm nmore

fully in | th &E&hhfﬁﬂr@&&@at uon, cpfatemmml %, ?@ﬁBUS‘e@iouﬁe gendi ng

U. S. Pat ent i cati Seri.al 989 2 I filed
Decenmber 11, 1992, haépﬁt sHS Sg‘ﬁnsee g?mqﬁﬁl Eﬁ @ ‘5'?‘;55 %Dﬁ'wp"ﬁed by
reference) is %ne rretrrafdrmuch can be errpl oyed for density 30

determ nation. For t‘ho Dy ; : C .
preparation procedures '

i nadvertently alter the d%‘nﬁr?‘ywﬁé @PE%nFQ‘HPtsaﬁ ri@d)""@ﬁé'nf“m materials

alternate density detxsremuhatn Oﬂhé eprte3efNiMenife &dn | b&eprepared by Such
alternatjve methods, po%mee rTPum o?a{:]erltg%l\ u'('ja e rawornFt endlsions having a
10 relatively high ratio of water phase to oil phase. Emulsions
of this type which have these felatively 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 result from the polymerization of such
15 emulsions are referred to herein as "HIPE foams."

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
'perfomance properties of the resulting polymeric foams. In

20 ~ 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 these presently preferred HIPE foams will

25 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, and most preferably from about 25:1 to about 50:1.

. A. Qj! Phase Components
The continuous oil phase of the HIPE emulsion comprises
30 monomers that are polymerized to form the solid foam

structure. This monomer component includes a "glassy"
_monomer, a "rubbery® comonomer and a cross-1inking agent.
Selection of particular types and amounts of monofunctional
"monomer(s) and comonomer(s) and polyfunctional cross-linking
35 agent(s) can be important to the realization of absorbent HIPE
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35 density neasurenents using a test |liquid absorbed within the

-20- 7 foammaterial. This type of density determ nation nethod can
be-useful for characterizing very |low density foans such as t he
foans herein wherein the dry density approximates the i nver se of

t he” pore volume of the foam [See Chatterjee, 5 "Absor bency, " Textile
Sci ence and Technol ogy, Vol. 7, 1985, p. -46- 41.1"As with capillary
suction speci.fic surface area, the - ranges for foam density set

forth hereafter are iptended to be ) .
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 0il phase of the
5 HIPE emulsions comprises one or more monofunctional monomers
that tend to impart glass-like properties to the resulting
polymeric foam structure. Such monomers are referred to as
'glissy' monomers, and are, for purposes of this invention,
_ defined as monomeric materials which would produce high
10 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
15 monomer type is a styrene-based monomer withistyrene 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
norma%}y comprise from about 5 to about 40%, more preferably
20 from about 10 to about 30%, more preferably from about 15 to
about 25%, and 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-like
25 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,
30 " Tgs of about 40°C. or lower. Monofunctional rubbery co-.
| monomers of this type include, for example, the C4-Cy2 alkyl-
acrylates, the Cg-C14 alkylmethacrylates, and combinations of
such comonomers. Of these'comonomers, n-butylacrylate and
Z-éthylhexylacrylate are the most preferred. The mono-
35 functional rubbery comonomer will generally comprise from
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inclusive, i.e., they are intended to énconpass density val ues

t hat can be determ ned by any reasonabl-e experinental test 10 nmet hod.
- The col | apsed absorbent polyneric foans useful in the . present

i nvention have dry basis density values in the range of from about
0.05 to about 0.4 g/cnB, preferably from about 0.07 to about 0.25
g/crerr], and nost preferably from about ™7t 15 to about 0.2
g/cnferr]. The density of the foam materials can be- adj usted to

wi thin the foregoing a0 ontrollin ticular,
water-to-oil ratio of3dP Hg%h%a&ﬂ‘ﬂﬁg moré preferably fro@;)fbo@ﬁo S?z@Wt
An alternative feat ur7@%vWandhman1tn§eustﬁfyuframnam&| 558 g ddut 65%, by éfghted
col I apsed pol yneric fgapdRbhdned! éﬂ"’#ﬁﬁ;ﬂl inthis : i nvention iIs

a

cell size. Foamcells, and espeC| whi ch are forned by
pol yneri zing a rmnorrer-ccﬁ‘h"&? nthgy Q,q1|ymer chains fremed tfiram $he r glassy

relatively TTDFBOTTEF f mRAomeEH(ey - ﬁh&SQhe rubbery d:romalﬁdﬁfeﬂsw H‘e fteqpently be
size .or ter" of such

Substant a1y SPhEr) Ched TiRARS: t1s” mompuer!EarBbin 15 HHER o §

utilized paraneter fmolyfunctionalcherasstEinking1g aGestvs i As gewidhal th;.s wel | as

for characterizing ponofunctional monomers and comonomers, selection of a
particular type and amount of cross-linking agent is very

10 important to the eventual realization of preferred polymeric
foams having the desired combination of structural,
mechanical » and fluid-handling properties.

Depending upon the type and amounts of monofunctional
monomers and comonomers utilized, and depending further upo'n

15 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, dwmylto‘lu'lene or

20 d1a'l'|yslphtha1ate. Alternatively, divinyl aliphatic cross-
linkers such as any of the diacrylic or dimethylacrﬂit 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 pre'ferred HIPE emulsions herein is divinyl-

25 benzene. The cross-linking agent of whatever type will
generally be employed in the oil phase of the foam-f'orm'ing
emulsions herein in an amount of from about 10 to about 40%,
more preferably from about 15 to about 25%, and most
preferably about 20%, by weight of the monomer component.

30 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 fattj_ acid

- 35 esters, the polyglycerol fatty acid esters, and combinations

[
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certain preferred absorbent foam structures useful in the : pr esent

I nventi'on. Since cells in a given sanple of polyneric 30 foamw || not
neeessarily be of approximtely the sane size, an average cel
.Si-ze, i.e., average cell dianeter, will often be specified.

A nunber of techniques are avallabie for determ ning the aver age
cell size of foams. These techniques includggnmercury 35 por osi metry
met hods which are well known in-the art. The nost )
-21- useful technique, however, for determning cell size in foans

thereof. = Preferred emulsifiérs 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 cértain
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

10 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 tomponent.

‘In addition to the monomer and emulsifier components, the
_ 0i1 phase can contain other optional components. One such
15 :optionaI 0il phase component is an oil soluble polymerization
' initiator of the general type hereafter described. Ancther
possible optidna1 component of the oil phase is a
substantially water insoluble solvent for the monomer and
emulsifier components. A solvent of this type must, of

20 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.

B. Water Phase Components |

25 The discontinuous internal phase of the HIPE emulsions is
the water phase which will generally be an aqueous solution
containing one or more dissolved components. One essential -
dissolved component of the water phase is a water-soluble
electrolyte. The dissolved electrolyte in the water phase of

30 . 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

- 35 . oil/water interfaces formed by the water phase drop]ets. Thus,
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i nvol ves a sinple neasurenent based on the scanning el ectron

phat oni crogr aph of . a foam sanple. Figure 2, for exanple, shows a
typi cal H PE foam structure useful in the present 5 invention inits
expanded state. . Superinposed on the phot omi crograph is a scale
representing a dinmension of 20 m crons. Such a scale can be used to
determ ne average cell - size via an-49yage anal ysis procedure. |nmage
anal ysi s of phot om criographs of foam sanples is, in fact, a '

. comonly 10 enpl oyed anal ytical tool which can be_used to determ ne

average cel | size of theepresance of uekegtnalyter and thekasulting jonic sgeangithue
(5 described n greatgs tfelithrghatk Sis a1 fiied to determindSEnadhr( Ebiapds et

al), issued Novenber 988 cor or at ed nce.
15 The cel ¥ §F %ss%eﬁﬁ?ﬂ@ 89 v%rr?fﬁ'ére "hask ‘%%8 {
nﬁnber_avgrage cell «ipep-a¥filede foamin its expanded state e.g., as
shown in Figure 2. The fqﬂgs S wRGC pPEde lagd od
fluids in accordance with the prfgg|1 1o pP mvgn%?mc \?\ﬁ&es weﬂ*gsrg 4

~ have a nunber aver age‘@éFISté‘leEﬂathof“ZOhe watep phaseseam; rHﬁ%é'or PI"% "Sﬁ’ud
~typically in the ranggeefrdyee8 are mono-,28DYt o¥ tpi akdeit SGorgamriensaltsbr e

preferably, the nunbesruch as the water-soluble halides, e.g., chlorides, nitrates
~ and sulfates of alkali metals and alkaline earth metals.

10 Examples include sod1um chloride, ca1c1um chloride, sodium '

sulfate and magnesium sulfate. Calcium chloride is the most

preferred for use in foam materials presently preferred for
use in the present invention. Generally the electroiyte will
be utilized in the water phase of the HIPE emulsions in a

15 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.

he HIPE emulsions wi\l also typically contain a

20 ~ 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,

25 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.

30 . 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

35 used in the water-phase, such initiator concentrations can be

eplaced
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average cell size -will be in the range from about 5 to about 40

m crons, and nost preferably fromabout 5 to about 35 m crons. 25
I1: Expanded State A) Density Upon Saturation Wth Synthetic
Uri ne A particularly inportant property of the absorbent

f oans useful in the present invention in their expanded state is
their density upon saturation wth aqueousS8ody fluids, 30 Telative
to the dry basis density of the absorbent foamin its col I apsed

state. The density of t

aqueous body fl uids,

d at ted with
F‘JFE \“ﬂsﬂﬁ?}m{]ﬁsﬁg the water p@%rggpgfh\{emneﬁegt

col | apsed (corrpressed:)’ Hrtomt eboqjlrmmZﬁe'eo about . 0.4%, moemsureéferably hfromedbmutve
t hi ckness of the foag g ¢, t§bo‘%’£p@’ﬁe%y aéght of %'h@tﬁter-r;méeprov' des a

particularly relevan% neasure o

5§

10

15

20

25

30

35

. hili 1n A ents and Hydratable Sa
The cross-linked polymer material that forms the

preferred 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 necessary,
can generally be a¢comp1ished by treating the polymerized HIPE
foam structures with a hydrophilizing agent in a manner
described more fully hereafter. o

i 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
form, and can be dissolved or dispersed in a hydrophilizing
solution which is applied to the HIPE foam surfaces. In this
manner, hydrophilizing agents can be adsorbed onto the
polymeric surfaces of the preferred HIPE foam structures in
amounts suitable for rendering such surfaces substantially -
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 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
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- 22- thin the foamis when expanded and when saturated with '

agueous body fl uids. For the purposes of the present
“invention, .the density of t he absorbent foans in their expanded
state is neasured when 5 it is saturated at 88[err]F (31.1[err]C) to
its free absorbent capacity with synthetic urine having a surface
tension of 65 + 5 dynes/em The d8hsity of the foamin its expanded
state when saturated with the synthetic urine can be nmeasured by a

procedure described nore fully in the Test. Methods section of 10
commonl y assi gned, .aboyte,ngrefesabiyafeon abeyd Scta iabautsd¥alby weight ofio.
07/ 989, 270 (Dyer ettﬁgigaﬁlled Decenber 11, 1992), the di scl osure

.of which is incorporate ei n r e h d t f th
ahcbde B e daBls dudresniiizing asent"SRon befar ed. as

foam nmeasured in its ex
a percentage, to therudrtytha;smlelmisnblg/ sfrfactant. Such surfactants can

5 1nc1ude all of those previously described for use as the
emuls1f1er for the oil phase of the HIPE emu1510n, 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

10 - 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.

15 Another material that needs to be incorporated into the
HIPE foam structure is a hydratablé, and preferably
hygroscopic or deliquesent, water soluble inorganic salt.
Such salts include, for example, toxicologically acceptable
a\ka11qF earth metal salts. Materials of this type and their

20 - use in conjunction with oil-soluble surfactants as the foam
hydrophilizing agent is described in greater deta11_1n the PCT
Published Application WO 93/04113, published March 4, 1993.
This application was filed in the name of The Procter & Gamble
Company, and the disclosure of this publication is hereby

25 incorporated herein by reference. Preferred salts of this
type include the calcium halides such as calcium chloride
which, as previously noted, can also be employed as the
electrolyte in the water phase of the HIPE emulsions used to
prepare the polymeric foams.

30 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
1norgan1c salts can generally be used to treat the foams after
comp]et1on of, or as part of, the process of removing the

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

—
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15 the foamin its collapsed state. For the purposes of the
present invention, the dénsity of foans useful in the present

invention in their expanded state upon saturation to their free
absorbent capacity with synthetic urine can-be in the range of from
about 10 to about 50% of their dry basis density 20 in their collapsed
state, and is preferably in the range of -52- from about 10 to about
30% nost preferably fromabout 15 to about 25% B) Pore
Vol ume - Pore volume is a neasure of the volune of the openings
or 25 celI's in &F poapswithapychy satutipes pis praferahhs dsed toideposit

Pﬁt e][i al (![00| Y{TEF sthymfaustﬂleplmarmycresnduaducmhs deaicaim Céhloride in forms
the foam structure a u |nga
nunber of perfor rrancgg{aﬁagp aﬂﬁi s gf Qgea{%ge%b%gk 0.1% by "e‘qhﬁe"ﬂt}i%

foans herein, especiand gtypicalpi in dhpanangd oBofrom abautabel toSabdut 8%,

per f or mance agid ”echafuf@aam f #dat aB5ut! 9ctoUdBout 6%, by u@ﬁﬁer&efﬂe ?@9@0' ty of

the foans for aqueous oam
conpressi on deflection cgg?aéé‘?'étrl%ﬁle r?emd foam St"“c‘l-’“(‘SF% V'Z'J!q!irre“‘@an be

determined by any suréktlieelyxhgdrephobic as polpmerdzedewitad hydivophilizihg gi ve
an a‘?C“”?“e I ndi Cati?&eans Ethﬁh or without hydratable salts) will typically be
carried out to the extent that is necessary and sufficient to
10 impart suitable hydrophilicity to the preferred HIPE foams of
the present invention. Some foams of the preferred HIPE
emulsion type, however, can be suitably hydrophﬂ1c as
prepared and can have 1ncorporated therein sufficient amounts
of hydratable salts, thus requiring no additional treatment
15 with hydrophﬂumg 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
20 used as emulsifiers added to the oil 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 polymerizéd foam surfaces will be suitably
hydrophilic, and the residual water-phase liquid will contain
25 or deposit sufficient amounts of talcium chloride, even after
 the polymeric foams have been dewatered. '
D. Processing Conditions for Obtaining HIPE Foams
Foam preparation for foams presently preferred for use in
the present invention typically involves the steps of:
30 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
35 . structure and, if necessary, ‘treating the polymeric foam

—_—
——
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35 actual pore volune of the structure. Such experi nent al

-23= met hods wi |l generally involve the neasurenent of the vol une
and/ or mass of a test liquid which can be introduced into the “f oam
structure and which therefore is representative of the : vol une
occupi ed by the open cells of the foam For this 5 reason the pore
vol unme paraneter of the foans herein can ab%o be referred to as

"avail abl e pore volune." One conventional way for determning
avai |l abl e pore '
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
3 (preferably including compression in the z-direction) to the
5' ~ extent necessary to provide a collapsed, unexpanded polymeric
foam material useful as an absorbent for aqueous body fluids.
To consistently obtain relatively thin, collapsed
polymefic foam materials useful in the present invention, it
has been found to be particularly important to carry out the
10 emulsion formation and polymerization steps 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 polymerization and curing. As the HIPE emulsion
15 destabilizes, the water droplets present in-it cin aggregate
' together, and coalesce to form much large water dropiets.
Indeed, during polymerization and curing of the emulsion,
there is essent1a11y a race between solidification of the foam
structyre, and coalescence of the water droplets. An
20 appropriate balance has to be struck such that coalescence of
the water droplets is reduced, yet polymerization and curing
of the foam structure can be carried out within a reasonable
time. (While some coalescence can be tolerated if the
remaining water droplets are very small in size, such
25 nonuniform cell sizes in the resulting foam can adversely
affect the fluid transport properties of the foam, especially
its wicking rate.)
Reduction in the coalescence of water droplets in the
HIPE emulsion leads to a smaller average cell size in the
30 resulting foam structure after polymerization and curing. It
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 presently preferred for use in the present
35 invention. (Uniformly small cell sizes in the resulting foam

il
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vol ume experinmentally involves the introduction of a |ow surface

t ensi on, .nonpol yner-swelling |iquid such as 2-propanol 10 into the

f oam structure. A procedure for determning avai lI'abl e pore -

vol une using 2-propanol is set forth in the. TEST METHODS section
of ‘commonly assi gned, co-pending U. S. : Pat ent Application Seri al
No.. 07/989, 270 (Dyer et al., filed -s54Decenber 11, 1992), the

di scl osure of which is incorporated by 15 reference. 1t should be
under st ood, however, that alternative o test liquids and procedures

can al so be used to aeeexlsonbelieved to leadatd giviod zhmoebemdyynend especially
" The foam materials u ,egen |1y
Sﬁﬁﬂom'rﬁ‘% bRt Fl)(ze ? %1&(5*4\%?0%)&)&3'8@1:44151:?& & Thegﬁﬂtﬁﬁe@

have a pore vol une of
preferably from about?V8tR%eoce] 0611979 n"L'?egngﬂ'G'Tﬁ)gf’am m‘ter‘a15piéf3€P&bI§P
from about 25 to abowticPdhsnby Jess and is typicallg)in IRHSIﬁngaCﬁ-ohOatﬁQm &®si on

Foams "5 wni on 2bput S8 A1FPOHS, PhetSRRRTL M abGR ¥ Fo Bpohf\ A0l RIGHERE 5
absorbent foam in itagdemgsinprefesablye from aboutriritocabout i38smicrons, when
resi stance tg fclorfpre%?hﬁ’ﬂege%&?t EoRYitione thﬁ@'ﬁéd%@@ecaaqescence of water
compression de eCtl%r;ogf(er in et.?:e Mlgglemuf)nrgg e(e?:"lr%qlugs for consistently
reducing coalescence of water droplets in the HIPE emulsion
10 will be discussed in greater detail in the following
' description of the emulsion formation. and
polymer1zat1on/cur1ng steps for obtaining collapsed polymeric

foams: -
1.  Formation of HIPE Emulsion .
15 The HIPE emulsion is formed by combining ‘the oil phase

components with the water phase‘componEnts in the previously
specified weight ratios. The oil phase will contain the
previously specified essential coﬁponents such as the
requ1ilte monomers, comonomers, crosslinkers and emu]sif1ers,,
20 and can also contain opt1ona] components such as solvents and
polymerization initiators. The water phase used will contain
the previously spécified electrolytes as an essential
component and can also contain optional components such as
water-soluble emulsifiers, and/or polymerization initiators.
25 . 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
the combined oil and water phases. Such a process can be
30 _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.
35 ‘Emulsification of the oil and water phase combination will
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“function of the pol ymer el astic nodulus and the density of the

foam network. The polyneric elastic modulus is, in turn, 30 ‘det erm ned
by: a) the polyneric conposition; b) the extent to whi ch t he

pol ynmeri.c foamis plasticized by--residual material,- e.g.,

emul sifiers, left in the foamstructure after ‘ processi ng; and c)
the conditions under which the foamwas -55- pol yneri zed. 35

-24-

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

5 and emulsifying the requisite oil 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

10 from about 4 to about 50 mi/sec. At flow rates within the

' foregoing ranges, these two streams are then combined in a
suitable m1x1ng chamber or zone in a manner such that the
requisite water to oil phase weight ratios as previously
specified are approached, reached and maintained.

15 In the mixing chamber or zone, the combined: streams are
generally subjected to shear agitation as provided, for
example, by a pin impél]er 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

20 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

25 described in greater detail in U.S. Patent 5,149,720

' (DesMarais et al), issued Septembef 22, 1992, which is
incorporated by reference.
' In consistently reducing the coalescence of the water
droplets present in the HIPE emulsion, it is particularly

30 preferred to use certain types of emulsifier systems in the
oil phase, especially if the HIPE emulsion is to be
polymerized or cured at temperatures above about 50°C. These
preferred emulsifier systems comprise a combination of
sorbitan laurate (e.g., SPAN® 20), and certain polygliycerol

35 fatty acid esters (PGEs) as co-emulsifiers. The weight ratio

_______._._._.___—1
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To be useful as absorbent structures in absorbent ~articles such as,
for “exanpl e, di apers, absorbent foam - materials nust be suitably
resistant to defornmation or conpressi on by forces encountered when
such abserbent 5 materials are engaged in the .absorption and - '
.retention of fluids. Foams which do not possess sufficient foam
strength in terms of resistance to-%onpression deflection may be
abl e to acquire and store acceptabl e amounts of body fluid under
no-1 oad conditions, but will too easily %I ve up such fluid 10 under
the conpressive stresef satkidanphaurate 4ok 5n15aﬁéluﬁdb'|w1lthyn the range off frome

wearer of the absorbegiougrio: Q'@&aﬂmtcm montﬁ'lelﬁeﬂlﬁy th1s we1glft0<'i'ﬁiw is in
A e TP Rt dho TrbE AP Sk oS Pl 1S quant 11 ed
by determining the amountThef RiEsaiespenialiuceuseful aas ™ co-emulsifaens ewith
saturated foangmateri ?Arblti'ﬂrfj H’ﬁ?ife %r@eﬂgﬁﬁy prepared 3R g@;ﬁ@%ﬁ%ur e

for a specified period o ur poses resent
i nvention such neasur€Eaeterdzed Ry '“gh levelgp gt EH‘@&"f dir8- sariﬁﬁ'é

standard size (cyli ndﬁgﬂywﬁoﬁb afeﬁué’éil levels%ﬂiﬁmdmhme@ndomwc@-ds,
cross-sectional C|rcula d%%eé) 'Ieveﬁs of cyclic diglycerols. Suitable
polyglycerol reactants (weight basis) usually have a linear
10 diglycerol level of at least about 60% (typical range of from
about 60 to about 90%), a tri- or higher po]yg'lycet"ol 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 O to about 10%). Preferably,
15  these polyglycerols have a linear diglycerol ‘Tevel of from
about 60 to about 80%, a tri- or higher polyglycerol level of
from about 20 to about 40%, and a cycH'c digTycero] Tevel of
no more than about 10%. (A method for determining the
" polyglycerol distribution is set forth in the PGE ANALYTICAL
20 METHODS section of commonly assigned, co-pending U.S. Patent
Application Serial No. 07/989,270 (Dyer et al., filed December
11, 1992), the disclosure of which is hereby incorporated
herein by reference.)
PGEs especially useful as co-emulsifiers with sorbitan
25 laurate are also prepared from -fatty acid reictants
characterized bj fatty acid compositions having high levels of
combined C12 and Cj4 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
30 C14 saturated fatty acids is at least about 40% ( typical
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%
35 (typical range of from about 2 to about 10%), the combined

Has Been Replaced

\\\\\l\\ \ll\\\ Tl \\\\



cnferr]). Such sanples are saturated with synthetic urine having

surface tension of 65 [err] 5 dynes/cmand are thereafter
subjected to a confining pressure of 5.1 kPa for a period of 15
mnutes at a tenperature of 88F (31.1[err]C). The amount of 25 strain
produced in such testing is reported as a percentage of t he
saturated and fully expanded sanple thi ckm®ds that the conpr essed
t hi ckness of the sanpl € represents. The nethod for carrying out

this partlcular type of test for quantify resi stanc
conpressi on defl ecti dﬁvﬂs ofcC10r F t 1PWeR ffrté&t %Fridﬁo‘s no moEe é}' %Wﬁel(’?‘EST

METHODS section of cqrppita) &hge Pfeérom about 0.3 ¢o- gvadi Iax)y). the Balante of

Application Seri al hb 07/ 270 I
©1992), the discl osuré’tgf v&ﬁgﬁ chdé %%g pnm?]rﬂ’y i%?rloao%rtiatﬁfetrggﬁcgw -
The absorbent foams wsédsu Praferablar cthenfatitmact cemmsatﬂowsf these fatty

resistance to gonpresgh@rddetdmst §9MatSuelst dbue 65%combin@d C12 and C)4
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
10 from about 2 to about 4%), and no more than about 3% Cjg or
lower fatty acids (typical range of from about 0.3 to about
3%). (A method for determining the fatty acid composition is
set forth in the PGE ANALYTICAL METHODS section of commonly
_assigned, co-pending U.S. Patent Application Serial No..
15 07/989,270 (Dyer et al., filed December 115 1992), the
disclosure of which is incorporated by reference.) ,
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
20 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
25 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 in the PGE
ANALYTICAL METHODS section of commonly assigned, co-pending
_U.S. Patent Application Serial No. 07/989,270 (Dyer et al.,
30 filed December 11, 1992), the disclosure of which is
incorporated by reference.) ' :
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
35 25, 1972, and Mcintyre, "Polygliycerol Esters,” J. Am. 0il
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-25- pressure-of 5.1 kPa produces a strain of typically from

about * - 2 to about 80% conpression of the foam structure when it has
. been saturated to its-free absorbent capacity with synthetie urine
~having a surface tension of 65[err]5 dynes/cm Preferably 5 t he
strain produced under such conditions will be in the range from
about 5 to about 40% nost preferably from&$out 5 to about 25%
For the preferred H PE foans of this invention, - resi stance to

conpressi on deflectiop can, be d to straj val ues within the
f or egoi ng ranges by ag%%ﬁﬁﬁ%baﬁi@ thBn lef ,(%?9)- PP R3ABTR40A, hishotrer -
and crosslinker typesimoutpoxatednby ateferencenand which deseribaamethodsi For t he .

sel ection of appropri P‘-Feﬁ)sﬂ%dﬁb%]ycero]s anﬁfPJn%H‘?»th EHaEL On GEs are

pol ynmeri zation condit ues such pre
foans can be forned f typically prepared by esterlfylng po1yglycerols wlth fatty

5 acids. Appropriate combinations of polyglycerols can be
' prep'ared by mixing polyg'lycero]s_. obtained from commercial
sources or synthesizéd 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

10 mixtures of fatty acids obtained from commercial sources. In
"making PGEs useful as co-emulsifiers, the weight ratio of
polygiycerol 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

15 co-emulsifiers mvo’lve esterifymg 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, _

20 the !ree 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 cataUst is then
neutralized with a phosphoric acid solution and the reaction
mixture rapidly cooled to about 60°C. This crude reaction

25 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. ation/Curing of the HIP
The HIPE emulsion formed will generally be collected or
30 poured in a suitable reaction vessel, container or region to

be po‘lymerize'd or cured. In one embodiment herein, the
reaction vessel comprises a tub cons_tru_cted of pelyethylene
from which the eventually polymerized]cured solid foam
material can be easily removed for further processing after
35 polymerization/curing has been carried out to the extent
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materials with elastic nodulii |arge enough to provide 15 adequat e

resi stance to conpression deflection even though such: foans are

| ow density and have very fine struts. . D) Recovery From
Conpr essi on Defl ection . Recovery from conpressi on defl ection
rel’ates to the tendency or propensity of a piece of foam materi al
to return 20 to its original di mensi 6A%” after bei ng defornmed or
conpressed , under forces.encountered in manufacture, storage or

use. For " pur po of 4he_present inyentio recovery from

conpr essi on @eesf%‘?g%‘t i Jh gf 'fsr"éﬁ}? &rg}lgrg&dag@}r Eéﬁt&f‘%ﬁﬁguﬁérﬁ n are

determi-ned on foans wliich the eHIRE tdmglsiosxpangeurestt cindo thed @Ssel be contain

.absorbed body fluid. AGeRIMHLENN Y the! &aM¥CTa% TEHRM pol i %}gp i on
defl ection is neasured on aetxul?.aﬁ%led foams which are ymerizat S tgf{g‘?ed with

synthetic urine. .  temperature.  <.itaple procedure for deternining '
recovery fromsg” coPpiymesi zatiogfcueirig csond$tivas tor whidhn thee HIBET

honl 1 cati on Serial  noe)s) BhoRITOBE Y BERATh v QR dbov enE™! o)

1992), the discl osur emasomgniand ethernokeyproft dhepeil and water (phasesmwfethesuch
a procedure in generagmyiRYeH,especQdPILERe RRulsifier systems used, and the tyoe
and amounts of polymerization initiators utilized.

10 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.

15 In reducing coalescence of water droplets :in the HIPE
emulsion, it is particularly preferred to carry out the
po\yméfization/curing at relatively lower temperatures,
especially if the preferred combination of sorbitan laurate
and PGE co-emulsifiers is not used in preparing the HIPE

20 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

25 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

30 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

35 "cut or sliced into a sheet-like form. Sheets of polymerized
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and rel ease of a standard size foam sanpl e which has been 35
saturated to its free absorbent capacity with synthetic urine.

- 26- - Sanpl es are maintai ned under 50% conpression for a set perlod
of time .and then are rel eased from conpression. The extent to whi ch
thé sanple recovers its thickness, in the presence of avai l abl e
free fluid, in the one-mnute period after-80e 5 rel ease of
conpressive force is taken as a neasure of the ' recovery frem

conpr essi on deflectlon Ere3|llence) propensity of the sanple.

foam are easier to process during subsequent treating/
wash1ng and dewatering steps, as well as to prepare the HIPE
foam for use in absorbent articles. The bulk polymerized HIPE
foam is typ1ca11y cut/sliced to provide a cut caliper in the
5” ~ range of from about 0.08 to about 2.5 cm. During subsequent
dewatering, this typically leads to coliapsed HIPE foams
having a caliper in the range of from about 0.008 to about

1.25 cm.
3. reating/Washing HIPE f
10 The solid polymerized HIPE foam which is formed will

general]y be a flexible, open-cell porous structure having its
cells filled with the residual water phase material used to
prepare the HIPE emulsion. This residual water phase
material, which generally comprises an aqueous solution of
15 electrolyte, residual emulsifier, and polymérization
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
20 squeeze out residual liquid and/or by washing the foam
structure with water or other aqueous washing solutions.
Frequently several compressing and wash1ng steps, e.g., from 2
to 4 cycles, will be utilized.
After the original water phase material has been removed
25 from the foam structure to the extent required, the HIPE foam,
if needed, can be treated, e.g., by continued washing, with an
aqﬁeous solution of a suitable hydrophilizing agent and/or
hydratable salt. Hydrophilizing agents and hydratable salts
which can be employed have been previously described and
30 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

35
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Preferred absorbent foans useful in the present invéntion wi ||

generally exhibit a recovery of at |east 75% of the 10 expanded
cal i per when wet after one mnute. More preferably, such
preferred foammaterials will have a recovery from . conpr essi on
deflection at |east 80% when wet . .1L! 1. Col | apsed or Expanded State
A) Flexibility 15 ' The absorbent foans useful in the present

i nventi on shoul d be sufficiently flexible so that they can be
utilized i rexhitsids be nfes preddadiies i dhaensionl veluel 6imang tdst Doglidshape
of t he meaQ?rd“S@gracterization of the absorbent foans herein as
flexible, therefore, nmeans that .these foans can be deforned or 20 bent
to the extent necesdary Fopam Dewateringuch absor bent articles wthout

significant damage to tigtér Thé WIPEIfam has been trédtRayiishe@’ t6ithai d¥teant
| oss of their_absorbent pro ent foans

for use in thd pres&®ffessary p%t""?e"?f'ssnFE‘%neVseHB%ﬁ?dYaErgg;f;F&%r ?ﬁ%gigr Ay
flexible to withstahgd@philic, andrpptivaally o ihebpporiatg 4 su€tixieht cmoant
SnGuereg IO of o nygra BBk BrerGe AN EA I BRHATES BT FER 10
Di sposabl e will generally be dewatered. Dewatering can be brought about
- by compressing the foam (preferably in the z-direction) to
10 . 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 compreséion and thermal drying/microwave/vacuum dewatering
15 techniques; The dewatering step of HIPE foam nno;essing 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
20 200%, ﬁy 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 § 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,
25 unexpanded state. ' :

_ EXAMPLES .
Preparation of collapsed HIPE absorbent foams of the type
presently preferred for use in absorbent members of the
present invention, and the characteristics of such collapsed
30 foams, are illustrated by the following Examples, of which
Example II A is the presently preferred materi;l.

—
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di apers, for exanmpl e, are generally packaged and marketed in a

fol ded condition wherein the diaper core is folded in both the 30

| ongi tudi nal and transverse directions. D sposable diapers - are

~al'so generally marketed in the formof stacks of fol ded- di apers,
whi ch stacks are contai ned and conpressed by their surroundi ng

packagi ng. Accordingly, the conpressive- deform ng forces to

whi ch the foam absorbents herein can be 35 ~ - C

-2 _ | EXAMPLE 1

This example illustrates the preparation of a collapsed
HIPE foam falling within the scopé of the present invention.
Emulsion Preparation .

5 - Anhydrous calcium ch]oride"(36.32- kg) and potassium
persul fate (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),

10 divinylbenzene 55% technical grade (1600 g), and 2-ethylhexyl-
acryTate.(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

15 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 oil phase
and water phasé are fed to a dynamic mixing apparatus.
Thorough mixing of the combined streams in the dynamic mixing

20 apparaius is achieved by means of a pin impeller. At this
sca]é 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

25 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 sieeve which forms the dynamic mixing
apparatus, and the pins have a clearance of 0.8 mm from the
walls of the cylindrical sleeve.

30 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 cm) long with a 0.5 inch

35 (1.3 cm) outside diameter. The static mixer is a TAH
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subj ected during processing and nmarketing can be even greater ' t han

t hese *which are applied to the foam naterials in use. - V. Fluid
Handl i ng and Absorbency Characteristics Absor bent foanms havi ng
sui tabl e pol yneric conpositions 5 and the structural characteristics.
and nechani cal features as her ei nhef ore described, will in general
exhi bit especially desirabl e and U8eful body fluid handling and
aEsorbency characteristics. Such fluid handling and absorbency
characteristics are i LG bay.es d

mat eriral s herein whi Iﬁdﬁ&rgei sucL 73@1#51 eg@déftngf byaﬁ%s Oéfoz taloqc'é?

use as absorbent stru8tLr@.in absor bent artlcl es deS| gned to

acquire and hol d aqueous Thedyonblinédismixing apparatus setIl ifs| 6i Yl edakdn 8§ and

absorbency characteristics ar.e, 1o el nt..to t-h
realization of sui ta ésealfggh'béﬁ{ Rhase ‘at 5§$1’s° §&e§ pa%?tvhéef rté’e?aﬁgrc;r bent
czﬁpaci Ly ﬁf ]'EFSe f oamoiB) tThe dynamic mixing @pmrnoStiSCaenwdcko ) Tow dilrutal

t hrough the foamstr ca [ e
foam at specific Lé%[:aﬁeewh}le f1'|'|1nafﬂ% a}l]' ﬂﬁl%‘EELy.ofﬂt?ﬁng Fatdd
characteristics is during fijkingr @pedl 4187 gg/éfFeP’Heﬁh&F? and 2019

A Free Absorbent Gapa€iphise.

Once the apparatus set-up is filled, ag1tat1on is begun
10 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
15 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).
20 2 ization the Emulsi
' The formed emulsion flowing from the static mixer at this
point is collected in Rubbermaid Economy Cold Food Storaga
Boxes, Model 3500. These boxes are constructed of food grade
polyethylene and have nominal dimensions of 18" x 26" x 9"
- 28 (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)ﬂ
These boxes are pretreated' with a film of a -solution
conprising a 20% solution of SPAN® 20 in an equal we1ght
solvent mixture of xylene and 2-propanol. The solvent mixture
30 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.
35 Eoam Washin nd Dewaterin
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Free absorbent capacity is the total amount of test fluid

(synthétic urine) which a given foamsanple will absorb into Its
cellular structure per unit mass of solid material in the - sanpl e.
Such free absorbent capacity neasurenents are for 25 pur poses herein
cal'cul ated at equilibrium i.e., after the f oam sanpl e has been
allowed to acquire and/or hold all of the -64- fluid it can over

what ever tine period is needed to forma conpl etely saturated foam

sanple with the test qug oam materials which are
especi al |y useful as abs f?f'é'nt‘“QU‘g is- C%‘P?%F&'UF% weft eysdr fram: i temeyeds
such as di apers wi I | fedm tR@sduring boxes. NEled faamidt Mhie potret absryinenibout

the o Y qest el HIE WBlGH Ot R e Eed Sfsead R hc Bl |1
Pat ent Application SgesiguaNowater 9@52760(‘125/1@#"% dMSOWMI enu] 535187'5,
Decenber 11, §992, t@pectirsPytasun® WitWbosD iThe! Rea RQr sTRAdWith a sharp -
- reciprocating saw blade into sheets which are 0.350 inches
(0.89 cm) in caliper. These sheets are then 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
10 (6X) the weight of the polymerized material. At this point,
- the sheets are then resaturated with a 1% CaCl2 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.
15 : 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 CaCl2
solution content to about 5 times (SX) the weight of polymer.
The foam remains compressed after the final nip at a caiiper' '
20 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 X by
weight of polymerized material. At this point, the foam
sheets have a caliper of about 0.075 in. (0.19 cm) and are
25 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
30 absorbent capacity is about 30.2 mL/g. The expanded foam has
a capillary suction specific surface area of about 2.24 mn/q,
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 vertica1.wickihg absorbent capacity of about 26.7 mL/g
35 or about B8% of its free absorbent capacity.

—
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- 28- reference), free absorbent capacity can both be determ ned
for - any given foamsanple by a gravinetric analysis technique. In
such. a technique, a foam sanple of specified known size and wei ght
is placed. in a dish of test fluid (synthetic urine) and 5 i s dallowed
to absorb the test fluid to equilibrium fter renoval of the
saturated sanple fromthe fluid, the anmourt of fluid held per gram
of foam i.e., the neasured free capacity, : is then cal cul ated. To
be especially useful for absorbing EXAM re in absorbent articles
according to the present 10 “inventi rbent foans should have a
free capacity of at “The following Examelesid]lustmate &he rrrepyration afsHIRHout

,EO rﬁ\L/ OI Wk %aﬁF.)m][shﬁg $brBYR ai Vaug i€ SPANET 20)f QAdNpaRy§Tyicarel fatty
) ertica cKl n% (ags er F“E%) or sorbltan palmitate (SPAN® 40)
5 co-emuls1f1er systems:

~ EXAMPLE II 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

10 emulsion. _

To a monomer mixture comprising styrene (1600 g},
divinylbenzene (55% technical grade, 1600 g), and
2-ethylhexylacrylate (4800 g) is added sorbitan laurate (950 g
as SPAN® 20). To another -half-size batch of the :same monomer

15 mixture is added PGE emulsifier (480 g) that imparts a minimum
oil/water IFT of 0.09 dynes/cm. This 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

20 gradually increasing vacuum, with subsequent phosphoric acid
neutralization, cooling to about 60°C, and settling to reduce
unreacted polyglycerol. The composition of the po1yg1ycero1s
and fatty acids used in making the PGE are shown in the
following table:

25 Polvalycerols . Wt.%
linear diglycerols 63.5
triglycerol 36.0
or higher
cyclic diglycerols 0.4
30 Fatty Acids W%
ca . -
clo -
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Yet another fluid handling attribute of the absorbent 15 ~ foans useful

herein‘relates to their ability to quickly nove or "w ck"
accept abl e anounts of body fluids through their foam structures.
Vertical wcking, i.e., fluid wicking in a ' direction opposite from
gravitational force, is an especially desi rabl e performance
attribute for the.absorbent foam 20 yg@t-erials herein. This is
because such materials wll frequently be utilized in absorbent
articles in a manner that ' fluid to be absorbed nust be noved
within the article froma. - Cl2 rel atively | ower posB8ili’lon to a
relatively higher position 14 wi thin the absorbengygore of the
article. 25 Vbrticai wi cki ng performance is r T'ted to the
magni t ude of the capIQEHy suction driving for b-Jwhi ch nmoves

liquid t hrough the foWYdand holds it in the foaastructure. Foam
characteri zi ng';D'par aneters whi gﬁ elate to vertical w Ckh?% :
propensity thus provi.de an indication as to how well préeferred 30

foanms herein will performas @$érbent structures in absbrbent _
articles. For the foam absorbents useful in the present I nventi on,
fluid wi cking propensity n_be. quantified,b . -.refierencing bath a
vertical wioking rate tosk ROy @eh a1 Bhase batch if Tokdd ta%setthd

overnight. The supernatant is withdrawn from each batch and

mixed at a ratio of 2 parts of the SPAN® 20 containing oil
10 phase to 1 part of the PGE containing oil phase. (About 75 g

of a sticky residue is discarded from each of the batches.)

At an aqueoys phase temperature of 43° to 45°C and an oil
phase temperature of 22°C, separate streams of the oil and
water phases are fed to a dynamic mixer in thé form of a pin

15 impeller. This pin impeller has 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, two rows having 17 pins and two rows
having_lﬁ pins,'each pin having a diameter of 0.5 cm and
extending outwardly 1.6 cm from the central axis of the shaft.

- 20 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 b70-821, modified by cutting
off 2.4 inches) is mounted downstream from the dynamic mixer

25 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

30 is complete. The flow rates during filling are 3.0 g/sec oil
phase and 4.5 cc/sec water phase. ' ) _

Once the apparatus is filled, agitation is begun, with
the impeller turning at 1100 RPM. The aqueous phase flow rate
is then evenly ramped up to 46.5 cc/sec and the oil phase flow

This Sheet Has Been Relilaced '

RHRARR




wi cki ng absorbent. capacity test. 35 1) Vertical Wcking Rate
-29- 7 The vertical w cking rate test neasures the tine taken
for a colored test liquid (e.g., synthetic urine) froma "~ reservoir
to wick-a vertical distance of 5 cmthrough a test strip of foam
of specified size when the test is perforngg at 5 37[err]C. Such a
vertical wicking rate test is described in greater detail in the
TEST METHODS section of conmonly

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

5 pressure drops to approximately 3 psi, the impeller speed is
then instantly increased to 1800 RPM, and the back pressure
increased to 5.5 psi. The water and oil flows are then
adjusted to 47.8 cc/sec and '1.66 g/sec, respectively.

The HIPE emulsion is collected in molds (round tubs with

10 a central core). 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 evaporation of the xylene and
leave behind only the SPAN® 20. The filled molds are kept in

15 a room maintained at 65°C for 18 hours to allou;for curing.
After the foams are cured, they are cut to the desired
thickness, as in Example I. The cured foam webs are then
washed with a 1% calcium chloride solution. The residual
solution retained in the foam before drying is 5 times the

20 weight'of foam.

Figure 3 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 3 is in its

25 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
éuring of the HIPE emulsion. '

30 ' . EXAMPLE' 11 B
A water phase containing calcium chloride/potassium
persulfate and an oil phase monomer mixture containing
SPAN® 20 are prepared as in Example II A. To the monomer
mixture is added sorbitan laurate (480 g as SPAN® 20) and a
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assi gned, co-pending U.S. Patent Application Serial No. 07/ 989, 270

(Dyer et al., filed Decenber 11, 1992), the di scl osure .of which is
i ncorporated by reference. To be |0 especially useful in absorbent
articles for absorbing urine, t he foam absorbents will preferably
have a 5 cmvertical wi cking rate of no nore than about 30 m nutes
when w cki ng synthetic urine (65 +6& dynes/cm. Mre preferably,

t he ‘preferred foam absorbents for use in the present invention 15
will have a 5 cmvertical -w cking rate of no nore than about 5

. m nutes when wi cki ng Wyheneeof csexhitan laurate (240 g) amy sonbitanc falwmftatieng

~ Absorbent Capacity (240 g as spANoThe) veAfmahimgklﬂcé abﬁ%bﬁé\txscamay
test is carried

test. 20 . Verti ¢ sﬁ%ﬁlﬁ‘bﬂ%ﬁ@umt{h ég?)asé‘ipff/"ﬁéﬁg&eé% g“gr Unf"rate

test fluid per gram ofseapsdobeing thmmiPhemulsioni cked to each | one
i nch (2.54 cmg vertical i Sasﬁscfta%daiﬂ phagés are then fdORY

sanpl e usedlnthe vert i vmcmgratetes
deternination i s gendhg e9mbined dypimic ang s$abin mixers abeqmtuszgs in Exampleowed
to vertically wick teHtAfl The dombensd hppuratus (ie. Silled with the 61t ahd aRees 18

hours). Like the Ver&h'aggsl a\‘g' %k ngr aotfeztS§rIts water to 1 part oil, while
' venting the apparatus to allow air to escape until filling. of
10 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 impelier turning at 1800 RPM. The aqueous phase flow rate
is then evenly ramped up to 42.3 cc/seé and the oil phase flow

15 rate is evenly ramped down to 1.5 g/sec over i“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 II A. After the foams are cured, they

20 are cut to the desired thickness, as in Example I. The cured
foam webs are washed with a 1% calcium chloride solution. The
residual solution retained in the foam before drying is §
times the weight of foam.

While particular embodiments bf the present invention

25 have been illustrated and described, it would be obvious to
those skilled in.the art that various other changes and
modifications can be made without departing from the spirit
and scope of the invention. It is therefore intended to cover
in the appended Claims all such changes and modifications that

30 are within the scope of this invention. '
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the"ver‘ti'cal wi cki ng absorbent capacity test is described in
greater detail in the TEST METHODS secti on of comonly assi gned,

co-pending U. S. Patent Application Serial No. 30~————e7+989—€—76—6£)yer et

~al., filed Decenber 11, 1992), the - di scl
I ncor porated by reference. -69-To be es EH J 3’! J“B
absorbent articles for absor bi ng urine, t f'oans

for use in the present invention will generally have a verti cal
~wicking 35 absorbent capacity such that, at 11.4 cm (4.5-inches) of
- 30- . WHAT IS CLAIMED IS:

1.  An absorbent member having a peripheral region and a
deposition region contiguous with said peripheral region and laterally
surrounded by said peripheral region, characterized in that said
absorbent member comprises:

(a) at least one layer of absorbent material which, upon contact

with aqueous body fluids, expands and absorbs said
aqueous body fluids, said absorbent material comprising a
hydrophilic, flexible structure of interconnected open
spaces, said at least one layer having an upper surface and a
lower surface, said upper surface and said lower surface
defining a planar direction and a normal direction
perpcndiculér to said planar direction, said absorbent )
material being expandable in at least one diréction within
* said planar direction; and
(b) at least one slitted region comprising at least one slit
extending at least partially through said at least one layer,
¢ said at least one slit comprising at least two slit surfaces
which are displaceable with respect to one another when
said aqueous body fluid is introduced into said deposition
region;

whereby when said aqueous body fluid is ‘introduced into said
deposition region, at Jeast a portion of said at least one slitted region
expands more rapidly than and to a greater degree than surrounding
regions of said at least one layer, and whereby at least a portion of said
at least one slitted region becomes deformed and buckled in said normal
direction, thus causing said at least one slit to open and expose said at
least two slit surfaces to said aqueous body fluid for more rapid
acquisition. -

-2. A multi-layer absorbent member having a periphefal region
and a deposition region contiguous with said peripheral region and
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vertical w cking height, the foamtest strip wicks to at |east
about 50% nost preferably at about 75% of its free absorbent

iC?ngfit;%'ce to the py'esentSI : f’lt/gﬁt :?g%i ?gstﬁe . | : ||miﬁnmlr“mlf|mm|l!lled

regions within the polyneric foam © -70-4bsorbent nentfert * 3

| mproved pol yneric foam material absorbent nenbers according to

the present invention incorporate a plurality of 10 slits extending
at least partially through the thickness of t he absorbent nenber

é o for mda_ sl i:t ted régealy ;drfbtmdw&;f sad petipheral region, clapdci@izedtlin that ssidich as
epicted in Figure ' e e ) di sposabl e di apers, the

slitted region is | ég%é}%é tf)nrel ﬁgﬁﬂﬁfﬁ%& -+ the typical deBosi tion

(crotch) region while arf@undgtileasedwpslayers of jgbsogeant gnatenal nwvhiche upan

surroundi ng this region is r@nikawiedqueous body fluidshéxpahdd shdCadsorbe sdi@r med
when the foammaterial is inits

still in its expanded state aﬂf‘?‘ﬁﬁsq{"éy fluids, said al?fgaELlf'gg\geld-F é‘?f&gﬁ% é\rl\/glb: ;
extend entirely through the hydrophilic, flelibbek rstruistucd- - afhéntemrbendctdd. opes si ze of
the slitted area my " spaces, said at least two layers each having an upper
~ surface and a lower surface defining a planar direction and
a normal direction perpendicular to said planar direction,
said absorbent material being expandable in at least one
direction within said planar direction; and
(b) at least one slitted region comprising at least one slit
extending at least partially through at least one of said at
least two layers, said at least one slit comprising at least
two slit surfaces which are displaceable with réspéct to one
another when said aqueous body fluid is introduced into
said deposition region; o _
whereby when said aqueous body fluid is introduced into said
depositign region, at least a portion of said at least one slitted region
expands more rapidly than and to a greater degree than surrounding
regions of said at least one of at least two layers, and whereby at least a
portion of said at least one slitted region becomes deformed and buckled
in said normal direction, thus causing said at least one slit to open and
expose said at least two slit surfaces to said aqueous body fluid for more
rapid acquisition. ' -

3. An absorbent member having a peripheral region and a
deposition region contiguous with said peripheral region and laterally
surrounded by said peripheral region, characterized in that 'said
absorbent member comprises:

(a) at least one layer of absorbent material which, upon contact
with aqueous body fluids, expands and absorbs said
aqueous body fluids, said absorbent material comprising a
hydrophilic, flexible structure of interconnected open

e

i
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20 ., be varied as de5|red and the sllttlng may be—u—ﬁ-&m,;desu_ed_.

pattern, although the alternatl ng "brickwork"” pattern:depicted
Figure 4 is preferred. The orientation Ofr, “ umlm
role in the mgration of fluid within the abs

presently 25 preferred pattern depicted-in Figure 4 mai nt ai ns° a
relatively direct fluid path running in the X direction fromthe
deposition region to both end regions of the absorbent nenber, and
t hus promotes nore even fluid distribution and better - : utilization

of the storage capacity of spinss,(fsaidrat leasteomieddyer BviDan upper surfage euhar ary,

slit orientations which arg \Qgrﬁl ce, Hald® Gppe? Surface and san&’rlb\@ Sfegovi de a
nore tortuous fluid path for_flu travel | 1 ng L X .direction

because the fluid nust tra\péf'"mg a “planar, r‘B{?ﬁHmi h&n n%ls“‘?ﬁ“a aBiFFeEPR ¢ when
the slit surfages are perpenditwipd aoeshid r pianavn directiohesaid aBsorbent

material being expandable in at least one direction within
said planar'diréction; and - .
(b) at least one slitted region comprising at least one slit
extending at least partially through said a% leqgh one layer,
said at least one slit comprising at least two slit surfaces
which are displaceable with respect to one another when
_ said aqueous body fluid is introduced into said deposition
region, said at least two slit surfaces having an initial
orientation prior to introduction of said aqueous body fluid
wherein said at least two slit surfaces are substantially non-
parallel, and wherein said at least two slit stitfices are
displaceable such that said at least two slit surfaces assume
a substantially more parallel orientation upon introduction
of said aqueous body fluid;
*%ngy when said aqueous body fluid is mtroduced into said .
deposition region, said at least one slit forms an open receiving channel
- for more rapid acquisitien of said aqueous body fluid, and whereby upon
acquisition of said aqueous body fluid said at least two slit surfaces
. move toward one another and return toward a more parallel orientation,
‘thereby at least partially closing said at least one slit.

- 4. The absorbent member of any one of Claims 1 to 3, further
characterized in that said absorbent member comprises an unslitted
region at least partially laterally surrounding said at least one slitted
region and extending outwardly from said at least one slitted region.

5.  The absorbent member of any one of Claims 1 to 4, further
characterized in that said absorbent material comprises a collapsed
polymeric foam material, still further characterized in that said polymeric

—_—
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-31- . Figure 4 depicts an absorbent member 10 formed of
polynmeric foammaterial in a substantially noisture-free,——— ottt apsed

Cocor i ng Lo the bresent PLSéL?Fﬂan %En.; t ; Lels IIIIIIIH|HEM§HII§MII

preferably includes a plurality of slits

preferably at |least partially surrounded by an + unslitted border
region 40. .End regions 50 and 60 are preferably unslitted as
well. The slitted region 20 is preferably substantially confined

to the region of tyfdaeal mhferial comprisesii d dedesphilicpn flekible tdracabs obbent
menber 10 is positi an absorbent article and worn by an
i ndi vi dual , alt houg?@&gonnectedopen deﬂsWI thin the scope of the present

i nvention that -at | east

6.  The absorbent member of Claim S, further characterized in
that said polymeric foam material has an expansion potential in at least
one direction within said planar direction of at least 5%.

7. The absorbent member of Claim S, further characterized in
that said polymeric foam material has an expansion potential in at least
two inutually orthogonal directions within said pianar direction of at
least 3%.

8.  The absorbent member of Claim 5, further characterized in
that said polymeric foam material has an expansion potential in a
direction parallel to the direction of said at least one slit, and preferably
also has an expansion potential in a direction perpendicular to the
direction of said at least one slit.

9. § The absorbent member of Claim 5, further characterized in -
that said polymeric foam material has:

() a specnﬁc surface area per foam volume of at least about
0.025 m /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; and

(d) in its expanded state, a density when saturated at 880F
(31.10C) 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.

——

/“— :
Sheet Has Been Replaced

\\ll\\\\ L |



part_of, the slitted-regi on may fall outside of t he typi cal
dep05|t|on region or that a part of the-deposition|region may 15

remai n unslitted. : Al so shown in Fi gure
syst em defi ned by t'he absorbent nenber ||m" Elﬂmm ’Il for

use in a di sposabl e di aper or adir t |ncont|nence art it

direction depicted is the |ongitudinal di rection which passes 20

between the I egs of the wearer fromthe end region 50 (near ’ t he
front waist of the individual) to the end region 60 (near t he rear

wai st of the individual)Q TAp a¥satbentartiobe espepiallyt suitable for absorbipgtand | at er al
direction which extepgs, *%&M@ﬁ%‘_ t}oﬂg t’(lJﬁ é?xﬁraEQ%ed in that sa‘l’@aar'i]a%rb&{ tOm one
he réction

'side border 40 to the ot 0 orthogonal to both
the X and Y direct i BHde SpmpPRses:gener al | y ' nor rral to the upper and

| oner surfaces 11 and 1@) abacking shéetpdcti vel y, of the absorbent nenber

'éL (r)ansver se secti onal @3/ #e%slé’ﬁbreggﬁ{ e& rbgeﬁésgflgeegu‘f'ﬁh%lngé‘:%g% sheet each

i ndi vidual slit 30 for ms t weuchthag said sbspchest mzmhﬁds positionied between said g

preferred configuration, t h@acﬁingtsﬁee'?(ln@éﬁeefhﬂd%&%hirgé Yegion of the wéafgrough t he

absor bent nenber 10 in a d|r ctron, gener
the article, salci”;l ab%orbent member comprising the

" absorbent member of Claim 1.

——
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normal to its top and botton1surfaces 11 and 12, respectively. For

a general |y planar absorbent nenber such as deplcted in 35 Fi gure 4,
the slit surfaces 31 and 32 have a generally

-32- : rect angul ar shape, defined at each end by the ends of the
slit and on each side by the upper and | ower surfaces 11 and 12,
respectively, of the absorbent nenmber 10. Figure 6 is a

fragnentary el evati onal sectional view of an absorbent nmenber 5 in
the vicinity of an individual slit, illustrating a slit -

113
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surface 31 bounded by slit ends 33 and 34 and the top and bottom
surfaces 11 and 12, respectively. When t he absorbent nenber
is’inits coIIapsed, relatively noi sture-free state, the slit
surfaces of each individual slit 10 are in close proximty to one
anot her and are generally aligned with one another. Since no
material is preferably - renoved fromthe absorbent nenber in the
formati on of the slits, in the absence of any forces applied to

t he absor bent ' menber the slit surfaces are typically in contact

wi th one 15 anot her across substagyi ly their entire surface area. .
The deposition region of such an absorbent” nenber typically
correlates to the crotch region of a wearer during . use. Wiile the
general outline of the periphery of the ' absorbent nenber in its
unf ol ded and undeforned state is 20 designed to at |east partially
acconodat e the anatom cal ' characteristics of a typical wearer, the
use of slits in particul ar | ocations enabl es the absorbent nenber
to better conformto the wearer's anatom cal characteristics in

t hose regions, particularly as the wearer noves about. This
results 25 in a nore confortable fit, as well as reduced | eakage

" Fg.2
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potential by minimzing gaps in fit. ' g While the use of slits

provides inproved flexibility in t he absor bent nenbers, these
slits also increase the effective surface area of the absorbent
menber. The surfaces of each 30 - slit contribute to the increase in
surface area, particularly given increase in height of the slit
surfaces due to the . expansi on of the absorbent nenber in the Z°
direction. This in turn provides an increase in the rate at which
t he absor bent _ menber can acquire and store fluids. This
acquisition rate 35 increase is a matter of degree, and is highly

dependent upon

3/13
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- 33- the material used for the foam absorbent nmenber and ot her
absorbent conponents (i.e., cellulose fibers, absorbent gel l'i ng
materials, etc.), particularly those which play arole “ininitial
fluid acquisition The acquisition rate is also 5 - highly dependent
upon the confining pressure (i.e.,. the - external pressure) exerted.
upon the absorbent menmber when worn by a wearer . under actua
wearing conditions. Wth increased surface area, nore fluid'is
acquired, which results in nore 4/13 empan5|on etc. until the full
storage capacity of the foam 10 matyerial is utilized.

In a substantially noisture-free conditign, the open cel | ul ar
structure of the foammaterial is in a cdt!lapsed . state, and when
infused with fluid the cellular structur returns to its expanded
state, storing a conparatively large 15 ' quantity of the fluid in the
internal void spaces. Thi s expgansi on property is directly tied
to the acquisition of fluid, solregions that acquire fluid nore
qui ckl'y expand nore gui ckly than regions which acquire fluid nore
slowy. - ' 50

30
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Besi des an enhanced acquisition rate, and increased 20 flexibility,

slitted regions in conbination with non-slitted and/or relatively
drier, surrounding regions enable the absor bent nmenber to respond
dynanically to various fluid . loading conditions. The expansion
property in the planar direction of the polyneric foam absorbent
menbers preferred 25 for use in the present invention thus provides
an unexpected addi ti onal benefit in conbination with the use of a
slitted region in generat§fdFynani c structural configurations
whi ch further enhance the fluid acquisition capabilities of the
absor bent nenbers. 30 ' Figures 7, 8, and 9 depict the absorbent
menber of Figure 4 when it is'in a partially fluid-Ioaded
condition. Wen fIU|g0|s introdd@ed into the deposition region,
the slitted .. regi on expands in allf threg_principal Q|rect|ons much
nore rapidly and to gheat er Qn the su roundlng '
unslitted 35 Yy C@Oca t 8duf arf ., j np i s/the ability of

t he '

32 32 32

Fig. 5
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-34- . preferred foammaterials to expand in at | east one direction
in the pl ane of the absorbent menber, and in this instance to

expand in all directions within the plane of the absorbent menber
and-also in the normal direction. The uppeif surface 11 5 and | ower
surface 12 are, 1in a preferred configuration, substantial ly
parallel, and in such a condition the planar direction can be
defined by reference to the general plane defined by either
surface. If, however, the two surfaces are not substantially
paral lel, for purposes of the presentéV1§ i nvention the planar-
drrectron can be defined by a plane wh

can be constructed
i nternedi ate the general planes of the two

e
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respective surfaces. Once a planar direction is established by

ei ther nmethod, a normal direction perpendicular to the pl anar
difection is al so correspondi ngly defined. 15 - The slitted region
is.constrained at its edges by the - sl ower-to-expand unslitted
region, and thus its continued expansion forces it, to deform and
buckl e out of the plane of “the absorbent nmenber to form one or nore
dome-like structures. - This domi ng effect causes the slits to open
and the slit 20 surfaces to dizyigce angul arly and/or translationally,
further exposing the slit séftdces to provide increased surface

ar ea for subsequent fluid discharges. The domng effect also
creates a void space under the absorbent nenber which fluid . .can
reach through the open slits. This void space provides 25 t.enporary
surge capacity for capturing and isolating excgss fluid until it
can be absorbed and stored by the absorbent o “nmenber ! I n
the context of the present invention, by descF! bi / the slit
surface displacenent -as "angul ar", the phenonmenon 3 . intended to be
described is the rotation of. the slit syr S ! fromtheir
generally parallel initial orientation

10
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substantial 'y non-parallel Orientation, produci ng what roughly
apptr oxi mates a funnel -1ike "V' or cup shape. This funnel-like

shape provides an upwardly projecting exposed area for each 35 slit
surface, providing enhanced fluid acquisition capability.’ -

- 35- This shape formed by the slit surfaces increases the

ef fectiveness of the slits in preventing fluids fromrunning

across the surface of the absorbent nenber, the slit edges t hus
slowing the fluid and permtting the foammaterial to

- 8/13

Fig. 10
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5 . Capture it. In like fashion, the phenonenon intended

to be descri bed by the use of the term"translational"

di §pl acenent is the relative novenent of the two sl+t surfaces of
any. particul ar i ndi vidual slit fromtheir initial orientation
(wherein their 10 . top edges are generally coextensive and their
bottom edges are generaILg/i xtensive) to an orientation wherein
one top edge - ~.of one slit iS5 Sdnmewhat higher. than the other top
edge, and ~likewi se the one bottom edge of one slit is sonmewhat

hi gher than the other bottom edge. This produces what may be
roughly 15 described as a "w cker"-type orientation, and provides for
a _ | aterally projecting exposed area for each slit surface, and

in turn enhances fluid acquisition capability. As fluid

m grates into the surrounding regions of the - absor bent nenber, and
as these relatively drier regions * to attract fluid away from
the slitted and initially wetted . the dom ng and slit

di spl acenent tend to dimnish as xpansi on of the surroundi ng
regi ons approaches that of ggion. In fact, once the
noi sture content of the - & Menber is relatively
uniform the absorbent

12,13
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25 ., , Jrenber

F|gU{e 4, al beit expanded in al
menbérs according to the present

di recti ons.
i nventi on may

returns to generally the conflguratlon depicted in

Absor bent
in fact have nore
over substantially

slits

may be

characteristics such as
dependi ng upon the

ﬁﬁn one distorted or dome-like

t han- one slitted region, or may ‘be slitted
their entire surface. 1In this fashion, the 30
utilized for  their -other benef|C|aI

i mproved flexibility. In dition,
arrangenment of the slits, mor &

structure may be
depicted in 35
such

generated even within one slitted region (such as

Figure 9, wherein tw such structures are illustrated),

115 15
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- 36- _ 'that t he absorbent menber has an undul ati ng shape whi ch

fuﬁtﬁiéns to nore fully expose the slit surfaces. The critica
characteristic of the polymeric foam ' materials insofar as this
dynam ¢ sti®ucture is concerned is 5 the ability of the flramto expand .
in at |east one direction wi thin the pliane of the absorbent nenber.
This may be described in terns of an expansion potential, in that
the - col | apsed polyneric foamnaterial has the potential to expand
to a certain percentage beyond its cdlll/i@dsed size when | oaded 10 with
fluid. Absorbent materials of the type presently preferred for
use in the present invention will possess an expansi on potenti al
when fully loaded with fluid of at |east" about 5% i f expansion
potential only exists in one direction ~ within the X-Y plane, and at
| east about 3% if the material 15 has expansi on potential in two or
nore directions within the X-Y plane. Such materials preferably
have an expansi on poetential in the Z direction of at |east 200% .
Mor e :
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preferab4y such materi al s have expansion potentials of at - | east
about~10%in directions within the X-Y plane and at 20 | east about
300% i.n the ZA direction when fully | oaded wth flui.d. The presently
preferred H.PE pol yneric foam expands - approximately 12%in the X
direction (machine direction during ' manuf acture), about 15%in the
Y direction (cross direction during manufacture), and about 500% i n
the Z (thickness) 25 directi-on when fully | oaded with fluid.

Figure 10 is an elevational sectional view of the partially

fl ui d-1oaded absorbent nenber of Figure 9. The poi nt of view of
Figure 10 is substantially that of Figure 7, ' with the section |ine
10-10 intersecting one of the dome-Ilike 30 “structures of Figure 9 (but
not intersecting any individual slits). This Figure clearly

depi cts the .expansi on and pg;rglng of the foam material which
occurs in the slitted .region'in the area of flujd acquisition. It
i s the expansion and buckl i ng such as depicted in Figure 10 which
produce the 35

Fig. 16
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openi ng and di spl acenent of the slit surfaces according to the

present” i nvention. In general, expansion potential in a
di r'ection parall el : to the direction of the slits produces the
transl ational 5 “di spl acenent phenonmenon as a primary effect and
may : secondarily produce sone angul ar di splacenent, while the
expansi on potential in a direction perpendicular to the direction
of the slits produces the angul ar disp nt phenonenon as a
primary effect and may secondarily producé 10 sonme transl ational
di-splacenent. ~ In the foam materials which '
310
~—f m 5
320
13
Fig. 17

I
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are presently preferred, the expansion potential in al |
directions, particularly both parallél to and perpendicul ar. to

di rection of the pro tr & ML |
di spl acenent of }Fdfsurfaces I'n regi m&%?@m“ t he expa

oc c ur r i g ARERRATRNAL RPPIGOAPON PUBLISHEZPURDER THE PATERP ¢pOPERATIONTIREATY (PCT)

attropn—of rroh rtranstatoma—h b[JI dCellerl

pr OVI d%s‘5 Dy H‘ﬂﬁl’“‘ﬁgﬁﬂﬁﬁﬂ?‘at i on | (DjlpterpagipnylPobication MEPET ¢ | on WQ 25/00091

?gfaggq I LARRIHAT es the surface  wiih A1 | b e el N© 3 Walad 005205905
Wi e—acgul sition—+at-e—the—-armduht—of—

def or majt ed by, 1 BERGEE sits: WOSBHEEIN)B
i.nventi (h?&ummm‘\pph"%? '+1r| ghly dep en u oms,g;?:s amnasxzﬁs{v%iang MIILL

| engt h, (mmamwFﬂingDmttern%MgIlP%QQ&i%brn d 111’ NZ @TP
t he : expan5| on properties and acqw siti
25

edf) ‘pata: 1Ne area of fluid dep03||'|on an tche:wmemmemrmsn mm)

absence aos/os28el i t t ed2tieded®s CheAPNal so U | uence t-he anmount
def orndti ons exhibited. . Fi gur:lg depicts a mul til ayered

enmbodi n %AS’Jliaﬁt Sligk! AcTER & GAMBLEARBRBRGN! e NWEN inddaidél Sbaidiredort t he present

i nventijon, . | (USAYS); OB Blter & Gamble Plazh, CGiBinatlGH | ay e Befoervipr dxsiaton of hasper limisffort dending the
p0| ymeri C fwmwa) ’ claunsandtoberepublwhedmtheevemotherecetpzof _
"| (72) Inventors: LAVON, Gary, Dean; 10132 Lee’s Creek, Harmrison,
OH 45030 (US). YOUNG, Gerald, Alfred; 1101 Hearth-
stone Drive, Cincinnati, OH 45231 (US). TAYLOR, Gre-
gory, Wade; 463 Blue Teal Drive, Cincinnati, OH 45246
(US). ROE, Donald, Carroli: 6324 Emberwood Court, West
Chester, OH 45069 (US). ANDES, William, Scott; 3585
Miller Road, Springfield, OH 45502 (US).

(74) Agents: REED, T., David et al: The Procter & Gamble
Company, 5299 Spring Grove Avenue, Cincinnati, OH
45202 (US). e

| (54) Title: SLITTED ABSORBENT MEMBERS FOR AQUEOUS BODY FLUIDS FORMED OF EXPANDABLE ABSORBEN_T
MATERIALS .
£
(57) Abstract

This application relates to the use of slitted regions in absorbeat
members formed of absorbent materials that remain relatively thin until
wetted with such fluids. Suitable materials include presently preferred
varieties of polymcnc foam materials. Single and multi-layered absorbent
members incorporating slitted regions are disclosed, as well as the use of
pre-formed cup-shaped slits for enhanced initial fuid acquisiion. Such
slitted regions in combination with planar expansion propertics enable
the absorbent members to respond dypamically to various fluid loading
| conditions to create useful structural features. The slitted regions, in
 combination with absorbent materials having expansion potential in at-
‘Jeast one direction within the plane of the absorbent member, cause the
slitted regions to buckle and/or deform out of the pianc of the absorbent
member, thereby causing the slit surfaces to displace angularly and/or
translationally with respect to ope another. This more fully exposes the
_slit surfaces to the incoming fluid. for improved acquisition capabilities.
The use of pre-formed cup-shaped slits enables the absorbent member to
more quickly capture and absorb aqueous body fluids, and is pamcuhrly
useful for containment and dewatering of moist or runny fecal material
and higher viscosity fluids and/or those baving a higher concentration of
particulate material therein such as blood, menses, or wound fluids.
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" , No4331-3 3¢0°
material and incorporates a slitted region. The upper |ayer - 110
inthis illustration is provided with slitted apd unslitted
regi ons as “escri bed above. At |east one of |owkr REPLACEPSREETS|n t$fs
illustratian layers 120 and 130, is preferably |BbDescriptiomopagpd ovi.degageidt.h......
slitted regions so as to provide a ' B Claim(s)  :paged ..#).. to paged .73

- 38- conti nuous. surface bel ow the sl. t{[EdDragigs)( Spaged ..t.haoppgar..........

| ayer (s) and enhance the overall structurgif_i nt Abyraof t hgaged .7%.. to paged ..~
absorbent nenber. Wiile Figure 11 depicts

-

SLITTED ABSORBENT MEMBERS FOR AQUEOUS BODY FLUIDS
FORMED OF EXPANDABLE ABSORBENT MATERIALS

REPLACEMENT SHEETS  SG
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-----

¥ Jrawing(s) : paged .M to paged s

W Abstract  : paged .. to paged =

DATE OF RECEIPT... %341

F NVENTJON
This appTication relates to flexible, microporous,

absorbent materials having fluid absorption and retention
characteristics that make them particularly suitable for
. absorbing aquéqus body fluids, e.g., urine, blood, menses,
- wound fluids, etc.. This application particulariy relates to

the use of slitted regions in absorbent members formed of
__absorbent open-celled polymeric foam materials that have the
~ potential for expansion in at least one direction within the

plane af the absorbent member when the absorbent foam material

absorbs such aqueous body fluids.

10

ACKGRO OF TH N _
The development of highly absorbent articles for use as

disposable diapefs, adult fincontinence pads and briefs,
catamenial products such as sanitary napkins, and disposable
medical products such as bandages and dressings. is 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
20 . clothing, and are less noticeable. Thinner articles are also

' more compact in the package, making the articles 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
required in thg store per absorbent article.
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substantially the same size and shape, there may be .. less
than three |ayers and the layers may be of differin E?LACE@?.*f 15

shapes. ) In multilayered configurations d

| ayer - perfornms substantially as descri bed itia
fluid acquisition is concerned. In rmultilaygqr

configurations which incorporate adjacent nmultiple]la t he

polyneric foammaterial, once the upper |ayer has ui d,
t he upper and adjacent | ayers interact to-produce a nd

advant ageous structural configuration. |In mul til ayered
configurations where only one |layer is a foam 15 materi al and the
other layers do not havdheugthildkpatitspravide thinnerahserbest iatickes such as

behavi or of the foagibhpar Hag ®RERNEdrtlihgent on theShaBil@Ry 8 WRGeRIpnl €
| ayer behavi or dESCKI ed. abo

VeE.. As_ wi.th nost | tilayered
absorbent nenbers, i Q\HVSR-Y thin absoghent FaKRRS: OF (SELPELUrES "Faﬁr‘b%‘e%gﬂ‘l‘feto _
acquire and store flanddst®® large | quaptttiesi ofi dischargddobedy nBliwdds eiont ent

will tend togdraw paﬁticulaf'l Wk the.r OTh! ®EY Srélgﬂi‘@h bRy esd NifIRQLLoR) sture
content (a phénomenon cormomy referred Yo as "partitloning").
In an absoP3shicHakecabsprbent 5 palymensyiafges ongferred hdosape

"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.

10 Patent 3,770,731 (Harmon), issued June 20, 1972, that disclose
the use of such particulate absorbent polymers in absorbent
articles. Indeed, the development of thinner diapers has been
the direct consequence of thinner absorbent cores that take
advantage of the ability of these particulate absorbent

15 polymers to absorb large quantities of discharéed 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

20 structures comprising a fibrous matrix and particulate
absorbent polymers useful in fashioning thin, compact,
nonbulky diapers.

These particulate absorbent polymers have the ability to
retain large volumes of aqueous body fluids, such as urine. A

25 representative example of such particulate absorbent polymers
are 1ightly 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

30 - 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 fofces are notable in various everyday

k1 phenomena, as exemplified by a paper towel soaking up spilled



absor bency characteristics, the fluid would tend to mgrate 25

t hroughout the |ayers of the absorbent nmenmber until a roughly '
equal f|UId distribution is achieved throughout tl oo |

menber . : The uppernost |ayer (or whi¢ é§3@§§§§’$§ﬂﬁb ated in
proximty to the source of the body fluid) typicakly has a 30 hi gher
moi sture content, at least initially, than the next{ 28MAY W@eower fl ayer,

t hus establishing a noisture gradi ent downward t hrough th
absorbent nenber. The next |ower |ayer w34 thus Tend raw
fluid fromthe uppernost Iayer through their contacting surface
areas in order to a hle I|br|un1 35 between | ayers with
respect to noisture dBH{é;u Cap1 ary absorbents can offer superior performance

in terms of the rate of fluid acquisition and wicking, i.e.
the ability to move aqueous fluid away from the poinf of
initial contact. Indeed, the dual-layer core absorbent

5 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 rétajned by the particulate absorbent
polymer positioned in layers or zones of the core.

10 . Other absorbent materials which provide capillary fluid
transport capabilities are open-celled polymeric foams. If
made appropriate]y; open-celled polymeric foams provide
features of capillary fluid acquisition, transport and storage
required for use in high performance absorbent cores for

15 absorbent articles such as diapers. Absorbent articles
containing such foams possess desirable wet integrity, provide
suitable fit throughout the entire period the article is worn,
and avoid degradation in shape during use. In additionm,
absorbent articles containing such foam structures are easier

20 to manufacture on a commercial scale. For example, absorbent
diaper cores could simply be cut 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

25 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,

30 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 diaper that can employ a foam

35 element in the crotch area of its absorbent pad assembly in



- 39- Due to the unique abllltles of the polyneric foam

materials which are preferred in accordance with the present. .. ...
invention, the foammaterial in layers which are afR wﬂgﬂ}i:ﬁzggu&d,flu|d
will be expanding while the foammaterial in |ayerk | arie
giving up fluid will be contracting. |In addition, r flaces of
the polyneric foammaterial tend to have a “0#&5M&Vl%@7 jhlgh
coefficient of friction when wetted, and he_surfaces . te o be
drawn together by capillary forces. -4- As sugh, when adj acent
surfaces of adjacent layers are 10 noi st ened| ' t-cit

novement between Iayers [ . As shown
in Figure 12, which?ord @%&rgvk‘l@ztm@ﬁaf"%l E%eﬂﬁe“cy Certain, dypes Fhent
menber of Figure 11 poﬂhnemcpfmanateﬂabs‘ habe also been suggelsyedrascusefam in
Taterial generate A dgpAldnt! I RNELCH AnelBurpose HOULBLT! GBI

mul tiple layers of co

apsed yneric f al s are“dsed.
Forces exerted on vaticking r‘é‘@/‘b"ns"ﬁﬁ‘t‘m “aqueous body flutds. See, for
5 example, U.S. Patent 3,563,243 (Lindquist), issued February 6,

1971 (absorbent pad for diapers and the like where the primary
absorbent is a hydrophilic polyurethane foam sheet); U.S.
Patent 4,554,297 (Dabi), issued November 19, 1985 (body fluid
absorbing cellular polymers that can be used in diapers or
10 catamenial products); U.S. Patent 4,740,528 (Garvéy et al),
issued April 26, 1988 (absorbent composite structures such as-
diapers, feminine care products and the like that contain
sponge absorbents made from certain types of super-wicking,-
crosslinked polyurethane foams). U.S. Patent No. 5,147,345
15 (Young et al.), issued September 15, 1992, illustrates
possible absorbent article configurations which are suitable
for use with absorbent members formed of such polymeric foam
mater1als, and is hereby incorporated herein by reference.
Although various polymeric foam materials have been
20 suggested for use in absorbent articles, absorbent,
open-celled polymeric foams have been developed which have the
following desirable characteristics:
(a) a relatively greater affinity for absorbing body fluids
than exhibited by other components in the absorbent
25 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 transport the
30 imbibed urine or other body fluid away from the initial
_ impingement zone and into the unused balance of the foam
structure, thus allowing for subsequent gushes of fiuid
to be accommodated; and :
(c) a relatively high storage capacity with a relatively high
35 fluid capacity under load, i.e. under compressive forces.



foam material are depicted by the smaller arrows |n Figure 12,

and as;shown the |ower |ayers 120 and 130 tend to R

outwardly (in all three directions, actually) mhllgﬁpﬁgﬂggﬁﬁQiﬁk“ bbernnst
| ayer 110 is contracting with its corresponding | gs of {ffuid to
the next |ower layer 120. Since the bottom 218fpxye 197 | hypr 110
and the upper surface of |ayer 120 cannot nove relativejtp one
anot her due to the above-described friction/caprrrary ction
phenomenon, the outwardly expanding 25 -5- | ayet—120 _tends to hold open
or further pull open the slits of - t he uppernost |ayer 110, as
shown in Figure 12. This_ effect enhanced by the contraction of

the individual strips ofAS D"“”“S”f@éﬁﬁm éhmerl!!asqa'@f-'v\teéﬁr@ He ysualdyand
at the edges of the a requirementpfue’ Wakingl ayHtivelnytmﬁ mei‘bérﬂtkerﬁm@?

oyer “whi e the 20 such a6 ANGbEEL ok by EinaLbAARBRRL phld s e

unslitted mﬁ;ﬁéﬁal% ﬁhestmamearqstiivelnrs thin din rformrmsci vmttthdt he
unslitted |aygr, thugitlv eRjuedss % amﬂwh ffgerm 's”ﬂra‘l‘gﬁﬂfbﬁlard the
slitted layer in a direction normal to.the @ne of 35 %sorbent
Terber . absorbent foam ma erial needs remain relattvely thin during

normal storage and use prior to being wetted. This relatively
thin polymeric foam material must additionally have the needed
absorbency characteristics described above if it is to be
10 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.
Relatively thin, collapsed (i.e. unexpanded), polymeric
foam materials have been developed that, upon contact with
15 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. Such collapsed polymeric foam materials remain
relatiyely thin during normal shipping, storage and use
20 conditions, until ultimately wetted with aqueous body fluids,
at which point they expand. Because of their excellent
absorbency characteristics, including capillary fluid -
. transport capability, these collapsed polymeric foam materials
aré-extremely useful in high performance'absorbent cores for
25 absorbent articles such-as disposable diapers, adult
incontinence pads or briefs, catamenial products such as
sanitary napkins, disposable medical products such as bandages
and dressings, and the like. Such collapsed polymeric foam
_ materials are described in commonly assigned, co-pending U.S.
30 Patent Application Serial No. 07/989,270 (Dyer et al., filed
December 11, 1992), the disclosure of which is hereby
incorporated herein by reference.
Although such polymeric foam materials exhibit superior
storage capacity, and the advantageous thin-until-wet feature,
35 they are often slower to acquire fluid than other materials.



- 40- | ndeed, as the foammaterial in the uopprnncfgLayef

110 . . continues to contract relative to the t gm@@' Im {1120,
the sidewalls of the slits tend to become nore cur ﬁg e i

cup-like shape, as depicted in Figure 13. This cup-{ike 5 structure
I's particularly advantageous in that the slit ZS%PWC@

exposed for subsequent |iquid discharges and act_as.fu s to
direct fluid into the slits and downward foward the underly)ng

| ayers. This

10

15

20

25

30

structure is also -6-

As a result, sudden gushes of fluid may simply run off of the
surface of such an absorbent member with comparatively little
fluid actually being absorbed and stored. This in turn may
lead to premature product leakage before the absorbent
capacity of the article is fully utilized. In addition, the
use of comparatively thicker slices or additional layers of
polymeric foam material to increase storage capacity increases
the resulting stiffness of the absorbent article, without
improving the acquisition rate.

Accordingly, it would be desirable to be able to make an
absorbent member that: (1) has adequate or preferably
superior acquisition characteristics, so as to be desirable in
high performance absorbent cores used in absorbent articles
such as disposable diapers, adult incontinence pads or briefs,
catamenial products such as sanitary napkins, disposable
medical products such as bandages and dressings, and the like;
(2) is sufficiently flexible and soft so as to provide a high
degree of comfort to the wearer of the absorbent article; (3)
utilizps a combination of mechanical features and material
properties to produce advantageous dynamic structures; and (4)

can be manufactured on a commercial scale, at relatively
reasonable or low cost.

DISCLOSURE OF THE INVENTION
The present invention relates to the use of slitted
regions in absorbent .members formed of absorbent materials
hiaving the ability to expand in at least one direction within

‘the plane of the absorbent member when they absorb aqueous

body fluids. More particularly, the present invention relates
to the use of such slitted regions in absorbent members formed
of relatively thin, collapsed (i.e. unexpanded), polymeric
foam materials which have the capability of expanding in at
least one direction within the plane of the absorbent member
when they absorb aqueous body fluids. These absorbent
polymeric foam materials preferably comprise a hydrophilic,



advant ageous in the context of containing and dewatering noist 10

runny fecal,

over the surface of the absorbent nenber.

t he absor bent nenber,
exhibit this structura

acqui sition.

or
as such material will also_he directed
downward into the slits rather than being a"o“e%HﬂEA£ENﬁ$ﬂ?S 'fTIateraIIy
Ri-S—advart ageous
cup-like shape can in fact be forned dufiphg_the $rocess gf maki ng
such that 15 si ngl e | aye®@B MAYf ¥9h ratleri al can
configuragion evep_prior to fldid
cross-sectipnal view simlar fto Figure
a pre-formed siwkgle—sheet—of—polyineric

foam mat eri al

mat eri al ,

Figure 15 is a
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with tfikexible,
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absorb the next potent1a1 discharge of fluid.

Compared with non-slitted regions of the absorbent
member, slitted regions acquire fluid much faster due to the
increased surface area provided by the edges of the slits. As
the material expands, the surface area in the slitted region
increases dramatically, and this increased surface area leads
to a further increase in acquisition rate. The acquisition of
more fluid leads to more expansion, and increased surface
area, etc., until no more fluid is introduced or until the
foam material reaches its fully expanded state, whichever
f1rst occurs.

‘Besides an enhanced acquisition rate. and increased
flexibility, slitted regions undergoing fluid acquisition in
combination with non-slitted and/or comparatively dryer
surrohnding regions and the planar expansion properties of the
foam material enable the absorbent member to respond
dynamically to various fluid loading conditions and generate
beneficial structural features. |

In one configuration, the deposition region of a
polymeric foam absorbent member is provided with a plurality
of slits to form a slitted region, while the perimeter of the
absorbent member remains unslitted. The unslitted perimeter
region also provides for greater structural idtegrity of the
absorbent member during use hy a wearer. Hhen fluid s
introduced into the absorbent member via the slitted region,
the slitted region expands much more rapidly and to a greater
extent than the surrounding unslitted region. The slitted
region is constrained at its edges by the slower-to-expand
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unslitted region, and thus its continued expansion in the
plane of the absorbent member forces it to deform and buckle
outside of the plane of the absorbent member, forming at least
one dome-like structure.

This doming effect causes the slits to open and the slit
surfaces to displace angularly and/or translationally, at
least partially exposing the slit surfaces to provide
increased surface area for subsequent fluid discharges. The
doming effect also creates a void space under the absorbent
member which fluid can reach through the open slits. This
void space provides temporary surge capacity for capturing and
isolating excess fluid until it can be absorbed and stored .by
the absorbent member. | '

In another configuration, an absorbent member as
described above is employed in fluid communication with an
unslitted polymeric foam absorbent member in a multilayer
configuration. When fluid is introduced into the deposition
region of the.slitted layer, the slitted layer performs as
previously described. The unslitted layer then begins to .
acquire fluid from the slitted layer, and as this occurs the
slitted layer begins to return to its collapsed state while
the unslitted layer is expanding in the plane of the absorbent
member. Due to restraining forces between the two layers
which prevent sliding relative motion between them (provided
that the layers are in direct contact or connected by an
{ntermediate member which inhibits relative motion), t
expanding unslitted layer causes the slits in the slitted

 Yayer to remain open and/or open further as the sljtted layer
collapses or partitions fluid to the unslitted layer. This

effect is enhanced by the contractfon in the planar direction
of the individual strips of foam material between the slits.
The slit surfaces also acquire an advantageous
funnel-1ike shape (compared with their usual straight -sided, .
para]'le\ orientation), as opposed to being merely opened,
which further enhances the ability of the absorbent member to

noi sture-free



-the surface cannot contract while in contact wt
The upper surface in contrast contracts freely
fluid, and the individual strips of foam5

REFLACE: @“ﬂﬁf E-I-gss of

nptertal betwedn {slits

contract. The resulting difference in 0 ;éﬁggvgn, t he
upper and | ower surfaces of the absor bent : becone$ {1l ocked
in" once the foammaterial is t hor oughl y ed ' t hen be
peel ed up fromthe substrate for furtherl processing. 10

The pre-formed cup-I|ike shape thus present§ t he sut-faces of the
pre-opened slits for the first discharge of fluid and/ or deposit

of fecal material, aﬁib\ﬁmffléﬁﬁi?@%egpg t{u@ﬁ? discharge o rPﬂan Eé)(r]%a%ﬁon
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fluid, and the noi stThis dusieli-bike chape is createiitdien tbheorapaetfvantf ngpder
equallzes (in a sing X | ' éﬂﬁ o | ose
their cup-like shapt’eeé gmeface of the tsEf{r;tteﬂ Hral Pﬁﬂ% tbg mc'{flﬁf &%‘Fon
shown in Figube 4. slitted layer mh@etmfe Wﬁthrrédiesllms'lict@ad Jayext i tns are

particularly 20 reﬁﬁﬂihﬂd E@ritceatﬁmanwtcoaﬂﬂ:tdwﬁi Qhé Nehs@it 8 Thydd
Hjﬂinésfecal tm crea‘%mg a stram %ﬁf?er%ntlht | ?glnn tne s (?lrttt\-:/é s]ca(;g:‘ty
in a direction normal to the plane of the absorbent member.
In yet another configuration, the above funnel-like slit

10 effect can be produced by performing the foam dewatering
operation with the polymeric foam absorbent member adhered to
a rigid substrate, or any other process by which the slits are
formed into the funnel-like shape when the foam material is
i dry and ready for incorporation into an absorbent product.
15

Absorbent members thus produced can then be in'cbr"porated into
absorbent articles with the slits already pre-formed in an
opened configuration to afford increased surface area for
rapid fluid acquisition. Upon the acquisition of fluid, the
slit syr;faces approach each other and become more parallel as
20 the foam material between the slits returns to its expanded
state. The pre-formed funnel-like slit orientation is also
particularly useful for containment and dewatering of moist or
runny fecal material, as well as acquisition of higher
viscosity fluids and/or those having a higher concentration of

25 particulate material therein such as blood, menses, or wound
fluids.

SCRIPTION WINGS
The present invention will be better understood with
reference to the following Detailed Description and to the
30 accompanying Drawing Figures, in which:

' 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.



and/ or those having a higher concentration of mat eri al

. . w-l rh :.U"‘ .
thereip such as bl ood, .nmenses, or wound fl uids. RERE@C}NEQ%{%EB@?1 cup-like
regions function as receptacles for capturing

suctrTht prial s and
retaining themwhile the noisture they cgféigg, E Fbed into
the foam material. These pre-forned gl ift I reduc he
tendency of fluids to run off of the su o] '

hm mat eri al

by providing a surface with | arge - lo_opdnings into which fhe fluid
penetrates via the upper. 30 ~openi ng: tra-hul ti -1 ayer
configuration such pre-formed slits may also afford i medi ate

fluid access to the next;,gup@rz! ¥ifNghe drawings llsai/eﬁhoﬁcbﬁ\&‘aaf'iﬂ\“r%ét?%

wherein the slits are subpst ant ron1u€ er surface to

al
| ower surface) whil &80} Icat?ﬁ’s‘) °} 3 fut rﬂeﬁﬁﬂ“nﬁpaﬁ TERPTeRtrt ey abseyibentgr e

of surface area polymeric foam according to the present invention in its
expanded state.

5 Figure 3 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 4 is a plan view of an absorbent member according

10 ~ to a first embodiment of the present invention.

Figdre 5 is an elevational sectional view of the
absorbent member of Figure 4 taken along line 5-5.

Figure 6 is a fragmentary elevational sectional view of
the absorbent member of Figure 4, showing an individual slit.

15 Figures 7 and 8 are elevational views (léoking in the Y
and X directions, respectively) of the absorbent member of
Figure 4 in a partially wetted condition.

Figure 9 is a perspective view of the absorbent member of
Figurej 4 in a partially wetted condition.

20 Figure 10 is an elevational sectional view of the
partially wetted absorbent member of Figure 9 taken along line
10-10. | '

Figure 11 is a perspective view of a multi- layered
absorbent member -according to a second embodiment of the

25 present invention.

Figures 12 and 13 are elevational sectional views of the
absorbent member of Figure 11 in a partially wetted condition
taken along lines 12-12 and 13-13, respectively.

Figure 14 is a plan view of an absorbent member according

30 to a third embodiment of the present invention.

Figure 15 is an elevational sectional view “similar to
Figure 5 of the absorbent member of Figure 14.

Figure 16 is a fragméntary plan view of the absorbent
member of Figure 14, presenting a magnified view of one

35 individual slit in its preformed state. .
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ETA SCRIPTION OF THE INVENTION
) Hhile the principles of the -present invention are
applicable to absorbent members formed of any absorbent
material having an interconnected network of open spaces which
is capable of transporting aqueous body fluids within the
absorbent member, and which expands upon acquisition of such
10 fluids, a presently preferred material for use in accordance
with the present invention is a polymeric foam material.
Polymeric foams of the type referred to herein can be
characterized as the structures which result when a relatively
monomer-free liquid is dispersed as droplets or "bubbles" in a
15 polymerizable monomer-containing liquid, followed by polymer-
ization of the monomers in the monomer-containing liquid which
surrounds the droplets. The resulting polymerized dispersion
can bejin the form of a porous solidified structure which is
an aggregate of cells, the boundaries or walls of which cells
20 comprise solid polymerized material. The cells themselves
contain the relatively monomer- free liquid which, prior to
- polymerization, had formed the droplets in the liquid

dispersion. .
Polymeric foams, including foams prepared from
25 water-in-oi1 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

30 absorbent articles and structures of the present invention are
those which are relatively open-celled in that the individual
cells of the foam are for the most part not completely
isolated from each other by polymeric material of the cell
walls. Thus the cells in such substantially open-celled foam
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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 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
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volume that is at least 80% of the theoretically available
pore vplume, e.g., as determined by the water-to-oil weight
ratio of the emulsion from which the foam material is formed.
In addition to being open-celled, the polymeric foam
materials useful in the present 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 polymeri'c foam structures such as
those useful in the present jnvention are "hydrophilic" can be
quantified by referencing the *adhesion tension” exhibited by

and
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such foams in contact with an absorbable test 11qu1d.
Adhesion tension is defined by the formula

AT = v COS @
wherein AT is adhesion tension in dynes/cm;

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

foam material in dynes/cm; _

6 is the contact angle in degrees between the surface of

_the polymeric foam and the vector which is tangent to the

test 1iquid at the point that the test 1iquid contacts

the foam surface. .

For any given hydrophilic foam material, the adhesion
tension exhibited by the foam can be determined experimentally
using a procedure whereby weight uptake of a test 1liquid,
e.g., synthetic urine or propanol, is measured for a foam

~ sample of known dimensions and capillary suction specific'
surface'area. Such a procedufe is described in greater detail
in the TEST METHODS section of c6mmon1y assigned, co-pending
U.S. Patent Application Serial No. 07/989,270 (Dyer et al.,
filed Qecember 11, 1992), the disclosure of which is hereby
incorporated herein by reference. 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.

The properties, features and/or characteristics of the
polymeric foam materials useful in the present invention are
somewhat interrelated and interdependent, but can be
essentially categorized as follows: (I) those p;rticularlx
relevant to its collapsed state; (Il) those particularly
relevant to its expanded state; (III) those equally relevant
to efther its collapsed or expanded state; and (IV) those
particularly relevant to its absorbency when in contact with
aqueous body fluids. ' '
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particular polymeric foam materials which have been found
particularly useful in accordance with the present invention.

10 The following sections particularly pertain to a
presently preferred variety of polymeric foam materials,
although the principles set forth with particularity therein
are applicable to other varieties of foam materials and other

. absorbent materials having similar expansion character1stics
15 as well.
I. ol]apsed'Sta;g,

The polymeric foam materials useful in the present
invention are usually obtained by polymerizing a HIPE-type
emulsipn as described hereafter. These are water-in-oil

20 emulsions having a relatively small amount of an o0il phase and
a relatively g%eater 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

25 thermal drying, such as by heating in an oven, or by vacuum
dewatering in conjunction with compressive forces. After
compression, and/or drying, the polymeric foam material is in
a three-dimensibnal1y collapsed (or unexpanded) state.

The cellular structure of a representative collapsed HIPE“**

30 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
35 expanded state.) As can also be seen in Figure 1, the voids
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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 drying, the coli;psed
polymeric foam material can potentially re-expand, especially
when wetted with aqueous body fluids. (See Figure 2 which
shows a typical HIPE foam structure useful in the present
invention -in its expanded state.) Surprisingly, these
polymeric foam materials remain in this collapsed, or.
unexpanded state, for significant periods of time, e.g., up to
at least about 1 year. The ability of these polymeric foam
materials 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," JTextile Science
and nghnolggx, Vol. 7, 1985, p. 36.] For wetting liquids,
this is essentially a pressure drop compared to atmospheric.

After compression and/or drying, the polymeric foam
material useful in the present invention has residual water
that includes both the water of hydration associated with the
hydroscopic, 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
useful in 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 for use in the present invention have
residual water contents of from about 5 to about 15% by weight
of the foam. '

~
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use in absorbing aqUFt Qr1é§ to "spring back.” The elastic recovery tendency
of polymeric foams can be determined from stress-strain
experiments where the expanded foam is compressed to about 25%

10 of its original, expanded caliper (thickness) and then held in
this compressed state until an equilibrium or relaxed stress
value is measured. Alternatively, the equilibrium relaxed
stress value is determined from measurements on the polymeric
foam in its collapsed state when in contact with aqueous

15 . fluids, e.g., water. This alternative relixed 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
sectign of commonly assigned, co-pending U.S. Patent _

.. 20 App1ication'Serial No. 07/989,270 (Dyer et al., filed December
11, 1992), the disclosure of which is incorporated herein by
reference.

The expansion. pressure for polymeric foams useful in the
present invention is about 30 kiloPascals (kPa) or less and

25 typically from about 7 to about 20 kPa, i.e. the expansion
pressure is within a reiative\y narrow range. This means the
elastic recovery tendency of typical polymeric foams useful in
the present invention is relatively constant. Accordingly,
the capillary pressures necessary to provide collapsed,

30 unexpanded polymeric foam materials useful in Fhe present
invention also typically fall within a constant range.

For purposes of the present invention, it has been found
that.the specific surface area per foam volume is particularly
useful for empirically defining foam structures useful in the

35 present invention that will remain in a collapsed state. A
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Absor bent nenbers aoxiameli mgy the tf_b@ndorifﬁse&hndnmyeﬁﬂggﬁed‘,a\é%-pending u.geen |
nthe form br i spocant A isdvioh Ser 8L HE onlelaft Bt at; AbmosriTed' ©
garments. In this Resembent 1la ph982pntthe pHistlosurd of which is hereby '
5 incorporated herein by reference. 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. This specific surface area per foam volume value is
' characterized as "empirical® in that it is derived from (a)
10 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
15 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 useful in the
present invention having specific surface area per foam volume
values pf at least about 0.025 m2/cc, preferably at least
20 about 0.05 m2/cc, most pfeferably at least about 0.07 m2/cc,
have been found empirically to remain in a cdllapsed-state.
-Capillary suction specific surface area, foam density and
cell size factors relevant to the capillary pressure and/or
expansion pressure of the polymeric foam are discussed more
25 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
polymeric network forming a barticular foam per unit mass of
30 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
35 '



-45 - form of absorbent article for use_w th absorhent nenbers

according to the present invention is presented RALNT Suaprevi ously
referenced U.S. Patent No. 5,147,345 (Young et RE?L&eE‘QE}{?’"L Elad

Sept enber 15, 1992, which is incorporated by 5 r ef erence. \Y/
Preparation of Collapsed Polyneric Foam Materialls| 28MAY B9 BAs
previously noted, collapsed polyneric foam natedigls useful in the
present invention can be prepared by -18-poljyneri zation of ceftain

wat er-in-oil emulsions having a 10 rel atively-high ratio.oflwater
phase to oil phase. Emul sions of this type which have these

relatively high wat ermpuntopf solid surfagphagsevidedi by thee fommmmaniyrkk 1@Wbhé N
the art as high inteeRgént that such Fihé’t?r%eglﬂaﬂgcf‘i?a V\%ﬂ EE&soQP%n | PE"

enul sions). The pol yneri th ) f oam pater| resu romthe
“pol yreri zation of such e capillary suction specific surface area is

particularly relevant to whether adequate capillary pressures

5 are developed within the foam structure to keep it in a
collapsed state until wetted with aqueous body fluids. As
discussed in greater detail in the above-mentioned commonly
assigned, co-pending U.S. Patent Application Serial No.
07/989,270 (Dyer et al., filed December 11, 1992), the

10 disclosure of which is incorporated herein by reference, 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

15 capillary suction specific surface area is i:dcfeased (or
decreased) the capillary pressure within the foam structure
also increases (or decreases) proportionately.

For purposes of this invention, capillary suction

specifiic surface area is determined by measuring the amount of

20 capillary uptake of a low surface tension liquid (e.q.,
ethanql) which occurs within a foam sample of a known mass and
dimensions. A detailed description of such a procedure for
determining foam ﬁpecific surface area via the capillary
suction method is set forth in the TEST METHODS section of

25 commonly assigned, co-pending U.S. Patent Application Serial
No. 07/989,270 (Dyer et al., filed December 11, 1992), the
disclosure of which is incorporated herein by reference. Any
reasonable alternative method for determining ;apil‘lar_y
suction specific surface area can also be utilized.

30  The collapsed open-celled, absorbent polymeric foams
which are useful in the present invention are those that have
a capillary suction specific surface area of at least about
0.3 me/g. Typically, the capillary suction specific surface
area is in the range from about 0.7 to about 8 ml/g,

35 preferably from about 1 to about 7 mé/g, and most preferably



15 emul sions are referred to herein as "H PE foans." .
The rel.ative anounts of the water and oil phases_used t Owummn .formthe

H PE emul si ons are, anong nany ot her paraneters,

determ ning the structural, mechanical and =

of the resulting polyneric foans. In 20 par}igul H&hﬁzati of water
to oil inthe foamformng . emul si on canii hfl m
density, cell size, and capil |l ary, sucti pnLspecific.surf area of
t he foam and - di mensi ons of the stYuts which formthe foam The

enul si ons used to prepare these presentby—preferred-ti oans

will 25 gener { i g e Iyl f about
12:1 to about 100: 14:%&{ e lNésr §5I w?lﬁom Rﬁ?& %tr % ég{)b%ﬂ& te"Be

70: 1, and nost pref @Fgo ﬁ E%routhYEBWI‘ 6"‘1“.9 such capillgry O |

Phase_ Corponent s suctnon speci fildsuefate :mnmsahuds phit genérdig gdsBEss an
el si on compri ses  e3fecially RIPPRIS, biPinca" 8¢PbydFRRRE Sthpakfhy CTALiENS

solid foam nononer conponent
"gl assy" 5 r8hdiRdpg @nd: rfulébb'wck%rr@ﬁoﬁﬁt"dhut‘epncrcbééiqtﬁnkstngs

agent. Selfet dquRo@d uaaytlﬁuh@f su¢Regs altdn@ O U 9d@ftion, foams
monof unct | onal having "Such cap(ﬁiary sucgm)nn s%%rc(lﬂc asnuqffggé yafrlég(s:t 'cgr?al
cross-1inking
‘develop a sufficient capillary pressure to keep the foam in a
collapsed, unexpanded state until wetted with such aqueous
10 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

15 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

20 polymerized foam. Such residual materials can, in fact,
contribute significant mass to the foam material.

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

25 example, an ASTM gravimetric procedure described more fully in
the TEST METHODS section of commonly assigned, co-pending U.S.
Patent Application Serial No. 07/989,270 (Dyer et al., filed
December 11, 1992, the disclosure of which is incorporated by
reference) is one method which can be employed for dens_ity

30 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

35 density measurements using a test liquid' absorbed within the
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35 agent(s) can be inportant to the rea*§§$5ﬁ§ﬁﬁﬁﬁ§hbébﬁbént 4l PE
For ot et r ety

-46- . foans having the desired conbin e L e 4,

mechani cal , and fluid handling properfilkes which renddr jsuch
material s suitable for use in the invenfi Qg AeNei9§]

The nmononer conponent utilized in the oil phapejof the 5 HI PE
emul si ons conpri ses one or nore nonofunctiona MOTTer s that tend
to inpart glass-like properties to the resg-ting pnlyaﬂric f oam

structure. Such nononers are referred to as

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,

5 "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

10 method.

The collapsed absorbent polymeric foams useful in 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

15 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-oil ratio of the HIPE emulsion.

. C) Cell Size
An alternative feature which can be useful in defining
20 preferred collapsed polymeric foam materials useful in 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.
2s 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 useful in the
_ present invention. Since cells in a given sample of polymeric
30 ~ foam will not necessarily be of approximately the same size,
an average cell size, i.e., average cell diameter, will often
be specified.
A number of techﬁiques are available for determining the
average cell size of foams. These techniqués include mercury
35 porosimetry methods which are well known in the art. The most



"gl assy" nononers, and are, for purposes of this invention, defi ned

as nononeric materials which would produce high — : wei ght
(greater than 6000) honopol yners having a W} . @T _
tenperature, Tg, above about 40[err]C. These g rmnofunctlo al

gl assy nmononer types include nethacryl ate-based 28 M 19981 s (le.g.,
nmet hyl nmet hacryl ate) and styrene-based noners (e.g., styrene).
The preferred nonofunctional glassy 15 .2]1-nono 1
styrene-based nononmer with styrene itself { being_the mest~?
preferred nononer of this kind. Substituted, =""e.J.

monosubstit ut ed, styusefalstachniquep- hmtelvyrstfyreti&temmg cell sizal $o ﬁﬂms
enployed The nonof u I y [ rlse
fromabout 5 to abou?ﬁ%&&)@@;{)?éﬁﬁ% ?‘ ?Egl?fntwbhied on 1%hoem"u':cl 1% out
30% nore preferabl ypﬁ*?tam&maivhl oa sampleaboﬁig%%z'a l"P e,

preferably about 20%shdws weltghﬁcabfﬂlﬁte foam structurenasefulconpthiepresent
Coromomers whiER T eninEitiaf OTP 16 e BUfedl, GARE.  sungrimpaBROBHTEhE 007
resul ting pol yneric pbetemicragraph ds assenle representirgomd@msgomef r& erred
to as rubbery cOMDROERINS. AFcRI£ scale can be usEd tRMEPEARInOTaveRide cell
invention, defined ag, size vqlgeahcmrlraage ang{yns procedure. Image analysis of
photomicrographs of . foam samples is, in fact, a commonly
10 employed analytical tool which 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.
15 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
20 - 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 § to about
40 microns, and most preferably from about 5 to about 35

~ microns.
25 II. Expanded State
A) Density Upon Saturation With Synthetic Urine

A particularly important property of the absorbent foams
useful in the present invention in their expanded state is
their density upon saturation with aqueous body fluids,

30 relative to the dry basis density of the absorbent foam in its
collapsed state. The density of the expanded foam when .
saturated with aqueous body fluids, relative to its dry basis
density in its collapsed (compressed) state, provides a
measure of the relative thickness of the foam in its expanded

35 state. This provides a particularly relevant measure of how



whi ch woul d produce hi gh nol ecul ar wei ght (greater than 10, 000)

honopol-ynmers having a gl ass transition tenperat ures g,--0f about
40[err]C. or lower. Monofunctional rubbery co- A{ﬂ%ﬂﬁﬁﬁéﬁﬁﬁﬁ of this
type include, for exanple, the C[err]-C[err]_aIk enyljat es,
the CJerr]-Cferr] al kyl methacryl ates, and conbin t'°“§8ﬂﬁﬂ¥‘pg7 such
conononers. O these conononers, n-butylacryl ate jand

2-ethyl hexyl acrylate are the nost preferr; hé—were 35

functional rubbery conmonomer will generally conp i se from
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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
5 it is saturated at 88°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 in the Test Methods section of
'10 commonly assigﬁed. co-pending U.S. Patent Application Serial
' No. 07/989,270 (Dyer et al., filed December 11, 1992), the
disclosure of which is incorporated herein by reference._ The
density of the foam measured in its expanded, saturated state,
is then related, as a percentage, to the dry basjs density of
15 the foam in its collapsed state. For the purposes of the
present invention, the density of foams useful in the present
invention in their expanded state upon saturation to their
free absorbent capacity with synthetic urine can be in the
range of from about 10 to about 50% of their dry basis density
20 in their collapsed state, and is preferably in the range of
from about 10 to about 30%, most preferably from about 15 to
about 25%.
B) Pore Volume
Pore volume is a measure of the volume of the openings or
25 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
30 state. Such performance and mechanical features include
absorbent capacity of the foams for aqueous body flutids, foam
flexibi!ity and foam compression defiection characteristics.
Pore volume can be determined by any suitable experi-
mental method which will give an accurate indication of the
35 actual pore volume of the structure. Such experimental



about 30 to about 80% nore preferably from about 50 'gFEiAJT L0%

and nost preferably from about 55 to about 65% by we LA I Z‘SHEE e
monomer comnponent . Si nce the pol yner chaips tthe
gl assy 5 nononer(s) and the rubbery conononger b
cross-1linked, the nonomer conponent also contains a 4 tigona
cross-1linking agent. As with the nonof ynct sjand
conmononers, selection of a particggar type dnd anmount of |
cross-linking agent is very 10 _ | nportant to the eventualrTeabk+~zali on
of preferred polyneric foans having the desired conbination of
structural, methedsamithigenanal 1yl dnvplivantihé meapurement icfs the volume

Dependi ng upon the taagor s gruAl festf 1 7EUYY WATH ¢8R!be introduced IROI®RHE and
CONMDNONEr s up|||zed,fagd dependi ng further %p 15, t he apS|red
characteristics of t1f&® Erd‘gﬁ"r'fg a88I i the ch_rnHE? 1s representpkive of the
pol yfunctional crossvdlumki sagupbedtbyc dhe bapencicetl £coff rthen foam. For thtisde
Thus: The cf ke 11 38 ehd) GOl plhe pariiebpPHR the foans horBP YRR fiso,,
such as di vi nyl benzeiferefenred,ta a5 ulavailahleopore volumgi.2| | yl pht hal ate.
Alternatively, divinyl @dd Rkvivertioh®FSway for determining available pore
volume experimentally involves the introduction of a low
- surface tension, nonpolymer-swelling liquid such as 2-propanol
10 into the foam structure. A procedure for determining
available pore volume using 2-propanol is set forth in the
TEST METHODS- section of commonly assigned, co-pending U.S.
Patent Application Séria} No. 07/989,270 (Dyer et al., filed
December 11, 1992), the disclosure of which is incorporated'by
15 reference. It should be understood, however, that alternative
test liquids and procedures can also be used to determine
available pore volume. '
The foam materials useful in the present invention will
generally have a pore volume of from about 12 to about 100
20 mL/g, more preferably from about 20 to about 70 ml/g, and most
preferably from about 25 to about 50 ml/g.
C) Resistance to Compression Deflection
An important mechanical feature of the polymeric foams
which are useful in this invention is the strength of the
25 absorbent foam, in its expanded state, as determined 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,
30 determined by: a) the polymeric composition; b) the extent to
which the polymeric foam is plasticized by residdh] material,
e.g., emulsifiers, left in the foam structure after
processing; and c¢) the conditions under which the foam was
poiymerized.
35



| i nkers such as any of the diacrylic or dimethylacrylic acid

esters of polyols, such as 1, 6-hexanediol and its h U JERT]  can
be utilized. The cross-linking agent found to be su1§ﬂﬁf"7"gml ”'Lﬂln
preparing the preferred H PE enul sions herein is di/lhyl bgnzene.
The cross-1inking agent of whatever type will | éﬁﬁ@%ﬁ]ﬁ?7be

enpl oyed in the oil phase of the foamformng { emulsions hdrdin in
an amount of from about 10 to about 40% .24- npre preferably frdm

about 15 to about 25% and nost pr ef er abl ytabout—20894—by—wei-ght of
t he mononer conponent. 30 Anot her essenti al conponent of the oi
phase is an emillosiblei arsefint cas pabrserbentt hstruoturmisi dn absoetteate H PE
enul si ons. Such enul t hpse [ S t he
oil phase used to fo?&igﬁéeﬁglegl ?)sl’)l L énﬂ]‘"?ers ﬁ#PJ‘g’ed{bsorbe"F foag,
typical Iy nonionic af§t Fﬁi&]ﬁdﬂufﬁeb%o?‘b‘ltﬁﬁbfﬁﬁ tant qto xdeformatigst ors, the

pol ygl ycerol fatty aciotpwesiséors, bﬁntfocars‘blmbumm-ed when such absorbent
5 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
10 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 useful in the present invention can be
15 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 qn a foam sample of standard size (cylinders which are
20 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 * 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
25  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 in greater
30 detail in fhe TEST METHODS section of commonly assigned._ {
co-pending U.S. Patent Application Serial No. 07/989,270 (Dyer
et al., filed December 11, 1992), the disclosure of which is
incorporated by reference. '
The absorbent foams useful herein are those which exhibit
35 a resistance to combression deflection such that a confining



- 48- thereof. Preferred emulsifiers include sorbitan laurate
(e.g.,, SPANJerr] 20), sorbitan oleate (e.qg.,. SPARE®I | 0

conbi nati ons of sorbitan |aurate and sorbitan pal

SPAN err] 40) in a weight ratio of fromabout 1:3 tjo about 3 1 and
especially conbinations of sorbitan |aurate with jcdrt 7

pol ygl ycerol fatty acid esters to be described hgrqafter ] The
oi | phase used to formthe H PE emnul si ons -gb! | general ly gonpri se
from about 67 to about 98% by wei ght ' nonerer—eerpoerert—ant from
about 2 to about 33% by weight 10 emul sifier conponent. Preferably, .

the oi|l phase will cifssueeof 5.1 kPa producesbaustradniof Appicaldpobrop abeiught
monomer conponent ang to about 80% rdaﬁib?é%%%n ft Shérddh %&Wre""’ihgﬁ‘tut has
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n none
ggentﬁ%}urated to 1{5 f%ee gdsgrbeﬁ% capaé¥%y w1th synthetic

urine having a surface tension of 655 dynes/cm. Preferably
the strain produced under such conditions will be in the range
from about § to about 40%, most preferably from about 5 to
about 25%. For the preferred HIPE foams of this invention,
resistance to compression deflection can be adjusted to strain
values within the foregoing ranges by appropriate se1ectioh 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
tenden%y or propensity of a piece of foam material to return
to its origina! 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
conpression 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 of commonly assigned, co-pending U.S. Patent
Application Serial No. 07/989,270 (Dyer et al., filed December
11, 1992), the disclosure of which is incorporated by
reference. 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.



oi | phase can contain other optional corrponehts. One such 15
optional oil phase conponent is an oil sol uble pol yrery

initiator 'of the general type hereafter described. pi&hg ?"ﬂ'?"éffﬁ

possi bl e optional conponent of the oil phase is a substanty af |y
wat er insol uble solvent for the nonomer and < Wéﬁ?orroments.
A solvent of this type nust, of 20 course, no I)e ca6 :

di ssolving the resulting polynmneric - -26f oam e steh-a-~solvent is
not preferred, but if such a solvent is e oned it will

general ly conpri se n re than abo 10% by wer ght ofttre
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is a water-solubl e availablecfree; fiuid.c inThhe d?"@smf\ﬂéé B?'é’@ﬂr aften fih? the
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mnimze the extent w©f the sampléuri ng, pol ynerization of the
Preferred absorbent foams useful in the present invention
will generally exhibit a. recovery of at least 75% of the
10 “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.
II1. Collapsed or Expanded State
A) Elexibility
15 The absorbent foams useful in 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
20 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 for use in the present
invention should also be sufficiently flexible to y«ithstand
Y13 compressive or deforming forces which are encountered during
preparation, processing, packaging, shipping and storing of i
absorbent articles cfmtaining 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
30 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
deforining forces to which the foam absorbents herein can be
35
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of the water phase is believed to determ ne whe h -
degree the resulting preferred polyneric foans ¢a

Fresulti ng I

. Meomy

5 Any el ectrol yte which provides i onjclspeectes=to=Tp

ionic strength to the water phase can be usayd. (Preferred
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subjected during processing and marketing can be even greater
than those which are applied to the foam materials in use.
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 character1st1cs whlch
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;
and C) the absorbent capacity of the foam at specific
reference wicking heights. Each of these characteristics 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 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 a minimum free absorbent capacity.
Using the procedure described in greater detail in the
TEST METHODS section of commonly assigned, co-pending U.S.
Patent Application Serial No. 07/989,270 (Dyer et al., filed
December 11, 1992, the disclosure of which is incorporated by.
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is then calculated. To be especially useful for absorbing
urine in absorbent articles according to the present
10 invention, absorbent foams should have a free capacity of at
least about 12, and pfeferab1y at least about 20, mL of
synthetic urine per gram of dry foam materia]
B) Vertical Wicking Performance ‘
Yet another fluid handling attribute of the absorbent
18 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 wicking in a
direction opposite from gravitational force, is an especially
desirable performance attribute for the absorbent foam
20 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 position
within the absorbent core of the article.
25 . Vertical wicking performance is related to the magnitude
' 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
30 foams herein will perform as absorbent structures in absorbent
articles. For the foam absorbents useful in the present
invention, fluid wicking propensity can be quantified by
referencing both a vertical wicking rate test and a vertical
wicking absorbent.capacify test.
35 1) i Wicking Rate



conmpounds wi th reducing agents such as sodium bisulfite,

L-ascorbic acid or ferrous salts. 30 The Lnitiator nmaterial can
conprise up to about 5 nole per cent based - of

pol ymeri zabl e nononers present in the oil : - rably,
the initiator conprises fromabout 0.001 t .5 nmol e percdgnty based
on the total moles of polynerizabl e nonone iafiMéYd§97p age.
When 35 used in the water-phase, sueB94nitiatjorl.concentrationsjcan be
- 50- realized by adding initiator, to thg water phase to the

ext ent
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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 in the TEST METHODS section of commonly
assigned, co-pending U.S. Patent Application Serial No.
07/989,270 (Dyer et al., filed December 11, 1992), the
disclosure of which is incorporated by reference. To be
especially useful in absorbent articles for absorbing urine,
the foam absorbents 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 absdrbents for use in the present invention
will have a 5 cm vertical wicking rate of no more than about §
minutes when wicking synthetic urine. i

2) Vertical Wicking Apsofpent Capacity

‘The vertical wicking absorbent capacity test is carried
out in conjuncfion 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 uickin§ 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 in -the TEST METHODS section of commonly
assigned, co-pending U.S. Patent Application Serial No.
07/989,270 (Dyer et al., filed December 11, 1992), the
disclosure of which is incorporated by reference.’

To be especially useful in absorbent articles for
absorbing urine, preferred absorbent foams for use in the
present invention will generally have a vertical wicking
absorbent capacity such that, at 11.4 cm (4.5 inches) of



of from about 0.02%to about 0.4% nore preferably from about 0.1%

to abaut 0.2% by weight of the water phase. GC~—-Hydraphilizing
Agents and Hydratable Salts 5 The cr ﬁ&’ﬂ’kﬁkéﬂ}ﬂ‘ Mgfpr
material that fornms the preferred co f oam
structures herein wl| preferably be subs a t ﬁlly freg df pol ar
functi onal - groups on . its polynmeric styuct "'(’?ﬁas '

i mediately after the pol yneri zggi on jst r jmateri al
whi ch forms the foam 10 structure surfaceyg of such preferreq
absorbent foans w || normal |y be rel ati very hydrophebe—in

character. Accordi nntical wicking heighty rthe foamt test! yiweip wocks tangt dagstneed
furth t t t t f |
e o TN bt St mATORTFInY SERE 6 S ARl

nore hydrophilic can be Used as

aqueous body 15 capac ? s Hydrophilization of the foam surfaces, if
necessary, ¢an ﬁl_mgedlgggjm acconpl i shed by treati ng the

pol yneri zed PE f t lJd zin agent a
manner £ descri bed r‘r’ggméﬁﬁr ﬁﬁﬁféaa ﬂ) th %(gg inven the
Hydr ophi | i zi ng agent H‘%Fé‘%;ﬂfma&lét s"&ﬂhpftﬂn \wthln 2the polymenttantoamt he

wat er wettability of abseebéast ]{;éiﬁb’elr(; surfaces with whi ch they are
contacted and onto whi Chl&uphre Soij%grqigétfga'm material absorbent members
according to the present invention incorporate a plurality of
10 slits extending at least partially through the thickness of

the absorbent member to form a slitted region. In a preferred
configuration, such as depicted in Figure 4 in the context ofi
disposable diapers, the slitted region is located primarily in
the typical deposition (crotch) region while an unslitted
15 border of foam material surrounding this region is maintained.
The slits can be formed when the foam material is in its dry,
collapsed state, or while still in its expanded state prior to
dewatering, and preferably extend entirely through the
thickness of the material. The size of the slitted area may
20 be varied as desired, and the slitting may be in any desired
pattern, although the alternating "brickwork" pattern depicted
in Figure 4 is preferred. :
The orientation of the slits plays a role in the
migration of fluid within the absorbent member. The presently
25 preferred pattern depicted in Figure 4 maintains a relatively
direct fluid path running in the X direction from the '
deposition region to both end regions of the absorbent member,
and thus promotes more even fluid distribution and better
utilization of the storage capacity of the foam material. On
30 the contrary, slit orientations which are more Y. direction
oriented provide a more tortuous fluid path for fluid
travelling in the X direction because the fluid must travel
around the ends of each slit when the slit surfaces are
displaced from one another.
35
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Hydrophilizing agents are well known in the art
surfactant materials, preferably of the nonion
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Hydrophil'izing agents will generally be enployed ifn liquid 25 form
and can be dissolved or dispersed in a hydrOphI|I%{ﬂg8‘AN{49q7 oltuti on
which is applied to the H PE foam surfaces. In thi manner,
hydr ophi | i zi ng agents can be adsorbed onto the ~———"pO0l YyNeric surfaces

of the preferred H PE foam structures in -31- | anounts
rendering such surfaces substantially 30 hyﬂ?ﬁﬁﬁTTic but w t hout

altering the desired f|6XIbI|ItX and conpressi-on defl ection
characteristics of the FKigune 4| depicts an asastbent e sembeard Owtforiedhaofe been

treated with hydrophigol#hdidc foam mate?gﬁntﬁr d %bEi{QLtQWU l,ﬁdc?f}g},&ﬂ?%

i ncorporated into the ruct ure suc
the agent which rerralcr?tl?ﬁ?ﬁ‘ed conditjon m!“FEaM%tW& provided with Reslbtrtgé
from about O. 5%@}:0 region 20 according to the present invention. The slitted

5 region 20 preferably includes a plurality of individual s]ifs
30, and is preferably at least partially surrounded by an
unslitted border region.40. End regions S0 and 60 are
preferably unslitted as well. The slitted region 20 is
preferably substantially confined to the region of typical

10 liquid deposition when the absorbent member 10 is positioned
in an absorbent article and worn by an individual, although it
is within the scope of the present invention that at least

-part of the slitted region may fall outside of the typical
deposition region or that a part of the deposition region may

15 remain unslitted. : .

Also shown in Figure 4 is the coordinate system defined
by the absorbent member 10, which is suitable for use in a
disposable diaper or adult incontinence article. The X
direction depicted is the longitudinal direction which passes

20 between the legs of the wearer from the end region 50 (near
the front waist of the individual) to the end region 60 (near
the rear waist of the individual). The Y direction depicted
is the lateral direction which extends between the legs of the

. wearer from one side border 40 to the other. The Z direction

25 is orthogonal to both the X and Y directions and is generally
normal to the upper and lower surfaces 11 and 12,
respectively, of the absorbent member 10.

As more clearly dépicted in Figure 5, which is a
transverse sectional view of Figure 4 taken along line 5-5,

30 each individual slit 30 forms two s1it surfaces 31 and 32. In
a preferred configuration, the slits 30 extend entirely
through the .absorbent member 10 in a direction generally
normal to its top and bottom surfaces 11 and 12, respectively.
For a generally planar absorbent member such as depicted in

35  Figure 4, the slit surfaces 31 and 32 have a generally



-51 - about 20% preferably fromabout 5 to about 12% by meight

of . , the foam One type of sui Idtephtt-—2+ng
agent is a non- irritating oil-soluble su ﬁhcﬁ&&EN SHEET
surfactants can 5 i nclude all of those previols y described T use
as the emul sifier for the oil phase of the{H P ?mlfsxlgg,l? SL*Ch as
sorbitan laurate (e.g., SPAN[err] 20), and.conbi nat{ops o

sorbitan laurate with certain polyglycerol_shatty ac) d-esters e to be
descri bed hereafter. Such hydrophilizing surfactantis_10 can be -

i ncorporated into the foam during H PE emul si on rormatiorand -

pol ymeri zation or caredtengulaershapal edbfiied at each ehrd &3t tRends ofNehe s1it
pol ymer i ¢ f oam ;wpte " ahd*BhddcB"sPde BYSPRIUpBEr and tower FhrfadSs SH hATLAM
Another material thatesRégtively, nof itheoapenrbent! membert h&  Figure 6 is a
| fragmentary elevational sectional view of an absorbent member
s in the vicinity of an individual slit, illustrating a slit
' “surface 31 bounded by slit ends 33 and 34 and the top and
bottom surfaces 11 and 12, respectively.

When the absorbent member is in its collapsed, relatively
moisture-free state, the slit surfaces of each individual slit

10 ~are in close proximity to one another and are generally
aligned with one another. Since no material is preferably
removed from the absorbent member in the formation of the
slits, in the absence of any forces applied to the absorbent
member the slit surfaces are typically in contact with one

15 another across substantially their entire surface area.

The deposition region of such an absorbent member
typically correlates to the crotch region of a wearer during
use. While the genefal outline of the periphery of the
‘absorbent member in its unfolded and undeformed state is

20 designed to at least partially accomodate the anatomical
characteristics of a typical wearer, the use of slits in
particular locations enables the absorbent member to better
conform to the wearer’s anatomical characteristics in those
regions, particularly as the wearer moves about. ‘This results

25 in a more comfortable fit, as well as reduced leakage
potential by minimizing gaps in fit.

While the use of slits provides improved flexibility in
the absorbent members, these slits also increase the effective
surface area of the absorbent member. The surfaces of each

30 slit contribute to the increase in surface area, particularly
given increase in height of the slit surfaces due to the
expansion of the absorbent member in the Z direction. This in
turn provides an increase in the rate at which the absorbent
member can acquire and store fluids. This acquisition rate

35 increase is a matter of degree, and is highly dependent upon



H PE foam structure is a hydratable, and prefergably §§E§§W oscopi ¢

or deli-quesent, water soluble inorganic salt. REP‘LACEMH?E

I ncl ude,
for exanple, toxicologically acceptable FRartTe earth mgt al
salts. Materials of this type and their 20 qnﬁg thigqn with
oi | -sol ubl e surfactants as the foam hydr o h?l @ g agert S :
described in greater detail in the PCT U prrTat{i on WO
93/ 04113, published March 4, 1993. -33-Thi s} application was fliled in
the nane of The Procter & Ganble Conpany;—ant™~Tthe di scl osure of
this publication is hereby 25 I ncor porated herein by reference.

Preferred salts of tWesmaterial usedyforithe faamtahsorbendi membexrl iaidsoshmh as
cal cium chl ori de absorbemlm”mtg)rqylpusl&wm&q ﬂg@Esa Q?Qc‘a.bgm)l oyed

as the . electr sl ons used
to prepar e Qﬂi %‘bl r1a€ \3'3 f 338“‘:“?"]’ %hose,.g; iy Rb#x a role
i norgani ¢ salts can Haslniy(aﬂeﬂumblapquiaubtbn The acquisittdoﬁ hﬁtﬁohynﬂdoc
foans herein dy tre t h |on of such
salts. Sol utgljons o?ﬁWd{ Eg%{nﬁéﬁ‘ﬁ WOE the, °°"“3H.“-€0‘5s+§°|93s ca éhe Iy be
used to treat the fo%f&ﬂt dressure) exertgdomrb he rabsproent ugnh@arwhemf wothe

process of . renoving EJhQ wddrer under’ @6tudlakedrihgrcdhddbon's’ ON{thCincreased
just-polynerized foa Cont act
(v face area. more fluid is acquired, which results in more
expansion, etc. until the full storage capacity of -the foam
10 material is utilized.

In a substantially moisture-free condition, the open
cellular structure of the foam material is in a collapsed
state, and when infused with fluid the cellular structure
returns- to its expanded 'state. storing a comparatively large

" 15 quantity of the fluid in the internal void spaces. This
expansion property is directly tied to the acquisition of
fluid, so regions that acquire fluid more quickly expand more
quickly than regions which acquire fluid more slowly.

Bes1des an enhanced acquisition rate, and increased

20 _ f'lexibi'l'ity, slitted regions in combination with non-slitted
and/or relatively drier surrounding regions enable the
absorbent member to respond dynamically to various fluid
loaditig conditions. The expansion property in the planar
direction of the polymeric foam absorbent members preferred

25 for use in the present invention thus provides an unexpected
additional benefit in combination with the use of a slitted
region in generating dynamic structural configurations which
further enhance the fluid acquisition capabilities of the
absorbent members. |

30 Figures 7, 8, and 9 depict the absorbent member of Figure
4 when it is in a partially fluid-loaded condition. When
fluid is introduced into the deposition region, the slitted
region expands in all three principal directions much more
.rapid'ly and to a greater extent than the surrounding unslitted

35 region. Of particular importance is the ability of the.
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of foams with such solutions is prefera
hydr at abl e Jnorganlc salts such as calciumchloride in
amounts of at |east about 0.1% by wei ght of the foam
typically in the range of fromabout 0.1 to about 8% 5
fromabout 3 to about 6% by weight of the foam

of preferred foam structures which are relatively hydrophobic a
pol yneri zed with hydrophilizing: aggpts (with 0“wrthuu%~hyd+aPajle
salts) will typically be :
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preferred foam materials to expand in at least one direction
in the plane of the absorbent member, and in this instance to
expand in all directions within the plane of the absorbent
member and also in the normal direction. The upper surface 11
and lower surface 12 are, in a preferred configuration,
substantially parallel, and in such a condition the planar

~ direction can be defined by reference to the general plane

defined by either surface. If, however, the two surfaces are
not substantially parallel, for purposes of the present
invention the p1anar'direction can be defined by a plane which
can be constructed intermediate the general planes of the two
respective surfaces. Once a planar direction is established
by either method, a normal direction perpendicular to the
planar direction is also correspondingly defined.

The slitted region is constrained at its edges by the
slower-to-expand unslitted region, and thus its continued
expansion forces it to deform and buckle out of the plane of
the absorbent member to form one or more dome-1ike structures.
This doming effect causes the slits to opén and the slit
surfaces to displace angularly and/or translationally, further
exposing the slit surfaces to provide increased surface area
for subsequent fluid discharges. The doming effect also
Creates a void spaée under the absorbent member which fluid
can reach through the open slits. This void space provides
temporary surge capacity for capturing and isolating excess
fluid until 1t can be absorbed and stored by the absorbent
member. ' ' .

In the context of the present invention, by déscribing
the slit surface displacement as "angular®, the phenomenon
intended to be described is the rotation of the slit surfaces )
from their generally parallel initial orientation to a
substantially non-parallel orientation, producing what roughly
approximates a funnel-like "V* or cup shape. This funnel-like
shape provides an upwardly projecting exposed area for each
s1it surface, providing enhanced fluid acquisition capability.



carried out to the extent that is necessary and sufficient _to

| npart. suitable hydrophilicity to the preferre h@’fﬂ‘ LT t he
present invention. Some foans of the preferredqﬁl _ ﬁd‘ﬁ ! SHEE ksion type,
however, can be suitably hydrophilic as have

i ncorporated therein sufficient anounts lts, thus
requiring no additional treatnent 15 wth agents or
hydr at abl e. salts. In parti cul ar3s-sug f oans can
be those wherein ' sorbitan fatty acid e$ters such -as-serit an

| aurate (e.qg., SPAN 20), or conbinations of sorbitan laurate with
certain pol TRjisycshape farmed i thestsdit surfazesednorieases htheaft er
are 20 used aseffiact svéness SoAHE s 1idst e priel e i i
chloride is used as oglse&; ' o maéo?@ﬂsecﬁjoﬁ Hmm"ﬁ'—ll PE

raolvie in_the water ase .
emul sion. In that instance, ?[?fﬁf%iﬁ &ﬁa&"e\rﬁsgflﬁ'@r member, the sifhtedgesng
i nternal pol yneri zedthusasiowingatee fliuid &el permilitiing the foam materiwihithi C,

and the residgal watgfptRpasg.liquid will contain 25 or deposit _
sufficient anounts of cahci L%m chloride, even after t he polyneric
foams have been dewat er ed? 11ke fashionp the pphetemenang imanded i tonbe fdescribed

Cbt ai ni ng H PE Foamsby the use of the f@aM"Br&iddatidnan f@spl ocimRne £54RE! Y
preferred for use iNpejative movement of the two slit surfaces of any particular
individual slit from their initial orientation (wherein their
10 top edges are generally coextensive and their bottom edges are
generally coextensive) to an orientation wherein one top edge
of one slit is somewhat higher than the other top edge, and
likewise the one bottom edge of one slit is somewhat higher
than the other bottom edge. This produces what may be roughly
15 described as a “"wicker"-type orientation, and provides for a
laterally projecting exposed area for each slit surface, and
in turn enhances fluid acquisition capability.
As fluid migrates into the surrounding regions of the
absorbent member, and as these relatively drier regions tend
20 - to attract fluid away from the slitted and initially wetted
- region, the doming and slit displacement tend to diminish as
the expansion of the surrounding regions approaches that of
the slitted region. In fact, once the moisture content of the
entire absorbent member is relatively uniform, the absorbent
25 member returns to generally the configuration depicted in
: Figure 4, albeit expanded in all directions.

'Absorbent members according to the present invention may
in fact have more than one slitted region, or may be slitted
over substantially their entire surface. In this fashion, the

30 siits may be utilized for their other beneficial
characteristics such as improved flexibility. - :
In addition, depending upon the arrangement of the slits,
more than one distorted or dome-like structure may be
generated even within one siitted-fegion (such as depicted in
35 Figure 9, wherein two such structures are illustrated), such



the present invention typically involves the steps of: 30 1) formng
a stable high internal phase enmulsion (H PE); 2) et

pol ymeri zing/curing this stable enul sion under -c gﬁngﬁm
suitable for formng a solid polymeric foam struct

the solid polynmeric foam structure to renove the
resi dual water phase fromthe polyneric foam 35
necessary, treating the polymeric foam ) ,
-53- structure with a hydrophilizfﬂ% agent and/or

that the absorbent member has an undulating shape which
functions to more fully expose the slit surfaces.
The critical characteristic of the polymeric: foam
materials insofar as this dynamic structure is concerned is
5 the ability of the foam to expand in at least one direction
within the plane of the absorbent member. This may be
described in terms of an expansion potential, in that the
collapsed polymeric foam material has the potential to expand
_ to a certain percentage beyond its collapsed size when 1oaded
10 with fluid. Absorbent materials of the type presently
preferred for use in the present invention will possess an
expansion potential when fully loaded with fluid of at least
about 5% if expansion potential only exists in one direction
within the X-Y plane, and at least about 3% if the material
15 has expansion pdtential in two or more directions within the
X-Y plane. Such materials preferably have an expansion
potential in the Z direction of at least 200%. More
preferably, such miterials have expansion potentials of at
least about 10% in directions within the X-Y plane and at
20 least about 300% in the Z direction when fully loaded with
fluid. The presently preferred HIPE polymeric foam expands
approximately 12% in the X direction (machine direction during
manufacture), about 15% in the Y direction (cross direction
during manufacture), and about 500% in the Z (thickness)
25 direction when fully loaded with fluid.
Figure 10 is an elevational sectional view of the
partially fluid-loaded absorbent member of Figure 9. The
point of view of Figure 10 is substantially that of Figure 7,
with the section line 10-10 intersecting one of the dome-like
30 structures of Figure 9 (but not intersecting any individual
slits). This Figure clearly depicts the expansion and
buckilng of the foam material which occurs in the slitted
region in the area of fluid acquisition. It is the expansion
and buckling such as depicted in Figure 10 which produce the
35



to deposit any needed hydrophilizing agent/hydratable salt, and 4)
thereafter .dewatering this polyneric foam struct rably

——-pr-efe
i ncludi ng conpression in the z-direction) to the ~LACEMENT£HEE%CGSS&W
to provide a coll apsed, unexpanded pol yneric toam nmateni gl usef ul

as an absorbent for aqueous body fl uids. 28 hstlently
obtain relatively thin, collapsed pol ynerfi c faolgﬁ?w%ri alfs usef ul

in the present invention, it - has.jmen fjound—to—be—partidcyl arly

i mportant to carry out the 10 enmul si on forlmati on and pol yneyi zati on
steps in a manner such t hat coal escence of the water droplets in
t he HI PE enul si on i 9pening and displacemendr ofri thiens Lidd suifiaeEs eandosd tngs tar thenot

al ways st abl e, presen®@idventiah.l Y when subjected to higher tenperature
condi ti ons to effect ? ynerization and curing. As the H PE

enul si on 15 dest abi Peneral ipxpansion getARtdat in asdixeqtion (parajiel
aggr egat e togthdedireatibnc ofll ¢heestitst produreshthér bansditional

dr opl et s. gy rj i QR ClHel t he

enul si on, 5 {dﬁgﬁ;‘%gﬁe{ssﬁe}%{'?%'?@eais?gscesﬁ‘e"fa\r/?\.geﬁwgg{;?d%‘f cAYon of
the foam stseeendarely apmedues| soneeraogubIr dispircementiy oyfiides the An 20
appropriate bal ance eRpgnsignDBotdntigK fiCd dirdttfar! Rypendieu®ir to the the

water droplets is r%q%& ’onygl' &%' ys”ﬁié thtt}d?lge?n&ecuarnlgﬂpar displacement

phenomenon as a primary effect and may secondarily produce
10 some translational displacement. In the foam materials which
- are presently preferred, the expansion potential in all
directions, particularly both parallel to and perpendicular to
~ the direction of the slits, produces both angular and
' translational displacement of slit surfaces in regions where
15 - the expansion is occurring during absorption of the aqueods
body fluid. This combination of both angular and
translational displacement provides an optimaT configuration
in terms of acquisition rate because it maximizes the surface
irregularity and the surface area for acquisition.
20 As with the acquisition rate, the amount of deformation
'eXhibited“by absorbent members of the present. invention is-
also highly dependent upon such factors as slit length, slit
- pattern, slit pattern density, sheet thickness, and the
expansion properties and acquisition rate of the foam material
25 ftself. The area of fluid deposition and the pre;ehce or
absence of an unslitted border may also influence the amount
of deformations exhibited. -
Figure 11 depicts a multiléyered embodiment of a slitted
absorbent member according to the present invention, in which
30 at least one layer_comprisés a layer of the polymeric foam
material ‘and incorporates a slitted region. The “upper - layer
110 in this illustration is provided with slitted and
unslitted regions as described above. At least one of lower
layers, in this illustration layers 120 and 130, is preferably
35 not provided with slitted regions so as to provide a




.of the foam structure .can be carried out within a reasonabl e

tine.
(Whi |l e song coal escence can be tolerated if the UG
droplets are very small in size, such 25 nonun|1REPL£@®Mg ¥atiih| t he
resulting foam can adversely ' affect the fluigl §ransport proph i es
of the foam especially its wicking rate.) ggifediuct i on
I n the coal escence of water droplets in the H PE(HHISIOH| S
to a snaller average cell size in the 30 _qg. result ur €
after polynerization and curing. It i s bel eved that this §

resulting smaller average cell size in t he polyneric foam
material is a key necmhamsb@hrme below the sleaseostr@aiorf(%wa?'m Apper

breferred for use i nt Y () g FaHabge the overayy SELE T RtGEy “Sah¥
cell sizes in the regbﬁqnbg§¢1mgmbnr While Figure 11 depicts three layers having
substantially the same size and shape, there may be more or
5 less than three layers and the layers may be of differing
sizes and/or shapes. -
~ In multilayered configurations, the upper slitted layer
performs substantially as described above insofar as initial
fluid acquisition is .concerned. In multilayered
i0 configurations which incorporate adjacent multiple layers of
the polymeric foam material, once the upper layer has acquired
fluid, the upper and adjacent layers interact to produce a
unique -and advantageous structural configuration. In
multilayered configurations where only one layer is a foam
15 material and the other layers do not have such’ expansion
characteristics, the behavior of the foam layer is essentially
similar to the single layer behavior described above.
As with most multilayered absorbent members, in which
each layer itself has a propensity to acquire and store fluid,
20 layers which have a lower moisture content will tend to draw
' fluid from layehs'which have a higher moisture content (a
phenomenon commomly referred to as “partitioning”). In an
absorbent member with layers having roughly the same
absorbency characteristics, the fluid would tend to: migrate
25 throughout the layers of the absorbent member until a roughly
equal fluid distribution is achieved throughout the absorbent
member. :
The uppermost layer (or whichever layer is located in
proximity to the source of the body fluid) typically has a
30 higher moisture content, at least imitially, than the next
lower layer, thus establishing a moisture gradient downward
through the absorbent member. The next lower layer will thus
tend to draw fluid from the uppermost layer through their
contacting surface areas in order to achieve an equilibrium
35 between liyers with respect to moisture content.



are also believed to |l ead to good absorbency, and es

At o cryorm g | Ui d
transport (e.g., wicking) characteristics.) The nunbg biLA(f@AEN?Q&%%fg
cell size of the polyneric foammaterials is about 5§ m cr ohsj or
|l ess and is typically in the range fromabout 5 to % 23@&304@@750
m crons, preferably fromabout 5 to about 40 m crons, and nps
preferably fromabout 5 to about 35 mcrons, when prepared - ungder
conditions that reduce coal escence of mate[39_ : droplets in_the H PE
enul sion:. Techniques for consistently reduci ng coal escence of
water droplets in the H PE enul sion 10 will be discussed in greater
detail in the follow ng Due to the JGiviq h?pibmt@; oftﬂ?e P 15O Foam
formation uring, ste or ob al ni ng

and ? qﬁ hsatlon
col | apsed pol yneric materials whjch.are preferred 1in ag 9r o Nith n'qogrgﬁﬂtS, on
' invention, the foam material in layers which are acquiring

fluid will be expanding while the foam material in layers

5 which are giving up fluid will be contracting. In addition,
the surfaces of the polymeric foam material tend to have a
comparatively high coefficient of friction when wetted, and
the surfaces tend to be drawn together by capillary forces.
As such, when adjacent -surfaces of adjacent layers are

10 moistened, relative sliding movement between layers is greatly
reduced.

As shown in Figure 12, which is a cross-sectional view of
the absorbent member of Figure 11, these properties of the
polymeric foam material generate a beneficial structural

15 configuration when multiple layers of collapsed polymeric foam

" materials are used. Forces exerted on various regions of the
foam material are depicted by the smaIler arrows in Figure 12,
- and as shown the lower layers 120 and 130 tend to expand

outwardly (in all three directions, actually) while the

20 - uppermost layer 110 is contracting with its corresponding loss
of fluid to the next lower layef 120. Since the bottom
surface of layer 110 and the upper surface of layer 120 cannot
move relative to one another due to the above-described
friction/capillary suction phenomenon, the outwardly expanding

25 “layer 120 tends to hold open or further pull open the slits of

: the uppermost layer 110, as shown in Figure 12. This effect
is enhanced by the contraction of the individual strips of
foam material 115 between the slits and at the edges of the
uppermost Tlayer. The funnel-like shape occurs due to -

30 contraction of the free surface of the slitted layer while the
surface of the slitted layer in contact with the unslitted
layer is restrained as it is held in contact with the
unslitted layer, thus creating a strain differential within
the slitted layer in a direction normal to the plane of the

35 absorbent member.



15 The HI PE enul sion is formed by conbi nf S8
conponents, with the water phase conponents in the q,ﬂ-ﬁdﬂﬁﬂvFNT -fiﬁ’
specified weight ratios. The oil phase will contaif+fh '
previ ously specified essential conponents such as the
nononers, conononers, crosslinkers and enulsifiers,§

28&5,&( @%?C]JI gite

- 2 al so
contai n optional conponents such as solvents and | E--~~"~~~13-f}+ymair|m‘£iat|on
initiators. The water phase used will contain . the preV|oust
specified electrolytes as an essenti al -40-  conponént Tandcan “Hd0
cont.ai n optional conponents such as wat er - sol ubl e emul sifiers,

and/ or polynerization initiat E enul si on can be

formed from the combi ned '8f¢e n&s fhe foan '%&FE}JpH&sgLe yoPermes b dayey ese
conbi ned phases to sleatinues to contwgictaiélativehearthagnéstt il ower aaganalzal ly

gjglbi gdetncj)l tsr]gneﬁ gmthe mdewal'lsag{Ei {h%r Sﬁeéfi g?p?gt:?gggcat{ﬁﬁcﬁérseac}fr\;e% Eém a

) phases
process can be 30  cup- B&ﬁd&b@&@d |aﬁ| éeﬂ&‘é#dbabcﬁﬂ%é b thﬂFnGMan]\keashl on
?nd i's 5 genetaﬁéﬂareaﬁ% smqum mqeradvaivigbbwsnﬁ%taebltﬁefern
ormng an i on_wherei n sg
di sper sed to ST E4Res BRI, GHROSEoFOn FUDSEAIRRE | 11gULhId)RhTger cand
wi Il have the act aedfunselse tpoderect! diwidaridtot ther s3itsuandrddwnward

characteristics. toward the underlying layers. This structure is also

advantageous in the context of containing and dewatering moist
10 or runny fecal material, as such material will also be
directed downward into the slits rather than being allowed to
run laterally over the surface of the absorbent member.
This advantageous cup-like shape can in fact be formed
during the process of making the absorbent member, such that
15 single layers of foam material can exhibit this structural
configuration even prior to fluid acquisition. Figure 15 is a
cross-sectional view similar to Figure 5, and illustrates such
a pre-formed single sheet of polymeric foam material with the
slits formed into an open cup-like configuration and indicated
20 by the numeral 210. Figure 14 is a plan view of such an
absorbent member, and Figure 16 is a fragmentary plan view of
the absorbent member of Figure 14 presenting a magnified view
of one individual slit in its preformed state.
~In preparing such an absorbent member, the slits are
25 . preferably cut into the foam material prior to the dewatering
process. The foam material is then dewatered, preferably via
air and/or thermal drying, with the lower surface adhered to a
flat, uon-ﬁorous substrate. Alternatively, the material could
be dewatered, the slits formed in the substantially
30 moisture-free foam material, and the material then
re-hydrated, after which the dewatering process in conjunction
with the substrate would proceed similarly. In a wetted
condition, the lower surface will not slide on the substrate
due to the high coefficient of friction of the wet foam and
35 capillary suction. As the foam material dries and contracts,



35 Enul sification of the oil and water phase cREpLR@ﬁM@hiM@E&E[

-55- . frequently involve the use of a mxiin devi ce
such as a pin inpeller. One preferred (q;éqy' np H PE
enul si ons whi ch can be errpl oyed herein inyoliv EWE nubug
process for conbining 5 and enul sifying the equisite oil anl pater
phases. 1In such a process, a liquid strean1conpr|5|ng the DI
phase is forned _ and provided at. ggfd ow r ate—rangrrg—fronTabout
0.08 to about 1.5 nL/sec. Concurrently, a liquid stream

conprising the

the lower surface retains its closed-slit orientation because
the surface cannot contract while in contact with the
substrate. The upper surface in contrast contracts freely
with the loss of fluid, and the individual strips of foam

S material between slits contract. The resulting difference in
contraction between the.upper and lower surfaces of the
absorbent member becomes “"locked in" once the foam material is
thoroughly dried, and it can then be peeled up from the
substrate for further processing.

10 The pre-formed cup-like shape thus presents the surfaces
of the pre-opened slits for the first discharge of fluid
and/or deposit of fecal material, and the increased surface
area in comparison with the conventionally slitted absorbent
members provides an improved acquisition rate. Once the

‘15 absorbent member acquires fluid, and the moisture distribution
within the absorbent member equa11zes (in a single Tayer
context), the slits will tend to lose their cup-like shape and
return generally to the configuration shown in Figure 4.

These pre-formed slit configurations are particularly

20 useful For containment and dewatering of moist or runny fecal
material, as well as acquisition of higher viscosity fluids
and/or those having a higher concentration of particulate
material therein such as blood, menses, or wound fluids. The
open cup-like regions function as receptacles for capturing

25 such materials and rvetaining them while the mofsture they
contain is absorbed into the foam material. These pre-formed
slits also reduce the tendency of fluids to run off of the
surface of the foam material by providing a surface with large
openings into which the fluid penetrates via the upper

30 opening.

In a multi-layer configuration, such pre-formed slits may
also afford immediate fluid access to the next underlying
layer (in configurations wherein the slits are substantially
opened from upper surface to lower surface) while still

35 maintaining a comparatively high degree of surf__ace area



fromabout.4 to about 50 nL/sec. At flowrates.
foregoi ng ranges, these two streams are then co
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In consistently redu%?&rben? ﬁg@eﬁcﬁw o?Jprwee we material other than
polymeric foam, such as a more conventional absorbent
. material. Such layers of other materials may be utilized as

10 an acquisition layer over one or more layers of foam material
having slitted region(s) and/or as a storage layer underlying
such layer(s) of foam material having slits. Such materials
may also be utilized between the layers of foam material.
Some materials which may be suitable include cellulose fibers,

15 modified cellulose fibérs, rayon, polyester fibers such as
polyethylene terephthalate (DACRON), hydrophobic nylon
(HYDROFIL), and the like. Absorbent structures formed from
thermally bonded, airlaid cellulosic fibrous materials may
also be utilized. Along with such fibrous materials,

20 absorbent gelling materials in particulate or sheet form may
also be desirable. The use of slits may also.be advantageous
for absorbent gelling materials in sheet form for enhanced
fluid acquisition.

. Figures 17 and 18 schematically illustrate two possible

25 methods of forming slitted regions in sheets of polymeric foam
materials. In Figure 17, the sheet of foam material 300 is
passed between a knife roll 310 and an anvil rol 320. The
knife roll 310 includes a series of small, sharp knife blades
in the desired pattern and spacing, and these blades cut

30 through the foam material when it is compressed_between the
two rolls to form the slitted region. Figure 18 depicts a
stamping operation in which a die 410 includigg a series of
small, sharp knife blades in the desired pattern and spacing
and an anvil 420 are brought together to capture and compress

35 a foam sheet 400. The blades on the die thus cut through the
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in the H PE emulsion, it is particularly 30
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foam material to form the slitted vegion. —OTHeV processes
utilizing, for example, individual or sequential knives or
similar devices may also be employed.

With respect to each of the foregoing embodiments, it is
presently preferred that the slits extend entirely through the
absorbent member, although at least some of the advantages of
the present invention may be obtained if the slits only extend
partially through the thickness of the absorbent member.

It is also possible to form grooves or channels in the
absorbent member rather than slits, but the use of slits is
presently preferred to minimize the amount of material loss
which may accompany the grooving process and retain full
absorbent capacity.

The overall shape and/or size of the absorbent member may
be tailored as desired for specific applications, and the
overall shape and/or size of the slitted region(s) may also be
adjusted as desired.

In the design of the slitted region, other performance
aspects may be considered, such as in-use integrity of the
absorbent member, flexibility, and elasticity/stretch
considerations. S1it length, pattern density, and slit
orientation are all characteristics which may be adjusted to
optimize overall performance of the absorbent member in terms
of acquisition rate and mechanical perforﬁance.

The degree of deformation in single and multilayer
contexts, and the amount of cupping experienced in preparation
of preformed open slits, are all influenced by slit length,
slit pattern density, sheet thickness, and waterial
properties. In general, thinner sheet thicknesses are
believed to reduce the level of dynamic effects exhibited “due
to the corresponding reduction in foam material per unit area
and the reduction in strain differential between upper and
lower surfaces. Higher density patterns in general are
believed to reduce the amount of displacement and the degree
of cupping exhibited. Shorter slit lengths are also believed
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configuration, the temperature at which the dewatering
operation is accomplished is also believed to be an important
10 consideration. If it is accomplished at or below ambient
temperatures the resulting structure appears to be generally
stiffer, and thus does not as easily collapse to form the
pre-opened slits in the cup-like configuration. If the
operation is carried out at higher temperatures, for example
15 at 100 degrees F, the polymer structure typically remains
softer and more compliant, and thus more readily forms the
pre-opened slits in the cup-like configuration.

While absorbent members according to the present
invention may be utilized separately, i.e., without

20 accompanying structures, for use in absorbing aqueous body
fluids such absorbent members are preferably incorporated into
some sort of absorbent article. As such, the absorbent '
article in general will comprise one or more absorbent members
according to the present invention and some sort of backing

25 sheet having means for affixing the absorbent article onto a
wearer so as to maintain the deposition region of the
absorbent member in proximity to the source of the aqueous
body fluid. In a preferred type of absorbent article, the
backing sheet will have a substantially liquid impervious

30 character so as to protect clothing, bedding, etc. from
contact with the wetted absorbent member.

Absorbent members according to the present invention have
been found to be particularly well suited for use in absorbent
articles in the form of disposable articles and adult

35 incontinence garments. In this context, a presently preferred



11, 1992), the discl

osure of which is hereby i p——. herein

by reference.) PGEs especially RE?LACEMEE)SHE@IM fiers with
sorbitan 25 | aurate are dl so prepared firgm—fatTy acl reactants
characterized by fatty acid conpositions havi gﬂg%&%o%

conbined CJerr] and CJerr] saturated fatty acids} duced {l 4vel s

of other fatty acids. Suitable fatty acid react ants-have fatty
aci d conpositions where the conbined | evel 8 [ferr] and 30 _ Cl4
saturated fatty acids is at |east about 40% ( #yptrcat range of

from about 40 to abo
acid is no.nore than

Yapg e? ssbfhepfy Bet g gfF dse with absorkinty BegiiersS (¢

about 25%, the conbiaseerdiegeto otheCmresgntorinvention is Hinglsentedathyr dthed

fatty acids is no nor 0 5 t DI Ol 2k o _
about 2 to about 10%:??@9}3%%"%& 82s. Patent!H®! ORl147 208° (Jbudd Odk

5

10

15

20

25

s issug}) Isrze%tember 15, 1992, which is incorporated by
reference.

VI. Preparation of Collapsed Polymeric Foam Material

As previously noted, collapsed polymeric foam materials
useful in 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 result from the polymerization of such
emulsions are referred to herein as "HIPE foams."

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 these presently preferred HIPE foams 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, and most preferably from about 25:1 to about 50:1.

"~ A. 01l Phase Components

30

The continuous 0il 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 2 cross-1inking agent.

Selection of particular types and amounts of monofunctional

“monomer(s) and comonomer(s) and polyfunctional cross-linking

35

agent(s) can be important to the realization of absorbent HIPE



o e §

- 57 - | evel of C[err] or lower fatty aci | n than about
10% . . (typical range of fromabout 0.3 to ab leﬁﬁ’l$ ignce of
other fatty acids being primarily C18 nonounsaturatead fatty

aci ds.
Preferably, the fatty acid conposition of these fgttly 28MAY 198Ei ¢
reactants is at |east about 65% conbined CJerr] and err]

saturated fatty acids (typical range of from aboutf 65 to about-—-
75% ., no nore than about 15% C16 saturated _jatty acid.(typical ;
range of from about 10 to about 15%, no nore than about 4%
conbi ned C18 or higher saturated fatty acids (typical range of 10 from
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the PGE ANALYTI CAL VBTG eséart iuse Uf thenimyention herein.assigned, co-pending
Cocerter 11 1993, [ waystns coaevon s on s motmctions mooms
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
10 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
15 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
20 from about 10 to ‘about 30%, more preferably from about 15 to
about 25%, and 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-like
25 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,
30 Tg., of about 40°C. or lower. Monofunctional rubbery co-
monomers of this type include, for example, the C4-Cy2 alkyl-
acrylates, the Cg-Ci4 alkylmethacrylates, and combinations of
such comonomers. Of these comonomers, n-butylacrylate and
2-ethylhexylacrylate are the most preferred. The mono-
35 functional rubbery comonomer will generally comprise from
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McIntyre, "Polyglycerp® nyBGbiOQaT Xrossyligking agent. As with the
monofunctional monomers and comonomers, selection of a
particular type and amount of cross-linking agent is very

10  important to the eventual realization of preferred polymeric
foams having the desired combination of structural,
mechanical, and fluid-handling properties.

Depending upon the type and amounts of monofunctional
monomers and comonomers utilized, and depending further upon

15 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‘lu'lene or

20 diallylphthalate. 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-

25 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%, and most
preferably about 20%, by weight of the monomer component.

30 Another essential component of the oil phase 1is an
emulsifier which permits the formation of stable HIPE
emulsions. Such emulsifiers are those which are soluble in
the ofl phase used to form the emulsion. Emulsifiers utilized
are typically nonionic and include the sorbitan fatty acid

35 esters, the polyglycerol fatty acid esters, and combinations



- 58- Chem Soc. Vol. 56, No. 11 (1979), pp. 835A-840A, which are
i ncorporated by reference and which describe nmethods for ... preparing
pol ygl ycerol s and converting themto PGEs. PGEs ;Acﬁwﬁﬁffﬁﬁhﬁﬁ 1y
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y m Xxing
pol ygl ycerol s obtai ned from comer ci al sbul ces8 HA heki ged using
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Appropri ate conbi'nati ons

. et
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,

5 and especially combinations of sorbitan laurate with cértain
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

10 ~emulsifier component. Preferably, the oil1 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

15 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

20 course, not be capable of dissolving the resulting polymeric

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

solvent is empioyed, it will generally comprise no more than
about 10% by weight of the oil phase.
B. Water Phase Components

25 The discontinuous internal phase of the HIPE emulsions is
the water phase which will generally be an aqueous solution
containing one or more dissolved components. One essential
dissolved component of the water phase is a water-soluble
electrolyte. The dissolved electrolyte in the water phase of

30 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

35 oil/water interfaces formed by the water phase droplets. Thus,
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unr eact ed pol ygl ycermbectmwtekdattmmodesa rdid , PEEstri-valent indrganic salts

Pol yneri zati on/ Curi ngggdy hSetnd Bﬁ@mbfdm halides, e.g., chlorides, nitrates
and sulfates of alkali metals and alkaline earth metals.

10 Examples include sodium chloride, calcium chloride, sodium
sulfate and magnesium sulfate. Calcium chloride is the most
preferred for use in foam materials presently preferred for
use in the present invention. Generally the electrolyte will
be utilized in the water phase of the HIPE emulsions in a

15 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 uﬂ‘l also typically contain a

20 ' polymerization initfator. 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,

25 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.

30 _ The initfator material can comprise up to about S'u'tole
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

35 used in the water-phase, such initiator concentrations can be



The HI PE enul sion forned will generally be collect 5%k a8 g . pauUried in
a suitable.reaction vessel, cogt ai ner gr region to %Ezﬁ{ig@%é ﬁ@g rized
or cured. |In one enbodinent herein, the [ epction vesse

conprises a tub constructed of polyethyl ene f roBaalyi 197t
eventual |y polynerized/ cured solid foam npt eri al can be shly
renoved for further processing after 35  polynkriZatiron/ curing S
been carried out to the extent -50- esired. It is usually
preferred that the tenperature at whi ch the H PE enulsion is

poured into the vessel 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. hilizing Agents and Hvdratable Sa
5 The cross-linked polymer material that forms the
preferred 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
10 structure surfaces of such preferred absorbent foams wi11
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
15 fluids. Hydrophilization of the foam surfaces, if necessary,
can generally be accomp]ished 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
20 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
25 form, and can be dissolved or dispersed in a hydrophilizing
| solution which is applied to the HIPE foam surfaces. In this
manner, hydrophilizing agents can be adsorbed onto the
p01yneric surfaces of the preferred HIPE foam structures in
amounts suftable for rendering such surfaces substantially
30 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 hydrophilizing agent is incorporated into the foam
~ structure such that residual amounts of the agent which remain
35 in the foam structure are in the range from about 0.5% to



approximately the same as the pol ynerization/curi

R Erature. 5
Pol yneri zation/curing conditions to which the H P}dﬁtﬁﬁiﬁﬂt Eblq n wilil
be subjected will vary dependi ng upon the noner and ot Re nmakeup
of the oil and water phases of the emul sijon, egREY gy ths
emul sifier systens used, and the type and anounts of
pol yneri zation initiators utilized. 10 Frequen ; ;
pol ymeri zation/ curing conditions wll -51- conprise mai ntenance jof the
H PE enul sion at el evated t enper at ures above about 30[err|]C, nore
preferably above about _ 35[err]C, for a tine period ranging from
about 4 to about 24about 20%, prefiesablyofeompatdutr 8bty abbetnlakowly deightabput
18 hours. 15 the ﬂ;{ﬂ‘.reduci ng coal escence of water droplets in the
H PE enmul sion, 11 is particularly preferred to carry out the

pol ymeri zati on/ curi ng atOnee/t¥pe vef ysuidalde hydpanhdd izing agent 'is a wegpecial |y
oo 3 1 ST e, ol STE U, such MR cn |
C- Sl 51 1 08 12 g 17 BECERSCTrSub1y eckr e, sof hle s
tenperatures are in emudsitiegefef theooilalpbase of the HIPEOPmulslion,o sabbuis
S0[err] C  preferabl ysoehpfdn ikt l f6.1gl, L SPARP D) 250G " ddubinations of
sorbitan laurate with certain polyglycerol fatty acid esfers
to be described hereafter. Such hydrophilizing surfactants

10 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. _

‘15 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 earth. metal salts. Materials of this type and their

20 use in conjunction with oil-soluble surfactants as the foam
hydrophilizing agent is described in greater detail in the PCT
Published Application WO 93/04113, published March 4, 1993.
This application was filed in the name of The Procter & Gamble
Company, and the disclosure of this publication is hereby

25 incorporated herein by reference. Preferred salts of this
type include the calcium halides such as calcium chloride
which, as previously noted, can also be employed as the
electrolyte in the water phase of the HIPE emulsions used to
prepare the polymeric foams.

- 30 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

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



and nost preferably about 40[err]C [If polynerization/curing-+s
carried out at tenperatures nuch above about 50[en§£ﬁ;A£ﬁ§hjhernﬁrt 5

stress on the emnul sion can cause the water dropl et
aggregate and coal esce, thus form ng nuch | arger de Is | kyew97
resulting polynmeric foam especially if the preferirdd 8™

p'r CTSCTITL

i nati on

of sorbitan |aurate and PGE co-enulsifierss's not
preparing the H PE enmul sion. This can | ead o 30 polynerlc fodns that
cannot remain in a collapsed, unexpanded Lstate—after dewat er i ng.

Sl sion i s poryrer | SodPai it YR 3AdtiBRE UL FHe¥BIblY used 1o aqfiZ bl ™"
tub. This bul k pol yn%\fqréé%mlﬁl PROFGABAE | §ﬂ§ﬁp|wlhl @S Z@lcium chierider igl i ced
into a sheet-like forggidudhambentef oPQltyT@Istzebbut 0.1% by weight of the foam,
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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 structure§ 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 sdlts. In
particular, such preferred HIPE foams can be those wherein
sorbitan fatty acid ésters such as sorbitan laurate (e.g.,
SPAN 20), or combinations of sorbitan laurate with certain
polyglycero] fatty acid esters to be described hereafter, are
used as emulsifiers added to the oil phase and calcium
chloride is used as an electrolyte in the water phase of the
HIPE emulsion. In that instance, the residual-emulsifier-
containing internal polymerizéd foam surfaces will be suitably
hydrophilic, and the residual water-phase liquid will contain
or deposit sufficient amounts of &alcium chloride, even after
the polymeric foams have been dewatered.

D. Processing Conditions for Obtaining HIPE Foams

| Foam preparation for foams presently preferred for use in
the present invention 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



- 60- H PE foam are easier to process during subsequent treating/

washi ng and dewatering steps, as well as to prepare the H PE _ f oam
for use in absorbent articles. The bul k pol yrmeri zeg;pHl oamis
typically cut/sliced to provide a cut caliper init EEMENTS F’I of from
about 0.08 to about 2.5 cm During subsequent dewater| Fg, this
typically leads to col |l apsed H PE foans hzt/l 2P MA\faﬁP'{)er iIn the
range of from about 0.008 to about 3.1. 25

Tr eat i ng/ Washi ng H PE Foam 10 T e solid polynerlzed HIPE f oam
which is formed wll general'ly be a fl exihle,.opep~celt—par ous

structure having-itsstructure withclal hydviobh €liizdhg hageht dmiyodURydranitsie gaREE
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to dePoﬁrtePﬁyr \‘?\i}]etengd *ﬂj @W’Ili% ‘a engﬂygﬁa{aﬁﬁé Ogg‘it
and 43 thargatter ﬂe!i'cﬁrang t:!ﬁﬁl piymeric structure
(preferubly afre ud FigOebhbrass fin liRathe @H%@dt‘lﬁnf REOERE
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 useful in 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. HIPE emulsions are not always stable,
particularly when subjected to higher temperature con'ditiong.
to effect polymerization and curing. As the HIPE emulsion

~ destabilizes, the water droplets present in-it cdn 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
structure, and coalescence of the water droplets. An '
appropriate balance has to be struck such that coalescence of
the water droplets is reduced, yet polymerization and curing
of the foam structure can be carried out within a reasonable
time. (While some coalescence can be tolerated if the
remaining water droplets are very small in size, such
nonuniform cell sizes in the resulting foam can adversely
affect the fluid transport properties of the foam, especially

~1ts wicking rate.)

Reduction in the coalescence of water droplets in the
HIPE emulsion leads to a smaller average cell size in the
resulting foam structure after polymerization and curing. It
is believed that this resulting smaller average cell size in
the polymeric foam material is a key mechanism behind
consistent formation of relatively thin, collapsed polymeric
foam materials presently preferred for use in the present
invention. (Uniformly small cell sizes in the resulting foam



structure at this point prior to further processing and use of t he

foam - Renoval of the original water phase materi wnl-»l-ﬁ-j—f“"“"i'""l]sual ly be
carried out by conpressing the foamstructure t {«;EQL}‘;CEME SBBE out
residual liquid and/or by washing the foam ~STTucture W th water
or ot her aqueous washi ng sol utions. Fr le%"?]?V‘EWl cqnpr essi ng
and washing steps, e.g., from?2 to 4 cygl ks, e utii Ili zed.
After the original water phase material hassgaeenir fromthe

foam structure to the extent required, the HPE toam __ifl needed,
can be treated, e.g., by continued washing, with - aqueous
solution of a suitabheealdoopdliibvéd g bemhitoagebdoabsorbency, anbyéémicabliy

salt. Hydrophilizing PERD ydr at ab). t e WO chh can be
enpl oyed have been prfew oﬁgfﬁg'é{_s]céifg‘e’dwé%?@d ?""‘“tFHH‘Jaé"soBBFt'&W%"
laurate (e.g., SPAN a¥8ragadcedd| sizgofhthsr pabymeric foam materiabs d¢, abouwtaboent

of the H PE foam strméérong o Nlss d is typicalllyy @i aNei kadde ¥rom about 5 to
agent/ hydr at apl e sal'tpi%lngb! on_contin
|

ues, i f ' ecessar unti| the
desired amoun? of hy& i LNChENS, preFerabi%gféﬂT‘/’rR?b‘Fa? g‘&l ég‘g‘é'l {o HHETO%en
i ncor porat ed and unt iahd tmostf peefierably 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
10 will be discussed in greater detail in the following
description of the emulsion formation and _
polymerization/curing steps for obtaining co]'lap.éed polymeric

foams:
1. Formation of HIPE Emulsion .
15 The HIPE emulsion is formed by combining ‘the oil phase

components with the water phase components in the previously
specified weight ratios. The oil phase will contain the
previously specified essential components such as the
requisite monomers, comonomers, crosslinkers and emulsifiers,
20 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.
25 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
the combined 0i1 and water phases. Such a process can be
30 _ 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.
35 ‘Emulsification of the oil and water phase combination will



-61- exhibits a desired adhesi on tension

of choice.. 4. Foam Dewat eri ng

been treated/ washed to the extent 5 necessary

dried foam suitably hydr ophilic, and optiongl

sufficient anount of a hydratable salt, prefe '

chloride, the foam wll generally bg demate ed. DewaterlnM“ =1

br ought about by conpressing the fo ﬁ](pref e
z-direction) to 10 ~squeeze out residual water, by subjecting the foam
o yit ES vater ¢ggiditly idvotlbéVieStst SOPE %H{ﬁf’orea&t’ati&?rmkce

such as a pin impeller.
* One preferred method of forming HIPE emulsions which can
be employed herein involves a continuous process for combining
5 and emulsifying the requisite oil and water phases. In such a
process, a liquid stream comprising the oil phase 1is 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
10 from about 4 to about 50 mL/sec. At flow rates within the
foregoing ranges, these two streams are then combined in a
suitable mixing chamber or zone in a manner such that the
requisite water to oil phase weight ratios as previously
specified are approached, reached and maintained.

- 18 In the mixing chamber or zone, the combined:streams are
generally subjected to shear agitation as provided, for
example, by a pin impeller of suitable configuration and
dimensions. Shear will typically be applied to the extent of
from about 1000 to about 2500 sec.-l. Residence times in the

20 mixing chamber will frequently range from about § to about 30
seconds. Once formed, the stable HIPE emulsion in 1iquid 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

25 | described 1in greater detail in U.S. Patent 5,149,720
(DesMarais et al), issued September 22, 1992, which is
incorporated by reference.

In consistently reducing the coalescence of the uater
droplets present in the HIPE emulsion, it is particularly

30 preferred to use certain types of emulsifier systems in the
0il phase, especially if the HIPE emulsion is to be
polymerized or cured at temperatures above about 50°C. These
preferred emulsifier systems comprise a combination of
sorbitan laurate (e.g., SPAN® 20), and certain polyglycerol

35 fatty acid esters (PGEs) as co-emulsifiers. The weight ratio



at tenperatures from about 60[err]C to about 200[err}C..0L.10

m crowave treatnent, by vacuum dewatering or by a co “E@}FMCEMENT SHEET,

conpression and thermal drying/ m crowave/ vacuum dewat e|

techni ques. The dewatering step of H PE foam processi hg W
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Is as dry as practical. Frequently such conpressiof ed
foanms will have a water (npisture) content-%- from about 50 t o
about 500% nore preferably from about 50 to about 2 2009% by wel ght
on a dry weight basis. Subsequently, th conpressed foans _can be

thermal Iy dried (e.gof sgrbitan lagyateoto PGE s usgallyi withie thenrange of firowm
about 5 to about 40%abBRE 90:1 to aboutP! €05 He¥e Y, MY wei gh® ﬁtl%tnlﬁr(l
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foams, are illustratShapdctenized, byoiigh teveds) of inean ieﬁ .» acyclic)
diglycerols, reduced 1ev_els of tr1- or higher polyglycerols,
and reduced 1levels of cyclic diglycerols. Suitable
polyglycerol reactants (weight basis) usually have a linear
10 diglycerol level of at least about 60% (typical range of from
about 60 to about 90%), a tri- or higher polyglycerol level of
no more than about 40% (typical range of from about 10 to
about 40%), and a cyclic diglycerol level of no more than
about 10% (typical range of from 0 to about 10%). Preferably,
15 these polyglycerols have a linear diglycerol ‘lTevel 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 in the PGE ANALYTICAL
20 METHODS section of commonly assigned, co-pending U.S. Patent
Application Serial No. 07/989,270 (Dyer et al., filed December
11, 1992), the disclosure of which is hereby incorporated
herein by reference.)
PGEs especially useful as co-emulsifiers with sorbitan
25 laurate are also prepared from fatty acid reactants
characterized by fatty acid compositions having high levels of
combined C12 and Cj4 saturated fatty acids, and reduced levels
of other fatty acids. Suitable fatty acid reactants have
fatty acid compositions where the combined level of C)2 and
30 ~ Cj4 saturated fatty acids is at least about 40% ( typical .
range of from about 40 to about 85%), the level of Ci6 '
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%
35 (typical range of from about 2 to about 10%), the combined



Exanple Il Ais the presently preferred materia

VENT il
62- + APl o REPLACEMENT chBaty exanpl e
il lustrates the preparation of a coll apsed H PE fo%ﬁ%{a.l ng within
t he. scope of the present invention. Enul{si{or2 Brié&a
Anhydrous cal cium chloride (36.32 kg) and potasgi ym padsll fate

(568 g) are dissolved in 378 liters of water. This provi des the
wat er ‘phase streamto be used in a continuegs-" . -

level of Cio 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 C1g monounsaturated fatty
acids. Preferably, the fatty acid composition of these fatty
5 . acid reactants is at least about 65% combined C17 and Cj4
saturated fatty acids (typical range of from about 65 to about
75%), no more than about 15% C1g 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
10 from about 2 to about 4%), and no more than about 3% Cjg or
lower fatty acids (typical range of from about 0.3 to about
3%). (A method for determining the fatty acid composition is’
set forth in the PGE ANALYTICAL METHODS section of commonly
assigned, co-pending U.S. Patent Application Serial No..
15 07/989,270 (Dyer et al., filed December 11 1992), the
disclosure of which is incorporated by reference.) - _
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
- 20 monomers uséd in the HIPE emulsion and the water phase
f 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
25 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 in the PGE
ANALYTICAL METHODS section of commonly assigned, co-pending
U.S. Patent Application Serial No. 07/989,270 (Dyer et al.,
30 ~ filed December 11, 1992), the disclosure of which is
incorporated by reference.) )
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
35 25, 1972, and McIntyre. "Polyglycerol Esters,” J, Am. 0il



process for formng a H PE emul sion. To a nononer conbi nation

conpr-i sing styrene (1600 g), 10 di vi nyl benzlg_gg_ﬁ%ﬁgﬁ

(1600 g), and 2-ethyl hexyl - acryl ate (4@@@@'&%}:}&

| aurate (960 g as SPAN err] _ 20). After Im-pg;—TNTS conpi
materials is all owed to settle overnight. {The

w t hdrawn and used as the oil- phase in o@ﬁmgﬂ

formng a H PE 15 emul sion. (About 758g of SI L.Chkyp—tesT

di scarded.) At an aqueous phase tenperatur e"a‘(r)‘L’Af&S '
and an oil _ phase tenperature of 22[err] Q. .—separdl€ streans of the
oi | phase . anthefat 39¢.nh¥2l Sfe 'f°edl{0(lggaynzﬂﬁ-caﬁkﬂﬂ%,aybaﬂhtaﬁs.

Thor ough mi xi ngth tgmmmned by I eef@gpende tal'hd WHOEHT destrKbé Onetflods for I

apparatus i s achi eve i S cale
of operation, an appr%ﬁ%‘ﬁ@qg?ﬁqlgﬁ%ﬁqér% Lﬁesrég fnhto PEES.y 1 PRGH ALy
shaft of about 21.6 ch¥RigalbBhgrepaednby esterdifying polyglycepelsamith fattycm

The shaft hol d§ 4 rowgeidfs.Pi Afprogridt®S combinationd2¢f b1k g1 Piere1 &Ncar? BOWS
having 16 pins, each havin

outwardly fromthe Ceﬂfqp&rgq;(]?y?mixing ‘(’j"ﬁgf}‘teqrﬂ'@?gh&t@igg’g '}ﬁgpﬁ%’wiﬂ 6
cm The pin inpeller seurces or synthesized ésing &méwmaneithads,slsacl easvhiholse
forms the dynamc m Xh@ﬂ:ribed in U.S. Patent 3,637,774. Appropriate combinations
of fatty acids can be prepared by mixing fatty acids and/or
10 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
15 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,
20 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
25 mixture can then be subjected to settling or other
" conventional purification steps (e.g., to reduce the level
unreacted polyglycerol) to yfeld the desired PGEs.
2. Polymerization/Curing of the HIPE Emulsion
' The HIPE emulsion formed will generally be collected or
30 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 po\ymeriz_ed)cured solid foam
material can be easily removed for further processing after
35 polymerization/curing has been carried out to the extent



apparatus, and the pins have a cl earance of 0.8 nn1fro

of the cylindrical sleeve. 30 A spiral stat Rﬁﬂlk fﬁhéé"
downstream fromt he dynam ¢ m xi ng apparatus o} prOV|de back
pressure in the dynam ¢ m xer and to provide i 8@& '
I ncor poration of conponents into the emnul sionjt at é%vent ual |
formed. Such a static mxer is 14-jqphes (35. 6 cm—t+ong-wittr-a
inch 35 (1.3 cm outside dianeter. he static|{m xer is a TAH
-63 - | ndustries Mddel 070-821, nodified by cuUtting oit 2.4

i nches ' desired. It is usually preferred that the temperature at

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

5 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 tvpe
and amounts of polymerization initiators utilized.

10 Frequently, however, polymerization/curing conditions will
comprise maintenance of the HIPE emulsion at elevated
temperatures above about 30°C, more preferably above about
3§‘C. for a time period ranging from about 4 to about 24
‘hours, more preferably from about 4 to about 18 hours.

15 In reducing coalescence of water droplets :in the HIPE
emulsion, it is particularly preferred to carry out the
po]ymefization/curing at relatively lower temperatures,
especially if the preferred combination of sorbitan laurate
and PGE co-emulsifiers is not used in prebaring the HIPE

20 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_preferabiy about 40°C. If polymerization/curing is
carried out at temperatures much above about 50°C, the thermal

25 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

30 polymeric foams that cannot remain in a col1apsed. unexpanded
state after dewatering.

A bulk solid polymeric foam is typically obtained uhen
the HIPE emulsion is polymerized/cured in a reaction vessel,
such as a tub. This bulk polymerized HIPE foam is typically

35 "cut or sliced into a sheet-like form. Sheets of polymerized



(6.1 cm. The conbi ned m xi ng apparafus set-up is filled with

oil - » phase and water phase at a ratio of 2 parts water to 1 part 5
oil. The dynam c m xing apparatus is vented to allow air to

escape while filling the apparatus conpletely. The flow rates

during filling are 1.127 g/sec oil phase and 2. 19 cnB/sec wat er
phase. Once the apparatus set-up is filled, agitation is
begun 10 in the dynamic mxer, with ttf-i npeller turning at 1800 RPM
The flow rate of the water phase is then steadily increased to : a

rate of 35.56 cnB/sec zyﬁr a tine period of 130 sgcu The : back
pressure created by t HePkiyfi9am are, sastarato PrACess sdupinghsubsequent treatdngf i s

7.5 PS| (51.75 kPa). wisieingnped ldewaturengl stepshess 811 as to Sir@gskd ‘the HIPE )
bressur o drope to 4.5 Pl 708 S 0Pt picles “Ohe byuk poSitrszid ube,
speed is instantly infP¥hdédtyRicagbn qubfsliced to provide ayeuteeabipsr pnetheur e

remai ns constagt ther ¢ahdelofafroh 2bout 0.08 toPSbodt3¥-.95cﬂ<.Pa{)uriﬁg sybsequent
Pol yreri zati on of thedEnq{SLon this typicall Fh% f Qr med, .enul si On %Ioﬂnng
fromthe static mixer “5¥a%§T189, this typically leads to collapsed HIPE foams

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

1.25 cm.
3. ating/Washing HIPE Foam
10 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
15 electrolyte, residual emulsifier, and polymérization
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
20 squeeze out residual liquid and/or by washing the foam
structure with water or -other aqueous uéshing 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
25 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 agent and/or
hydratable salt. Hydrophilizing agents and hydratable salts
which can be employed have been previously described and
30 include sorbitan laurate (e.g., SPAN 20) and calcium chloride.
As noted, treatment of the HIPE foam structuré 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

35 - |RED AC%WHE%ET
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point is col l ected in Rubber maid Econony Col d Food Storage Boxes,

Model- 3500. These boxes are constructed of food yQUraie s kyet hyl ene
and have nom nal di nensions of 18" x 26" x 9" 2 ;@?ﬁgﬁhﬁﬁgﬂ%sﬁgvy 66 cm

T

L

22.9 cm .- The true inside dinmensions of t hese boxes afe{l5" x 23"
X 9" (38.1 cmx 58.4 cmx 22.9 cm.’ Thesg bo g AarP9pr at neat ed
with a filmof a solution corrpriié'nga 0% sol ution of iSRAN[ err]
20 in an equal weight sol vent m Xtire o teneand 2- prapanol

The sol vent m xture 30 is allowed to evapofate to | eave..only the

SPANferr]  20. exhibit$°£ t&é's%ﬁéﬁﬁdtkéstiﬁf- Stepls i G Wal L€ ¥t Svj%'sfci fgbig"
each box. , .I'he "enul si on-contal ni ng boxes are Kept in a room
mai nt ai ned at 65[erﬂf(§m$6?-18 hours to bring about polynerization

of t_he emul sion in ghe Frox@ Delwdtdvingeby form polyrrer_i c foam 35 Foam
_vasru ng and Dewatering After the HIPE foam has been treated/washed to the extent
5 necessary to render the eventually dried foam suitably

hydrophilic, and optionally to inéorporate 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

10 . 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

- 15 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

20 200%, by weight on a dry weight basis. Subsequently, the

E compressed foams can be thermally dried (e.g., by heating) to
a2 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,
25 unexpanded state.

. EXAMPLES
Preparation of collapsed HIPE absorbent foams of the type
presently preferred for use in absorbent members of the
present invention, and the characteristics of such collapsed
30 foams, are illustrated by the following Examples, of which-
Example II A is the presently preferred material.



- 64- After curing is conplete, the wet cured foamis renoved
fromthe curing boxes. The foamat this point contai abeuL. _ 30-40

times the weight of polynerized material (30-40X) of Rﬁ@LACE;E?M~§~§;

wat er phase contai ning dissolved enulsifiers, 5 t

initiator. The foamis sliced with a sharp Ipgocating s

bl ade i nto sheets which are 0.350 inches (0] 8 MAY tas7i .

These sheets are then subjected to -62conpr essj oR—i series {off 3

nip rolls which gradually reduce’ t he residyal water phasé™Content

of the foamto about 6 tines 10 (6X) the weight © | 2ed
“material. At this point, the shedX&MBfelt hen resaturated wih a

1% Cad Lerr] sol ution at This exampleGthlisrt}Qes ahe Wegiﬁfénihafﬁa ri:iog"li;%eﬂ '
\AcgtCIe{ePr?sgolcatn itggta i%%?g% !fé.r,nngnﬁi?hig)r(\ther gé‘%euB?tsﬁ]fe\ém'iéﬁf";ggqv]ﬁ'_{%ﬁ"'h ni p
to a water phase con i aration :

5 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),

10 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 oil phase in a continuous process for forming a HIPE

18 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., separaté streams of the oil phase
and water phase are fed to a dynamic mixing apparatus.
Thorouqh mixing of the combined streams in the dynamic mixing

20 " 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 & rows of pins, 2 rows
having 17 pins and 2 -rows having 16 pins, each having a

25 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
wounted 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.

30 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 .cm) long with a 0.5 inch

35 (1.3 cm) outside diameter. The static mixer is a TAH



15 The foam sheets, which now contain a m@
essentially a 1% CaCl [err] solutlon are passed t hr ol " %r rg“

equi pped with a vacuum slot. The last nip reduces the CaCI [err]

solution content to about 5 tines (5X) the weight o olyv@wRAY 197 The
foam remai ns conpressed after the final nip at a caliper 20 bout
0.080 in. (0.2 cm. The foamis then drledshn an afr™ circuj ating
oven set at .about 60[err]C. for about three hours. § Such..deyi ng
reduces the noisture content to about 5 - 7 % by ' wei ght of

pol yneri zed materi al . [ nduistr¥ it f aye

cal i per of about 0.0 &J#nt e l?&iegn;ﬂ(;n la&gﬂi‘l‘iﬁed by Cl\'/ttrqeegﬁr?pga% i&he
foam al so contains ab “1)% by wei ght of resi dual sorbitan

laurate emulsifier and ab‘ﬁwt cbibinedweixging apparatus setaupyier OIS elagith) odf

Gonsity of the foam P ! a Bl atEemhate at a ratio bE' SALEMATE: HSatopte'®
Jayco synt hetiSc urine@ili.t sThe dgnangg mixing Mﬁb@ﬁtﬂcam#t i Yawoaitr $6. 2

nL/g. The expanded f@.@ @%11e filling tﬁeCa%ib'aHﬁIch&i\&E'tm Spﬁﬁé e %EL?CG
area of about 2.24 ni

nunber average cell s ‘Q'é gffﬂﬁng are lagyﬁtg/%ﬁcn?{:l‘ (yhgse aﬂ‘daahb% /FE‘F]SI on

of about 35 dynes/cmwater phase. and a vertical wi cking absorbent capacity
of about 26.7 ni/g Once the apparatus .set-up is filled, agitation is begun
10 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 pgr%od of 130 sec. The
back pressure created by the dynamic and static mixers at this
point is 7.5 PSI (51.is kPa). The impeller speed is then
- 15 steadily decreased to a speed of 1200 RPM overi-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). '
20 Polvmerization of the Emylsion

The formed emulsion flowing from the static mixer at this
point is collected in Rubbermaid Economy Cold Food Storage
Boxes.'Hodel 3500. These boxes are constructed of food grade
polyethylene and have nominal dimensions of 18" x 26" x 9"

25 (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

30 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.

35 ' m i ewaterin



35 or about 88%of its free absorbent capacity,

" 65- . ; EXAVPLE |1 | REPLACEMENY HET
foll owi ng Exanples illustrate the preparation of HI AE Toarmy ysi ng
sorbitan laurate (SPANerr] 20) and pol yglycerol fatfy 28 M gfic gster
(PGE) or sorbitan palmtate (SPANerr] 40) 5 _ co-enuIS|P¥éP sy4t ens:
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After curing is complete, the wet cured foam is removed
from the curing boxes. The foam at this point contains about
30-40 times the weight of po1ymerized'materia1 (30-40X) of the
residual water phase containing dissolved emulsifiers,
electrolyte and initiator. The foam is sliced with a sharp
reciprocating saw blade into sheets which are 0.350 inches
(0.89 cm) in caliper. These sheets are then 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 abeut ‘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 CaClz
solution content to about 5 times (5X) the weight of polymer.
The foam remains compressed after the final nip at a cafiper' '
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 mL/g. The expanded foam h;s
a capillary suction specific surface area of about 2.24 me/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 capacity of about 26.7 ml/g
or about 88% of its free absorbent capacity.



Anhydrous cal cium chloride (36.32 kg) and potassium . persulfate.

L)

(568. g) are dissolved in 378 liters of water. This \REPLA TV SHERT
wat er phase streamused in formng the H PE 10 epuf-ston:

To a nononmer m xture conprising styrene (1600 g), qgvi y&@gnze e
“(55% technical grade, 1600 g), and 2- et hy} hex Uﬁ&l (J4900
g) is added sorbitan laurate (960 g as SPAN[efr{_20Q) Ta anotihdr

hal f-si ze batch of the sane nononer 15 -65- nixture {s added PGE

enul sifier (480 g) that inparts a m ninmum _ oi | :
dynes/cm This PCE is obtained by Eégﬁggsttfying pol ygl ycerols with
fatty acids in a weight ratio of . I ng sodi um hydr oxi de as

the catal yst at 210[ err] Theufioklowing Examplesontliustoate bhe mreparitiah of HIPE
agi tation, nitrogen fimsoisitg¥t+bifan 1auratd’ ESPARG| 20) BAd $8%) c\éﬁ&#%tw th
subsequent phosphorlc.%0|d neutraé zatl o ,,cooI|F a %ut
60[err]C, and sett!i¥j% PSteAuJRGE) or sor adadmitfey g % 0140)The

conposition 0¥ the pud-epgllsifiert Systems: and fatty acids used in nmaking
the PGE are shown in the following table: 25

Pol ygl ycerol s :
EXAMPLE II 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"

10 emulsion. :

To a monomer mixture comprising styrene (1600 g),
divinylbenzene (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

15 mixture is added PGE emulsifier (486 g) that imparts a-minimum
oil/water IFT of 0.09 dynes/cm. This PGE is obtained by
esterifying polygliycerols 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

20 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:

25 Polvglycerols Ht.%
' | Tinear diglycerals 63.5
triglycerol - 36.0
" or higher
cyclic diglycerols 0.4
30 Eatty Acids L1
c8 -

co -
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clz 31.7
cl4 | 37.2
c16 C11.5
C18:0 | 3.2
c18:1 13.8
c18:2 1.5

After mixing, each oil phase batch is allowed to settle
overnight. 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.)

At an aqueous phase temperature of 43° to 45°C and an oil
phase temperature of 22°C, separate streams of the oil and
water phases are fed to a dynamic mixer in thé form of a pin
impeller. This pin impeller has a cylindrical shaft of about
21.5 cm in length with a diameter of about 1.9 cm. The shaft
holds 4 rows of pins, two rows having 17 pins and two rows
having 16 pins, each pin having a 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 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 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 evénly ramped up to 46.5 cc/sec and the oil phase flow
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13.8 C18: 2 1.5

After mixing, each oil phase batch is allowed to seft]e28MAY 99vdrdi ght.
The supernatant is wi thdrawn from each bat cfy and Jixed.at..d rjatio
of 2 parts of the SPANJerr] 20 containing ol 10 phase to 1 part} of
the PGE containing oil phase. (About 75.9g Bfg=Speldpf-esidte | S

di scarded from each eitd ie &aRinGPS%amped down to 1.77 d)‘seé‘”ov%?“?ol!ﬁe Bd of

t enper at ure of 43[erﬁ% to 45[ﬁie éC and an oil B enperat ur e of
22[err]C, separate s hBag pressyre created by & ep&‘l@@é‘: ad satico a
dynam c mixer in themixems ot thisi poirit is 4.9 mpsdl.| eBver Ehtimeiperiowelfl 8¢ has

a cylindrical shaft a t 2 MginN a r of
.aboﬁtl " 9' ca  shal Sgécftll‘?i‘é impe]ler o553y l‘l@e‘a tho fle@QiP“ W'ﬁtbbna tﬂb H?# 17

hav
pi ns and two r%vvs pressurehg\gpﬁgtqeapar%maéa’&h 3pm1ha§hengmwdpameeﬂ DS
0.5 cm and 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 (round tubs with

10 a central core). 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 evaporation of the xylene and
leave behind only the SPAN® 20. The filled molds are kept in

1 a room maintained at 65°C for 18 hours to allow .for curing.
After the foams are cured, they are cut to thé desired
thickness, as in Example I. The cured foam webs are then
washed with a 1% calcium chloride solution. The residual
solution retained in the foam before drying is § times the

20 weight of foam.

Figure 3 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 3 is in its

25 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 emulsion. '

30 ‘ EXAMPLE' 11 B :
A water phase containing calcium chloride/potassium
persulfate and an oil phase monomer mixture containing
SPAN® 20 are prepared as in Example II A. To the monomer
mixture is added sorbitan laurate (480 g as SPAN® 20) and a



extending outwardly 1.6 cmfromthe central axis of the shaft. 20 The

pin inmpeller is nounted within a cylindrical sleeve with t he pins
having a clearance of 0.8 mmfromthe inner wall. A spira
static mxer (14 in. long by 1/2 in. outside di aneter, TAH

| ndustries Mddel 070-821, nodified by cutting _ off 2.4 inches) is
nmount ed downstream fromthe dynam c m xer 25 to provide back pressure
in the dynami c m xer and to provide -68uniformty in the H PE

enmul sion. The conbi ned dynam c and , static m xer apparatus is
filled wth oil and water phases a aratio of 2 Barts water to 1
part oil. The appar atRi¥tpee of s°"b‘t30eh!‘€dt§o(%q &k and sogbitanapelmitate

]1:| : : i ng of tgeoap;)ar a(rzue g 33 SPAN® i49) COATLE enixﬁ@e/tfhbomr phese d9r AMbwed

Oiwcel tnﬂea;gpar at gsslegt i h 2 °‘éegmtigﬁpo?ﬁ|t§r%§ aﬁp&rﬁ,‘aﬁr& Bty "Pt‘?‘ﬁ'é“" for

i npel | er turning at ﬂﬁ@OIRFWTmWHbthqdﬁ@ﬁsﬂpﬂagenfIom/rate i s then

evenly ranpedgup to 46.5 fid 3§Gectidd (hdre -O5h*DONARE §110Phases are then fed to
the combined dynamic and static mixer a--aratus as in Example
I1 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

10 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

15 rate is evenly ramped down to 1.5 g/sec over &“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 II A. After the foams are cured, they

20 are cut to the desired thickness, as in Example 1. The cured
foam webs are washed with a 1% calcium chloride solution. The
residual solution retained in the foam before drying is §
times the weight of foam.

While particular embodiments of the present'invention

25 have been §llustrated and described, it would be obvious to
those skilled in the art that various other changes and
modifications can be made without departing from the spirit
and scope of the invention. It is therefore intended to cover
in the appended Claims all such changes and modifications that

30 are within the scope of this invention.
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-67- rate is evenly ranped down to 1.77 g/sec over a time period

of . '120 sec. The back pressure created by the dynami c and static
mxers at this point is 4.9 psi. Over a tine period_of 30 sec,_the
inmpeller is slowed to 1000 RPM  When the back 5 pressure drops to-
approximately 3 psi, the inpeller speed is ) ﬂml?l Mm "'lll" uWeased
to 1800 RPM and the back pressure -69- | Ncreased wat er
and oil flows are then adj usted to 47.8 cc/sed ahd 1.66 d/séc,
respectively. The HI PE enulsion is collected in nolds (round
tubs with 10 a central core). The nolds are pretreated with a film of

: L 2 : \
1 owed to settle overniBRE T CLAMEBE  nool ubl s, The molds o are
preheated to facilitate the evaporation of the xylene and
l.  An absorbent member having a peripheral region and a
deposition region contiguous with said periphefal region and laterally
surrounded by said peripheral region, characterized in that said
absorbent member comprises:

5 (a) atleast one layer of absorbent material which, upon contact
with aqueous body fluids, expands and absorbs said
aqueous body fluids, said absorbent material comprising a
hydrophilic, flexible structure of interconnected open
spaces, said at least one layer having an upper surface and a
lower surface, said upper surface and said lower surface
defining a. planar direction and a normal direction
perpendicular to said planar direction, said absorbent
material being expandable in at least one direction within
said planar direction; and
15 (b) at least one slitted region comprising at least one slit

extending at least partially through said at least one layer,
said at least -one slit comprising at least two slit surfaces
which are displaceable with respect to one another when
said aqueous body fluid is introduced into said deposmon
20 region;

whereby when said aqueous body fluid is introduced into said
deposition region, at least a portion of said at least one slitted region
expands more rapidly than dnd to a greater degree than surrounding
regions of said at least one layer, and whereby at least a portion of said
25 at least one slitted region becomes deformed and buckled in said normal
direction, thus causing said at least one slit to open and expose said at
least two slit surfaces to said aqueous body fluid for more rapid

acquisition. '

10

'2. A multi-layer absorbent member having a periphefal region
30 and a deposition region contiguous with said peripheral- region and

—_—_—
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| eave behind only the SPANJerr] 20. The filled nolds are kept in-15
room mai ntai ned at 65[err]C for 18 hours to aIIowfor curing After

the foanms are cured, they are cut to the desired Llllmmm‘mtrmtl |I s in
Exanple I. The cured foam webs are then was h L HI um
chloride solution. The residual solution retainell ih the *f oam
before drying is 5 tinmes the 20 wei gh@- of foam Figure 3
i s a photom crograph (1000 X nmagnification) that
representative polyneric foam prepared froma H PE enul sion using a
SPAN err] 20/ PGE coenul sifier systemlike that of this exanple. The
foam structure showlatérallyFsumrounded byssaichpériphe@bregion, charpatatzad iptthatesaid As can

be seen, this foam %%F&Byﬁgmbé}scompnses relatively small pores of
relatlvely uniformsiz [

) m structure rel ativel
homogeneous.  This sug&]‘t)st§t ‘eaSt two "é/ﬂsdéaég Qfge'}‘eﬂ‘ﬁ@&l d’b‘&?‘bs‘é‘%‘ﬁ‘ce )c/)f

the water droplets during contact with sguedgs bbdy fhids;lekfandsahd absorbs sai
EXAVPLE |1 B A wat er e Y

shows a

c
chl ori de/ pot a3si um “ﬁB?%‘ﬁl‘}@Ygﬁ’gﬁdggﬁ%gqrgghé‘g%Lﬁ%% rising 8 |
cont ai ni ng hydrophilic, flexible structure of interconnected open

spaces, said at least two layers each having an upper
surface.and a lower surface defining a planar direction and
a normal direction perpendicular to said planar direction,
10 . said absorbent material being expandable in at least one
direction within said planar direction; and
(b) at least one slitted region comprising at least one slit
extending at least partially through at least one of said at
least two layers, said at least one slit comprising at least
15 two slit surfaces which are displaceable with réspéct to one
' another when said aqueous body fluid is introduced into
said deposition region,
whereby when said aqueous body fluid is introduced into said
depositian region, at least a poi‘tion of said at least one slitted region
20 expands more rapidly than and to a greater degree than surrounding
regions of said at least one of at least two layers, and whereby at least a
portion of said at least one slitted region becomes deformed and buckled
in said normal direction, thus causing said at least one slit to open and

expose said at least two slit surfaces to said aqueous body ﬂuid for more
25 rapid acquisition.

3.  An absorbent member having a peripheral region and a
deposition region contiguous with ‘said peripheral region and laterally
surrounded by said peripheral region, characterized in that said
absorbent member comprises: -

30 . (a) atleast one layer of absorbent material which, upon contact
with aqueous body fluids, expands and absorbs said
aqueous body fluids, said absorbent material comprising a
hydrophilic, flexible structure of mterconnected open

I s B v T,
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SPAN[err] 20 are prepar edg—ae—u_n-_Example 444 A. To the nononer
m xture is added sor bi tanPIE,?LA@E&EH{‘Jﬂ?BQﬁE %‘5 SPAN[err] 28)—and =
ff

- 68- m xt ure off gorbitamtaurate{ (240 g) and s | “
(240 g as SPANerr] 40). Aflt e ! he]loi | phase is glmm m “!lm o]
settle overnight, with the su%gmg%pbai g W t hdrawn f

formng the H PE enul sion. L& he_agueous (48[err] - 50[err]C)
and oil phases are then fled to . thg conbined dynanm c and static
m xer a-aratus as in Exanpte tH—A The conbi ned apparatus is

filled wth the oil and water
spaces, said at least one layer having an upper surface and a
lower surface, said upper surface and said lower surface
defining a planar direction and a normal direction
perpendicular to said planar direction, said absorbent
5 material being expandable in at least one direction within
said planar direction; and
(b) at least one slitted region comprising at least one slit
extending at least partially through said =% laagt one layer,
said at least one slit comprising at least two slit surfaces
10 which are displaceable with respect to one another when
said aqueous body fluid is introduced into said deposition
region, said at least two slit surfaces having an initial -
orientation prior to introduction of said aqueous body fluid
' wherein said at least two slit surfaces are substantially non-
15 parallel, and wherein said at least two slit slitfices are
displaceable such that said at least two slit surfaces assume
a substantially more parallel orientation upon irtroduction
of said aqueous body fluid;
wher‘cby when said aqueous body fluid is mtroduced into said .
20 deposition region, said at least one slit forms an open receiving channel
for more rapid acquisition of said aqueous body fluid, and whereby upon
acquisition of said aqueous body fluid said at least two slit surfaces
move toward one another and return toward a more parallel orientation,
thereby at least partially closing said at least one slit.

‘25 4.  The absorbent member of any one of Claims 1 to 3, further
characterized in that said absorbent member comprises an unslitted
region at least partially laterally surrounding said at least one slitted
region and extending outwardly from said at least one slitted region.

S.  The absorbent member of any one of Claims 1 to 4, further -
30 - characterized in that said absorbent material comprises a collapsed
polymeric foam material, still funher characterized in that said polymeric

[
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phases at a ratio of 2 parts water to 1 part oi
the apparatus to allow air to escape until fill
apparatus is conplete. The flowrates during f

|, while venting
i ng of 10 t he
illingare

3.0
g/ sec oil phase-and 6 cc/sec water phase. t tus
s filled, agitation is begun, with the i mpél| ﬂﬁﬂr‘ﬁmg{“ 00
e

RPM The aqueous phase flow rate
cc/sec and the oil

g/ sec over

to allow for

cured, they 20

The cured

sol ution. The

drying is 5

-724s then evenl Mupst o= 42. 3

phase flow 15 rate is evenly ranped down to 1.5

a tine period of . 60 sec. The back pressure is 4.5 psi
The H PE enul sion is

core) and then

collected in nolds (round tubs with a central

foam - kRRkal Ncompres R Rydioplilic, at fléddler sirGeth@r 48 hours

nt cur:sfn}?d as in Exanple Il A After the foans are
IMEIPQRNEEIEC PBEN $75-desi red thickness, as in Exanple I.

f oam webs are washed with a 1% cal ci um chl ori de

6 esﬂﬁgbso?ﬂ&ﬁ?ﬁ«g?b gfggmﬁ#s,i ﬁlnh&echfa%mr#\%ﬁé i ©

ti.mes, t

| g . o I le
particul ar enbodi meHassyd PPWE“EF?S@M“@‘?% &, espansion potentigl.inist deast

i |l ustratedsand desefi¢ iegttion withinsaill plenae difection dftat least 5%.
in the art that various other changes and

t hose skilled
nodi fi cati ons can be

made wit hout departing f7rom the spirit

10

15

20

25

The absorbent member of Claim 5, further characterized in
that said polymeric foam material has an expansion potential in at least

two mutually orthogonal directions within said planar direction of at
least 3%. '

8.  The absorbent member of Claim 5, further characterized in
that said polymeric foam material has an expansion potential in a
direction parallel to the direction of said at least one slit, arid preferably

‘also has an expansion potential in a direction perpendicular to the

direction of said at least one slit.

9. The absorbent member of Claim 5, further characterized in
that said polymeric foam material has:

(@ a speciﬁf surface area per foam volume of at least about
0.025 m /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; and .

(d) in its expanded state, a density when saturated at 880F
(31.10C) 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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and scope of the invention. It is therefore intended to cover I n

t he appended Clains all such changes and nodifications that 30 are
within the scope of this invention. Wiat is clainmedis—
1. An absorbent menber having a peripheral region n and a deposition

BT T P g

10.  An absorbent article especially suitable for absorbing and
retaining aqueous body fluids, characterized in that said -absorbent
article comprises:

(a) abacking sheet; and

5 (b) an absorbent member associated with said backing sheet
such that said absorbent member is positioned between said
backing sheet and the fluid discharge region of the wearer
of the article, said absorbent member comprising the
absorbent member of Claim 1. |

—_—

This Sheet Has Been R
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absor bent nenber conprising (a) at | east one |layer of absorbent
material which, upon contact w th aqueous * body fl uids,
expands. and absor bs sai d aqueous body fluids, said absorbent

material conprising a hydrophilic, flexible structure of interconnected

open : spaces, said |layer having an upper surface and a | ower

surface, said upper surface and said | ower surface defining a
pl anar direction and a nornal -74-direction perpendicular to said
pl anar direction, said absorbent material being expandabl e in

at least one direction within said planar direction in response
to absorption of SEBIUTENURBSORBENY MEMBERSNFORSAQUEOUSecBODYNELUEDSOpEN

ompr Sing at 1 east onfOHFP OF EREMpARTE, safRbeRi itkkiibs 70\ 07, ||

t hrough said |l ayer, said slit conprising at | east two slit surfaces which

are displaceable with respect to one a when said aqueous body fluid
is i ntroduced into said ep05|t|on regi on and absorbed into
said interconnected open spaces such that said slit opens and
exposes sai d sith gsHppagestibierelates to the @él@faﬁiﬂtﬁédofegﬂbﬁssint
surfaces being Eubs antially reversible gn ﬁ:

sorbent members ormed of a sorbent materials that

remain relatively thin until wetted with such fluids.
Suitable materials include presently preferred varieties
of polymeric foam materials. Single and multi-layered
absorbent members incorporating slitted regions are
disclosed, as well as the use of pre-formed cup-shaped
gslits for enhanced initial £luid acquisition. Such
slitted regions in combination with planar expansion
properties enable the absorbent members to respond
dynamically to various fluid loading conditions to create
useful structural features. The slitted regions, in
combination with absorbent materials having expansion
pbtential in at least one direction within the plane of
the absorbent member, cause the slitted regions to buckle
and/or deform out of the plane of the absorbent member,
thereby causing the slit surfaces to displace angularly
and/or translationally with respect to one another. This
more fully exposes the slit surfaces to the incoming
fluid for improved acquisition capabilities. The use of
pre-forméd cup-shaped glits enables the absorbent member
to more quickly capture and absorb aqueous body fluids,
and is particularly useful for containment and dewatering
of moist or runny fecal material and higher viscosity
fluids and/or those having -a higher concentration of-
particulate material therein such as blood, menses, or
wound fluids.

Figure 4 | REPLACEMENT SHEET
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aqueous body fluid is renoved from said interconnected open spaces and said
absorbent material returns to an unexpanded st at e. 2. An

absor bent nmenber having a peripheral region and a deposition region
contiguous with said peripheral region and laterally surrounded by said
peri pheral region, the absorbent nmenber conpri sing: (a) at

| east one | ayer of absorbent material which, upon contact w th aqueous

body fluids, expands and absorbs sai d aqueous body fluids, said absorbent
material conprising a collapsed polyneric foammaterial, said polyneric

f oam material conprising a hydrophilic, flexible structure
of interconnected open

113
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- 70- cells, said |ayer having an upper surface and a | owner

surface, said upper surface and said | ower surface defining a
pl anar direction and a nornal : di rection perpendicular to said
pl anar direction, said absorbent material being expandabl e in
at least one direction within said planar direction, said polyneric

foam materi al havi ng: (i) a specific surface area per foam

vol une of at |east about 0.025 nferr] /cc; (i) at | east about 0.1%
by wei ght of a toxicologically acceptable hygroscopic

hydrated salt incorporated therein; (i) inits collapsed state, an

expansi on pressure of about 30 kPa or |ess? FP' (iv) inits expanded
state, a density when saturated at 88 [err] ?31 1 [err]C) toits free
absorbent capacity with synthetic urine having a surface tension of 655
dynes/cm of from about 10%to about 50%of its dry basis density in its

REPLACEMENT SHEET
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col | apsed state; and (b) at least one slitted region conprising
at |least one slit extending at | east partially through said
| ayer, said slit conprising at least two slit surfaces which

are displaceable with respect to one anot her when said aqueous body fl uid

S : I ntroduced into said deposition region; whereby when said
aqueous body fluid ' I's introduced into said deposition region,
at least a portion of said slitted region expands nore

rapidly than and to a greater degree than surroundi ng regions
of said |layer, and whereby at least a portion of said slitted region

becones def ormed and buckled in said normal direction, thus
causing said slit to open and expose said slit surfaces to
sai d aqueous body fluid for nore rapid acqui sition. ,

3. The absorbent nenber: of cIain12,'mB 13in said polynmeric foam materi al

has a specific surface area per foam vol Uung“of at |east about 0.05
merr]/cc and a residual water content of at |east about 4% by weight in
its coll apsed state.

NT SHEET
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4, .The absorbent nenber of claim 3, wherein said polyneric foam materi al
has: _ (a) a capillary suction specific surface area of from about
0.7 to about 8 nferr] /g;

-71- (b) fromabout 0.1 to about 8% by wei ght of cal ciumchloride, and

fromabout 0.5 to about 20% by wei ght of a nonionic oil-soluble
emul sifier incorporated therein to render the surface of the foam
structure hydrophilic; .
4/13
X
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(c) dnits collapsed state: (i) a resjdual water content of from about
4 to about 30% by weight; (ii) a dry basis density of fromabout 0.05 to

about 0.4 g/cnferr]; (d) in its expanded state: (i) a pore vol une of
fromabout 12 to about 100 ni/g; (ii) a resistance to conpression
defl ection of fromabout 2 to about 80% when ' saturated at 88 [err]F

(31.1 [err]C.) to its free absorbent capacity with synthetic urine

having a surface tension of 65[err]5 dynes/cm (iii) a nunber average cell
size of fromabout 5 to about 50 m crons. 5. The absorbent nenber of
claim4, wherein said polyneric foaffpBterial has: (a) a capillary
suction specific surface area of fromabout 1.5 to about 6 nferr] /g;

G S 5

32

32 32 32

Fig. 5
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(b) from about 3 to about 6% by wei ght of calciumchloride and from about
5to about 12% by wei ght sorbitan | aurate incorporated therein;

(c) inits collapsed state: (i) a residual water content of from about
5 to .about 15% by weight; (ii) a dry basis density of fromabout 0.1 to
about 0.2 g/cnferr]; (iii) -an expansion pressure of fromabout 7 to about
20 kPa; (d) inits expanded state: (i) a pore volune of from about
25 to about 50 nL/g; (ii) a resistance to conpression deflection of from
about 5 to about 40% (iii) a nunber .average cell size of fromabout 5 to
about 35 mcrons; (iv) a density when saturated with said synthetic urine
of from about 10 to about 30@606!F3;dry basis density inits
col | apsed state. .

4

Fig. 7
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-72- 6. An--absor bent nenber having a peripheral region and a
deposition region contiguous wth said peripheral region and laterally
surrounded by said peripheral region, the absorbent nmenber conpri sing:

(a) at | east one | ayer of absorbent material which, upon contact wth

aqueous body fluids, expands and absorbs sai d aqueous body
fruids, said absorbent mat eri al -conprising a hydrophilic,
flexible structure of interconnected open spaces, said |ayer

havi ng an upper surface and a | ower surface, said upper

surface and said | ower surface defining a planar direction and a normal
direction perpendicular to saifrglanar_direction, sai d absorbent materi al
bei ng. 1 :




expandabl e tn at |east one direction within said planar direction in
response - to absorption of said aqueous body fluid into said
i nt erconnect ed open spaces; and (b) at | east one
slitted region conprising at | east one slit extendi-ng at |east

partially through said layer, said slit conprising at |least two slit

surfaces which are di splaceable with respect to one anot her
when said aqueous body fluid is ~ introduced into said
deposition region and absorbed into said interconnected open
spaces, said slit surfaces having an initial orientation prior to

i ntroduction of said aqgﬁigi body fluid wherein said slit
surfaces are substantially on-parallel and form an open
recei ving channel for enhanced acquisition of sai d aqueous
body fluid into said interconnected open spaces. 7. The

absorbent nenber of claim6, wherein said absorbent material conprises a
col | apsed polyneric foamnaterial, said polyneric foam material conprising
a hydrophilic, flexible structure of -interconnected open cells.

Fig. 10




8. The absorbent nmenber of claim7, wherein said polyneric foam materi al
has an expansion potential in at |east one direction within said planar
direction of at |east 5% 9. The absorbent nenber of claim?7,
wherein said polyneric foam material has an expansion potential in at

| east two nmutually orthogonal directions wthin said planar direction of
at |least 3% -73-

9/13
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10. _An absorbent nenber having a peripheral region and a deposition
regi on contiguous with said peripheral region and laterally surrounded by
sai d peripheral region, the absorbent nenber conprising: (a) at
| east one | ayer of absorbent material which, upon contact w th aqueous
fl.uids expands and absorbs sai d aqueous body fluids, said absorbent

mat eri al conprising a hydrophilic, flexible structure of
i nt erconnect ed open spaces, said | ayer havi ng an upper
surface and a | ower surface, said upper rface and sai d
| ower surface defining a planar directil d a normal direction

perpendi cul ar to said planar direction, said absorbent material being
expandabl e in at |east one direction mnthln said planar direction in
response to absorggbon of sai d aqueougqpody fluid into said
i nterconnected open spaces; and (b) at | east one
..

slitted region conprising at oQe slit extefigh pg\at | east
partially through said |ayer conp z east t A lit
0 O

surfaces which , Iﬂ’.ﬂ i”ﬁ' f‘f‘:f Vﬁf '0‘1 t anot her
£ 14? 1(’ éﬁﬁilnto sai d

deposition region ang absq

e

Fig. 12

Fig. 13
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open spaces such that said slit opens and exposes said slit surfaces to
sai d aqueous body fluid for enhanced acquisition of said
agueous body fluid into sai d interconne 0Pen. .sPaces—
11. The absorbent nmenber of claim 10, wherein said ﬁEELﬁ@ENﬁ@ﬁBSHEET
di spl aceable wth respect to one another in said nor tHr-ectTom

12. The absorbent nmenber of claim 10, wherein said glift fg“%eﬁq?a_rrt

angul arly displaceable with respect to one anot her. e
absor bent nenber of claim 10, further_conprising an ursliitied regiopn-at
| east partially surrounding said slitlddlﬁbgion and extendi ng outwardly

fromsaid slitted region. 14. The absor be a1,

wherei n said absorbent nenber includes at |east two |ayers of said
absorbent material, and wherein said slitted region conprises at

o ’
0000000
0

Fig. 14



-74- . least one slit extending at . least partially through at |east one of

said | ayers. 15. The absorbent nenber of claim 14, wherein said
absorbent nenber conprises at |east one |ayer provided with at |east one
slitted region and at |east one layer which remains unslitted. 16.
The absorbent nenber of claim 14, wherein said abs t Eﬁﬂﬂ??rfﬁﬁg}“des at
| east one | ayer of hydrophilic fibrous material. é?ﬂhc et St

2 8 MAY 197
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17. The_absorbent nenber of claim 10, mhereln said absorbent nmateri al
conprlses "a coll apsed polyneric foam material, sai. w”j. mat eri al
conprising a hydrophilic, flexible structure of fumisrdtiniieet n cel | s.
18. The absorbent menber of claim 17, wherein

mat eri al has an expansion potential in at |east ég@ﬁl |n said

pl anar direction of at |east 5% 19. e HBIJ r of
~claim 17, wherein said polyneric foam material hdslLan_expars+er—pot enti al
in at |east two mutual |y orthogonal di 1@#li%ns within said planar {irection
of at |east 3% 20. The absorbent ne pegfctaim 17, wWherein
said polyneric foam material has an expansion potential in a direction

parallel to the direction of said slit. 21. The absorbent nember
of claim 17, wherein said polyneric foam material has

—tm 3

Fig. 18



sion potential in a direction perpendicular to the direction of

it. 22. The absorbent nenber of claim 17, wherein said
po ric foammterial has an expansion potential both parafter—and
peXPSTRAIWAN PATENE OFFICEi on of said slit. . Application No.
SEARCH REPORT . SG 9604339-3

Box I TEXT OF THE ABSTRACT (Continuation of item 5 of the first shegt)

An absorbent member (10) havmg a peripheral region (50, 60) and a depbsiﬁon region (40) contiguous with said
seripheral region and laterally surrounded by said peripheral region, characterized in that said absorbent member
somprises: |

(a) at least one layer of absorbent material which, upon contact with aqueous body fluids, expands and
absorbs said aqueous body fluids, said absorbent material comprising a hydrophilic, flexible structure
of interconnected open spaces, said at least one layer having an upper surface and a lower surface,
said upper surface (11) and said lower surface (12) defining a planar direction and a normal direction
perpendicular to said planar direction, said absorbent material being expandable in at least one
direction within said planar direction; and

®) at least one slitted region (20) comprising at least one slit (30) extending at least partially through said

said at least one layer, said at least one slit comprising at least two slit surfaces (31, 32) which are

displaceable with respect to one another when said aqueous body fluid is introduced into said
deposition region;

Mereby when said aqueous body fluid is introduced into said deposition region, at least a portion of said at least one
slitted region (20) expands more rapidly than and to a greater degree than surrounding regions of said at least one layer,
and whereby at least a portion of said at least one slitted region (20) becomes deformed and buckled in said normal

direction, thus ing said at least one slit (30) to open and expose said at least two slit surfaces (31,32)tosaid = -
aqueous body fluid f-.-j. more rapid acquisition. A SIS
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What is claimed is:
_ DATE OF RECEIPT...H84%.......
1. An absorbent member having a peripheral region and a deposition region

contiguous with said peripheral region and laterally surrounded by said peripheral region, the
absorbent member comprising:

(a) at least one layer of absorbent material which, upon contact with aqueous
body fluids, expands and absorbs said aqueous body fluids, said absorbent
material comprising a hydrophilic, flexible structure of interconnected open
spaces, said layer having an upper surface and a lower surface, said upber
surface and said lower surface defining a planar direction and a normal
direction perpendicular to said planar direction, said absorbent material being
expandable in at least one direction within said planar direction in response

to absorption of said aqueous body fluid into said interconnected open spaces;
and

(b) at least one slitted region comprising at least one slit extending at least
partially through said layer, said slit compﬁsing at least two slit surfaces Which
are displaceable with respect to one another when said aqueous body fluid is
introduced into said deposition region and absorbed into said interconnected
open spaces such that said slit opens and exposes said slit surfaces, the
displacement of said slit surfaces being substantially reversible when said
aqueous body fluid is removed from said interconnected open spaces and said
absorbent material returns to an unexpanded state.

2. An absorbent member having a peripheral region and a deposition region
contiguous with said peripheral region and laterally surrounded by said peripheral region, the
absorbent member comprising:

(a) at least one layer of absorbent material which, upon contact with aqueous
' body fluids, expands and absorbs said aqueous body fluids, said absorbent
material comprising a collapsed polymeric foam material, said polymeric foam

material comprising a hydrophilic, flexible structure of interconnected open

—_—— T A\
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(i)
(ii)

(iii)
(iv)

(b)

3.
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cells, said layer having an upper surface and a lower surface, said upper
surface and said lower surface defining a planar direction and a normal
direction perpendicular to said planar direction, said absorbent material being
expandable in at least one direction within said planar direction, said polymeric
foam material having:

a specific surface area per foam volume of at least about 0.025 m? fcc;

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; 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 6515
dynes/cm of from about 10% to about 50% of its dry basis density in its
collapsed state; and

at least one slitted region comprising at least one slit extending at least
partially through said layer, said sl"it comprising at least two slit surfaces which
are displaceable with respect to one another when said aqueous body fluid is
introduced into said deposition region; whereby when said aqueous body fluid
is introduced into said deposition region, at least a portion of said slitted region
expands more rapidly than and to a greater degree than surrounding regions
of said layer, and whereby at least a portion of said slitted region becomes
deformed and buckled in said normal direction, thus causing said slit to open

and expose said slit surfaces to said aqueous body fluid for more rapid
acquisition.

The absorbent member of claim 2, wherein said polymeric foam material has

a specific surface area per foam volume of at least about 0.05 m?/cc and a residual water
content of at least about 4% by weight in its collapsed state.

The absorbent member of claim 3, wherein said polymeric foam material has:

a capillary suction specific surface area of from about 0.7 to about 8 m? /g;
o
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(b)

(c)
)]
(ii)

(d)
@
(ii)

(iii)
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(b)

(c)
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(iil)
(iv)
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from about 0.1 to about 8% by weight of calcium chloride, and from about 0.5
to about 20% by weight of a nonionic oil-soluble emulsifier incorporated
therein to render the surface of the foam structure hydrophilic;

in its collapsed state:
a residual water content of from about 4 to about 30% by weight;
a dry basis density of from about 0.05 to about 0.4 g/cm® ;

in its expanded state:

a pore volume of from about 12 to about 100 mL/g;

a resistance to compression deflection of from about 2 to about 80% when
saturated at 88 'F (31.1 "C.) to its free absorbent capacity with synthetic urine
having a surface tension of 6545 dynesfcm;

a number average cell size of from about 5 to about 50 microns.
The absorbent member of claim 4, wherein said polymeric foam material has:
a capillary suction specific surface area of from about 1.5 to about 6 m? /g;

from about 3 to about 6% by weight of calcium chloride and from about 5 to
about 12% by weight sorbitan laurate incorporated therein;

in its collapsed state:

a residual water content of from about 5 to about 15% by weight;
a dry basis density of from about 0.1 to about 0.2 g/cm® ;

an expansion pressure of from about 7 to about 20 kPa;

in its expanded state:

a pore volume of from about 25 to about 50 mL/g;

a resistance to compression deflection of from about 5 to about 40%;

a number average cell size of from about 5 to about 35 microns;

a density when saturated with said synthetic urine of from about 10 to about
30% of its dry basis density in its collapsed state.
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An absorbent member having a peripheral region and a deposition region

contiguous with said peripheral region and laterally surrounded by said peripheral region, the
absorbent member comprising:

(a)

(b)

7.

at least dne layer of absorbent material which, upon contact with aqueous
body fluids, expands and absorbs said aqueous body fluids, said absorbent
material comprising a hydrophilic, flexible structure of interconnected open
spaces, said layer having an upper surface and a lower surface, said upper
surface and said Idwer surface defining a planar direction and a normal
direction perpendicular to said planar direction, said absorbent material being
expandable in at least one direction within said planar direction in response

to absorption of said aqueous body fluid into said interconnected open spaces;
and

at least one slitted region comprising at least one slit extending at least
partially through said layer, said slit comprising at least two slit surfaces which
are displaceable with respect to one anothe_r when said aqueous body fluid is
introduced into said deposition region and absorbed into said interconnected
open spaces, said slit surfaces having an initial orientation prior to introduction
of said aqueous body fluid wherein said slit surfaces are substantially
non-parallel and form an open receiving channel for enhanced acquisition of
said aqueous body fluid into said interconnected open spaces.

The absorbent member of claim 6, wherein said absorbent material comprises

a collapsed polymeric foam material, said polymeric foam material comprising a hydrophilic,
flexible structure of interconnected open cells.

8.

The absorbent member of claim 7, wherein said polymeric foam material has

an expansion potential in at least one direction within said planar direction of at least 5%.

9.

The absorbent member of claim 7, wherein said polymeric foam material has

an expansion potential in at least two mutually orthogonal directions within said planar
direction of at least 3%.
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An absorbent member having a peripheral region and a deposition region

contiguous with said peripheral region and laterally surrounded by said peripheral region, the
absorbent member comprising:

@

(b)

1.

at least one layer of absorbent material which, upon contact with aqueous
fluids expands and absorbs said aqueous body fluids, said absorbent material
comprising a hydrophilic, flexible structure of interconnected open spaces, said
layer having an upper surface and a lower surface, said upper surface and
said lower surface defining a planar direction and a normal direction
perpendicular to said planar direction, | said absorbent material being
expandable in at least one direction within said planar direction in response
to absorption of said aqueous body fluid into said interconnected open spaces;
and

at least one slitted region comprising at least one slit extending at least
partially through said layer, said slit comprising at least two slit surfaces which
are displaceable with respect to one another when said aqueous body fluid is
introduced into said deposition region and absorbed into said interconnected
open spaces such that said slit opens and exposes said slit surfaces to said
aqueous body fluid for enhanced acquisition of said aqueous body fluid into
said interconnected open spaces.

The absorbent member of claim 10, wherein said slit surfaces are displaceable

with respect to one another in said normal direction.

12.

The absorbent member of claim 10, wherein said slit surfaces are angularly

displaceable with respect to one another.

13.

The absorbent member of claim 10, further comprising an unslitted region at

least partially surrounding said slitted region and extending outwardly from said slitted region.

14.

The absorbent member of claim 1, wherein said absorbent member includes

at least two layers of said absorbent material, and wherein said slitted region comprises at
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least one slit extending at least partially through at least one of said layers.

15. The absorbent member of claim 14, wherein said absorbent member

comprises at least one layer provided with at least one slitted region and at least one layer
which remains unslitted.

16. The absorbent member of claim 14, wherein said absorbent member includes
at least one layer of hydrophilic fibrous material.

17. The absorbent member of claim 10, wherein said absorbent material comprises

a collapsed polymeric foam material, said polymeric foam material comprising a hydrophilic,
flexible structure of interconnected open cells.

18.  The absorbent member of claim 17, wherein said polymeric foam material has
an expansion potential in at least one direction within said planar direction of at least 5%.

19.  The absorbent member of claim 17, wherein said polymeric foam material has

an expansion potential in at least two mutually orthogonal directions within said planar
direction of at least 3%.

20. The absorbent member of claim 17, wherein said polymeric foam material has
an expansion potential in a direction parallel to the direction of said slit.

21. The absorbent member of claim 17, wherein said polymeric foam material has
an expansion potential in a direction perpendicular to the direction of said slit.

22.  The absorbent member of claim 17, wherein said polymeric foam material has
an expansion potential both parallel and perpendicular to the direction of said slit.
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