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FOAMS MADE FROM HIGH INTERNAL PHASE EMULSIONS USEFUL AS 
ABSORBENT MEMBERS FOR CATAMENIAL PADS 

This application is a continuation-in-part application of U.S.S.N. 081370.697. filed 
10 Janumy 10, 1995 by J. Dyer. 

FIELD OF nm INVENTION· 

This application relates to flexible, microporous, open-celled pol~meric foam 

materials made fiom high internal phase emulsions that can absorb blood and blood-based 

fluids such as menses. This application particularly relates to absorbent foam materials that 

IS arc useful as absorbent members for catamenial pads, tampons, bandages, wound dressings. 

surgical drapes and the like. 

BACKGROUND OF THE INVENTION 

The development of highly absorbent articles for blood and blood-based fluids such 

as catamenial padS (e.g .• sanitaiy napkins). tampons, wound dressings. bandages and surgical 

20 drapes can be challenging. Compared to water and urine. blood and blood based fluids such 

as menses arc relatively complex mixtures of dissolved and undissolved components (e.g .• 

eryrhrocytes or reel blood cells). In particular. blood-based fluids such as menses are much 

more viscous than water and urine. This higher viscosity hampers the ability of conventional 

absorbent materials to efficiently and rapidly transport these blood-based fluids to regions 

2S remote tiom the point of initial discharge. Undissolved elements in these blood-based fluids 

can also potentially clog the capillaries of these absorbent materials. This makes the design 

of appropriate absorbent systems for bJood-~ed fluids such as menses particularly difficult. 

In the case of catamenial pads, women have come to expect a high level of 
perfonnance in terms of comfon and fit. retention of t1uid. and minimal staining. Above aJl. 

30 leakage of fluid ftom the pad onto underganne.nts is regarded as totally unacceptable. 

Improving the perfonnance of such catamenial pads continues to be a fonnidable 

undertaking. although a number of improvements have been made in both catamenial 

structures. and materials used in such structures. However, eliminating leakage. partic.ularly 

along the inside of the thighs, ~thout compromising fit and comfort, has not always met the 

3S desired needs of the consumer. 

1be users of sanitary napkins, and the like. have also come to expect the surface of 
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such products to provide a cleaner, more sanitary and drier aspect than common cloth or 

nonwoven materials have historically provided. Current sanitary napkin products are 

typically provided with ~ or formed.film penneable topsheets that are designed to 

move discharged mensr,ual fluids rapidly through and into an underlying absorbent structure. 

S This rapid movement of acquired DU:D$1ru~ fluids is designed to provide a drier and cleaner 

surface ;Mljacent the wearer of the product. 

The absorbent structures of curl'Qlt catamenial (e.g., sanitary napkin) pads have 

typically comprised one or 1n9~ fi~s layers for acquiring ~ discharged menstrual fluid 

ftom the permeable topsbeet and distributing it to an underlying storage area. Absorbent 

10 structures for relatively thin ~ions of ptior catamenial products usually comprise a fluid 

acquisition layer (oftm called a ''secondary topsheet") that is adjacent to the penneable 

topsheet. This "secondary topsheet" typically is made ~ an air-laid-tissue web or a 

synthetic nonwoven. Underlying this secondary topsheet is the main absorbent core that is 

typically made from •r-laid or wet-laid tissue. The. absorbent core often contains a 

15 particulate absorbent gelling_~ tluat can be encased or enveloped within this tissue. 

Such encased or enveloped cores are often referred to -. tissue laminate cores. See, for 

example, U.S. patent 4,950,264 (Osbom). issued August 21, 1990 and U.S. patent S,009,653 

(Osbom), _issued April 23, 1991, that disclose tissue~ cores used in sanitary napkin 

producti. 

20 Prior catamenial absorbent ~ctu~ made troni fibrous layers have a number of 

problems. One is tho diflicµlty in ensuring ~ topsheet dryness. In panicular, the 

acquired menstrual fluid can potentially leak back through the main topsheet. This 

phenomenon is often referred to as ''nwet." Rewet can be sipificandy reduced by increasing 

the fluid capillaiy p~re exerted by ~ absorbent c0rc for fluid relative to the main and 

2S secondary topsbeet. The peam,r the dispa,rity in flui4 capillmy pressure between core and 

topsbtiet elements, the prer the pcJfFDtiaJ for providing a ~ topsbect surface in contact . . '• ... : . 

with the body. This~. however. can only be realized if the kinetics of fluid movement 

throughout the core is sufticiently &st. 

Prior ~ absorbm,t stn;&~n:S. and in particular catamenial pads using such 

30 structures. have also bad a greater cbanco of causing panty and bodY soiling. nus is because 

the absorbent structure ~ . resilicncc, .leading to bunching of the pad. This lack of 

resilience, and consequent ~ ~ also caused these prior qmunenial pads to provide 

poorer fit and comfon for the user. 

An alternative to convcnti9Dal c:atamenial @sorbent structures are absorbent foams. 

3S Absorbent foams can possess ~le wet integrity, can provide suitable fit throughout the 

entire period the article is wom. a.mt. can minimize changes in shape during use (e.g .• 

uncontrolled swelling, bunching. •·>· In adc$ition. catamenial products containing such foam 
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structures can be ealier to manufacture on a commercial scale. For example. absorbent 

. cores Can simply be Stamped out from eontinuous foam sheets and can be designed to have 

considerably greater integrity ·and· uniformity ·than conventional absorbent fibrous webs. 

Such foams can ais0 be prepared in any desired· shape. or even fonned into single-piece 

5 c:atameilial .,_.or other absorbent llnicle used to absorb· blood or blood-base fluids such as 

tampons, wound dressings, bandages ind sursical drapes. 

· Foams of various t)'pes have been lugpsted for use in tampons, sanitary napkins and 

other ai'licles that 'absorb blood .and biood-based fluids. See for example U.S. Patent 

4,110,276 (DCsMarais), issued AUgust 29, 1978 (soft, flmbl~ open celled foams made from 

10 p0lyurahalics. ceJlube. or ~ rubber that can be used in tampons and 

sanitary pads); ti.S'. Patent 4,752,349.(Gebel), ·iaUed June 21, 1988 (foams of "medium cell 

si7.e" hydrophilizecf bY. surfilctant trcatlnmt and having a density within the range of 0.1 to 

0.8 glee); U.S. Patent 4,613,543 (Dabi), issUed September 28, 1986 (hydrophilic cellular 

polymers uied in · catameniaJ products); ·U.S. Palmt 3,903,232 (Wood et al.), issued 

IS September. 2, 1975 (eompressed .hydrophilic polyunrhane foams uscfbl in biomedical 

applications~ including 'catamenial devices); U. S. Patent 4,049,S92 (Manms et al.) issued 

September 20, 1977 (bioclegmdable hydropbilic polyun:tbane foams hishl.Y absorptive upon 

colitact with liqllidS or bCJdily fluids having utility in sani1ary napkins and the like). Prior 

foams used in these products have tended to have relatively large cell sim. As a result, these 

20 prior fOams do not exert sufficient fluid capillaly pressure for blood and blood-based fluids to 

acquire discharged meilStlual fluids quiddy from and through the topsheet of caramcnial 

products such as sanitary napkins. ·lbis. results in undesirable rcwet ·since the surface in 

immediare cOntaCt With the body rctainS some· of the fluid that is not· absorbed into the core 

and is available to be trlnsferi'ed back mito tho body of the wc:arCt. 

25 S.uitable absorbent foams tor absolbent products baVe also been made &om Hish 
Imemal !base ~lsions (bender rWorred tO mi "HIPE"). See. for example, U.S. Patent 

5,260,345 (DesMUais et al), issued November 9, 1993 aild u.s: Patent 5.268,224 

(DesMarais et al), issued December 7, 1993. These absorbent HIPE foams provide desirable 

fluid handling properties, including: ·. (a)· i'elalively good wicking and fluid distribution 

30 characteristics to mmipon fluid away ftOni the initial impingement zone and into the unused 

balance of the foam struccilre tO allow. for subsequent gushes of fluid to be accommodated; 

and (b) a relatively high stQrage capacity with a relatively high fluid capacity under load, i.e. 

under compn:ssive forces. These HIPE •absorbent· foams are also sufficiently flexible and 

soft s0 as to provide a high degtee of comt'on IO the wearer of the absorbent article: some of 

35 thcSe foams can be. niade relatively thin until subsequently wetted by the absorbed body 

fluids. See also U.S; Patent 5,147,345 (Yaung et al), issued September 15, 1992 and U.S. 

Patent S,318,554 (Yowig et al)~ isslied June 7, 1994, whicb disclose absorbent cores having a 
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fluid acquisitiOD/distribution component that can be a hydrophilic. flexible. open-celled foam 

such as a melamine-formaldehyde foam (e.g.. BASOTECT made by BASF). and a fluid 

storage/redistribution component that is a HIPE-based absorbent foam. 

HIPE foams can p,rovide the fluid capillaly pressure necessary to remove most of the 

s menstrual fluid &om tbe ~. or topsheet adjacent to tJie body, thus minimizing rewet. 

However, it bas been found that the residUal hydratable salts such as calcium chloride 

typically present in prior IUPE. ~ can impair the rapid acquisition blood and blood-based 

fluids by these foams, and especially the wicking of such ftuids within these foams. As noted 

above, blood and blood-based fluids such as menses are more highly viscous than water and 

lO especiaUy urine. The higher viscosity Oftbese fluids is further increased by the presence of 

these salts. Moreover. prior HJPE foams ~ically have a foam microstructure too small to 

admit readily the undissolved components of blood and blood-based fluids such as red blood 

cells. 

Accordingly, it would ~ desirable to be able to make an open-celled absorbent 

15 polymeric foam material, in particular an absorbent IDPE foam, that: (1) can rapidly absorb 

blood and blood-based fluids· such as inenscs; (2) can be used as absorbent members for 
.. . . 

relatively thin c:atammial pads (e.s,. • .Utaty napkins) and other c:alameDial products such as 

tampons. as well as wound dressings, bandages. surgical drapes and tbe like; (3) allaw 

storage compoaents·baW., hishcr capilluy or osmotic absOrption pressures to partition away 

20 this tlui~ (4) keep the source of the blood-based fluids reJatively freo of rewet, even in "gush" 

situations and under camlJressive JOad; (5) are soft. flexible, resilient, and comfortable to the 

wearer of the abiOrbent article, and (6) have a relatiwly high capacity for fluid to provide 

efficient in their utW.ation of costly· components. 

While dlia catamcaia1 Produc:ts are desired ~ many users, there is significant 
2s demand for relatively thick produc:ts. ·For example, a thick produet may provide a perceived 

ability to better absodt and relain fluid. ·Also, a thick product may oBer improved fit. It 

would theldOre bo desirable "' have a relaaively thin absorbent foam matcrial(s) as the 

absorbent core of a ~ product. that allows the use of inexpensive filler materials 

(e.g., airfelt) tO provide bUlk/tbiekDess'. 

30 ' . ·mscLOSURE Qf'lllE fNYENTION 
' ' 

The present in~on relates to polymeric foam materials that are capable of absorbing 

blood and blood-based fluids such as. menses and then moving these absorbed fluids 

efficiently to other regions of the foam. These absorbent polymeric: foam materials comprise 

a byCJropbilic, flexible, nonionic polymeric foam structure of interconncctcd opcn-c:eJJs. This 

35 foam strudure has: 

A) the ability to wick artfficial menstrual fluid (AMF) vertically to a height of S cm in 
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less~ ~oµt 60 min~~ . ·. . ·. . 
B) a capillary specific surface area in the rallge of from about 0.0080 to about 0.040 

m2/cc: 

C) a fesistarice ·to compression Cleftectic>n e>f from about s to about 9S% when 

· s measured Wider a confinin&p~re of O. 74 p~ at 3l°C ~ 15 minutes~ 
D) a free ab~~~t capacity of b ~t 20 to. a~· 12S gig; and 

E) less~ about~% of residual ~ble salts. . . . 
. . . 

A particialBrly mlportant attribilte Of '1io ~ or the present invention is that the 

COJmecting paf;s&ges; (boleS) b~ ~:~s ~.tbCse foamS· are sufficiently large to pass 

10 insoluble solids llUch as ~ cniean. diametc.: 8 pm). As a result, these holes do not 

become bl~-· or Q.,5tnacted b)' blood.~- bl~-basect' tl~ids absorbed by the foam. Even 
. . . . . .. ' . . . .. ·.· ,· ' . 

tbOugh the cells mid 'bC>les are large enough. to allow uee •movement of insoluble components 

in blood and blood-based fluids, they are sufficiently small so as to produce the: necessary 
. . . . ~ . . . ' : :_ .· . ' . . . i . . . . ·. . . . '. ·. : . .· . : -: . . ; 

high C?11Jillaly abso~tjon pressure required. of absorbents used in catamenial products. In 
. '.. . ··' . . . . . . . . . .. , .,. 

IS other words, these foams Combine high capillarY ~ pressure with sUfticient openness 

to -11ow he mowment of the insoluble ~~-~bl~ aDct:blood-~ tluids such as 

menses. Typically, the Cells of these. fomDS have a number average cell si7.0 of from about 20 
• • .j· • I • • • • ,. • ·. : 

to about 180 µm, wbiie the holes between these cells have a nUmber average bale size of ftom 
aboUt 4 to about 3o µm. · · · · . 

20 The present in~ tunher rea. to a~ fo~ ~~these absorbent foams 

by polymerizing a specific type of water-in-oil emulsion or 'HIPE having a relatively small 

amount of an ~ phase ~ a relatively greater amouDt or a water phase. This process 

comprises the steps of: 

.. A) forming a water·in-oil emulsion at a tem)>erature of about S0°C or higher 

25 and llDdcr low shear mixing ftorn: 

30 

l) an oilpbase comprising: . 

a) ~ about 85 to ~t 98% by weight of a monomer component 

capable of forining a ~1~ ~vins a Tg of about 5G°C or lower. 

the lilODOmer campolient comprising: .. 

i) ~ ·.·. about 45 to about 7004 by weight of at least one 

m,bslalltially water-insoluble monofunctiona1 monomer capable 

of folnung an atactic amorphous poiymer having a Tg of about 

3S°C or lower; 

Ii) fi'oni about I 0 to about 4~Ai -by. weight of at least one 

35 substaDtially ~huolublf: llionofUnctional comonomer capable 

of ~parting toughness about· equivalent to that provided b)· 

st)'rcnc; 

··~:~. ": ; 
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iii) from . about S to about 25% by weight of a first substantially 

water-insoluble. polyfbnctional crosslinking agent selected from 

divinyl benzenes. trivinyl benzenes. divinyl toluenes. divinyl 

xylenes, divinyl ·.naphthalenes divinyl alkylbemenes, divinyl 

p~ divinyl bipbenyJs, divinyl diphenylmethanes. 

divinyl ~ls. divinyl · phenyletbers, divinyl dipbenylsulfides, 

divinyl turans. divinyl sulfide, divinyl sulfone, and mixtures 

thereof; and 

iv) fi'olll O to ~t 15% by weight of a second substantially water-

~lµble, polyfimctional crosslinking agent 

polyfimcaionaJ acryiates; metbaclylates, 

metbacrylamides, and mixtures thereof; and 

selected &om 

acrylamides, 

t>) from about 2 to about 15% by weight of an emulsifier component 

which is soluble in the oil phase and which is suitable for forming a 

. stable water-in-oil emulsi~ the emulsion c:ompoDf'.Rt comprising: (i) 

a primary emuliifier having at least about 40% by weight emulsifying 

components selectecl from diglycerol monoestels of linear unsaturated 

C16-C22 fatty lcids, diglycerol monoestcrs of branched C16-C24 

tatty acids, diiJyce~l monoalipbatic ethers of braricbed. C16-C24 

alcohols, digl~rol lllOllOaliphatic ethers of linear unsaturated C 16-

C22 alcohols, diglycerol monoalipbatic ethers of linear saturated 

C12-C14 alcohols, sorbitali monoestcrs of linear unsaaurated C16'" 

C22 fatty aci~. sorbitan monoesters of. bmm:becl C16-C24 &tty 

acids, and miXtures thaeof; or (ii) the combination a primary 

25 emulsifier having at least 20% by weight of these emulsifying 

componencs and certain sec:ondary emulsifiers in a weight ratio of 

primary to secondary emulsifier of ftom about SO: 1 to about I :4; and 

30 

2) a water phase comprising an aqueous solution containins from about 0.2 

to about 20% by weight Of a water'"501uble eledrolyte; 

3) · a volume to wcilbt ratio of water phase to oil phase in the range of from 

about 20:1toabout125:1; .· 

B) polymerizing the monOnier component in the oil phase of the water-in-oil 

anulsion to form a polymeric foilm material; 

C) washina tbe polymeric foam material to lower the level of residual 

35 electrolytes less than about ~o/o; 

D) treating the washed foam with an effective amount of a suitable 

bydropbilizing surfilctant; and 
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E) dewateriDg the washed foam to a moisture content of about 40% or less. 

The process of the present inVention allows these absorbent foams to have c:clls and 
holes small enough tO pro\.ide ·.a hiSb eapillary absorptive pressure but large enough to 
prevent or minimize blockage by the inSohlble .Components of these fluids. In addition. this 
process remoVe5 ~ of the residual· electrolytes (i.e.. hychatable salts) fiom the foam. 
While these h)idratabJe salts . are typic8Jly needed during initial fonnation of the HIPE. their 
presence in the resulting foam can adVerSely affect its ability to abaorb blood and blood­
based fluids such J .. menses. especially as. the contenuation of these salts in the foam 

10 increases. Accordingly, it is desimble to reduce dte level of these hydratable salts in the 
foam. 

The pimmt invention also relates · tO cat.amenial products conlaining one or more 
foam materials of the present invention as the absorbent core. 

' BRIEF DESCRIPJlON OF 1llE DBAWINGS 

IS Figure I of the. drawinss is a top-plan view of a catamenial product having HIPE 
foams of the present ~tion as absorbent .. bers. 

Figure 2 of the drawings is a cros~ view take along line 2-2 of Figure 2. 
Figure 3 of the drawings is aa ~micrograph (2SO X mapification) of a section of 

a representative absorbent. polymeric ~ according to the present invention made from 
20 HIPE having a SO: I water·~ ~ raiio and poured at 74°C, and where the monomer 

component consisted of a S:21:14:6Q weiaht ratio of styrene (STY):ethyl styrene 
(EtS):diyiJJyl benzme (DVB):2«hylhexyl acrylate (EHA), and where S.S% (by weight of the 
oil phase) of diglycerol monooleate . (DGMO) and l % of ditallow dimethyl ammonium 
methylsulfide emulsifiers are used. 

25 Figure 4 is a photomicrograph. (SO X magnification) of a section of a representative 
polymeric: foam that is usclbJ as the optional barrier layer beneadl absorbent foam material(s) 
of the present invention, The foam ii! made from a HIPE having a 62.4:1 water-to-oil weight . . . 

ratio and pound at 1S6°F and 1300 RPM, where the monomer component consisted of a 
19:14:SS:l2 wcisht ratio of ethyl styrene (EtS):divinyl bcmene (DVB):2-elbylbaxy1 acrylate . . 

30 (EHA): 1,6-hexa.-ccliqldiacrylate (HDDA). and where 8% (by weight of the oil phase) of 
sorbitan myristatc and I% of ditallow dimecbyl anunaaium methyl sulfide emulsifiers are 
used. 

Figure S is a photomicrograph of the foam . shown in Figure 4, but at 250 X 
magnification. 

35 Figure 6 is a pbotomic:ropaph of the foam shown in Figure 4, but at 1000 X 
magnific:aaion. 

:· .... · 
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DE'fAILJ;D DESCRJmON OF lllE INVENTION 

J. Polymeric Absorbent Foams 

A. Gegera1 Foam Characteristics 
Polymeric foams according to the preserit invention usefill in absorbent articles and 

s structures are those which are hiJhly 0pen-Celled. This means the individual cells of the foam 
are in complete, unobstructed conununication with adjoining cells. The cells in such 
substantially open-celled foam strucaures have intercellular openings or "windows" (holes) 
that provide pusageways large enough to permit he and ready movement of blood and 
bloOd based tluids such u menses &om one cell to another within the foam structure. even 

10 though these fluids contain certain insoluble components. On the other hand. these ce11s and 
connecting passages are small enough· to provide 1he necessary high capillary absorption 
pressure (i.e., capillary specific surfiu:e area per volume) to effectively move these fluids 
throughout the foam. 

These substantially open<ellcd foim structures will aencrally have a reticulared 
15 character with the individual cells being defined. by a plurality of mutually connected, three 

dimensionally branched webs. The strands of polymeric material making up these branched 
webs can be referral to as "struts." Opmicelled foams b;r.viq a typical strut-fype structure 
are shown by way of example i,n tbe photomicrograph shown Figures 3. For purposes of the 
present invention, a foant mate~ is· 11open-ceJled11 if at least 80% of the cells in the foam 

20 structure that are at least I pm size are in ftuid communication With at least one adjacent cell. 
In addition to being ~-celJ~ these polymeric foams need to be rendered 

sufficiently hydn>p~c to permit the foam to .._,..., blood and blood-hued fluids. The 
intcmal su~ of the foam ~ are re~ hydrophilic by residual hydrophilizing 
sur&ctants left in the foam ~ • polym~ or by selecred post-polymeri7.ation 

25 foam treatment proocdures. .. deseribed hereafter· 
The polymeric bins useftal ~ #.to p~ invention also have somewhat interrelated : . ' ~ . 

and intcrdcpencient structural end ~ properties, feanares and/or clwacteristics. It 
should be undentood that tnese fauns ~ have di&rent properties. features and/or . ,. . . ; '. 

characteristics at different times prior to. contact between the foam and the blood or blood 
30 based fluid to be absolbed. For example, during their manufacture. shipping. storage. etc .• 

these foams can have density amt/9r ceJl siJ:e values ®Uide the ranges set forth hereafter for 
. ·.•, :• ·•. I . 

these parameters. for exa111ple if they ~ stored in, a c:oiJapsed state or are compressed by 
packaging. However, such ~ are ~eless still within the scope of this invention if 
they later undergo physical c:banges Sf) tbat they have the requisite values specified hereafter 

35 for these pf4)pel'ties. features and/Qr characteristics at least some point prior to and/or during . ., .· 

contact with the blood or blo.od based fluid to be absorbed. . . . . . ~ : . . 
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The foams of the present invention may·aJso be used in their collapsed state similar 

to the condition described in U.S. S,387;207 (Dyer et al.) issued Feb. 7. 1995. Such foams 

generally comprise those having finer microstructure (higher capillaty specific surface areas) 

and which are relatively weak. ~ (oams remain coilapsed after washing. treating with 
·.• . .~. . .. ' : . . ·. . . . 

S wetting agents, and drying. Unlike tile foams described within U.S. 5.387.207. the present 

J• 

foams may be reex~ by ~Plication.of~Junounts of~ (e.g. 60°C for several ... ,et,. 

hours). . Or, they ~Y be. used so as t9 maintain the thinness. of the product prior to use. 

WhC;D exposed to blood and blood-based fluids, _._ collapseci foams . regain their original 

thickness and fluid ~iti~. These foams are also usefial in distributing blood and blood-

10 based fluids effectively from the. po~ qt' insuk· since the fluid capiUmy pressure exened by 

the unexpanded regions of tJJCSe foams-~ that of the wetted. expanded area of the foam. 

These materials generally serve well when positi~ beneath a larger celled foam of the 

present invention ~ch serves to ~ire .mpicUy the bl~ and bloocl-based fluid. The 

properties of these collapsed foams stated. herein are those of the ·foams in their expanded 

15 state unless otherwise noted. 

. B. Foam Cllaracteristica· lmpOrtant to Absorbing and Trammorting Blood and 
Blood-lased fluids ·. · 

1. Vertical Wjckjng CgabilitY 

Vertical wiCJcins (i.e~. fluid wi~ m a diRction opposite :&om gravitational forces) 

20 of a given· amount of fluid Within· a set periOct of time is an especjally important perfonnancc 

attribute for absorbent ·foams herem. 1be · iatc of fluid wicking· through a porous suucture is 

generally a ftmction of the Openness of the 'strueture, the affinity of the fluid for the surface of 

the structure, and the viscolity of the ·fluid~ 1bis is convenicmtJy nlcasurcd as the time taken 

for a test fluid, i.e.. Artificial Mcnstruaf Fluid (AMF), in· a reservoir to wick a vertical 

25 distance of S cm through a test strip of foam of specified si1.e·at 22°C. Such a vertical 

wicking test is deScribed hereafter in the TEST METHODS section. To be especially useful 

in catanimrial products for abs'orbing ineases, the foam absorbents of the present invention 

vertically wiclc: the AMF S cm in less than abOut 60 minutes. More preferably. the preferred 

foam absorbents of the· prCseni invemion vertically wick AMF s cm in less than about 20 

30 minutes. and most preferBbly in lesl than about IS minutes. 

The foam · ab5orbents of the p.aeDt invention will·· also preferably v.ick a high 

capaciiy of the test fluid to a particular height 8t equilibrium: Preferably. these foams will 

wick at least abOUt 30 gig AMF Cs ofAMF/g dry foam) to a height of about S cm. more 

preferably at least llbout 40 gig of AMF. Panicularly prefenecl foam absorbents v.ill wick at 

35 least about 45 gl1 Of AMF to a beiiht of about S cm. The procedure for measuring the 

ability to wick fluid' to a particular height at equilibrium is described hereafter in the TEST 
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METHODS section. 

2. Caoillary Specific; Surf4ce Area 
"Capillary suc:tion specific surfiu:c ~" is a measure of the test-liquid-accessible 

surface area of the polymeric network accessible to a test fluid. Capillary suction specific 

s surface area is dctennincd both by the dimensions of the cellular units in the foam and by the 

density of the polymer~ and i• thus a way of quantifying the total. amount of solid surfAce 

prQVided by the foam netwcnt tQ the ~ that such a ~ce participates in absorbency. 

For purposes of the present inventi4>11. ~illuy suction specific surfAce area is determined by 

the method is set forth in the TEST METHODS section of U.S. Patent S,387,207 (Dyer et 

10 al.) issued Feb. 7. 1995, which is incorporated by reference. 

Generally, the surfAce area ofdle foam at a constant volume increases as the cellular 

structure becomes smaller cellecl (''fin.er"). Higher surfiacc, areas are highly desirable in 

rapidly moving blood and blood-based ~u~ such as menses within the foam. However. the 

surface area of the foam ~ reach the point that the rate of fluid absorption becomes 

15 limiting, as well as increasing the likelihood that insoluble components within the fluid can no 

longer pass readily &om one cell to llllOther. Accordinsly, die surface area of the foam needs 

to be selected within a particular range to balance these competing factors. The polymeric 

foams of the pn:sent invention useful ~ absorbent members in catamenial products are those 

that b&ve a capillary suction specific surface area in the ranse offiom about 0.0080 to about 

20 0.040 ml/cc. Typically, the capillary suction specific surface area is in the range from about 

0.010 to about 0.030 nil/cc, preferably &om about 0.012 to abou~ 0.026 ml/cc. 

For absorbent cores where twO layers of absorbent foam are used, it is preferred that 

the upper foam layer (mcing the body of the wearer) have a lower capillary suction specific 

surface aR:a, for example fiom about 0.012 to about 0.020 m2/cc, while the lower foam layer 

25 has a higher capillary suction specific surface area. for example from about 0.020 to about 

0.026 m2/cc. In this way. the lower foam layer will have a higher fluid capillaly pressure. 

allowing it to drain fluid from the upper foam layer. thus keeping the body of die wearer 

ldativcly free from contact with the fluid. ~t follows that Where more than &wo foam layers 

aR employed, the capillary suction specific surfAce area of the respective foams preferably 

30 will increase as the foams aR located more remotely (i.e., lower in the absorbent product) 

ftom the user.) 

3. ·· Resjstaru;; to CoQumsion Deftectioa 

An important mecbani~ fc:atu~ ·of the foams of the present invention are their 

strength as ~ by ~~ to compression deflection (RTCD). The RTCD 

JS exhibited by the foams beRin is a fianction of the.polymer modulus, as well as the density and 

structuse of the foam network. 1be polymer modulus is, in tum, determined by a) the 
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polymer composition; b) the conditions under which the foam was polymerized {for example. 

the completeness of polymeriZation obtained. specifically with respect to crosslinking); and c) 

the extent to which the polymer is plasticiz.ed by residUal ·materials. e.g .• emulsifiers. left in 

the foam structure after processing. 

s To be usefial as absorbent members in catamenials producti, as well as other 

absorbent articles, the foams of the present invention must be ·suitably resistant to 

defonnation or compression by fines· cnc:ountcrcd when such absorbent members are 

enppl in. the absorption and retention of tluids. . The RTCD ··exhibited by the polymeric 

foams of the present invention can be quantified by·· determining ·the·· amount of strain 

10 produced in a sample of saturated foam held under a certain c:OnDning pressure for a 

specified period of liine. The method for carrying cH&t this particular type of test is described 

hereafter in the TEST · MElliODS section. Foams usetbl as absorbents members for 

catamenial products are tb0se which' exhibit a RTCD such that a eonfining pressure of 0. 74 

psi (S. l kPa) produees a strain of typically from about S to about 95% ·compression of the 

IS foam structure. Preferably the straiD i>roduced ·under such conditioni will be in the range 

from about 10 to about IS%, most pn=ferably &om about IS to about 80%. 

4. Free Absorbept Cuacitx 
: . . . . 

/ .... \ 
~ \ 

.. .:.:.~·-· 

Another important property of absolbent foams according to the present invention is "*· .: 
their tree absorbent capacity. For absorbent members uscfbl in c:ataancnial products, free ·\•W· 

20 absorbent capacity is the total amount of test· fluid (i.e., synthetic urine) that a given foam 

sample will absorb at equilibrium into its cellular structure per unit mass of solid material in 

the samp~. The foams that are especially uscfUI as absorbent members in catammial 

PrOclucts will at least meet a minimmn fne absorbCiit capacity .. · The. &cc absorbent capacity 
: . . . . 

of the foams of the present invention can be detennined ming tlie procedure described in the 

25 TEST METHODS section ofU.S. Patent 5,387,207 (Dyer et al.} issued Feb. 7. 1995. To be 

cspecially useml u absorbent members fof eatameDi;d products, the foams of the present 

invmtiOn should have a :&ee capacity of &om about 20 to about 12S II& preferably from 

about 40 to about 70 r/& and most p~ly about 50 gig, of synthetic urine per gram of 

dry foam. 

JO 

C. Other lmportagt Prcprties of Polymeric Foam 

I. CeQ and Hole Sjm 

·A feature that can be useful in defining preferred polymeric foams is cell size. Foam 

cells. and espocially Cells dlat am formed by polymerizina ·a D.onomer-containing oil phase 

35 that surrounds relaciwly monomer-ft= Water-phase droplets. will fi'equendy be substantially 

spherical in shape. The sil.c or "diameter" of such spherical cells is a commonly used 
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parameter for cbaraclerizi:D8 foams in gen~. Since. cells in a given sample of polymeric 

foam will not necessarily be of approximately the same size. an average cell size. i.e .• number 

average cell diameter. will 9ften be specifi~ 

Cell size is a foam parameter that can impact a number of imponant mechanical and 

s perfonnance featuras of the a.b~ foams acco .. to the present invention. Since cell 

size contributes ·. to capillary suction specific surface area that. together with foam 

hydmpbilicity, dctcnnincs the capillarity of the foam. cell size is a foam structure parameter 

that can dirccdy afFect the . tluid wiclcing properties of absorbent foams, as well as the 

capilluy pressure that ii dcvclopccl within the foam structure. 

10 A number.of techniques are •vailable for~ the average cell size of foams. 
ne most usefW technique for deteilnininJ cell size in foams involves a simple measurement 

based OD the scanning electron photomicrograph of a foam sample. Fipre 3, for example. 

shows a typical HIPE foam structure accoidins to the present invention. Superimposed on 
the photomicrograph is a scale represcatins a dimensm·of20 f.1111. Such a scale can be used 

15 to detennine average cell size Yia visual inspection or an image analysis procedure. 
The cell size measurements given herein are based on the number average cell size of 

the foam. The foams usefill as absorbent members for catamenial products according to the 

present invention will preferably have a number average cell size of from about 20 to about 

I 10 JUD~ and typically. from about 35 ·to abolit 130 fllil. 

20 Anolher feature useftal in defining these. preferred foams is hole size. The holes are 

the openings between adjacent cells ~ maintain fluid conununication between these cells. 
The foams of the present invention have bole sizes sufficiently large to allow passage of the 

insoluble components of blood, especially the red blood cellS, to avoid blockage of these fluid 

passages. 

2S The prefcm:d technique for determining hole size is image analysis based on 

scanning elecUon micrograpbs of~ foams as discussed above and shown in Figure 3. The 

hole size measurements given herein are based on the ~ average bole size of the .foam. 

The foams useful as absorbent members for catamc:nial products according to the present 

invention will preferably have a number aveiap hole size of from about 4 to about 30 Jim, 

30 and preferably from about 10 to about 28 llftl. While foams having hole sizes larger than 

about 30 JUD will all~ passage ot blood cells. 1hey will not have the fine microstructure 

necessary to provide the fluid capillary absorbent pressure of the foams of the present 
invention. 

2. fNJ QeosiD'. 
JS "Foam density" (i.e •• in ~ of foam pet cubic qmtimetcr of foam volume in air) is 

specified herein OD· a di)' baulis. "lQc density of the foam. like capillary suction specific 

surfiace area, can influence a number of performance and meclwnical cbaracteristics such as 
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. the RTCD of absorbent foa.mS. Importantly also, the density of the foam controls the 

absorbent capacity of such foams in units of gig. This influences the cost effectiveness and 

utility of such foams as absorbent meinben for catamenial prOducts. 

AJiy suit8ble graVimetric pracecture that will provide a delennination of mass of solid 

s foam material per unit volume of foam structure can be used to measure foam density. An 

. ASTM gravimetric prOCedure described more fully in the TEST MEnlODS section of U.S. 

Patent S.387.207 (Oyer et al.) issued Feb; 7, 1995 is the preferred method that can be 

employed· for dalsity · cldenillnations. Polymeric foams of the present invention useful as 

absorbent members ·for catamenial ·products have dry· basis density ·values in the range of 

10 from about 0.008 tO about 0.05 glee, preferably from about 0.014 to about 0.024 glee. and 

most preferably about 0.02 y/ec. 

3. Horizontal Grayjmepic Wickins 

One of the primary benefits of the foams of the _,resent invention is their ability to 

retain absorbed blood and blood-based fluids, even when subjected to compressive load. A 

is foam of insufticiCllt.strmsm.<RTCD) will eXpreS~.excess fluid readily during use. Under 

mechanical pressure from the wearer of the catamenial product, this .mobile fluid can be 

pumped out of the . absorbent core and upw8rdS through the topsbeet. As a result, the 

topsheet becomes" rewetted" with this pumped fluid such that there is not adequate topsheet ~ -:~fi .. , 

dryness. 

20 The ability of the foams of the present invention to minirni7.e rewet can be correlated 

to their ability to retain absorbed fluids. The abilitY of these foams to retain absorbed fluids 

can be mc:asuml by Horizontal ~c Widcing (HGW),. the procedure for which is 

described hereafter in the Test Methods section. For the purposes of the present invention 

this HOW measurement is expressed as the percentage of the Retained Uptake of AMF. 

2S relative to the Initial Uptake of AMF, or "% Retaincdllnitia Uptake of AMF." The foams of 
.. · . . 

the present invention typic:ally have a % Retaincd/lnitia Uptake of AMF of at least about 

SO%. and preferably at least about 6S%. 

30 II. Polymeric Foam Barrier Layer 

.. As indicated herein. many users ·or catamenial products prefer relatively thick pads. 

With such pads, inexpensive filler matCrials, which may possess pore absoibent/wet integrity 

properties. may be preferred. However. when such materials are used, the resulting 

absorbent products may sufl'er from an aesthetic and/or performance srandpoint. Because the 

35 absorbent polymeric ·foams of the present· invention· provide high fluid acquisition/storage 

capabilities, such filler materials can be used without compromising performance. For 

example. keeping the filler material (e.g .• airfelt) relatively free fiom liquid results in less 
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bunching and/or roping iD use. This results in better core and product integrity in use. To 
further facilitate maintanence of a relatively dry filler layer. in a preferred embodiment of the 
present invention a polymeric foam material (referred to herein as a "banier layer") is used as 
the lowest layer of the absorbent core matorial. This optional barrier layer is useful in that it 

s significantly limits passaae of blood/fluid into optional materals (e.g .• fillers such as air feh) 
below die absorbent foam~ material. 

To prevent fluid ~ ktto filler material located immediately above the backsheet, 
the barrier layer preferably bas an average cell size from about IS to about SO !Jill. preferably 
from about 25 to about JS. im; and an awrage hole size from about 4 to about 9 µm, 

10 preferably ftom about S to about 7 IJID. lbese relatively small c;ell sizes tend to filter out the 
red blood cells in blood and blood ~ fluids, thus preventing passase of this color into 
lower layers of tiller material. The fluid which is admitted into the barrier layers iS funher 
retained by the relatively high fluid capillary pressure associated with such structures. Thus. 
when the absorbent foam core is placed on top of, e.g., an air laid fibrous core, the barrier 

15 layer serves to prevent cantamination of the air laid core with fluid which would cause the air 
laid core to change its dimensions and lose its integrity and/a, be~ with the red color. 

While the primary ftmction of the barrier layer is to inhibit fluid (especially blood) 
flow to lower product layen, this foam material prderably possesses the ability to move fluid 
away from the'wearer. Thus,.it·is prefened that barrier layer have a higher capilbuy specific 

20 suction surface area than the absorbent foam layers located aboVe (closer to the user) it.. For 
eXample. where two folm layers of the· present invention having capillary specific surface 

· areas as described iD seCdon 1-b bere1n. it is preferred that the barrier layer will have a 
capillary suction specific surfice area of fiom about 0.040 to about 0.080 m2/cc. In this 
way. tbe foam layers of the absorbent core have successively higher fluid capillary pressure 

25 providina draiDap away ·&om the ~ body. 1be barrier layer's ability to acquire and 
store fluid may alloW for efthanced fluid retention by the article under circumstances where 
the absorbent foam materials (discussad above) have reached their capacity or where fluid is 
"squeaed out" of the foam layers overlying the barrier layer. 

30 

m. Preparation of Pol,ymeric Foams From HIPE 
' . 

A. 

Polymeric fomDs according to .the present invention can be prepared by 
polymeri7.ation of cCrtain Water-in-oil ellluisions having a relatively high ratio of water phase 
to oil phase ~Y known in the art as "HIPEs. 11 Polymeric foam materials which result 
&om the polymeriration Or such cmulsionl are referred to bCnin as "HIPE foams." 

35 The relative llllOODts of the water and oil phases used to fonn the IDPEs are, among 
many other parameters, important in determining the structural, mechanical and perfonnance 
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properties of the resultilig polymeric foams. In panicular. the ratio of water to oil (W:O) in 

the JUPEs varies inVerseiy with ultimate foam density accofding fo the equation: 

Density = 11(W:o ratio + l). 

This can influence the cell size and capillary specific surface area of the foam and dimensions 

s of the struts that fOnn ·the ·roam. The HIPEs used to prq>are the foams of the present 

invention will genendly have a volume to weight ratio of water phase to oil phase in the range 

of from about 20:1 to about 125:
0

1. more preferably &Om about 40:1 to about 70:1, most 

preferably about SO:l. 

I. Oil PhfSe Compogents 

10 The continuous oil phase of the JUPE comprises monomers that are polymeri7.ed to 

form the solid foam structure. TIUs monomer component is ftmnulated to be capable of 
. . . 

formins a ~ymer having a Ts ~about .S0°C or lower, and typically tiom about 15° to 

about 30°C. (The method for~ Tg by Dynamic Mecbanical Analysis·(DMA) is 

described hereafter in the TEST METHODS sec1iOJ1.) 1bis monomer corilponent includes: 

15 (a) at least one monofimctiona1 monomer capable of forming an atactic amorphous polymer 

.,!, 

having a Tg of about 3S°C or lower (see Brandup, J.: ~ E.H. "Polymer Handbook", .. ;~. 

2nd ed., Wiley-lnterscience New Yodc, NY •. 1975, DI-13.9.); (b) at least one monofimctional 

comonomer to improve the toughness or• resistance of the foam; (c) a first polyfimctional 

crosslinking agent: and (d) optionall)' a.second polyfimctional cross~ agent. Selection 

20 of ~cular types and amounts of monoftmc:tional monomer(s), comonomer(s) and 

polyfimccional crosslinking agent(s) can be important to the realintion of absorbent HIPE 

foams having the desired combination of structure, mechanic:al, and fluid handling properties. 

The monomer component comprises one or more monomers that tend to impart 

IUbber-lilcc properties to the resulting polymeric. foam structure~ Such. monomers can . . . . . 

25 produce high molecular weight (greater than 10.000) atactic amorphous polymers having 

Tg's of about 35°C or lower. Monomas o_f this type include, for exainple, the (C4-C14) 

alkyl acrylates such as butyl acrylate, bexyl acrylate, octyl acrylate, 2-ethylhexyl acrylate, 

nonyl acrylate. decyl acrylate, dodecyl (lauryl) acrylate. isodecyl acrylate tetradecyl acry~te, 

aryl and allauyl acrylatcs such as bcmyl acrylaie, and. nonylpbenyl acrylate. the (C6-C 16> 

30 alkyl metbacrylates such as hexyl. methacrylate. octyl metbacrylate. nonyl metbacrylate, decyl 

metbacrylate, isodecyl methacrylatc, dodecyl (lauryl) methaclylate. teeradecyl mcthacrylate; 

acrylmmdes such as N«tadecyl acrylamide; (C4~C~2> alkyl stymies such as p-n­

octylsiyrene, ~ butadiene. and combinatiolls of such monomers. Of these monomers. 

isodecyl .acrylate. dOclecya aerylate .llDCI· 2-ethyOicxy1 acrylate are the most preferred. 1be 

JS monoftmctionaa monomer(s} will generally comprise 45 to about 70%, more prefinbly &om 
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about SO to about 6S%. by wei~t of the monomer component. 

lbe monomer component utilized in the oil phase of the IDPEs also comprises one or 

more· monofbnCtional comonomers capable of imparting toughness about equivalent to that 

provided by styrene tO the resulting polymeric foam structure. Tougher polymers exhibit the 

s ability to deform substantially without &ilure. these monofimctional comonomer types can 

include styrene-based comonomers (e.g., styrene and ethyl styrene) or other monomer types 

suc:h as methyl· medlacrylate where _the related homopolymer is well known as exemplifying 

toughness. ne preferretl ~oaal comonomer of this type is a styrme-bascd 

monomer with styrene and ethyl styrene being the most p1efmed monomers of this kind. The 

10 monotbnctional "toughening" comonomer will nonnally comprise from about 10 to about 40 

o/o. preferably from about 15% to about 40o/~ mosi preferably from about 18% about 28%, 

by weight of the monomer component. 

. In certain cases, the "toughening" ~can - impart the desin:d Nbber-like 

prope~es to the resultant polymer. ~ (C4·C12> alkyl styrenes, and in particular p-n-

15 octylstyn:ne. are examples of such c:omc>Domcrs. FOr such comonomers, 1he amount that can 

be included in the monomer componmt will be that of the typical monomer and comonomer 

combined. 

The IDOllOIDCr component also contains a first (and optionally second) polyfimctional 

crosslinking agent. As with the monotUnctional monomers and ~rs. selection of the . . . 
20 particular type and amount of crossiinking agents is very important to the eventual realization 

of prefcmd polymeric foams hawig the. desired combination of stnaclUral, mechanical, and 
. ;• 

fluid-handling properties. 

The first polyftmetional crosslinking agent can be selected from a wide variety of 

polyvinyl aromatic 8nd related polyvmyl materials· such as divinylbenzenes, trivinylbenzmes, 

25 ctivinyltolueaes. ctivmylxyleaes, divinylaaphtbalenes divinylalkylbcnzcncs. 

dMnylp~ diviliylbipheny)s, divinyldipbenylmcthanes, divinylbenzyJs. 

ctivinylpbenylethers, ctivinyldipheny~tfides,. divinyUUrans. divinylsulfide. divinylsulfoac. and 

mixtures thereof. Divinyl bemene is typically available as a mixfure with ethyl styrene in 

proportions of about 55:45. These propc>rtidns can be modified so as to auich the oil phase 

30 with one or the other com~ ~ .. it is advantageous to enrich the mixture with the 

ethyl styrene component while ~ultanemlsly reducing the amount of styn:ne in the monomer 

blend. The preferred ratio f!f ctivinyl benzene to ethyl styrene is between ftom about 30:70 

and 55:45, most prcteiably &om between about 3S:6S to about 4S:SS. lbc inclusion of 

higher levels of ethyl~ imparts the required toughness without increasing the 'rg of the 

35 resulting copolynm to the degree ~ 'siyrene does. 'Ibis first crosslinking agent can 

generally be included in the oil phase of~-HIPE in an amount of &om about 8% to about .. ·. ' . . 
22o/o., more preferably ti'orn about 10% to about 18o/o., most preferably from about 12% to 
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about 16o/o. by Wc:ight of the monomer component. 

lbe optional sccood crosslinking aplt Can be selected ftom polyftmctional acrylates 
and metbacrylates., acrylamides and metiw:ry1amides. and mi~res thereof. 'These include 

di-. tri-. and tetra-acryiates. as \w,u as di~~·tri-, 8nd. tetra- metllacrylates: di-. tri-. and tetra-

s acrylamides. as weiI . ~··· di-. tri-. and tetra· metbac~lamicles; ~ . mixtures of these 

crosslinking agents. : Suitable acrylate and metbcry~ crc>ssi~ aFnts can be derived 

from diols, triols 8nd tetraols that. includO l~Uktccanedi~l. l.~ol, 1,6-hexanediol. 
1,4-butanediol, . l,3-butanediol •. ·l,4-bUt-2~oJ. ethylcnc sJ~I. diethylene glycol, 

. . . 

trimethylolp~e, . ~tol. bydroq~inone. eatecbol.. rcsorcinoJ. triethylenc glycol. 

JO polyethylene 9lyc:ol, sorbitol, and the like. (The acrylamidc - ~rylamidc crosslinking 
agents can be derived from the equiwlem diamines, triamines and tetnmm). lbe preferred 

. . 

diols have at least 2, more preferably at. ~east 4, most pre&rably 6, carbon atoms. This 
·~ . . . 

second cross-linlcini agent can seneraily .,e· included in. the oil .phase of the IDPE in an 

amount offiom O tO about15%, preferably from 0 ~ abOut 13%. by weight of the monomer 
15 component. 

Without being bound by theory, it is believed this second crosslinking agent generates 

a more homogeneously crosslinked structure that develops strength more efficiently than 
using either the ~ or the second c~slinker alone at·. coinparable levels. 1he second 

crosslinker also bas the effect of broadeDing the. i.US:.rubber ~ition region. This 
20 broader transition regian can be tailored to. nm speci& 5tnaath and resiiience requirements 

at in-use temperatures by· controlling tbO relative amount of the two crosslinker typeS 

employed. Thus. a foam containins only the first typo of crosslinker will exhibit a relatively 

narrow transition region. Increasinl the. amount of the second crosslinker serves to broaden 

the transition region. ~ Wthe actual ~icion temperature itself ha$ not changed. 

25 The major portion of the oil plulse of the HIP& will comprise the aforementioned 

monomers, comonomers and crossUnkina agents. It is essential · tbat these monomers, 
COlllOl10lllm and crosslinking agents: · be substantially water-insoluble so that they are 
primarily soluble in the oil phase.and nOt die water.phase. Use of such substantially water­

insolublc monomers ensures that HIPEs of appropriate cbaracteristics anci stability will be 
. . . ..· . 

30 realized. It is. of course. bishlY pl'Cferred that these nlonomers, comonomers and crosslinking 
.· ·. 

agents be of the type such that the resulting p0lymeric foam is suitably non-toxic and 

appropriately chemically stable. These monomers, comonomers and cross-linking agents 
. -

should preferably h&ve little or no toxicity if present at very ·low residual concentrations 

during post-polymerimion foam processing and/or use. 
35 Another essenti3l component of~· oil phase. is an emulsifier cOlnpmient that permits 

the formation of stable IDPEs. This. emulsifier com~t comprises a primary emulsifier 

and optionally a secondary emulsifier. EipeciaUy whCo Used alone. these primary emulsifer 
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typically comprise . •t . le-.st. about 40%. preferably .. at least about 70o/o. emulsifying 

components. selected ftom 4iglycerol monoesters of linear unsaturated C 16-C22 fatty acids. . . 

diglycerol monoesters of b,ranched C 16-C24 fatty acids, diglycerol monoaliphatic ethers of 

branched C16..C24 alcohols. diJ})rcerol ~p~c ethers of linear unsaturated C16-C22 
5 alcohols, dig~l monoaliphatic ~ of linear saturated C12-C14 alcohols, sorbitan 

monoesters of linear UllSalUr-ct C16-Ci2 fatty acids. sorbitan monoesters of branched C16· 
C24 fatty acids, and ~res thereof. P~ primary emulsifiers indudc diglyccrol" 
monooleate (e.g., p~ly .great.er than about 40%, more preferably greater than about 
SOo/o, most preferably S....- than about 70% diglyccrol monoolc;atc), sorbitan monoolcate 

10 (e.g., preferably greater than about 40%, more prcfcrat>ly greater than about SO%, most 
preferably gn:ater 1iuua. about 70% sorbitan monoolcatc), sorbifan monopalmitate, and 
diglyccrol monoisostearate (e.g., prefeiabl)' greater than about 40%, more preferably greater 

than about SO%, most preferab'y ~-about 70% diglyccrol monoisostcarate). 
Diglyc:erol monoesters of lhleaJ ~rated and branched fatty acids useful as 

lS emulsifiers in ~ present invention can be Prei>aRct by esterifying diglycerol with fatty acids., 
usin& proccdun:s. well known in the_ ~ See, for ~pie, the method for preparing 

polygJycerol esters disc~ in U.S. Jl~t S,387.207 (Dyer et al.) iSSW!d Feb. 7, 1995. 
Diglycerol can be obtained commercially or can be separated p-om polygl~s that are high 
in diglyccrol. Linear •. branched. ancJ ~rated &tty acids can be .obtained commercially. 

20 The mixed ester product of .. e esterification reaction can . be fractionally distilled under 
vacuum one or more times to yield 4is1illation fractions that are high in diglycerol 
monoesters. For example, • A C'-'S·lSA (C.V.C. Products Inc.; llochester, N.Y.) 

continuous 14 inch centrifbpl molecular still can be .-1 for fractional distillation. 

Typically, the" P<Jlyglycerol ester ~ while being ~ is first metered through a 
2S degasser unit ancl'tben to 1;he heated evapcntor cone of the still, where the vacuum distillation 

takes place. Distillate is collected on .. tb.e bell jar surface. which ~ be heated to facilitate 
distillate removal. D~ and residue are continuously remOved by transfer pumps. The 
filUy acid composition of the resultant mixed est.er Procl,uct can be detennincd using high 
resolution gas cbroinaqrapby. See US; Patent S,~-7,207 (Dyer et al.) issued Feb. 7. 1995. 

30 Polyglycerol and polygl~ ,_.- diSUi_,ulioa of. resuhant mixed est.er product can be 
detennined by capillary su~cal chromatography. 

Linear satu~ ljm,ar ~or branched diglycerol monoaliphatic ethers can 
aJso be prepared and their composition determined using p~n:s wc1J known in the art . 

•• ' •' ' • I• 

See also copending U.$~ appli~on Serial No. 081514,346 (Stephen A. Goldmu et al), 

JS filed Aupst 9, I~ (P&G Cue No. 5S40C). which is incorporated by reference. 
Sorbitan monoesrers of l~ ~rared and branched &tty acids can be obtained 

commercially or prepared using methods known iii the art. See. for example, U.S. Patent 
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4,103,047 (Zaki et al) •. issued July 25. 1978 (herein ·incorpOrated by reference), especially 

COIUllUl 4. line 32 to colUriln S. line 13. The nli~ sorbiuin ester procfuct can be fi'actionally 

vacuum distilled to yield composition& thilt are high in sorbitan monoesters. Sorbitan ester 

·' 

compositions can be cietenluned by methodS well knoWn. in the an such as small molecule gel -:;;~ 
S penneation chromatC>SraPbY· See~ U~S. application Serial No. 08/514,346 (P&G '- :~k 

Cue 5540C), which descrlbes die u8e of this ntcdtocl for polyglycerol aliphatic ethers. 

.. . When these primary emulsifiers . are liSed in combination with certain secondary 

emulsifiers, the primary emulsifier can: comprise lower Jeveis of these emulsifying 

components, i.e., as low· as a'>ut 20% of diesC emulsifying components. These secondary 
. . 

1 o emulsifiers a"' at least cosoluble with 1hC primary emulsifier in the oil phase. Suitable 

secondary emulsifien can be cationic fypes. including the long chain C 12-C22 dialiphatic, 

short chain C 1-C4 'dialipb8tic quatermSry animoniiam salts such as ditallow dimethyl 

ammonium chlori~. bistridecyl ·dimethyi · ammonilam chloride, ancl •. ditallow dimethyl 

ammonium methylsulfate, the long chain C12..C2i dialkoyl(alke:noyl)-2-hydroxyethyl, short 

15 · chain C 1..C4 dialiphatic quaieniarY' aninlonium ·salts suCb as ditallowoyl-2-bydroxyethyl 

dimethyl ammonium chlori~ 1he long chain C12-C22 dialipbatic imidazoliniwn quaternary 

ammonium salts such as nthyl-1-tallow ~do ~yl-l,;tallow imidlmlinium mcthylsulfim: 

and methyl-1-oleyl amidO etbyl-2-oleyl imidazolinium methylsUlfate, the short chain C1-C4 

dialiphatic, long chain C 12-C22 nionOalipbatic benzyl qUiltemarY ammonium salts such as 

20 dimethyl stcaryl benz)rl anunonium cblOricle; anionic iypCs including the C6-C1s dialipbatic 

esters of sodium sulfc>succinic acid such as the dioctyl ester of sodium sulfosuccinic acid and 

the bistridecyl ester .. of sodium sulf0succinic aci~ and mixtures of these secondary 

emulsifiers. These secondary emulsifiers can be obtained commercially or p~red using 

methods knoWn in the art. The prefen'Cd second8ry emulsifien are ditallow dimethyl 

25 ammonium metbyi sulfilte and clitallow diiliethyl aminOnium methyl chloride. When these 

optional secondary emulsimrs are indUcled iD the emulsifier compoliellt, it is typicaUy at a 

weight ratio"of primi&ryto secondary emulsifier.of from about 50:1 to about 1:4, preferably 

ftom about 30: 1 to about 2: 1. 

1be oil phase used to form the IDPEs comprises from about 85 to about 98% by 

30 weight monomer component and front abOUt 2 to about 15% by weight emulsifier component 

Preferably, the oil phase will compnse front about 90 to about 97% by weight monomer 

component and ftom about 3 to abOUt 10% by weight emulsifier component. The oil phase 

also can contain other optional components.· One such optional ieomponeilt is an oil soluble 

polymerization initiator of the· general t);pe well known to chose skilled in the an, such as 

35 described in U.S. patent S.290.820 (Dasi et al), issued March I, 1994, which is incorporated 

by reference.,. Anoth~r prefiUed· optional component is an antioXid&nt such as a Hindered 

Amide Light Stabilizer {HALS) and Hinclefed Phenolic StabiliZCrs (HPS) or any other 

· ..• :_";.--::/. 

."·.:: 
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antioxidant compatible with the initiator system ~ be employed. Olher optional components 

include plasticizers.. fillers. colorants.. ~ transfer agents. ~ssolved pol)'IDel'S. and the like. 

2. Water Pbase c;:omponents 
Thediscontinuous·waterintemal phase ofthe HIPE is generally an aqueous solution 

s containing· one or moie diS$0lved · components; One essential dissolved· component of the 

water phase is a water-soluble electrolyte; The dissolved electrolyte minimizes the tendency 

of monomers, comonomers, and crosslinkeri that are primarily oil soluble to also dissolve in 

the water phase. This. in turn. is believed to minimize the extent to whiCh polymeric material 

fills the cell windows at the oil/water iQterfaces· fonned by the water phase ckoplets during 

lO polymerization. Thus, the presence of electrolyte and the resulting ionic strength of the water 

phase is believed to determine whether and to what degree the resulting preferred polymeric 

foams can be open-celled. 

Any electrolyte capable of imparting ionic strength to the water phase can be used. 

Pref'emd electrolytes are mono-, di·, or triwlc:nt inorganic salts such as the water-soluble 

1 s halides, e.g., chlorides, nitrates and sulfates of alkali metals and alkaline earth metals. 

Examples include sodium chloride. calciuin chloride, sodium sulfate and magnesium sulfate. 

Calcium chloride is the ·most paefMal for use in the present invention. Generally the 

electrolyte will be utiliad in the water phase of the IDPEs in a concentration in the range of 

&om about 0.2 to about 20% by· weisht of the water phase. More preferably, the electrolyte 

20 will comprise &om about· l. to about 10% by weigbt of the water phase. 

The HIPEs will also typically contain a polymerimion initiator. Such an initiator 

component is generally added to the water phase of the HIPEs and can be any conventional 

water-soluble· &ee radical initiator. These iilclude peroxypb compounds such as soclimn, 

potassium and ammonium penulfiltcs. hydrogen peroxide, sodium peracecate, sodium 

2S percarbcmate and the like. Conventional redox initiator systems can also be used. Such 

systems arc formed by combining the foresoing peroxygen compounds with reducing agents 

such as sodium bisulfite. L-ascorbic acid or ferrous salts. 

The initiator call be present at up to .about 20 mole percent based on the total moles 

ofpolymaimble monomers present m·thc oil·pbase. More preferably, the initiator is present 

30 in an amount of &om abc>Ut 0.001 to aboul 10 mo1e percent based on the tota1 moles of 

polymerizable monomers in the oU phase. 

3. ffydiophi'izjng Surftctants 

The polymer forming tbc HIPJ? foam structure will preferably be substantially ftee of 

polar functional groups. This means the polymeric foam will be relatively hydrophobic in 

35 c:haracter. To be useftal as absorbents for blood and blood-based fluids such as menses. these 

foams generally require fiuther trea11nent ·to render the foam relatively more hydrophilic. 
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Hydrophilimtion ofthe foam. if nccessaty;. can FJCrally be accompliShed by treating the 

HIPE foam with ahydrophilizing sud'actant in a manner described more fully hereafter. 

lbese hydrophilizing. sur&.ctants can be any material that enhances the water 

wettability of the pol)'lllCric foam surface. Suitable surfactants shQuld be non-toxic and non-

5 irritatina to mucus .membranes. It shQuld be soluble or dispersible in wann water. 
Preferably. the hydrophilizing surfactant is a liquid at temperatures near ambient for ease of 

incorpl)ration during '.the foam making prqc=ess. Suitable surfact.ants include ethoxylates of 

C11-C1s alcohols, 'marketed by Shell Ch•cal Co .• in particular NEODOL 25-12 

(c:ondensation product of C12-C1s linear alcohols. with 12 moles of ethylene oxide). 

10 NEODOL 23-6;ST (condensation product: of C12-C13 linear alcohols with 6.S moles of 

ethylene oxide that has beeJI distilled (topped) to remove certain impurities), and NEODOL 

23-3 (condensation product of C 12-C 13 linear alcohols with 3 moles of ethylene oxide): 

ethoxylates of C 11-C.15 &tty acids sold under the PEGOSPERSE designation by Stepan 

Chemical Corp.. Northfield. IL; condensation products of ethylene oxide and/or propylene 

15 oxide having molecular weights greater than about 2000, and . condensation products of 

propylene oxide and propylene glycc;I ·sold under the PLURONIC designation by BASF 

Parisspany, NJ; modified oxyethylated straight chain alcohols sold. under the Plurafilc 

designation by BASF, Corp., Panippany, NJ; sulfided alcohol etboxylates and alkyl ether 

sulfiues such as those sold by Harcos C~s. Kansas. KS, branched and linear alkyl aryl 

20 ethoxylates such as TritmtX-60, Triton X-100, Triton N-57, and the like markeced by Union 

Carbide, Inc. Daiibury, CT. silicone-glycc;l copolymers sold under the SILWET designation 

by OSI Specialties, Danbury, CT, as well as mixtun:s of these surfactants. Particularly 

prefemd surfactants are PEGOSPERSE 200 ML, an ethoxylato. of lauric acid having an 

average of 4~s ethoxy units. 

2S These hydropbilizins surfilctan'5 can be dissolved or dispersed in a hydrophilizing 

solution that is applied to the HIPE foam surfilce. In this manner, hydrophilizing surfactants 

can be adsorbed by the preferred HIPE foams in amounts sui1able for renderins the surfaces 

tbenof substantially . hydrophilic, but without substantially impairing the desired flexibility 

and compression detleccion charaCleristici of the foam. In preferred foams, the 

30 hydropbilizing surfactant is incmporated. such that residual 8lll0\1DtS of. the surfactant that 

remain in the foam structure are typically in the range from about 0.05% to about So/o. 

preferably from about 0.5 to about 1%, by weight of the foam. 

. B. . Prpcessing Conditiogs for Ohtajpins IDPE Foams 

Foam preparation typically involves the steps of: I) forming a stable high internal 

3.S phase emulsion (}OPE); 2) .polymerizinglc:uring this stable emulsion under condilions suitable 

for forming a solid polymeric foam structure; 3) slicing or otherwise cutting the water-filled 

polymeric foam and then washing the sliced or cut foam to remove the original residual water 

'~·-. .-·.,;;_. 
. ~·.?... . . . . 
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phase. and especially the residual hydratable salrs. from the polymeric foam strucNre; 4) 
treating the polymeric foam structure with a bydrophilizing surfactant; and thereafter 
dewaterins this polymeric foam structure. 

I. fonnation oCHIPE 
s 1be HJPE is. fonned by combining the oil and water phase components in the 

previously specified weight ratios. 1be oil phase will typically contain the requisite 
monome~ comonomers, crosslinkcrs, and· emulsifiers, as well as optional components such 
as solvents and ·polymerization initiators. The water phase will typically contain electrolytes, 
as well as optional components such as water-soluble emuls~ and/or polymerization 

10 initiators. 

The HIPE can be formed from the combined oil and water phases by subjecting these 
combined phases to shear agitation. Shear agi~on is generally applied to the extent and for 
a time period necessary to fonn a stal>Jc: emulsion. Such a process c:an be conducted in either 
batchwise or continuous fashion and is ~ carried out Wider conditions suitable for 

15 fonnins an emulsion when: the water phase droplets are dispenecl to such an extent that the 
resulting polymeric foam will have the reqlJisite ~I size and other structural characteristics. 
Suitable mixing or agitation devices are those that are capable of forming an emulsion under 
condi~ onow shear mixing. Emulsification of the oil and ~ phase combination will 
frequently involve the use of a mixing or agitation devi~ such as a pin impeller. 

20 One prefined method of fonning such HIPEs involves. a continuous process that 
combines and emulsifies the requisite oil and water phases. In such a process, a liquid stream 

comprising the oil phase is formed. C•urrently, a liquid stream comprising the water phase 
is also formed. The ~ streams are tbfi8 combined in a suitable mixing chamber or zone 
such that the requisite water to oil phase ~gbt ratios previously specified are achieved. 

25 In the mixing chamber or zon~ the combined streams ~generally subjected to shear 
agita1icm provided, for example, by a pin impeller of suitable configuration and dimensions. 
Shear will typically be applied to the COJllbined oil/water phase stream at at a rare of about 
4000 sec· I or less, preferably about 3000 sec:· I or less. Once formed, the stable liquid HIPE 
can then be withdrawn from the~ cbam~ or zone. nu. prefeJ1ed method for fanning 

30 HIPEs via a cominuous pipcess is described in peater detail in U.S. Patent S.149.720 
(DesMarais et al). issued S~ber 2; 1992. which is incQlporated by reference. See also 
copending U.S. application Serial No. «)8~70,694 {1boJllU A. DesMarais), filed Jmnaary 
10, 1'95 (Pa:G Cue N~. SSO) (herein 0.corponlfed by ~). which describes an 
improved canlinuous process i.avin& a recirculation loop for the HIPE. . . ' . 

35 1be degree of *'.81 appli~ ....Uor the water to oil phase: ratio during IDPE 
fonnation need not be constant tJar.oupout. For example. lDPE llllkina can be carried out 
under "pulsed" conditions or varied rhythmically. This is especially useful when the HIPE is 
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collected in a rotating cylindrical container as successive layen to form foams having 
heterogeneous structures. Pulsed condid0ns can produce IDPEs comprisiDg regions of larger 
and smaller celled foam in an alternating sequence. After curing and slicing as described 
hereafter, this can provide foams having the ability to control the diJection of movement of 

•· 

·', 
·( .... . ;. 

S the absorbed fluid within the foam. For example, fluid movement can be induced to occur .. :,;;<· .,, 

along the line of pour of the foam. 
One pai'ticular advan1agc of the more robust emulsifier systems· used in these IDPEs 

is that the mixing conditions during IDPE fonnation and pouring can be carried out at more 
elevated temperatures of about·S0°C or hisher. preferably 60°C or hisher~ Typically, the 

10 HJPE can be fonned at a temperature of &om about 600 to about 99°C, more typically from 
about 65° to about 8S°C. 

2. Polymeription/Curllwoftbel;DPE 
The IDPE formed ~ scnerally be -~Uecb,ct or poured into a suitable reaction 

vessel, contaiDer or region to be polynieiUcd or cured. In one embOcliment , the reaction 
IS · vessel comprises a tub constructed · · C>f polyethylene· &om which the eventually 

polymerized/cured solid· foam material. cari be' easily removed for fbrther processing after 
polymerization/ctiring .. been earned out to the extent desired. It is usually preferred that 
the temperature at which the HIPE is poured into the vessel be approximately the same as the 
polymerization/curing temperature. 

20 Suitable polymerization/curing conditions will wry depending upon the monomer 
·and other makeup of the oil and Water pbaSes of the emulsion (especially the emulsifier 
Systems used), . and the type and amounts of polymerimion initiators used. Frequently, 
however,· suit8ble iJolymerization/curing conditions will involve maintaining the IDPE at 
elevated temperatures above about 50°C, mme preferably . above about 6S°C, and most 

2s· preferably above about 80°C, ·for a time period nqing :&om about 2 to about 64 hours. more 
preferably fiom about 2 to about 48 ho.irs. ·.· The IDPE can also be cured in stages such as 

described in U.S. patent S, 189,070 (Bl'VWllscombe et al), issued Fc:bniary 23. 1993. which is 
herein incorporated by reference. 

A porous· water·filled . open-«Jied HIPE foam is typically obtained after 
. . 

30 polymerization/curing in a reaction vessel, such as a tub. This polymerized HIPE foam is 
typically cut or sliced intO a sheet-like fOnn. Sheets of polymerized HIPE ·foam arc easier to 
process during subsequent treatiftwwasbing and' dewarering steps. as Well as to prepare the 
HIPE foam for use in absorbent articles. the polymerized HIPE foam is typically cut/sliced 
to provide a ciJt thiclcness in the ranse·offtom about 0.08 to about 2.S cm, preferably from 

'• . 

35 about O.IS and about 2 cm. ·ne polymerized lilPE foam can.also be cubed or sliced into 
thin spaghetti-lib secitions or eaa be~ into shapes such as a continuous tube (e.g., for 
use in tampons) at this point. 
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3. Slicing and Washig HIPE Foam 
. .• •"• . !. • . 

The solid polym~ fDPE foam fonned will generally be filled with residual water 

· phase material used to prepare the HIPE .. This residual water phase material (generally an 

aqueous solution of electrolyte, residual emulsifier. and polymerization initialOr) should be at 

5 least partially removed prior to filrther processing and use of the foam. Removal of this 

original water phase material will usually be carried out after slicing the foam into sheets· of 
I . 

from about O.IS to about 0.4 cm in thickness. These sheers are dewatered by compressing 

the foam structure to squeeze out residual liquid andlor by washing the foam structure with 

water or other aqueous ~bing solutions. Frequently several compressing and washing 

10 steps, e.g .• from 2 to 4 cycles, will be used. 

The removal of most of the residual eleetrolyte (i.e .• hydra1able salts) from the foam 

is partieularly important. A$ noted previc>usly, these hydratable salts are typically included 

during initial fonnation of ·the IUPE to minimia the tePdency of lllOllOlllflrs, comonomers. 

and crosslinkers that are primarily oil soluble to also dissolve in the water phase. However, 
'· . 

15 after polymerization of the HIPE. the presence of these salts is uMecessal)' and can adversely 

affect the ability of the foam to absorb blood. and blqod-based fluids such as menses. 

especially as the concentration of these s8lts in the foam increases. Accordingly, it desirable 

to reduce the level of these hydratablc sal~ in the foam as much as possible during this 

washing step. After washing, the foam5-ofthe present in~ have less than aboo.t 2% of 

20 such residual hydratable salts. Prcfcnably, the foams of the present invention have less than 

about 0.S% of such residual salts. 

4. Trptjgs with Hydrppbilizing Surfir&utt and Foam Dewaterin& 
After the original water ~ ~ bas hem removed to the extent required. the 

HIPE foam is typically treated with an effective amount of a suitable bydrophilizing 

2S sur&ctant. Hydrophilizing surfilctants that can be employed have been previously described 

and panicularly include e:thoxylates of C 11-C1s &tty aeids such as Pegosperse 200 ML. 

brandted and linear alkyl aryl ethoxylales sucli as Tri• X·IOO. and c:tboxylates of C 11-C is 
aliphatic alcohols such ·as NJ:ODOL 23-6:ST. Treatment of fJie HIPE foam with the 

hydropbilizing smfactant continues until the foam exhibits the desinld degree of wettability. 

30 After the HIPE foam bas been hydropbilized, it will generally be dewatered. 

Dewateriog can be achieved by ~ing the foam (preferably in the z.direction) to 

Squeeze out residual water, l;y. sub~ the foam and the water therein to temperatures of 

from about 60° to about 20G°C, or·to ~vc trea1ment, by vacuum dewatering or by a 

combination of compression and thermal clryin&'nlicrowve/vacuum dewatering techniques. 

3!5 The dcwatering Step wiU geilelally be carried out until the HIPE foam is ready for use and is 

u dry as practicable. Frequently such compression dewatered foams will have a water 

(moisture) contmt oftiom about SO.to about SOOo/~ more preferably &om about SO to about 
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200o/e, by weight on a dry weight basis. Subsequently. the compressed foams can be 

thermally dried i~ a moiiture content·~ about 40% or less. prefi:rably in the range of from 

about S to about. lSo/~ 'on ~dry wci~ basis ... 

After 1he HIPE roam bas been ctewMered. it can be slitted in VarioUS patterns. These 

s · include patterns that~· to the ~ of the catanUmiaJ, product ·in. which the slitted foam 

is used as an absorbent member. Slittins can be·. ~ly desirable when the foam is 

intended to confer superior fit in a cBtameni8l pad iucb as a sanitary napkin. 

IV. Use of Polymeric Foams m Catamenial Proclucts 

The polymeric foams of the present invention are useful in a variety of absorbent 

10 articles for absorbing blood and blood-based fluids. 

A ~al·Products. 
The polymeric. foamS of the present invention are particularly usefial as absorbent 

members in a variety of cauunema. · prOducls such as caramenial pads. An embodiment of a 

catamenial pad or sanitary napkin 10 according to the 'piesent inVenlion is shown ~ Figure l. 

15 As used ~ the tam "Unitary napkbt" refers to an absorbent article tbai is wom by 

females adjacent to ·the pudendai ~ generally external to the urogenital region, and 

which is intended. to' ~rb and contaift ~ fluids and other vaginal· discharges fiom 

the wearer's body (e.g., blood.·~ and urine). IDiedabial devices 1bat reside partially 

within and partially external of the Wearer's vestibule.are also within the scope of the present 

20 invention. As used herein. the term "pudendal" · refers to the externally visible female 

genitalia. It should be uiideritood. hoWever, that the present invention is also applicable to 

other feminine hygiene or catamenial pads such as· pantiliners, or other catamenial products 

such as incontinence padi. tanipoas and 1he like~ 
The pol)'meric foams of the present invention are particularly usc:fbl in Sheet form. 

25 This relates to case of manu&cture and shipping as well u for gcaeral utility in the product. 

The sheet or sheets used c:an be:of any tbidmCss desired according to the capacity required 

for the sur&ce area available. Generally, the sheets will be from abOut 0.1 to about l cm in 

thickiless. These sheets can be perforatocl' or slit. eidaer to further enhance the rate of tluid 

absorption by increasiDg the surface area of the foam exposed to the fluid or to increase the 

30 stretchability of the foam. Altcmatively. these foams can be in the fom of dic:ed cubes. 

strands (c.g; spaabetti-like material)• tbiD strips,. and tho like that can be assembled into 

absorbent cores of various shapes dependina cm the specific needs of the product. 

As particularly shown in Figure 2, catamenial pad 10 Is constructed of fluid pervious 

primary topsbeet 12. an absorbent core consisting of an. optional fluid aaruisition layer 14 

35 conunonly referred to as a "secoudary topshcet". a tluid storage absorbent member 16 made 

of one or more polymeric foams according to die pnsnt inwntion. and a. fluid impervious 
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backsha:t 18. Tfie fluid ~rage absorbent member 16 may also comprise a polymeric foam 

barrier layer of the present jnvcntion. The backsheet 18 and the topsheet 12 are positioned 

adjaeent the garment surface and the body.surface.; respectively, of pad 10 and are preferably 

joined to each other. For ~le. the backsbeet 18 and the topshect 12 can be secured to 

5 each other by adhesive. Suitable ~ives tare manufactured by H. B. Fuller Company of 

St. Paul. Minnesota under the desipation HL-1258 or H-2031. Alternatively,. topsheet 12 

and backshcc:t can be jo~ to each orher by heat bonding, pressure bonding. ultrasonic 

bonding. dynamic mechanical bonding, or any other suitable method for joining topsheets and 

backsheets known in the art. 

10 A suitable method for joining topsheet 12 and backsheet 18 together is by a seal that 

forms border segnient 20. As shown in Pigu~ l, the inner portion of this border segment 20 

defines a perimeter 22. Perimeter 22 encin:les the ~'Y topsheet 14 and absorbent 

. member 16. Border scament 20 is generally relatively ilanow. allCl can extend a distance of 

approximately 0.25. to 6 mm. and p~ly is approxllnately 3 nun. wide. However, the 

15 width of border 20 can be unifonn or vatY about tho perimeter of pad 10. Border 20 

pl'OYides a fluid impermeable. seal that surrounds perimeter 22. 1be seal is preferably formed 

by the simultaneous application of pressure. with or without heat. to melt topsheet 12 and 

backsheet 18. thereby tomUng bonier sesment 20 .. 

In addition to providing fluid acquisition benefits, the secondary topsheet 14 may 

20 enhance the integrity of the product .,Y stabilizing the positioning (e.g .• by reducing bunching) 

of the fluid strorage. absorbent member 16. The seooadary topsboet can include nonwoven or 

woven webs of synthetic fibers including polyester, polypropylene, or polyethylene; nab.Ira! . . , . ·. . . . . 

fibers including cottc>D or cellulc)se: blencls of such fibers; or any equivalent materials or 

combinations of materials. Suitable secondary topsheets can also be made ftom mixtures of 

25 fibers .with tbmnoplastic materials tp, fiHm thennally bonded matrices. These tbennoplastic 

materials can be in any of a w,riety of fems illcludini paniculates, fibers. or combinations of 

particulates and fibers. . ~lastic fi~rs are .a particularly psefemd form because of 

their ability to fonn ~ interfiber bqnd sites. Other altcmarives for the secondary 
"• . . . . ' . ' . 

topsheet are the use of~ pulp surfmxHpiayed with latex and air laid wood pulp structure 

30 bonded with latex. 

The baGlcsheet 18 is impervious to fluids (e.g .• menses) and is preferably manufactured 

from a thin plastic ~ although other flexible liquid impervious materials may also be used. 

As used bcrciin. the tenn "~ble" refers to materials that arc compliant and will readily 

conform to the general shlq;e and contours of the human body. The backshect 18 prevents 

35 the cxudatcs absoJbocl and qontained ~ the absorbent structure from wetting articles that 

contact the sanitary napkin lO such '8 pa11ts. pajamas and undcrgarmmts. The backsheet Is 

can comprise a woven~·"°"_,. material. polymeric films such as thermoplastic films of 
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polyethylene or polypropylene. or c0mp0site materials such as a film-coated nonwoven 

material. Preferably. the backshect is a polyethylene fitnl.having a·thidcncss of from about 

0.012 mm (O.S . mil) to about O.OS 1 nun (l.O mils). ·. EXenlplary polyethylene films are 

inanufacturcct by Cl~ay Corporalion of Cincinnati. Ohio. under the designation PlS-0401 

S and by Ethyl Corpondion. Vi1quccn Division. ofTene Haute. ·~ana. under the designation 

XP-39385. The .;kshcct is preferably embossed and/or matte finished to provide a more 

clothlikc app~. Further, ~- backsbeet 18 can permit vapors tO escape from the 

absorbent' core (i.e .• is breathable). while still preventilig exu6tes ftom passing through the 

backshect 18. 

JO The topsheet 12 is compliant, sOft feeling, and non-irritating to the wearer's skin. 

Further. the topsheet 12 is fluid pervious permitting fluids (e.g., menses) t0 readily penetrate 

through its thidcness. . A suitable. toPSbeet. 12 can be manufactUred ftom a wide range of 

materials such as~ and nonwo~··materials; polyrfteric materials such as apertured 

foimed ·thennoplastic fihns, apertlaied •. ptaltic fiJms, 8nd 'hydrOforined ~rmoplastic films; 

IS porous folllls;. reuculated foams; retic~latCcl thennopJaStic films; and thermoplastic scrims. 

Suitable woven and nonwo\fCD maferials can be comprised of natural fibers (e.g., wood or 

cottOn fibers), synthetic fibers (e.a., polymeric tiDe.rs such as polyester, polypropylene, or 

polyethylene fibers) or &om a combination ~natural _and synthlcic fiber's. 
Preferred ropsbeets for use in·· 111e pn:1ent are sClected &om hish loft nonwoven 

20 topsheets and aperture formed film tOpsbeers. Al>enurec1 fonned fiJms are especially 

preferred for the .beet because 1hey are Pervious to body eXudates and Yet non-absorbent 

and have a reduced tendency to allow fluids tO pass back through and rewet the wearer's skin. 

Thus, the surfiu:e of the formed tlbn that is in cOn1act with the body remains dry. thereby 

reducing body. soiling and creating a lllOie comfortable feel for the wearer. Suitable formed 

2S fibns are described in U.S. Patent 3,929,135 (Thompson), issued December 30, 197S; U.S. 

Patent 4,324,246 (Mullane, et al.). issued April 13, 1982; U.S. Patent 4,342.314 (Radel. et 

al.). issued August 3, 1982; tJ.s. Patent 4,463,045 (Ahr et al.). ~sued July 31. 1984; and 

U.S. 5,006,394 (Baird), issued April 9, i991. Each of these patents are incorporated herein 

by reference~ Particuli.rly prefefred microaPctured formed filni topsb.eets are disclosed in 

30 U.S. patent 4.609,518 (Cuno ct al), issue September 2, 1986' and U.S. patent 4.629,643 

(Curro ct al), issued DecembCr 16, 1986, Which are incorporatal by reference. The preferred 

topsbCet for the present illvcntkm is the. formed film dC:scribCid in one or more of the above 

patents ~ madccted on sanitary napkins by The ~ & Gamble Company of Cincinnati. 

Ohio as "DRl;.WEAVE." 

JS Tho body sur&cc of the ·fonned film topSheet can IJC· bydiophilic so ·as to help liquid to 

transfer through the_ toi)shc:tt faster than if the· bOcly· surface was nOt hydrophilic so as to 

diminish the likelihOC>d that menstrual fluid wiU flow oft' the toPshcet rather than flowing into 

···.~· -~~~/ 
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~ being. absorbed by tt.: absorbe1¢ stnacture. In a preferred embodiment. surfactant is 

incorporated into the polymeri~ materials of the formed film topSheet such as is described in 

U:S. Patent Application Se~ No. 07n94, 745. "Absorbent Article Having A Nonwoven and 

Apertured Film ~oversheet" ~ed on November 19, 1991 by Aziz, et al .. which is 

5 incorporated by refimmce. Alternatively; the body surface of the topshcet can be made 
. . . . ,· : 

hyclropbilic by treating it with a .surfilctapt such as is described in the above referenced U.S. 

4,950,254, incorporated herein by reference .. 
In a preferred embodiment, where a thick catamenial pad. is desired. a filler material 

can be positioned between the fll_Pd stc;>rage absorbent member 16 and the backsheet 18. 

10 Useftll filler mau:rials, many of which are known in the art, include but are not limited to 
. ' . I ' . 

airfelt (e.g., chemi-thenno-medumic pulp, ~~them softwood craft. recycled pulp). foams 

(e.g .• polyurerbanc, c:ellulose. polystyrene). sawdust, paper wadding. recycled newspaper. etc. 

Alternatively. the foam matetjals of th,e pruent invention can be cut in layers of sufficient 

tlriclcness to provide increased ~roduct thickness, typically 'between ~ 1 and about 2 cm. 

15 In use, pad l O can be. he~ in place by any support or attachment device (not shown) 

well-known for such purposes. Preferably, pad 10 is placed in tho user's undergannent or 

panty and secured thereto by a &stcner such as an adhesiYe. The adbesiYC pl'OYidcs a means 

for securing the pad in the crotch ~on of the panfy. Thus, a portion or all of the outer 

surtac:c of the backsbeet 18 ~s coated with adhesiw. Any adbesiYC or glue used in the art for 

20 such purposes can .be uSed for the ~YC herein. with pressure-sensitive adhesives being 

preferred. Suitable adhesives ~ Century. l\.;305-IV rnanufaaured t,y the Century Adhesives 

Corporation of Columbus. Ohio; and lnslant Lock 34-2823 manufilctured by the National 

Starch and Chemical CODlpany of Bridgewater, NJ. Suitable adhesive faitmers are also 
. ' . . 

described in U.S. Patent.4.917,697. ~re. pad l~ is placed in use. the pressure-sensitive 
. . . . . . . 

25 adbesiYC is typically cove.red with a ~le release liner in order t,o keep tho adhesive from. 

cbyiag out or adhering to ' surfiace other than the crotch portion of the panty prior to use. 

Suit.able release liners are also described in the above-referenc: U.S. Patent 4,917.697. Anv 
. . :-: " '. . . ' . .. 

c:ammercially •vailab~ ,,:lease liners ~y used for such purposes can be utilized 

herein. Non-limiting ~pies of suitable release liners are BL30MG-A Silox EJ/O and 

30 BUOMG-A Silox 4P~O; ~ of,wbi~; are manufactured by the Akrosil Corporation of 

Menasha, WI. The pad 10 is put in use by removing the release liner and thereafter placing 
. . . . . . . 

the pad in a panty S.P tluat • ~ve ~the:~· The adhesive maintains the pad 10 
. . . . : . . . 

in its position within the .-..ty •ring us.:. 
· .. ,·· ·. . . .. 

1be absqrbent .~ of ~ p~ invention are also useful as the upper 

35 acquisition/distributian com~ ~ a "multi-layer'' absorbent core that additionall)· 

contains ~ lDWf!r . flu~ ~~bution component, where the absorbent core is 

positioned between the topsheet and ~kshcet ~ form the catamenial pad. For purposes of 
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the present invention. an "upper" layer of a multi-layer absorbent ·core is a layer that is 

relatively closer to the body of the weater. e:g .• the layer closest to the tOpsheet. The term 

i•tower• layer con~ly means a layer of a multi~layer absorbent ·core that is relatively 

further away tram the body of the wearer, e.g., the layer closest to the b8cksheet. This lower 

s fluid storage/n:distributioli layer is ~Uy positioned Within the absarbent core so as to 

underlie the (upper) flui4 ~uisitimildistribution layer and be in fluid communication 

therewith. This lower storaP/redistn"butiOn layer can aXnprise a variety of fluid 

storage/rcd.istributiOn comp00ents including those containiJig absorbent gelling materials such 

as disclosed in U.S. Patmt 5~061,259 (GOidman ct. al), Issued October 29, 1991. U.S. Patent 

10 4,654,039 (Brandt ct al). issued March 31, 1987 (reissuedApril 19, 1988 as Re. 32,649), 

U.S. Patent 4,666.98J (Tsubalcimoto efal). issaedMay 19, 1987, and U.S. Patent 4,625,001 

(Tsubakiinoto et al), issued November 25, 1986, all of which are incorporated by reference; 

absorbent macrostruchares made from these absorbent gclliog materials such as those 

disclosed in U.S. Patent sj02,597 (Roe et ·al), issued April 7, 1992, and U.S. Parent 

IS 5,3249'61 (Rezai et al), issued June23, 199( both of which are incorporated by reference); 

and absorbent gelling materials laminated between two tissue layers such as those disclosed 

in U.S. Patent 4,260,443 (Lindsay et al), issued April 7, 1981. U.S. Patent 4,467,012 

(Pedersen et al); issued August 21, 19M. u~s. Patent4,7i5,918 (Lang), issued December 29. 

1987, U.S. Patent 4,851,069 (Packard et al), issued July 25, 1989, U.S. Patent 4,950,264 

20 (Osborn), issued August 21, 1990; tJ.s~ Pldent 4,994,037 (Beniardin). issued February 19, 

1991; U.S. Patent 5,009,650 (Bernardin), .. issued April 23, 1991; U.S. Parent S,009,653 

(Osborn), issued April 23. 1991; U.S. Patc:at 5,i2s.os2 (Makoui), July 7, 1992; U.S. Patent 

S, 149,335 (Kellenberger et al), issued Septelllber 22, 1992~ and U.S. Patent 5, 176,668 
. . 

(Bernardin), issued January S, .1993~ all of Which are incorporated by reference. 

25 There is no particular critic8lity with respect to. the positional relatiOnship of the fluid 

acquisition/distribution foam component and the fluid storage/redistribution component 

within these multi-laYer absorbent cores 'sc; ion& as these components are in effective fluid 

conunuaication with each * and so loni ai each eomponent is large enough to effectively 

hold and/or transport the anwoUDt of aqueous "body fluid tbat is expected to be discharged into 

30 the catamenial pad. The mOst prerelred relationship between the fluid acquisition/distribution 

foam component and the fluid Storalelredistribution component widlin the absorbent core is 

to place these components in a layered configuration. ID s.lcb a layered configuration, the 

Ouid acquisitionldisuibution foam component comprises an upper foam layer which overlies 

a subjacent fluid storage/redistritiulion component in the form of a lower layer. It should be 

3S understood that tbesC two typeS of layerS refer merely to the upper and lower zones of the 

absorbent core and lire nOt necessarily · 1ifuited to single Iayen 'or sheets. Both the fluid 

acquisition/distribution ae, e.g., upper layer. and the fluid storage/redistribution zone, e.g .• 

· .. -~ ..... 

•• 'oft 

.~.i-

'~ .... 
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lower layer. can comprise several layers the requisite type. Thus, as used herein. the tenn 

';layer" includes the tenns "layers" and "layered". 

B. Bandages and Wound Prcssinas .· 
Absorbent foams. of the present invention arc also useful in bandages and dressings 

s for wounds. These include artjclcs ranging fronuimple bandaids to large surgic:al dressings 
and bandages. A bandage or chasing can simply comprise a topsheet, an absorbent foam of 
the present invention, and a fluid impemous badcsheet optionally attached to adhesive strips 
in various shapes and sizes. · ~ foams of the present invention are particularly good at 

absorbing fluids from suppurating wounds 8nd preventing or reducing comact of the healing 
JO area with media that arc conducive to microbiological growth. Potential wound healing 

benefits can be conferred by pn:trcating the absorbent foam with any of a wide variety of 

antimicrobial and/or antiseptic compounds well know to those skilled in the art. 

C. Suqical Dapes 

Absorbent foams of the pRisent invention are also useful in surgical drapes. These 
JS are sheets of material that catch blood during suqical procedules. They typicaJly'COlllprise a 

thin layer of absorbent matcriaJ, in this case the foam of the present invention, a fluid 
impervious baclcsheet, i,pically a 1-2 mil 1bick sheet of polyethylene. The polyethylene can 
optionally be tlated with ·an adhesive to. secure its placement in· surgery.. The foam of the 
pn:sent invention is particularly easy to forin into such articles. Further, the .inherent 

20 integrity of such. foams prevents c:ontamiDation of the area by foose. materials such as might 
be found in traditional fiber-based absorbent structures. The absorbent properties arc well 
suited to captUring splattered blood quickly and preven1ing its spread, e.g. to the floor thus 
producing a slipping lmarcl. Smaller sim of these laminates may also be used as wipes for 
blqod and blood based fluids. 

25 v. Test Merhods for Pobgeric ...... 

A. Vertical Wjclcing CapabiJity 

1. ~of Ntificial Menstrual fluid 
Artificial M~ Fluid (AMF) is prepared by combining equal volumes of gastric 

mucin solution and. &csh, sterile defibrinated sheeP blaod (Cleveland. Scicatifi.c. American 
30 Biomedical. Bath. OH). ·.the gastric mucin solution is prepared by combining the following 

in the proportions and order shQwn: 
- 450 mL of aqueous sodium dihydmgen phosphate (.138 Wt.%) solution containing 

sodium chloride (0.85 wt.%) a4j~ tp pH 7.2±0.l; 

- 7 .S mL potassium hydroxide aqueous solution: 
35 - 31 g sterilmxl gastric mucin (ICN Biomedical Inc., Cleveland. OH); heated 2.S 
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hours to eompletely dissolve the gastric mucin. The solution· is allowed to cool to less than 

40°C; 

- 2.0 mL of g wt. % aqueous lictic acid solution. 

The mixture is aUtoclaved at 121°C for IS minutes. then allowed to cool to room 

s temperature. This mixture should be refiigCrated and should be used within 7 days. 

2. ~e PnmaratiQn 
Foam samples ~ ~ut into 2.54 cm width strips about 25 cm ~- Two samples are 

cut for each material to be tesced. The samPles are S«ajed in plastic on the top and on both 

lq sides using a T·Bar sea)er(Modd .T-7. llSV~t. 65 W HarwiJ Company. Santa 

10 Monica, Califo~). ne ~.s centimele,r . .at. the bottom of the material strip remains exposed. 

The outside of the plastic is graduated with 1m1fks each centimeter along the length of the 
.·· . ' •.',' ., . . . 

sample, starting at the bottom of the plastic (not the bottom of the sample). 

3. Eqµinment~ 

The AMF is stirred for 30 minutes at 22°C. Approximately 300· mL of the 

IS equilibrated AMF is poured into a 500 mL recrystallizing dish. The filled dish is stirred 

magnetically at low speed. 

A cylindrical . Plexiglas bar (30.~. cm cylindrical bar wi~ at least two attached 

Plexiglas plates (2S cm x O.S cm x 3 ~) attached_ . at the end with the spacing being 

adjustable) is clamped onto a rill& stand. 1be clamp ~Id tentatively be set approximately 

20 I 8 • 20 inches above the base of the ~- Allow enough space between the Plexiglas plates 

on the end of the cylindrical t>ar is provided to fit the thicJcness of the samples to be tested. 

4. Test Ppplnm 

The scaled top side of dtc sample is placed between two of the Plexiglas plares, and 

then the plates are tightened together until the sample is completely suspended. Then:: should 

25 be enough room along the width of die plates io tit 2·3 samples without the samples touching. 

If not, additional plates can be used to position the samples one behind the other. After 
suspending all samples, die bottom .. top of the samples should all be level with respect to 

the Plexiglas plates and e8cb other. 
The stir plate and dish of AMF is placed directly underneath dtc suspended samples. 

30 The samples are lowered such that o.5''211 of each sample is submerged in the AMF. (The 

plastic covered portion of the samples ~Id not be sublllergect .• _ as fluid will tend to wick in 

the interfaces of the seal instead of 'Within ~e sample). Adjustments to level the bar and 
samples are made. if nece•smy. so that each sample bottom is equally submerged in the 

AMF. 

35 The absorbent foam mnJ,1es are suspended in ~ stirred AMF to the bottom of the 

plastic. The time elapsed when ~ fluid height reaches each 1 cm marking is recorded. The 

:;, .. 

..:.i::.~f·: 
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average heisht of the fluid front in these samples is approximated. The ~ty widlin 

the samples provides cbanr,els of wjcked fluid with no clear leading edge. The midpoint of 

the wicked height is taken as the value to be recorded. 1be average of the final vertical 

wicking values recorded for the samples (n=2) is used as the vertical wicking value for the 

5 material. At the conc:lusion.ofthe measurement, the sample is sectioned into 1 cm pieces and 

weighed to obtain (after.subtraction of the weiSht of the sample) the capacity of the material 

at WJYing heights. 

B. Horimntal Gmjmetric Wic;kina . 

10 Horizontal. Gravimetric Wicking (HGW) is an absorbency test that measures the 

uptake of fluid by a 2.S in by 7.S in absorbent member or catamenial pad sample as a 

fimction of time. In this method, the sanaple is held upside down hori7.ontally in a holder 

suspended from an electronic balance. A glass supply tube, containing the test fluid (in this 
·i· 

case, AMF at 22°C) and connected to a t1uid reservoir at zero hydrostatic bead rdative to the 

15 test sample, is allowed to contact the lower surface of the sample as a point source and the 

increase in weight of the sample is used as a measure of fluid uptake versus time. The test 

proceeds for 3900 seconds. During rpe test, the sample is constrained under 0.18 psi (1.2 

kPa) p~re by a conformable water-filled plastic bag coverad by a metal weight. This 

conformable. system provides • bydrosta~ pressure to the sang>le to allow the pressure on 
20 the sample to remain relatively constant over the entire sample area. 

"Initial Uptake" is defined as the weight of AMF absorbed by the system after 3900 

seconds. ".Rewet'' is su~y nic:asured on the absorbent member or catamenial pad to 

find out the amount of tl,aid 1hat ~ be repeatedly blotb;d fmm t,he structurelpad with 

Wba1man filter paper at 0.25 psi (1.7 lcPa) until the core ~I give up less than O.S 8 of AMF. 
25 "Retained Uptake" is calculated as the difterence between "Initial Uptake" and "Rewet". 

C. Besjsgmce tp Cogm;ssjon Def]ection <R.JCD) 

Resislance to eompression detlection can be quantified by measuring the amount of 

strain (% reduction in thickness) produced in a foam sample which bas been saturated with 

synthetic urine, after a confining pressure of 0.74 psi (S.l kPa) bas been applied to the 

30 sample. 

Jayco synthetic urine ~sed in this method is prepared by dissolving a mixture of 2.0 s 
·KCI, 2.0 I Na2S04, 0.85 g N1482P04, 0.15 8 <M'f4)2HP04, 0.19 g CaCl2. and 0.23 g 

MgCJ2 to 1.0 liten with di$tilled water. The salt mixture can be purchased from 

Endovations, Reading, Pa (cat No. JA-00131.000-01). 

35 11ie foam samples, synthetic urine and equipment used to make measurements are all 

equilibrated to a tanperaturc of 31°C. AU measurements are also perfonned at this 
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temperature. 

A foam sample sheet is saturated io its· free absorbent capacity by soaking in a bath 

of synthetic urine. After 3 minUtes, ·a cylinder having a 1.0 ml (6.5 cm2) circular surface 

area is cut out of the saturated, expanded sheet with· a sharp circular die. The cylindrical 

s sample is soaked in synthetic urine· at 3 l°C for a further 6 ·minutes. The sample is then 

removed &om the synthetic urine and· is placed on a flat granite base Under a gauge suitable 

for measuring the sample thiclmess. The gauge is set to exert a pressure of 0.08 psi (0.6 kPa) 

on the sample. Any gauge fitted with a foot having a circular surface area of at least I m2 

(6.S cm2) and capable of measuring thiclmc:ss to 0;001 in (0.02S mm) can be employed. 

10 Examples of such gauges are an Antes model 482 (Ames Co.; Waltham, MA) or an Ono­

Sokki model EG-225 (Ono-Sokki Co., Ltd.; Japan). 

After 2 to 3 min .• the expandccl thickness (XI) is recorded. A force is then applied to 

the foot so that the saturated foam sample is sub~ to a pressure of 0. 74 psi (5.1 kPa) for 

15 minutes. At the end of this time; the gauge is used to measure die final sample thiclcness 
IS (X2). From the initial and final thickness measuranents. the percent strain induced can be 

calculated for the sample as follows: [(Xl-X2)1Xl]x100 =%reduction in duclcness. 

D. Free Absorbent Cgacity 

Free absorbent c8pacity can be quantified by measuring the amount of synthetic 
urine absorbed in a foam sample which has b=a ·saturated with synthetic urine. 

20 The· foam samples and synthetic urine are equilibrated to a temperature of 31°C. 

Measurements are performCd at ambient telllPeraturc. 
A foam sample .et is saturated to its ftee Bbsorbent capacity by soaking in a bath 

of synthetic urine. After 3 minutes, a C:ylinder having a 1.0 'ml (6.S cm2) circular surface 

area is cut out of the saturated sheet with a sharp circular die. The cylindrical sample is 

2S soaked in synthetic urifte ai 31°C for a ftartber 3 ininutes. The sBmple is then removed tiom 

the synthetic urine and is placed on a digital balance. Any balance fitted with a weighing pan 

having an area larger thmi. that of the sample and with a resolution of I milligram or less can 
be employed. Examples of such balances are the Mettler PM 480 and Mettler PC 440 

(Meuler lnstnunent Corp: Hightstown NJ). 

30 After detennlning the weight of the wet foam sample ~w), it is placed between 2 

fine plastic mesh screens on top of 4 disposable ·paper towels. The sample is squeezed 3 

times by, finnly rolling a plastic roller· over the top screen. · The sample is then removed. 

soaked in distilled water for approximately 2· minutes, and. SqUeeml. between mesh screens as 

before. It is then placed between 8 layers of disposable paper towels (4 on each side) and 

35 pressed with 20.000 lbi. of force in a Caner Laboratory Press.. The sample is then removed 

fiom the paper towels, dried in a Fisher convection oven at 82°C for 20 minutes. and its dry 

weight recorded (Wd). 
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The free absorbent capacity (FAC) is the wet weight (Ww). less the dry v.-eight (Wd) 

divided by the dry weight (Wd), i.e., FAC = ((Ww-Wd)IWd] 

E. Dwamic Mp;henical Analysis CDMA> 

DMA is used to ~e the Tp of polymers including polymeric foams. Samples 

.s of the foams are sliced into b~ 3-S mm in thickness and washed 3-4 limes in distilled 

v.-ater. expressing the flu~ through roQqr nips between each washing. The resulting foam 

blocks are allowed to dry in ajr. ~ cJried foam slices are cored to yield a cylinders 25 mm 

in diameter. These cylinders are analyzed using.a Rheometrics RSA-Il dynamic mechanical 

analyzer set in compression mQc1e using paralleJ )Jlates 25 mm in diameter. Instrument 
IO parameters used were as follows: 

Temperature srep· fi'om ca. 8S°C .to-400C in sta:ps of 2.S°C 

Soak intervals between temperature changes of l~S-160 seconds 

Dynamic strain set at 0.1% tp l.0% (usually 0.7%) 

lS Frequency I".' at 1.0 ..mans/second 

Autotension set in static force ttacking dynamic force mode with initial static force 

set at s g. 

The glass transition temperature is taJcen as. the·maximum point of the loss 1angent versus 

20 temperature curve. 

25 

VI. Sacific Examples 

These examples illustrate the specific preparation of collapsed HIPE foams 

according the present invention. 

Example l. frpration of foam ftom a HIPE 

A) 

Anhydrous calcium chloride (36.32 kg) and potassium pcrsulfAte (567 g) are 

dissolved in 378 liters of water. nus pro'vides the water phase stream to be used in a 

continuous process for~ a IDPE emulsion. 

To a monomer ~ination CDJDprising .400 g styrme, 2900 g divinylbemene (40% 

30 diYinytbemene and 60% ethyl st)'rene), ~ '800 g ·2-etbylhexylacrylate is added 480 g of 

high purity di$lycerol monooleatc and Tinuvin 765 (bis(l,2,2,S.5-

pentametbytpiperictinyl)9ebacate) antiQ~ (41 g). 

This diglycerol monopleate emulsifier is prepared following the general procedure for 

preparing po1yglycerol esters described in U.S. Patent S,387,207 (Dyer et al.) issued Feb. 7. 

35 1995. A polyglycerol composition comprjsing approximately 91°At or greater diglycerol and 
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3% or less triglyceroi (Solvay Perfonnance Chemicals: Greenwich. Conn) is esterified with 

fatty acids having a fatty acid composition comprising app~tel)' 71% Cl8:1, 4% Cl8:2. 

9% Cl6:1, S% Cl6:0, and 11% other fatty aeids (Emcrsol-233LL: Emery/Henkel) in a 

weight ratio of 62:38~ "aising sodium hydroxide is a catalyst at about 225°C under conditions 

S of mechanical agitation, nitrogen· spargiiig, mid gradUally increasing vacuum. with 

subsequent phosphoric acid rieutralitation. tooling tO about 8S°C,· and settling to reduce the 

level of unreacted polygiycerols. The palyglyceiol ester rCactioD product is tint fractionally 

distilled through. two CMS-l'A centriftigal molecular stills connected in series to reduce the 

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

IO distillation ftaetions high in diglycerol monoesten.· Typical conditions for the final 

distillation pass are a feed rate of about IS lb/hr, a degasscr vacuum of about 21-26 microns, 

a bell jar vacuum of aboUi 6-12 microm, a feed temperature of &bout 1700C, and a residue 

temperature of about 180°C. Distillimon fi'actions high in diglycerol moaoesters are 

combined. yielding a reaction prodUct (as derennined by supercritical fluid chromatography) 

IS comprising approximately SO% diglycierol monooleate, 27% other diglycerol ~. 

20% polyglyccrols. and 3% Other polyglyccrol esters. After ·lilixin& the reaction product is 

allowed to settle overnight. The supernatant is withdrawn and used in the oil phase as the 

emulsifier in forming the fDPE. (About 20 g ofa sticky residue is discan:led.) 

Separate streams of the oil phase (2S°C) and Water phase. (6S0 -700C) are fed to a 

20 dynamic mixing apparatus. Thorough mixing of the combined streamS in the dynamic mixing 

apparatus is achieved by means of a pin impeller. At this scale of operation. an appropriate 

pin impeller comprises a cylindrical shaft of about 21.6 cm in length with a diameter of about 

1.9 cm. The shaft bolds 4 rows of pins. ·2 rows haYing 17 pins and 2 rows having 16 pins. 

each having a diameter of O.S cm extending outwardly &om the central axis of the shaft to a 
25 length of 1.6 cm. The pin impeller is mounted. in a cylindrical sleeve which forms the 

dynamic mixing apparatus, and the pins have a cleanmce of 0.8 nun from the walJs of the 

cylindrical sleeve. 

A spilal static miXcr is mounted. downstrcaln ftom the dynamic mixing apparatus to 

provide back pressure in the d)'llllQic miXer and to provide ·.improved· incorporation of 

30 components into the emulsion that is ~ally ~. Such a static mixer is 14 inches 

(35.6 cm) long with a 0.5 inch (1.3 cm) outside diamdcr. The static mixer is a TAH 

lndustriel Model 070.;821, lllodified by cutting off 2.4 inches (6.1 cm). 

ne combined mOOng apparatus set-up is filled ~th oil phase and water phase at a 

ratio of 2 parts water to 1 part oil. 1bc dynamic miXing appaiatus is vented to allow air to 

35 escape While filling the~ completely. The floW rates during filling arc 3.78 glsec oil 

phase and 7.56 ct:/sec.Water phase. 

Once the apparatu~ set-up is filled, agitation is begun in the dynamic mixer. with the 
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impeller turning at 800 RPM. The flow ~ of the water phase is then steadily increased to a 

rate of 44.1 cc/sec in a time period of about 30 sec. and ~ oil phase flow rate is reduced to 
. ' . . . 

1.2S glsec over a iime period of about 1 min. The back pressure created by the dymmic and 

static mixers at this point is 2 psi (14 kPa). The resultant HIPE has a water-to-oil ratio of 

.S about SO: l. 

B) PolymeriptjonlCurinp of HJPE 

The HIPE &om the static mixer is collected in a round polypropylene tub. 17 in. (43 

cm) in diameter and 7.5 in. (10·cm) bigh;·with a concentric insert made of Celcon plastic. The 

insert is S in. (12. 7 cm) in diameter at its base and 4.75 in (12 cm) in diameter at its top and 

10 is 6.7S in. (17.14 cm) high. The HIP~-containing tubs are kept in a room maintained at 

6S°C for 18 hours to cure~ provide a P,lymeric HIPE foam. 

. C) Fqam Wa!!Npl and Dewat@rins 

Tiie cured IDPE .~ is ~from the tubs. 1be foam at this point bas residual 

water phase (cnntaining djssolved emµlsifiers. electrolyte; initiator residues. ~ initiator) 

15 about 32-38 times (32-38X) the weip of"polymerized monomers. The foam is sliced with a 

sharp reciproc:ating saw b~ mto ~· which are O. lS inches (0.38 an) in thickness. 

These sheets are then subjected to compression in a series of 2 porous nip rolls equipped with 

vacuum which gradually reduces the resichJal water p~ cxmtaJt of the foam to about 2 

times (2X) the weight of the pol~ monomers. At this point, the sheets are then 

20 resaturated with a 1% sol~ of Pegosperse 200 ML in water~ 60crc and arc squeezed in a 

series of 3 porous nip rolls eq,uipped with vacuum to a water phase content of about 4X. The 

CaCl2 content of the foam is below 2o/~ 
The HIPB tbam is tla dried in air for about 16 hours. Such drying reduces the . . . . ~ . . . . . 

moisture CODteilt to about 4-10 % by weiaht of )JOlymerized material. 

25 Example 2: PrpratiQn of foams m HIPEs 
HIPE foams are p~ 11$ing. various pour temperatures, cure times and 

tanperatures. water to oil (W:O) ~r and. impeller mixer speeds. These foams and their 

properties are shown in Tables 1 and 2 below: 

Table l: Hole~ vs. Pour Temperature 

Example Pour .. Mixer W:O Cure Temp Cure Hole 

Temp s~ Ratio , (°C) Time Size 

.<°C) (l'lml) (hn) ili) 

2- ·. 65° 800 .. 4S:l 65~ 16 11.8 

2b 74° 800 SO:l 65° 16 13.I 

le 650 ·. 300 SO:l 6S0
. 16 11.7 



W096/21682 PCT/118'6/00388 

-37-

·2d 65° 800 ·SS:l 6S0 16 11.1 

2e 
.. ·12° 800 50:1 82° 2 17.4 

2f 82° 800 4S:l 82° 2 16.4 

'· 

ExmnjJle · W:O RTCD FAC ; 

'• :· Ratio ,· . % . alfl. . . 

. la 4S:l . 32.3% 44.7 

lb 50:1 SS;'r.4 46.0 

le SO:I 51.0% SO.I 
Id. SS:I 64.9% s2.1 · 

le 50:1 .. 68.8% 49.2 

If 4S:l 54.5% 43.0 

S ·Table 3 shows the dct on the vertical Wiclcina rate and capacity of residual c:alcium 

chloride salt in the foam relative to a washed foam ·sample that has been· rehydrophilized 

according to the present inVentioo. · The foain ~le labeled "Unwashed" is the unwashed 

1-UPE foam of Exanlple 2b containing residual calCium ·.chloride Salt. The foam sample 

labeled ''Washed" is the IDPE foam of Example 2b tbai b8s been washed to remove the salt 

10 and rehydropbilized with PEGOSPERSB 200 ML.. The columns relatilig to "Wicking Rate" 

show the time requiled to wick AMF to the indicated beipts. n.e··co1umns relating to 

"Capacity" show the amount of AMF wicked to that height after a.period of 18 hours: 

Table 3: Wiclcjgg Rare and CapacilY at F.quilibrium Height 

Wicking Rate Capacity 

Height Unwashed (min) Washed Unwashed (gig) Washed 

(an) (min) (g/g) 

l 8.3 .5 53.0 45.9 

2 15.3 1.2 41.5 50.S 

3 25.S .. 3.S 4S.1 48.6 

4 40.S 6.S 40.0 42.2 

s 85 13 40.3 44.S 

7.:.. '· ., 
\ 

...: • ,.. ... > '-. 

\,, 
' ', 
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6 120 30 39.2 42.4 

7 33.3 39.5 

g ,···.· 19.l 22.7 

9 4.6 S.4 

10 0.8 1.6 

11 0.0 0.4 

12 0.0 0.0 

Table 3 above shows that removal of the calcium chloride salt speeds up the wicking 

rate without advcnoly affecting capacity. 

Table 4 sbOws the eft'oct ~n Horimntal Gravimetric Wicking (HGW) of residual 

s calcium chloride salt in the foam relative to a washed foam sample that bas been 

rehydropbiliml accor4ing to the present invention. ne foam sample labeled "Unwashed" is 

the unwashed IDPE fOain of Example 2b containing resid~ calcium chlori4e salt. The foam 

sample labeled "Washed" is the IDPE roam of Example 2b rim bas been washed to remove 

the salt and rchydrophilized with PEGOSPERSE 200 ML.: 

lO Tlble4: HGW 

Foam Sample 'Initial Uptaltc (gig) Retained Uptake (gig) % Retained/Initial 
UDtakc 

UnW'5hed 14 ll 86% 
Washed 24 19 79% 

. Table. 4 above ~ ~ the presence caJciwn chloride in the foam inhibits the 

HGW, ~veto the same foam that bas ~washed and rebydrophilized. 

Example 3. Pn;pmtion of FQ1111Ji ftpm HIPEs 

15 IDPE foams are p~ according.to tJie p~ure of Example I. The HIPEs are 
poured at 74°C and 100 RPM and cured at· ~2°C !Qr 2 hours. Dift'crences in water to oil 

(W:O) ratio and corres~ difl'crences in p~ are shown in lable 5. 

Table s:. Foam Caoacity and Strength vs. W:O Ratio 
'· 

Example. W:p RICO FAC 
.. RatiQ % flirt. 

.. 

3a 30:1. S,1% 29.8 

.lb 40:,l 22.S% 39.4 

3c 40:1 12.0% 39.6 
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3d I SO:l I . S9.2o/o .1 47.2 

Example 4: Preparation of Barrier Layer fipn fflPEs 

A foam material useful as the Optional barrjcr layer is prepared according to the 

general p~ desc;ribed in Example l. 'Ille only modifications needed to obtain the 

relatively smaller cell aJ1Ci hole sizes desired for the barrier layer are mixing at a temperature 

s of 156°F and using a mixer speed of about 1300 RPM. 
. . : . , ··. ,.. . 

Example S: Catamenial Pad ffaying A Foam Absorbent MemlJer. 

A piece of pol~ foam accon,lins to any of Examples 2a-2f is cut into a suip 

haQ1g a widtbof6.4 cm. a length of i9em, and a thickness ofO.Sl cm (volume= 62 cc). 
. ~ .. 

This piece of foam is positioned ai an absorbeDt menlber or layer between a fluid impervious 

10 badcshcet and an apCm.rCcl film toPueet (such as DRl-WEAVE). Optionally, a nonwoven 

sheet can be used ·as the iopshcet.ui pl~ of the aperaired. fibn. Preferably, a secondary 

topsheet is posi~ ~the fc>ism.absorbent ~and the apenured topsbeet. 

Example 6: P.!i!mmjal Pad Hayins Two Foam Absorbent Members 

A piece of polymoric foam aecording to any of Examples 2a, 2b. 2c. or 2d is cut into 

15 a strip having a width of6.4cm,alengthof10 ~and a tbickness of0.l9 cm (volume• 12 

cc) ... A second piece of poi,medc foam according to Examples le or If is cut into a strip 

having a width of 6.4 c:m, ~length of l~ cm, and a tbiclcness of 0.19 cm (vol~ 23 cc). The 

pieces arc assembled as described in Example S into a catamenial pad with the upper layer 

(adjacent to the topsheet) being the smaller of the two pieces of foam. Preferably the two 

20 roam pieces are lishdy bonded toprher with any suitable bonding adhesive applied in specific 

points to maintain contact between the pieces without restricting fluid flow. 

Exmnp1e 7: Catammjal Pad Havin& a Barrier La.Yer 

A catamcmial ·pad having an absorbent care comprising 1lno absorbent foams of the 

present invention and a filler material· between the foani absorbent core and the backsheet is 

25 prepared as follows. A pm of polymeric tbam according to any of Examples 2a, 2b, le. or 

2d is cut into a strip which will be the upper layer (adjacent the toplbeet) of the absorbent 

core. A scconcl piece of polymeric foam according to Examples le or If is cut into a strip 

that will be the middle layer. of the absorbent core. A third piece of polymeric foam 

according to Example ·4 is cut into a strip that will be the barrier layer (adjacent the filler 

30 material. which is optionally airfelt) of the absorbent. core. This barrier layer will have a 

number averaae cell me o(ftmn abflut IS io about SO µm and a number average hole size of 

&om about 4 to •bcJut 9 µm. 

For a thick product, the filler material (e.g., airfelt) is located between the absorbent 

. ~ ' 
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core and the backsbeet. The pieces are assembled as descri)>ed in Example S into a 

catamenial pad. Preferably ~ three foam pieces are lightly bonded together with any 

suitable bonding adhesive applied in specific points to maintain contact between the pieces 

without restricting fluid flow. 

s Example s: Catamenial Paci Containina Foam and Absorbent Gelling Ma1f!rial . 

A piece of polymeric foam aceording to .. Y of ~pies 2a. 2b. 2c. or 2d is cut into 
. . . . . . . . . 

a strip having a width of 6.4 cm, a length of 10 cm. and a thickness of 0.19 cm (volume = 12 

cc). 1bis is assembled over a Web consisting of cellulosic fibers and absorbent gelling 

material or absorbent gelling material laminated between two layers of tissue. 

10 Example 9. Band•!! Having Foam Compoiem. 

Any of the foams of Example 2 can be cut into a piece 2.5 cm square and 0.2 cm 

thick. This piece of foam is .attacbed to &·ft.mt impermeable backsbeet strip having a width 

of2.8 cm and a length of7 cm using an auQiesive. lbeexposed edges of this strip_are coated 

with any suitable contact adhesive and cover with a nlease paper and paclcagecl in a sanitary 

IS wrapper. Optionally, a ft~id pervious topSheet such as DRl·WEAVE or a nonwoven can be 

attactled on top of the foam. 

Example 10. Suqiqt Dmpe Hayina foam Component. 

Any of the foams of ~pie 2 can be sliced into a piece. I m squan= and 0.13 cm 

thick. This piece of foam is anadled to a 1 m square fluid impermeable backshcet using any 

20 suilable adhesive. The.· opposing side of the ~ can be treated with any suitable 

contact adhesive and covered with release paper so as to provide for slability in application to 

a particular area when in use. 

Example 11. Tampon .Havina foam Conjpept. 

Any of the ma.ns of ~le 2 ~ be~ t9 provide-. •be having a radius of 1.2 cm 

2S and a length of 8 em. 1bc tube is wrapped' in a fluid penncable nonwoven coversheet and 

attached to a string for easy removal. 
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What is Claimed is: ·· · 

I. A polymeric foam material which is capable of absorbing blood and blood-based 
fluids, said polymeric foam material comprising a hydrophilic, flexible, nonionic 

polymeric foam structure of interconnected open cells, ch&racterized in that the foam 

structure has: 

A) the ability to wick anificial menstrual fluid (AMF) vertically to a height of 

5 cm in leis than 40, preferably less than 20, minutes; 

B) a capillary specific mmce area in the range of ftom 0.0080 to 0.040, 
preferably ftom 0.010 tO 0.030, most preferably from 0.014 to about 
0;026, m2/cc; 

C) a resistance to compress!<>n detlect~on of from s to 75%, preferably from 

10 to 6S%, most preferably from 15 to 600..4., when measured under a 
confining pressure of S. I kPa at 31 °C after· 15 minutes; 

D) a tree absorbent capaciiy of from 20 to 125 y/g; 
E) less than 2%, preferably less than 0. S%, residual hydratable salts. 

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

ability to wick at least 30 gig of AMF to a height of about S cm at equilibrium and 

has % Retained/Initial Uptake of AMF of at least about SO%. 

3. The foam material of any of Claims · 1 to 2 characterized in that it has a 

number average cell size of from 30 to 130, preferably from 35 to ·60, µm and a 

number average hole size of ftom 8 to 30, preferably from· 10 to 20, µm. 

4. The foam material of Claims 1 to 3 characterized in that it has a dry basis 

density offtom 0.014 to 0.024 glee. 

S. A catamenial pad especially suitable for absorbing menstrual fluids. said pad 

comprising: 
I) a fluid ~ous topsheet; 
ll) a backsheet; and 
JU) an absorbent core positioned between said topsheet and said 

backsheet and the fluid discharge region of the wearer of the pad. said absorbent core 

characterized in that it ~mprises an absorbent member made from the foam material 

of any of Claims 1 to 5. 

I 11111111111111111111111111111 
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6. The pad of Claim S characterized in that said absorbent core further 

comprises a ftuid acquisition layer between said topsheet and said absorbent member. 

7. The pad of Claim S characterized in that said absorbent member comprises an 
upper foam layer having a capillary suction specific surface area from 0.014 to 0.020 

m2/cc and a lower foam· layer having a capillary suction specific surface area higher 

than that of said upper foam layer and in the range of from 0.020 to 0.026 m2/cc. 

8. The pad of Claim S characterized in that said absorbent member is an upper 
acquisition/distribution component and wherein said absorbent core further 

comprises a lower fluid storagelreclistribution component in fluid communication 
with said upper component and eomprising absorbent gelling material, said lower 

component preferably comprising absorbent gelling material laminated between two 

tissue layers. 

9. An absorbent anicle selected :&om the group consisting of tampons, 

bandages, wolind dressing and surgical drapes characterized in that it comprises the 
foam material of any of Claims I tp 4. 

I 0. A process for the preparation of an absorbent polymeric foam material capable 

of absorbing blood and blood-based fluids. characterized in that it comprises 

the steps of: 

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

1) an oil phase comprising: 
a) fiom 85 to 98%. preferably :&om 90 to 97%, by weight of a 

monomer ~ponmt· capable of forming a copolymer having a 

Tg of SO°C or lower, preferably :&om 15° to 30°C. the 

monomer component comprising: 
i) from 4S to 700.4 by weight of at least one substantially 

water-~soluble monoftmctional monomer capable of 

forming an atactic amorphous polymer having a Tg of 
3s0c ~r lower~· 

ii) fi'om 10 to 40% by weight of at least one substantially 

water-insoluble monofimctional comonomer capable of 

imparting toughness about equivalent to that provided 
by styrene; · 

11111111111111 11111 1111111 1111 
* C L M S * 



W096f21682 

Ill! -.. ,. I 

PCTliJS96I00388 

-43-

iii) from S to 25% by weight of a first substantially water­

insoluble. polyfunctional crosslinking agent selected 

fro~. .the group consisting. of divinylbenzenes. 

trivinylbenzenes, divinyltolue~ divinylx:ylenes, 
. . . . . . . . . 

diyiny~hthalenes divinylalkylbenzenes. 

~vinylphenlnthrenes. . . divinylbiphenyls. 
: . . .· .. 

divinyldiphenylmethanes. divinylbenzyls. 

divinylphenylethers, divinyldiphenylsulfides. 

divinylfurans. divinylsulfide, divinylsulfone, and 

mixtures thereof, and 

iv). fi'om 0 to IS% by .weight of a second substantially 

water-insoluble, polyfunctional crosslinking agent 

selected fi'om th!E' group consisting of polyfunctional 

acrylates, methacrylates. acrylamides, methacrylamides. 

mid mixtures thereof; and 

b) from 2 to IS%, 3 to 10%, by weight of an emulsifier 

component ~hich is . soluble in the oil·. phase and which is 

suitable for forming a stable water-in-oil emulsion. the 

emulsion compon,ent comprising: (i) a primary emulsifier 

having at least 40% by weight emulsifying components 

selected from diglycerol monoesters of linear unsaturated 

Ct6-C22 fatty acids, diglycerol monoesters of branched Ct6· 

C24 tatty acids,. diglycerol monaallphatic ethers of branched 

Ct6-C24 alcohols, diglycerol monoaliphatic ethers of linear 

unsaturated Ct6-C22 alcohols, diglycerol monoaliphatic 
. ' . . 

ethers of tiJ1ear · saturated C 12-C 14 alcohols, sorbitan 

mono~ of linear unsaturated C16-C22 fatty acids. sorbitan 

monoesters of branched C 16·C24 fatty acids, and mixtures 

thel'eof; or (ii) a ci>mbination of a primary emulsifier having at 

least about 20'A. by weight of said ~lsifying components and 

a secondary · elllulsifier in a weight ratio of primary to 

secondary enl\Jlsifier of from about 50: 1 to about 1 :4. said 

secondary emulsifier being selected fi'om the group consisting 

of long cl1lm · · C 12-C22 dialiphatic, shon chain C 1-C4 

dialiphatic ciuatemary ammonium salts, long chain C12·C22 

dialkoyl(alkenoyl)-2-hydrox:yethyl, shon chain c 1-C4 

dialiphatic quaternary ammonium salts, long chain C12-C22 

t tlltlll tlllll lllll "Ill " IHI 
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dialiphatic imidazolinium quaternary ammonium salts, short 

chain C1·C4 dialiphatic, Jong chain C12·C22 monoaliphatic 
benzyl quaternary ammonium salts. and mixtures thereof; and 

2) a water phase comprising an aqueous solution containing from 0.2 

to 20~, ~referably ~m 1 to l 0%, by weight of a water-soluble 

elet:tre>lyte. preCer.t>ly calcium chloride; 
3) a volume to weight ...Uo of water phase to oil phase in the range of 

from 20: l to 125: 1, preferably from 40: l to 70: 1; and 

B) · polymerizina the monomer component in the oil phase of the water-in-oil 

emulsion to form a polymeric foam material that is capable of acquiring 

and distributing blood b~d fluids; 
C) washing the polymeric foam material to lower the level of residual 

electrolytes to less than 2% ; 

D) treating the washed foam with an effective amount of a hydrophilizing 

surfactant; 
E) dewatering the washed foam to a moisture content of 4Q11A. or less, 

preferably from S to 15%. 

11. The process of Claim 10 characterized in that the polymeric foam of step B) 

is sliced into a sheet prior to step C). 

12. The process of any of Claims 10 to 11 characterized in that said monomer 

component comprises: 
i) from SO to 65% by weight monomer selected from the group 

consisting of C4·C1-t alkyl acrylates. aryl acrylates, C6-CJ6 alkyl 

methacrylates, acrylamides C4-C12 alkyl styrenes, and mixtures 

thereo~ 

ii) &om IS to 40% by weight comonomer selected from the 

group consisting of styrene. ethyl styrene and mixtures thereof; and 

iii) &om 12 tol8% by weight divinyl benzene. 

13. The process of Claim 12 characterized in that monomer (i) is selected from 

the group consisting of butyl acrylate, hexyl acrylate, octyl acrylate., 2-ethylhexyl 

mylate, nonyl acrylate, decyl acrylate, dodecyl acrylate, isodecyl acrylate. tetradecyl 

acrylate. benzyl acrylate, nonylphenyl acrylate, hexyl methaCJylate, octyl 

methacrylate. nonyl methacrylate. decyl methacrylate, isodecyl methacrylate, dodecyl 

111111111111111111111111111111 
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methacrylate, tetrad~I methacrylate, · N-octadecyl acrylamide, p-n-octylstyrene. and 
mixtures thereof.· ·. 

14. The procesi of ariy of Claims 10 to 13 chai'acterized in that the emulsifier 

component comprlses a primary emulsifier having at least 70'.4 by weight emulsifying 

components select4'd· fi"olll the group . consisting of diglycerol monooleate, sorbitan 

monooleate. diglycerol monoisoste&rat~ and mixtures thereo£ 

I 111\11111111\ 1111111111111111 . · * • C .•. ·.:L . M S * 
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15. The process of any of Claims 10 to IS characterized in that the hydrophilizing 
surfactant is selected &om the group consisting of ethoxylates of C 11-C 1 s alcohols; 
ethoxylates of C 11-C ls fatty acids; condensation products of ethylene oxide. 
propylene oxide., and mixtures thereof having molecular weights greater than about 
2000; condensation products of propylene oxide and propylene glycol; sulfated 
alcohol ethoxylates: alkyl ether sultates: branched and linear alkyl aryt ethoxylates; 
silicone-glycol copolymers; and mixtures thereo£ 

16. The process of Claim IS characterized in that from 0.1 to S% of the 
hydrophilizing surfactant remains in the foam material after step D). 
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