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' normally hydrophobic polymeric foams into hydrophilic foams. The
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foams thus “hydrophilized" are suitable for use in absorbent
devices such. as diapers, adult incontinence garments, sanitary
napkins, bandages, and the like, which .are especially adapted for
absorbing various aqueous bodily fluids.
BACKGROUND OF THE INVENTION _
A wide variety of foam materials, or common “Sponges“, which
effectively absorb moisture are well-known in commercial practice.
Typically, such foams are open-cell structures and comprise
various cellulosic or polymeric materials. For example, various
polyurethanes and like materials have long been used to prepare
synthetic foams. As is known in the art, foam materials function
most ‘efficiently as absorbents for aqueous liquids when their

- surfaces are .substantially hydrophilic. 'However, many synthetic

20

foams are prepared. by the polymerization of organic monomers which
yield polymeric foams which are substantially hydrophobic in
nature. Accordingly, considerable attention has been given to
finding means whereby otherwise hydrophobic synthetic foaﬁs can be

~ rendered hydrophilic.

25

For example, it is known that some types of foams have been
prepared using certain selected monomers which, themselves, impart
at least some degree of hydrophilic character to the resulting
polymerized foam. Such monomers are’ then incorporated into the

basic structure of the foam network during the polymerization

30

35

process. -Unfortunate1y, the hydrophilic substituents present in
the monomers can undesirably modify the basic characteristics of
the resulting foam. Thus, while the resulting foam may have the
desired hydrophilic character, it may lose some of its other
desirable structufal features or performance qualities. 'Moreoyer,
such specialized, hydrophi1id monomers can be expensive relative
to standard monomers used to prepare fbams, and thus their use can

increase the overall cost of the foam.
I
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uctural T re r perf.ormance qualities. ver
Jatbeshistiff Aholasks ™ S iBRCex povdy feams axe Bt optimally
comfortable when used in close contact with human skin, as, for
example, in diapers and sanitary articles. _

In some instances, synthetic hydrophobic foams can be
rendered hydrophilic by incorporating small quantities of
surfactants into the foam matrix. - While this can render a foam
hydrophilic and quite useful for some purposes,

- surfactant-containing foams are not always suitable for use in

15
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prolonged contact with skin, since the surfactant can cause skin
irritation. In addition, some  surfactants, e.g., water-soluble
ones, can desorb from the foam and dissolve into the fluid being

absorbed by the foam. This can significantly chaﬁge the surface

tension of the fluid and dramatically affect the strength with
which it is held by the foam. _ '

The manufacture of hydrophilic foams for use as fluid
absorbents in sanitary articles, especially disposable diapers and
sanitary napkins, requires that the foams not only have superior
fluid-handling properties, but also be comfortable to the wearer
and safe when used in close proximity to human skin over prolonged
periods of wear. Moreover, it is important to the performance of

foams designed for use 1in diapers and catamenials that the

- fluidity properties of body fluids such as urine and menses not be

30

35

substantially affected by the hydrophilizing agent, such as -could
happen when some surfactants, e.g., water-soluble ones, are used
to hydrophilize absorbent foams. Accordingly, safe, effective,
economical means for hydrophilizing absorbent foams is of
substantial interest to the manufacturer of such items. The

present invention providés a safe and effective foam

hydrophilization method which meets the foregoing requirements.
_ BACKGROUND ART '
Lindquist; U.S. Patent 3,563,243; Issued February 16, 1971
relates to the use of oxyalkylene-substituted po]jhrethane foams

I
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to standard nononmers used to prepare foans, and thus their use can increase

t he overall t he f oan 2 In other processes, sone 068
: wo3lo41i3 L he | . p : een
Jtreated to:provide anionic substituent groups such as car box;%ﬁg{ﬁés%r 5

sul fonate noieties on their polyneric structures. Such anionic substituents
can be effective in hydrophilizing the surface of the foans, but, 5
<unfortunately, their utilization can result in 3oans that are rather stiff
and lack resilience. Such foans are not optimally confort?ble.mhen used in
cl ose contact with hihethiagRrs:, aee 3189 KaganjapanesenPatienpAnplicat 198 {12-433P63;
articles. In some i nghd©pen Septéndetial,h}adoophobi c foans can be 10

e o ooboneh BECIOG) PRpE Wile sBRA0Ld Sipiber 16, 10
and Haq et al; U.S. Patent 4,606,958; Issued August 19, 1986 both

5 relate to certain foams having carboxy and other anionic
substituent groups. '

Unilever; EPO Patent Application 299762; Published January
18, 1989 relates to the use of calcium.chloride in the manufacture
of high internal phase emulsion foams. _

10 . Kelly et al; U.S. Patent 4,985,467; Issued January 15, 1991
discloses a hydrophilic polyurethane foam comprising
superabsorbent material. This patent also cites the following
references relating to absorbent foams and/or other .absorbent
materials: U.S. Patents 4,104,435; 4,717,738; 4,725,629;

15 4,076,663; 4,454,268; 4,337,181; 4,133,784;" 3,669,103; 4,464,428;
4,394,930; 3,900,030; 4,239,043; 4,731,391 and Japanese 55-168104
(1982); 57-92032 (1982); also U.S. Patents 3,021,290; 3,171,820;
3,175,025; 4,359,558; and 4,521,544.

Barby et al; U.S. Patent 4,797,310; Issued January 10, 1989;

20 Edwards et al; U.S. Patent 4,788,225; Issued November 29, 1988 and

Barby et al; U.S. Patent 4,522,953; Issued June 11, 1985 all
relate to porous polymeric materials (foams), some of which
contain surfactants and which presumably are hydrophilic.
SUMMARY OF THE INVENTION T
‘The present invention provides a method for rendering
substantially hydrophobic polymeric foams suitable for absorbing
hydrophilic' liquids. In the first step of such a method, both a
certain type of surfactant and a solution formed from a solvent
such as water and a certain type of hydrophilizing agent salt are
~ incorporated into a polymeric foam material which is'substantially
~hydrophobic in the absence of added or residual hydrophilizing
agents. In a second step of the method herein, this treated
polymeric foam material is dried to remove solvent therefrom and.
to thereby 1leave incorporated within the foam material a
substantially uniformly distributed, hydrophilizing amount of both
the surfactant and the hydrophilizing agent salt. The surfactant
which is employed is one which is substantially water-insoluble

25
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hydrophilic and quite usef ul for sone pur poses,

surfact ant vy@8hal4aif9 foans are not al ways sui tabl e for use b&wlgfoggfd
| n.

.contact with skin, since the surfactant can cause skin 15

In addition, sonme surfactants, e.g., water-soluble ones, can desorb from
t he foam and dissolve into the fluid being absorbed by the foam This can
=significantly change the surface tension of theé $1-ui d” and dramatical | y

et e St N0t ey Sl WO R oy e
sanitary articles, espedifat|hyddophidsaingeaghingpsalts adchs ane tessgntiaplyi ewployed
requires that the foggs¢pal RRhdd hanee t%t‘p%ii%]Jg'ila'iﬂyhfieéjédtﬂﬁﬂe?r@:Dﬁfattieﬁspr
but al so be conf ortaBI &rto che \_‘vg]aurme.r and sage vvhe{; sussg%bl n cl csie pzﬁgr%gy
to human skin over pP¥TGiakte 53 30d pAresym falLts ro\Faf C1um; CEo
i nportant to the per fand nagoesioh ddanmbdedesi gned fo.r use in diapers and
o b hoet ot b STPLAREL G OO Uyt 0 vy il
coul d ~polymeric foam materials thémselves which™ are suitable for
. absorbing hydrophilic 1liquids.-. Such ~foams .have the above
. mentioned surfactants and hydrophilizing agent salts incorporated
10 therein in substantially uniformly distributed, hydrophilizing
amounts comprising at least about 0.05% by weight of the foam.
Such foams furthermore contain no more than about 50% by weight of
the foam of free water. :
_ BRIEF DESCRIPTION OF THE DRAWINGS
15 Figure 1 of the drawings is a photomicrograph of the
interstices of a typical hydrophilizable absorbent foam of the
present invention. '
Figure 2 of the drawings represents a blown-apart view of the
components of a diaper _structuré which has a dual layer absorbent
20 core configuration and which employs a hydrophilized absorbent
foam material as one of its elements. .
DETAILED DESCRIPTION OF THE INVENTION
The hydrophilization method of the present invention deals
with the treatment of polymeric foam materials which are suitable
for absorbing liquids into their foam structures. . Polymeric foams
. can in general be characterized as the structures which result
-when a relatiilely monomer-free gas or relatively monomer-free-
liquid is dispersed as bubbles in a polymerizable
monomer-containing 1liquid, followed by polymerization of the
polymerizable monomers in the monomer-containing liquid which
surrounds the bubbles. The resulting polymerized dispersion can
‘be in the form of a porous solidified structure which is an
aggregate of cells, the boundaries or walls of which cells
comprise solid polymerized material. The ‘cells themselves contain
the relatively monomer-free gas or relatively monomer-free liquid
which, prior to polymerization, had formed the "bubbles" in the
liquid dispersion.
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happen when sone surfactants, e.g., water-soluble ones, are used to

hydr ophi |1 zQy nt foans.® Accordingl y saf e, effect I ve, n cal
Jreans for hyd?g?)hl I'zi ng absorbent foanms i's of substanti al |%%§?’Wst he
manuf acturer of such itens. The present i nvention provi des a

safe and effective f oam hydrophilizati on nmethod which neets the

f oregoi ng requirenents. BACKGROUND ART Lindqui st§ -U. S. Patent 3,563, 243;

| ssued February 16, 1971 relates to the use of oxyal kyl ene-substituted
pol yur et hane foans 3 As) dgsepibed . masec ful o hepeaftonp pneterrehtpoiymeric foam

Application 02-23986g;tekfild P0EF)) SERt EHED Predent 19\9@&1&9%@ @Jog@' réﬂaﬁed by

Patent 4,612, 334; |ssued Septenber
4, 606, 958: Issued AU gper%g?nglgiggar&dfﬁ'lar %ype oq' l\;lat%r in- oﬂ’ emu]swn Such an

emulsion is formed from a vrelatively small amount ‘of a
5 polymerizable monomer_-con't'aining'oﬂ phase and a relatively larger
amount of a relatively monomer-free water phase. The relatively
monomer-free, discontinuous “"internal" water phase thus forms the
dispersed "bubbles" surrounded by the continuous polymerizable
monomer-containing oil phase. Subsequent polymerization of the
10  monomers in the continuous oil phase forms the cellular foam
structure. The aqueous liquid remaining in the foam structure
for'med upon po‘lymenzat'lon can be removed by pressing and/or
drying the foam. _ :

Highly preferred polymeric foam.materials for use in the

15 present invention are those prepared by polymerizing water'-"i'n-oﬂ
‘emulsions .containing certain .polymerizable monomers, such as
styrene, alkyl(meth)acrylates and/or divinylbenzene, in the oil
phase of such emulsions. The most preferred polymeric foam
materials of this type are - those described in the concurrently

20 filed patent application of DesMarais, Stone, Thompson, ‘Young,
Lavon, and Dyer having U.S. Serial No. 743,839} (P& Case
4451) entitled "Absorbent Foam Materials for Aqueous Body F'Iuids
and Absorbent Articles Containing Such Materials,” which
application is incorporated herein by reference. . Such high]y

25 preferred foam materials will generally have a pore volume of from
about 12 to 100 ml/g and a capillary suction specific surface area
of from about 0.5 to 5.0 mZ/g. These foams can be prepared from
water-in-oil emulsions wherein the water to oil weight ratio
ranges from about 12:1 to 100: l, more preferab'ly from about 20:1

30 to 70:1.

- Another common type of polymeric foam material useful in the
present invention éomprisés the polyurethanes. Polyurethane foams
are those prepared by reacting a polyisocyanate such as a '
diisocyanite with a hydroxyl-containing material such as a

35 polyether polyol in the presence of water and a catalyst. As the
polymer forms, the water reacts with the isocyanate groups to
cause crosslinking. Carbon dioxide is also produced, and this

5 iR




5 ~relate certain foans having carboxy and other anionic

S}fbst I tuent m#} ynilever; EPO Patent Applicati on 299762
January 18, reﬂates to the use of calcium chloride in thecﬁg%?aa ur e

of. high'internal phase enul sion foans. 10 Kelly et al; U S
Pat ent 4,985, 467; |ssued January 15, 1991 di scl oses a hydr ophi lic
spol yur et hane f oam conpri si ng superabsorbent®ématerial . Thi s patent

also cites the foll ow ng references 0o absorhent f and/ ar
ot her absorbent mat ericésé s foagjng. ﬁ#’tﬁ@ﬁ?’%t;’a% PHAOHSE- v'°ﬂ3?§el?’,ag?§jﬂs may
4,725,629; 15 4, Gil8p a@3emplonéd) a268 blawing7agestl; 4, 133, 784; 3,669, 103;

4,464, 428; 4,394, 930; 3, 9G4, 2@%2 & fodfls 04 3nctudiad. Se 2 F!afL?PéH‘efrsams herein
55- 168104 (1982); 57-92032 Pat ent s qjﬁl 29 . 820;

3,175, 025; 4, 359, 558; maar@d52ﬁr°ﬂ44p° B&Pwaé te gmatey-dn- teﬁ?&é‘?@)‘?’ 3Ry be
| ssued January 50 198N afi¥ely clobeivaelitedeior atelativelyPapeniceltled88n2ekaracter,

Bﬁﬁgeglf\b\iggge;l |29 190%%&?&1“9% RYwrttndl ;any/(ﬁ tl?eat&@éntél’tgzv?hi%ﬁ?;thlesééﬁqdwal1s
: or boundaries, i.e., the cell windows, are filled or taken up with
polymeric. material. The polymeric foam materials useful in the
method of the present invention are those which are relatively
10 open-celled in that the individual cells of the foam are for the
most part not completely isolated from each other by polymeric
material of the cell walls. Thus the cells in such substantially
open-celled foam structures have intercellular openings or
_ "windows" which are large enough to permit ready fluid transfer
15 from one cell to the other within the foam structure. _

In substantially open-celled structures of the type useful
herein, the foam will generally have a reticulated character with
the individual cells being defined by a plurality of mutually
connected, three dimensionally branched -webs. The strands of
polymeric material which make up the branched webs of the

- open-cell foam structure can be referred to as "struts."
Open-celled foams having a typical strut-type structure are shown
by way of example 1n the photomicrograph set forth as F1gure 1.
For purposes of the present invention, a foam material is
"open-celled” if at least 80% of the cells in the foam structure
are in fluid communication with at least one adjacent cell.

The pd]ymeric materials that form the foams which are used as
the starting materials in the method of this invention wil)
-generally be non-swellable in aqueous liqhids and will also
generally be substantially free of polar functional groups on
their polymer structures. Thus after the structures of such foams
have been formed, the foam structure surfaces comprise polyméric
materials which, in the absence of ‘any reswdual or added
surfactants or other hydrophlllzlng agents would be substantially

_-hydrophobic in character.

The extent to which polymeric foam materials are either

"hydrophobic™ or “hydrophilic" can be quantified by referencing

20
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relate to porous polymeric materials, (foans) sone of which contain

surfactants awbymﬁ_q,presunabl 'y are hydroph| lic. SUMVARY OF T%lléwggws OS\I

25 . The present- invention. provides a nmethod for
subst anti al |y hydrophobi c polynmeric foans suitable for absorbing
hydrophilic liquids. 1In the first step of such a nethod,. both a certain

type of surfactant and a solution formed froma sofvent such as water and a
certain type of hydrophil:izi agent sal n t into a olynerlc
foam material which is & Gbsﬁdggﬂ"g F SPSAQRr (‘}ﬁhb’lfltﬁg%f é’ SB%ndE @ ét"(fdé’dl“bra“
resi dual hydrophilizi nabagebte tedtn HhiquédondAdhesporof tedsdomet hodefimedi by the
this treated polyneric g material is dried to renove solvent therefrom
and to thereby Ileave ‘1ncorporated_ within the foam material a

substantially uniformy distridJted CAY& ophilizing amount of both the
surfactant and tBe hydrvmaheﬂnl KT ig a&gheSiors dbidsionhin dydidsgeh:ant which is

enpl oyed i's one which is subst a.r}t h?el ls}frmree{ens%rplo?bi Rest liquid absorbed by
the foam material in dynes/cm;
8 is the contact.angIe in degrees between the surface of
foam polymer material and the vector which is tangent to
10 the test liquid at the point that the test liquid
contacts the foam polymer surface.

For any given foam material, the adhesion tension exhibited
by'the foam can be determined experimentally using a procedure
whereby weight uptake of a ' hydrophilic test 1liquid, e.g.,

15 synthetié urine, is measured for a foam sample of known dimensions .
and capillary-suction specific surface area. Such a procedure is
described in greater detail in the TEST METHODS section

hereinafter. L
For purposes of the present invention, a particular foam
20 material is considered to be substantially hydrophobic if, in the

substantial absence of any added or residual surfactants or other

hydrophilizing agents, it exhibits an adhesion tension of less

than about 15 dynes/cm as determined by tapi]]ary'suction uptake

; of synthetic urine héving a surface tension of 65 ¥ 5 dynes/cm.
25 Conversely, a polymeric foam material is considered to be

reiative1y hydrophilic when it exhibits an adhesion tension of 15

; , dynes/cm or greater, preferably 20 dynes/cm or greater, as
! determined by capillary suction uptake of this same synthetic
urine. ' _ _

,30 ' In a first step of the method herein, a substantially

hydrophobic polymeric foam is treated so as to incorporate into
the foam material both a certain type of surfactant and a solution
comprising a particular type of hydrophilizing agent which is

~ dissolved in a suitable solvent. The surfactant which ‘is
“incorporated into the foam material can comprise any substantially
water-insoluble, mild, relatively non-irritating surfactant
compound which tends to enhance the wettability of the polymeric

35
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4.,and is mild and .relatively non-irritating to the skin. The specifie

bydrophi i zigag salts which are essentially enployed in this nethod
.are the tOX|co?og|caIIy accept abl e, hydrated or hydratable cd/URPHAEHSS
magnesi um salts such as calciumchloride 5 | and magnesi um chl ori de.

The present invention is also directed to hydrophilized polyneric foam
‘materials thensel ves which are suitable for absgrbing hydrophilic
liquids.- Such foans have the above nentioned surfactants and

hydrophi |'i zi ng "agentsustddes withowpirhat #d 50 contactiedened mntpnwhmjbsttamiayabéy

uni formy distributg omba'dr@,péu umsaaa@uasrs iRl k&9 eafammansoﬁﬁ%ﬁ

0. 05% by wei ght of the foam Such urt re confain no nore

about 50% by wei ght fgfﬁf I'Pé:‘?o%ﬁﬁeB? f’? ggi,‘,)gﬁegp I’EFaE)\?ISGQF?’ﬁ AQdoeopgey-

DRAW NGS ~ethylene (POE) fatty acids and esters. Examples of surfactants of
5 these types include TRIODAN® 20 which is a commercially available

. polyglycerol ester marketed by Grindsted and EMSORB® 2502 which is
a sorbitan sesquioleate marketed by Henkel.

- Especially preferred are the sorbitan fatty acid esfers such

as sorbitan monolaurate (SPAN® 20), sorbitan monooleate (SPAN® 80)

10 and- combinations of sorbitan trioleate (SPAN® 85) and sorbitan
monooleate (SPAN® 80). One such particularly preferred surfactant
combination comprises the combination. of sorbitan monooleate and
sorbitan trioleate in a weight ratio greater than or equal to
about 3:1, more preferab1y greater than about 4:1.

15 Another particularly preferred sorbitan fatty acid ester is,
as indicated, sorbitan monolaurate (SPAN® 20). Sorbitan
monolaurate is, in fact, so beneficial in imparting hydrophilicity
characteristics to absorbant foams that its use as a hydrophi-
lizing agent is the subject “of the separate, concurrently filed

20 u.s. patent app11catlon of DesMarais and Stone, having Serial No.
743,333, (P&G Case No. 4455), which application is incorporated
herein by reference. This sorbitan monolaurate material is
accordingly highly preferred for use as the surfactant material to
be incorporated into the foams herein ‘in the context of the

25 present invention.

The surfactant materials of the foregoing type can be incor-
porated into the foam materials herein by any suitable means which
will result in the surfactant(s) contacting the polymeric surfaces
of the foam material. Most preferably, this can be brought about

30 by employing the surfactant material(s) as a component in the
process which is used to prepare the foam materials herein. For
‘the preferred foams herein which are prepared by polymerizing
water-in-oil emulsions, the substantially water-insoluble sur-

. factant materials can be added as emulsifiers to the monomer-

35 . containing oil phase of such emulsions. In this manner, the
surfactant materials perform the dual role of stabilizing the
emulsions to be polymerized and écting as residual hydrophilizing

[

Has Been Replaced

T



15, Figure 1 of the drawings is a photom crograph of the
I pterstices QJ 2 : p_li cal hydrophilizabl e absorbent foam of the present

invention. Figure 3f the draw ngs represents a blomm-apart.JT §92/P6655

coyrponent s of a diaper structure which has a dual |ayer absorbent 20
core configuration and which enploys a hydrophilized absorbent foam
material as one of its elenents. DETAILED DESCRI PBl ©N OF THE | NVENTI ON The

hydrophi lization method of the present invention deals with the treatnent
of pol yneric foam mat e#9eats Wickcontactsand pretersbly coat the pabwwerie syrfaces of

| ihqui ds int Odt hei rhf Oaghes tfiolfi t ytm_tu-r;]fdfxmlerttﬁsf QOFECtaRd iy g?m@d.al SuPRictant
monomer <1166 gas  or rIAETIYE ComERoHided b, bhe' 85 hmg 1 4B1E welPastprnta iningsott
bubbles in a polphesei tatthe extraterf cHremapbautg0.5% doi @0% tyomeiabddof bihe
pol ymeri zation 50f the,pRewiFTRE1eZ Abhder RIIRFRNS i Rhe (1T pHARENET - CcONnt ai ni ng
liquid which surrounds the Bubhlce, "The [S3uldnf 9RO IR 588 & TRE et
" invention can be introduced or reintroduced into the foam material

which contains no surfactant as made or from which residual

surfactants have - been  removed. Such  introduction or

10 reintroduction of surfactant can be carried out by treating such

foams with an appropriate surfactant solution or suspensioﬁ.
Thus, the water-insoluble. surfactants useful herein can be’

dissolved or dispersed in a suitable solvent or carrier such as

isopropanol,  and the resulting solution or suspension can be

15 contacted with the foam material to be treated therewith. In this

manner, the surfactant materials can be incorporated into the

interstices of the foam structure.

The surfactant materials used in the present invention are
genera11j incorporated into foam materials in amounts which, in
conjunétion with the hydrophilizing agent salt component, impart
suitable hydrophilicity characteristics to the foams-so treated.
Frequently such amounts of incorporated surfactant will range from
about 0.5% to 20% by weight of the polymerized foam material, more
preferably from about 1% to 16% by weight of the polymeric foam
material. : | _

As indicated, the first step of the method of the present
invention also involves the incorporation into the foam materials
herein of a certain type of hydrophilizing agent salt solution.
The essential component of such a hydrophilizing agent salt
solution is a hydrophilizing agent salt which is selected from the

~ toxicologically acceptable, hydrated or hydratable calcium and
magnesium salts. ' ' . '

Nonlimiting examples of the hydrophilizing agent salts useful
herein include hydrated and -hydratab1é materials such as the.
following: calcium tartrate tetrahydrate; calcium thiosulfate
hexahydrate; calcium- chloride 'hexahydrate; ‘calcium chloride

tetrahydrate; - calcium citrate tetrahydrate; calcium bromide

20
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be in the formof a porous solidified structure mhlch i's an aggregate of

egells thev$2 g%g fﬂ;cw wal I's of which cells conprise sol i d, Pg d
mat eri al . e ce s thensel ves contain the relatively nDnone ree 8% or

rel atively nmononer-free |iquid which, prior to polynerization, had formed
the "bubbles". In the liquid dlsper5|on 5 As described nore fully
- hereafter, preferred polyneric foan1nater|als udBful in the pr esent

wator i iror ] et o o rateny NG onbrRgad DRFkSHARE; YERCTln ., syisase
smal | anount  of ad5hydrate;po| yrgﬂeszmbl emtbnMptht Achahygrate; pmgeesanml
a relatively larger ggpyn e Eerﬁah?&ﬁ&bveﬁé@nﬂpﬂ&”@méﬁ@@ W&Bﬁidrﬂms%agﬂ_&fium _
relatively nononer- freg ¢ OQ AQPOES | it er pal %P%er Ep% 8 t rng -
t he citra e pentahydrate; magnesium iodide -ottahydra e, magnes1um

5 - sulfate heptahydrate; and magnesium salicylate tetrahydrate.
Preferred hydrophilizing agents herein include hygroscopic or
deliquescent salts such as the following: calcium chloride,
calcium bromide, magnesium chloride and magnesium iodide.
Mixtures of these salts may also be employed. '

10 . The calcium and magnesium salts used in the present invention
should, of course, be toxicologically acceptable. Toxicologically
acceptable salts are those which present little or no risk to-
humans or animals if they are accidentally ingested or inhaled in
amounts which might be encountered during use or manufacture or

15 after disposal .of the hydrophilized foams herein. Thus, for

example, hydrated magnesium_arsénate might very well provide foams
of suitable hydrophilicity. This salt, however, is toxic if
ingested or inhaled and would therefore not be encompassed within
the scope of the present invention.

The hydrophilizing agent salts as hereinbefore described w111
generally be dissolved in a suitable solvent to form a solution
which can be incorporated into the polymeric foam material to be
treated in accordance with the method herein. Water is the
preferred solvent for use in preparing this treating solution, but
various alcohol or watér/alcoho] solvents can also be employed.
The hydrophilizing agent can be ihcorporated into the solution at
any convenient concentration. Typically, solutions containing
from about 1% to 10% by weight of solution.of the hydrophilizing
agent are used, ‘but higher concentrations, and even saturated
solutions, can be employed. When calcium chtoride is used as the
hydrophilizing agent, it is generally employed-in aqueous so]ution
at a concentration of from about 1% to 5% by weight. '

As with the surfactant, the solution containing the
hydrophilizing agent salt can be incorporated into the structure
of the substantially hydrophobic polymeric foam material by any
convenient procedure which will result in the solution filling a
- _ significant number of the cells within the. foam. Most preferably,
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di spersed "bubbles" surrounded by the continuous polynerizable

faononer - conglggymlpl | phase. Subsequent pol yneri zation of P%Jgéﬁ’bg,%&
. mononmers in the continuous oil phase fornms the cellul ar -

structure. The aqueous liquid remaining in the foam structure fornmed upon
pol ynmeri zati on can be renoved by pressing and/or drying the foam Highly
“preferred polymeric foammaterials for use in “tHe-15 present invention

are those prepared. b 0 wa n i | mJI sl,ons. ¢
-certain pol ynerizabl ghﬁso %ﬁr’TrS’Fsg &&th g X/raé:ﬁga &l W]?-Yr’é‘tghﬂéf Fﬁg?@glzmg
and/ or divi nyl benzenagenti sotutdomiin phagprocess whichh isemséditonprepard the fuemt

Phe conour ront 1y 20" sERREI! ARk ° fﬂipfﬂ“?%%ﬁg" ofFRsoR et | SRFChAdntor
Thonpson, Young, La%egnesiyy sﬁi/) may RE g §° thee water Iﬂzaseﬂf’f gagter-in-oil

(P&G Case 4458 enti eheidid d\bmwﬂbeuttd%anudwt to ipreparfeot heAgutymes i BFdym.F| Wheks
and Absor bent Artéﬁ%esan e Qtu?ﬂ %ngubgéuﬁg}*tlygﬁoqghﬂﬁgd th\é’hﬁcﬁﬁf cellular

application is inc orat e her ¥
: - structure of the foam will be formed around res1dua] water phase

material -having the des1red hydroph1llzlng agent salt dissolved

therein. ' '

10 . Alternatively, foams made without any hydrophilizing agent
solution used in their preparation'process may, after formation,
be treated by repeated contact and washing with an appropriate
solution of hydrophilizing agent salt to thereby incorporate the
solution into the foam. Such treatment of foam materials which

15 are substantially hydrophobic as formed may be difficult, however,

because. hydrophilizing agent solutions, which are frequently
aquebus, may not be readily absorbed into hydrophobic foams. In
such instances, it may be necessary to force hydrophilizing agent
solution into the foam structure by app]icatidn of pressure or by
means of repeated washing and/or foam squeezing steps. It may
also be nécessary, for example in the case of relatively large
cell (> 90x) hydrophobic foams such as polyurethanes, to employ an
alcohol or water/alcohol solvent for the hydrophilizing agent in
order to realize acceptably wuniform distribution of the
hydrdphiIiiing agent salt within the foam structure.

It is, of course, possible to employ a combination of the
foregoing techniques for incorporating hydrophilizing agent salt
solution into the foam structure being treated. Thus, for
example, a portion of the eventda]]y desired hydrophilizing agent
salt may be incorporated into the process liquids used in the
preparation of the foam. After formation of such a foam,

. additional or replacement . hydrophilizing agent salt may be

inﬁorporated during subsequent post-formation treatment, e.g.,
washing, of the foam with hydrophilizing agent solution.

In a second process step of the method herein, the polymeric
foam material, with its incorporated §urfactant and incorporated

- ' solution of hydrophilizing agent salt, is subjected to drying'

I
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25 | preferred foam materials will generally have a pore volune of from

@bout 12 tay : and a capillary suction specific surface area of from
. about 0.5t oégaf) /é:?r] These foams can be prepared from waPET/Y§P26655

emul si'ons -wherein the water to oil weight ratio ranges fromabout 12:1 to
100: 1, nore preferably from about 20:1 30 to 70: 1. Anot her comon type
7 of poI ynmeric foam material useful in the prese‘nﬂzrnvent I on conpri ses the

ose re reacting a
D oL b red Bl oFR SRl o ea itighi1 21
material such ~as agemt saltpebhdtibrer Poyirg can béiceffeetendsy Qfir)akeat, agd
a catalyst. As the lﬂn%\‘/d?ﬁ(/efﬂfegﬁnenih@r t%idéreﬂﬁﬁv% Wt}nlaltngeethog g&r}\gts%mes
groups to cause cros%l nri‘(elmgge the so?vent,oxllaute Im?i: aexcesswe amounts of the
5 hydrophilizing agent salt itself, from the foam structure.

It would be possible in accordance with this invention to
completely remove from the foam solvent which has been used to
deliver the hydrophilizing agent salt into the foam. Such
corﬁp]ete removal of the solvent by the q-rying step would leave

10 fine particles of the hydrophilizing agent salt deposited onto the
foam surfaces. It will be appreciated from the discussion
hereinafter that foam treated in this manner might be described as
"over-dried" because, upon complete drying, the hydrophilizing
agent salt loses its waters of hydration. Accdrdingly.', the

15 resulting foam appears to be hydrophobic. However, in the

presence of relative humidities above about 40%, the hydrophilic
surface of such completely dried foam will ‘be restored. More
preferably, the -foam should not be 'd'ri.ed completely to such a
state. Rather, the drying conditions will preferably. be adjusted
such that the hydrophilizing agent salt retains its waters of
hydration, and, as such, the resulting foam is hydrophilic
as-made. Frequently, solvent will be removed from the foam
structures treated by the method herein such that residual
solvent, e.g., free water, in the foam comprises no more- than
about 50% by weight of the (dry) foam, more preferably no more
than about 10% by weight of the (dry) foam.

It will be appreciated that the amount of hydrophilizing
agent salt introduced throughout the foam network and onto the
surfaces of the network structure of the foam via the instant
method can vary, according to the degree of hydrophilization
desired and according to the effetti_veness of the hydrophilizing
agent salt chosen. For example, with truly deliquescent
hydrophilizing agent salts, a smaller proportion may be needed for
satisfactory . results. With salt materials that form Ilower
hydrates, somewhat more of the hydroph1hz1ng agent salt may have
to be used. In general, the object of the present mventwn is to
mcorporate a hydropmhzmg amount of the surfactant’ and the
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causes foamng. Trifluoronethane or other volatile materials nmay also.be"
enpl oyed as Loy agent. Polyneric foanms, including t _ d.
.féoams 'herei‘ﬁogr@g’y}gd from polynerizable water-in-oil ?ﬁg@{s@%@k&%my
be 5 relatively closed-celled or relatively open-celled in character,
dependi ng upon whet her and/or the extent to Mhiﬁg' the cell walls or

t

cboundaries, i.e., the cell windows, are filled

aken up with polyneric

oLt el T POLYTEE e AR AL S90L g B TR e LS R

i nvention are those wH

en- cel

i ndi vidual cells of tker perpeses off thist ievendien,pspeh wot anaynp| eaneby defdhed ad
- from each other by poips¥erqusnialelofalsupfactant Cahd YRl &lcithUnd ) Cidghsiuh

such substantially open- led .~ foam . structures v i ntercel | ul ar
openings or "w ndom‘aqﬁ/zﬁcﬁﬁh‘ihe Y"zq"géhs"eﬁ(ﬁﬁ aTs fﬂ@?-ynﬁvdF%}’Sgy Rroyides a foam
transfer 15 5 fronthateextablits ant adhesidnetensioni of tateléasdmabdutud b udymes/imn, -

substantially open- cednleggracbt]?
a retlcurated character

will generally have

10

15

20

25

30

UGt URESstOfatholl® 2UPByMSPEM] LT Bitermidid T30 Phe
capillary suction upta:e at\N5§JE. of synthetic urine héving a2
surface tension of 65 * dynes/cm. L

Typically, the dried foam will comprise at least about 0.05% _

by weight of the surfactant plus the hydrophilizing agent salt.

When using materials such as calcium chloride, the foams will

generally contain from about 0.1% to 7% by' weigﬁt of the
hydrophilizing agent salt based on the weight of the foam
material. Higher levels can be used, but it should be appreciated
that excessive amounts of the hydfophilizing agent salt will not,
in general, serve any useful purpose and~may cause the resulting

foam to shed dusty particles due to an overloading of the dried

hydrophiljzind agent'salt.

It will be appreciated ‘that for the surfactant and the
hydrophilizing agent salt to be éffective in imparting hydrophilic
characteristics to the foam being treated therewith, both the
surfactant and the hydrdphilizing agent salt must be ‘'substantially
uniformly distributed within the internal structure of the foam.
If the surfactant and/or the hydrophilizing agent salt is
deposited within the foam only in discrete discontinuous zones,
such as may happen for example if the surfactant or hydrophilizing
agent salt solution forms beads or droplets within the foam
structure formed by the polymeric struts, then the full foam

hydrophilization effect providéd by the method herein may not be

realized. .
Treatment of polymeric foam materials in accordance with the
method of the present invention renders =such foam materials

" suitable for absorbing hydrophilic liquids. While not limited by

35

theory, it appears that the surfactant and the specific
hydrophilizing agent salts used herein, in fact, do not chemically
interact with the foam_po]ymer material. Rather, it appears that
the hydrophilizing agent salts herein function by simply providing

(RO
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the individual cells being defined by a plurality of nutually connected,

three di nenay@waldgy1Pr anched webs. The strands of 20 : I Ce
.material which nmake up the branched webs of the open-%@f)lﬁég?)éggﬁs

structure can be referred to- as "struts." Open-celled foans having a
~typical strut-type structure are shown by way of_ exanple in the
’photopjcrografh set Ior;hlas Fi gure 1.|For py;pogbf of thgwprﬁseﬂt I

I nvention, a foammaterial .is "open-celled" ,if .at |east . of, 1 ell]s,in
the foam structure ar @°+%"??'%i?focﬁgﬁﬁnPtaS¥6WW? h"?;l'?*s" E\Vstg’(ﬂg'%{ﬁfgcé*]t the

cel . The polyneric maueficel soft hthe f doam.t heAs oanntedhi divans e treatbdaswithe the

starting mterials i fyaRgnRENR agft salS herBHPRiahOfe Wovkrdiaea” Byl renditng
non-swel l able in aqueous Ihﬂgl 3 %nd |1 égsp %g geEeraII¥6Ee
substantially free of WatATaft byfrat il "°'br%p_§ab t Weithe n69afer Sih, QieNgried

Thus after the 3truct foam ef1istieh ippeas tvabe HydesphobicredHowever f sach foams can

structure surfaces corpr ' e 3 s\whi £h 4t

[ A/ TChidh MR EnvaWEi;/ e oo trRgsordBRP 166t

! é}}%a@
of any residual or Tatded sur or er hilizing age
woul d be substantial | period of time, whereupon their hydrophilic character can be

cdnsiderab1y restored.

In environments wherein the foams herein are to be .used,

10 particularly in sanitary pads,_diépers, and the like, the humidity

close to the body or in contact with the skin is nearly 100%.

" Foams treated in accordance with the method herein with hydrated

or hydratable hydrophilizing agent salts retain (or have restored)

their hydrophilic character in the presence of the water. Thus,

15 in-use, the hydratable salts can fully hydrate or re-hydrate,

either because of humidity in the air or because of the humidity

provided by the close proximity with the body. In this manner,

suitable hydrophilic foams useful for absorbing aqueous body

fluids can be provided. Whatever the mechanism, the hydrated or

hydratable hydrophilizing agent salts herein, in combination with

the surfactant component, function in the desired manner to

provide such hydrophilic foams without certain of the disadvan-

tages hereinabove mentioned with regard to other means for hydro-
philizing otherwise hydrophobic foams. —

_ The hydrophilized foam materials of the present invention are
especially useful as absorbents for aqueous body fluids in .
absorbent articles such as diapers, incontinence pads, catamenial
" products, and the like. The hydrophilic character of such treated
absorbent foams permits such materials to readily accept body
fluids such as urine and menses into their foam structures.
Hydrophilized foam materials will in general exhibit desirable
fluid transport, e.g., wicking, properties for aqueous fluids such
as body fluids so that absorbed Tiquid 'can be moved within the

material from one region of the absorbent foam to another.

The rate at which a polymeric foam material will wick, and
especially vertically wick, aqueous fluid can, in fact, be used as
a screening test to measure the extent to which a given polymeric

T
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hydr ophobi c in character. The extent to which polyﬁeric foam materials are

£ither "hyowophmalss. or “hydrophilic" can be quantified by r ' 7
. the "adhesion tension" exhibited by such foans in contact Wtﬁﬁfél?}ﬁ@ﬁ)dﬂ@ss

absorbable test [|iquid. Adhesion tension is defined by the fornula
5 wherein AT is adhesion tension.in dyneﬁacnl [err] is the surface
*tension of a test- l'iquid absorbed by the foam terial in dynes/cm [err]

is the contact anglerj.n mﬁ@érﬁ‘if Rf& ereeﬂ P&?deig& Rydrophifigam VQJtYErﬁr Jicking

material and the vector
liquid at the poitate eamtbe tdﬁéeml‘% b-VI PERsWr ipgntheclgngthe Woﬁmep&!hy‘?ﬁerﬁ

surface. test strip of foam of specified size takes to wick a colored test
fluid such as synthetic urine up a'specified vertical distance
5 ~ (e.g., 5 cm for foams that will wick fluid that far).. Such a
method for determining Vertical Wicking Rate is set forth in
greater detail hereinafter in the TEST METHODS section.
An even simpler screening test 'useful fpr determining
_ relative hydrophilicity of treated foam samples involves
10 measurement of foam sample sink time. In such a test, foam
" -samples are dropped into a beaker of aqueous test fluid, e.g.,
synthetic urine, and the amount of time taken for the samples to
sink is recorded. Shorter sink times are observed for samples of .
‘greater hydrophilicity. A typical sink time test is described in
15 greater detail hereinafter in the TEST METHODS section.
In'describing'the present invention, certain eharacteristics
of absorbent foam materials are set forth. Where reported these
characteristics can be determined using the following test fluids
and test methods. :
I) Test Fluids and Foam Sample Preparation
A) Test Fluid - Synthetic Urine :
Severalpof the measurements described in the tests herein
jnvolve the use of a test fluid such as synthetic urine or
".ethanol. The synthetic urine utilized in the tests described
hereinafter is made from a commercially available synthetic urine
preparation manufactured by Jayco Pharmaceuticals (Mechanicsburg,
PA, 17055). This Jayco synthetic urine made from the preparation
comprises KC1, 0.2%; Na2SOs, 0.2%; NH4H2P04;'0.085%; (NHg ) 2HPO4,
0.015%; CaCl2*2Hz0, 0.025%; and MgCli2*6H20, 0.05%. (weight %'s)
The synthetic urine samples are prepared according to the label
instructions. using distilled water. - To aid dissolution, the Jayco
salt mixture is slowly added to the water. The sample is filtered
if necessary to remove any particulates. Any unused'synthetic
urine is discarded after one week. To improve visibility of the
fluid, 5 drops of blue food color can be added per liter of
synthetic urine solution. The Jayco synthetic'urine utilized has
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a hydrophilic test |liquid, e.g., 15 synthetic urin
for a foam sanpl e of known di nensions and capillary suction specific

“For any given foam material, the adhesion tension exhibited by the foam can
be determ 98,  mental |y using a procedure whereby weight ' uptake of
PP 25Rets FCTSRecd

surface area. Such a procedure is described in greater detail in the

"TEST METHODS section hereinafter. For purposd$ of the present invention

a particular foam 20 material is considered to be substantially
hydrophobic if, in théeusfassttension ofitfdetic dyresd{a®. added or resi dual

surfactants or other hyd)optidainzSangle@Pebpsratiod €xhi bits an adhesion

tension of |ess than abayt 7 d i ned |11 ary suct |
uptake of synthetic uri nitenddl RS SAMGTen T LGToR thd dierfitsy Weaaccketn

25~ Conversely, teats piivpher ithe preparationcrndl testing ofnSoaier sahpléso ofbe
relatively hy8irophilgaet @i i peBifVell §528N FHERS irgin (SRR 1&”8?f the esYrE
or greater, preferabl,y 20 dynes/cm or 'gorea]ter, abs]d ter Pe by capiflary
suction upt ake of trﬁ'éesé%'xgyﬁfhéﬁ cfrom larger blocks of foam using a sharp

m

reciprocating knife saw. Use of this or equivalent type of foam

cutting device serves to substantially eliminate foam sample edge
_ flaws which could have adverse impact on certain of the
10 measurements made in carrying out the test procedures'hereinafter
set forth.
Sample size specification also includes a dimension for foam
sample caliper or thickness. Caliper or thickness measurements
“ for purposes of the present invention should be made when the foam
15 sample is under a confihing pressure of 0.05 psi k350 Pa).
11) Adhesion Tension Determination L
The adhesion tension exh%bited by hydrophilized foam samples
which imbibe test fluids via tapillary suction is the product of
the surface tension, v, of the test fluid times the cosine of the
contact angle, 8, exhibited by the test fluid in contact with the
interior surfaces of the foam sample. Adhesion tension can be

20

determined experimentally by -measuring the equilibrium weight -

uptake by capillary suction exhibited by two test samples of the
same foam using two different test liquids. In the first step of
such ‘a procedure, specific surface area of the foam sample is
determined using ethanol 2s the test fluid. The specific surface
area so determined is then used as one factor in experimentally
determining adhesion tension by measuring-capillary suction uptake
of a second test fluid, synthetic urine.
R). Specific Surface Area Measurements
Capillary Suction -Specific surface area of the foam
absorbents emp1pyed in the invention herein can be determined from
the equilibrium weight uptake of a test liquid of known low
surface tension. In this instance, absolute ethanol (flash point
is 100C) is used. ' .
To conduct the test, a tared foam sample strip of suitable
dimensions (e.g., 25 cm long x 2 cm wide x 0.8 cm thick) is

25
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urine.

30

Ina first step of the nethod herein,

Substantlahhyggxﬂiﬁphoblc polymeric foamis treated so as top gP o te
Tnto the foammaterial both a certain type of surfactant and

conprising a particular type of hydrophilizing agent which is dissolved

a suitable solvent.
: the foam nmaterial can conprlse any substantlafﬂ] wat er -i nsol ubl e, mld,

relatively

The surfactant which is 3 i ncorporated into

non-irrit

surfa t co und ch tends to enhance
the wettability of t%@ai) tod Ab 22 ¥ 2%, 1L RRSTRTD ‘(NH?'E:‘HCP Y; ¥nd; ghoneand
and onto which it nuis bmmdspdsntzm mtrSua:hresarﬂacrt aft $heaethangl udéng for1ab
exanpl e,

pol yoxy-

sorbitan f
et hyl ene (

5

- §( b de RG] Sis RANYAY 167 Rl ygt ¥n@tdin St ApS18 s

fatty acl ds an 5 sur t
equilibrium height which should be less than the sample length.
The ethanol-containing strip is then weighed while still touching

the reservoir to determine the weight of total ethapol uptake.

- During this procedure the sample should be shielded to prevent
~ethanel evaporation. -

10

15

20

Specific surface area of the foam sample can be calculated
from the following formula:
' S¢ = MeGLp
MnYe
where Sc = capillary suction specific surface area in cm/gm; Me =
mass of 1liquid uptake of EtOH in gms; & = the gravitational
constant which is 980 cm/sec2; L, = total length of sample in cm;
Mp = mass of dry foam sample in gm; and 1e = surface tens1on of
EtOH which is 22.3 dynes/cm.

‘B) Adhesion Tens1on_HeasUremgnt§ _
The capillary suction uptake procedure used as described

to determine specific surface area of the foam 's_ample is then
repeated on other samples of the same foam in identical manner to
the ethanol procedure except that JAYCO synthetic urine is used as

“the test fluid and the test is .carried out at 379C. Contact angle

25

of the syhthetic urine can then be calculated as follows from the
known specific surface area and the synthetic urine ubtake data:
cosy = MyGLy '
MNTySc

where 8y = contact angle of Jayco synthetic urine in degrees; My =

30

mass of liquid uptake of Jayco synthetic urine in gms; G =
gravitational constant which is 980 cm/sec; My = mass of dry foam

sample in gm; Ty = surface tension of JAYCO urine which is -65

35

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

When a surfactant is present (for example, residual
emu]sifief.oh the foam sample surfaces and/or in the advancing
test liquid), characterization of the advancing liquid front is

n:
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5; t hese types include [err] 20 which is a conﬁercially avadi l abl e

Qol yol ycerow(fg%t%tgar keted by Gindsted and [err] 2502 V\:h![ ﬁg'dﬁlg%zf&'ﬁ?gtan

. sesqui ol eat e nmar ed by Henkel . EspeC|aIIy preferred are

fatty acid esters such as sorbitan nonolaurate [err] 20), sorbitan

nonool eate [err] 80) 10 and conbinations of sorbitan trioleate [err]

»85) and sorbitan nonool eate [err] 80). One such8particularly preferred
surfactant conbination ¢ i ses, the nb nati on of, sorhitan ooleate and

sorbitan triol eate |r¢e§"\)€g)é¥ltapf’b¥‘"8 h@F“f’h&ﬁ"’Gr"“ {fﬁél e°£"6 out 3:1,

nore preferably greater than aboutAM-&MTq : Anot her partlcularly

preferred sorbitan fatty acid ester i SINSs i ndi cat ed, sorbitan

~monol aurate  [err] 2Qkain S@; bdhteaaagzom@la\hr%et Piquid {Aeh upS(By the foan
beneficial in inparting %

city ch cterlstlcs t bsor.ban
that its use ak a hydrRBpH '-aP 'ng nt 3% GHE‘SﬁBJ@%?‘@FSPﬂ%d§g Fatggge
concurrently filed 2ModgsonUafd Bpeg, ed_ggb_b_.]_ﬂ_nhu_o_m_o_ﬂ_tﬂs)_wms pan22-3i dne,
having Serial No. [err] . ;(B&Gfnffg AheéibnotensiBh Forafy bHrhi Q3ti Fiquid, no

I ncor por at ed .
assumption is made of the numerical value of the surface tension
at any point in time so that possible changes in surfactant
10 concentration on the sample surfaces and/or in the advancing
liquid during wicking are immaterial. The experimental value of
adhesion tension (y cos@) is_eshecia]]y useful when viewed as a
percentage of the maximum adhesion tension which is the surface
tension of the test liquid (e.g., the maximum adhesion tension
15 using JAYCO synthetic urine would be [65 * 5] [cos 00] = 65 + 5
dynes/cm).
IT1) Vertical Wicking Rate Determination
Vertical wicking rate is a measure of the ability of a dry
, foam to wick fluid vertically from a reservoir. The time required
20 for the fluid front to wick through a 5 cm vertical length of a
' strip of foam can be measured to give a vertical wicking rate, at
least for foams that have equilibrium vertical wicking heights
‘greater than 5 cm.
Jayco synthetic urine colored with blue food coloring is used
25 in the following method to determine vertical wicking rate. In
this test procedure, the materials are equilibrated at 229C., and
the test is performed at the same temperature.
1) Sample Preparation
i) A strip of foam approximately 25 cm x 2 cm x 0.8 cm
30 is prepared as in the Adhesion Tension test
' hereinbefore ‘described.
.ii) A fluid reservoir is placed on top of a lab jack
and the foam sample is clamped at one end so that
it is suspended vertically over the fluid
35 _ reservoir.
iii) A ruler is clamped next to the foam sample so that
the bottom (0 cm) of thé ruler is about 1 - 2 mm
\_
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herein by reference. This sorbitan nonolaurate rmaterial is

accordi ngl y oy Jareferred for use as the surfactant materi

.incorporat eﬁ??)gﬁ% e foans herein in the context of the 25 ﬁér/%’rggg@% S5

i nvention. The surfactant materials of the foregoing type can be incor-
porated into the foammaterials herein by any suitable nmeans which wl|
sresult in the surfactant(s) contacting the polyd®ric surfaces of the foam
material. Most preferably, this can be brought gbqut 30 by enpl oyi ng
the surfactant material (s) as a cﬁ?ﬁ%ﬁ@ﬁtbmgmﬁﬁea}irﬁ%éa%"%h is used to
prepare the foam material s heii rthe Fhridt iresgrvefreriseflilflednsbouer 8y4€ folhi oliith
are prepared by polynerizing wat e Qi S stantially
wat er -i nsol ubl e sur- factant mat _?rhlea .se(a(_:%rY"lr&Eg{'gdg@ ea%ﬁgﬁﬁ sifiers to the
nononer - 35 cont ai ni i) oiVertifsdskicking Kak%h enul sions. In this manner,

t he surfact an_t5mat erial's perfyrminee réservoivl 8 Ghisddalapl tai tke thrtemUSitABS
to be polymerized and acting as rﬁasé}ndsua"linlplgywdl'iﬁ)ptmel‘ia% ggck. .A timer is started
| . as soon as the fluid touches the bottom of the foam

~ sample. _
: ii) The reservoir is immediately raised until the
10 ‘1iquid just touches the bottom of the ruler. The

Tab jack may need to be adjusted to keep 1 - 2 mm
of the sample immersed, and the sample should be
shielded to prevent evaporation.
, 'iii) The time it takes the fluid front to reach 5 cm is
15 ' recorded. For comparison purposes the times for
' the fluid test to reach 2. cm and 10 cm are also.
recorded if the foam sample has wicking
characteristics such that the test fluid will wick
©+ that far.
20 Iv. Sink Time Determination
' Cylindrical foam samples 1.125 inches (2.86 cm) in diameter
of any suitable thickness (e.g., 0.8 cm) are cut from larger foam
pieces. The cylindrical samples are dropped from a height of 2-3
inches (5-7.6 cm) into a 250 mL beaker containing approximately
100 mL of Jayco synthetic urine in such a way that the flat
cylindrical surface contacts the test fluid in the beaker. A
stopwatch timer is started as soon as the bottom of the foam
sample contacts the test fluid. The sample is observed until the
test fluid wicks to the top surface of the sample. When the top
face of the foam sample is substantially wetted out, the timer is
stopped, and the sink time is recorded. _
Temperature .of the test fluid can affect sink time
significantly. especially for the preferred water-in-oil based
foams of the present invention. Thus the test fluid should be
maintained at the same temperature for all samples being
comparatiﬁely.tested in a particular sink time screening exercise.
Test fluid "cold" temperatures of about 70-809F (21-279C) and test
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9% agents which contact and preferably coat the polyneric surfaces of the
fsoam st ruct wigpe this structure is formed. Surfactant materials can be
added to the po‘?ynlg?i zabl e mononer-containing oil phase to t FECTEWP% 06633

fyom about 0.5%to 20% by wei ght of the 5 pol ymeri zabl e nmononer _
materials in the oil phase. Alternatively, the surfactant materials used in

*the present invention can be introduced or rei®froduced into the foam
mat eri al which contajns, nqg,syffactant as nmadg or from which residual
surfactants have hlﬁ'égn h°£err3\7'%‘?“t“res %ﬁct‘?bm’t’r nH]IIB'cill.?@f’fon(""%gr%CiO are
rei ntroducti on of sufrfequerddy emphoyed.carri ed out by treating such foans with

an appropriate surfactant solution or suspepgippgs Thus, the water-insol uble
surfactants useful herein can he dissol ved gT—HF%Eersed in a suitable

sol vent or carrier such HEPRERYIPRofhdiydropidilized bsenbenhgfoam meteriaby, the
suspensi on ca® be characteristics of such hydrophilized foam materials and

utilization of these hydrophobic foam absorbents in a disposable
diaper are all illustrated by the following examples.
EXAMPLE I '
Preparation of a hydrophilized foam absorbent on a semi-pilot
10 plant scale is illustrated by this example. |
Emulsion Preparation |
Calcium chloride (320 g.) and potassium persulfate (48 g.)
are dissolved in 32 liters of distilled water. This provides the
water phase used to form a high internal phase emulsion.
15 - To a monomer combination comprising styrene (900 g.),
divinylbenzene (1260 g.) and 2-ethylhexylacrylate (3840 g.) are
added sorbitan monoo]eéte (960 g. as SPAN® 80) and sorbitan
trioleate (240 g. as SPAN® 85). After mixing, this comprises the
oil phase used in the formation of the high internal phase
20 emulsion. - ‘

At temperatures 'in the range of 550 to GSPC,. separate'
streams of the oil phase'and water phase are fed to a dynamic
mixing chamber. Thorough mixing of the combined streams in the
dynamic mixing.chamber is achieved by means of a pin impeller. At
this scale.of operation, an appropriate pin impeller comprises a

* cylindrical shaft of about 22 cm. in length with a diameter of
about 1.9 cm. The shaft holds two rows of 17 and two rows of 16
cylindrical pins each having a diameter .of 0.5 cm. extending
radially outward from the central axis of the shaft to a length of
1.6 cm.  The four rows are positioned at 900 angles around the
circumference of the impeller shaft. The rows that are
perpendicular to each other are offset along the length of the
shaft such that no pins which are perpendicular to each other are
in the same radial plane extending from the axis of the shaft.
The pin impeller is mounted in a cylindrical sleeve which forms
the dynamic mixing chamber, and the pins in the impeller have a
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15 ' contacted with the foammaterial to be treated therew th. In this

_thner, the“@fé%@@h?nt materials can be incorporated into th%wh?b§&ﬁ&&£§5

of the foam e. The surfactant materials used in the present ,

invention are generally incorporated into foammaterials in anounts which, -
in 20 . conjunction with the hydrophilizing agent salt conponent, inpart
: suitable hydrophilicity characteristics to the'ﬂgans so treated. Frequently

such anobunts of incorporated surfactant will range_from ghout, 0,5%to 2Q0%
by wei ght of the pol y¢WAranEs ehand M Eiomathe WENS BT hEr SO0t icalnSI6et: 0%
to 16% by wei ght of t{umpebhdryi®ropérdtedrat2s speed afa8e0 iravoludsonsndecatimde. t he

ot oy of on e TEAES RTshb WEFET]a) AR 1o POV EILIGE aramter
hydr ophi | i zi ng agent &yal0:43%cinghi insideriddametespnis Mountedniuridier donstregwqfrop
hydrophi | i-zi ngs agentthes dyhanfie! WixXiah tHandePYytd dlpl provideagem baakt prlts@rte.
|5 sel ected from the faxicologi GaLlY (RECHRINCS: niRiHE 2 Gdnblr NYEH:31ARL® the
' cylindrical sleeve with its pin impeller full. This also helps to
ensure appropriate and comp]ete' mixing of the oil and water
phases. 5 '
10 An emulsion having the requisite ratio of water to oil phases
~js approached gradually. At first, flow rates are adjusted so
that 3 parts by weight of the water phase and 1 part by weight of
the oil phase enter the dynamic mixing chamber with the pin
impeller at an oil phase flow rate of 0.75 g/sec (0.1
15 pounds/minute). The water to oil phase ratio is increased, over a
period of a few minutes, until a ratio of 29 parts water phase to
1 part oil phase is passing into the dynamic mixing chamber, at a
rate of 23 ml/sec. Visudally, the emulsion at this stage flows
from the static mixer orifice with the consistency of a whipping
20 cream and "sets” to a'consistehcy reminiscent of a creamy yogurt.
Polymerization of the Emulsion
At this point, the emulsion emerging from the static mixer is
ready for curing. The emulsion is fed to a'genera11y rectangular
‘mold which is made of polyethylene and which has the dimensions,
25 38 cm length; 25 cm width and 22 cm depth. Emulsion is emptied
into such molds until each mold contains approximately 20,000 ml
of the emulsion to be cured. ' .
Curing is effected by placing the emulsion-containing molds
in a curing oven at a temperafure of 600C for a period of about 16

30 hours. After curing, the resulting solid polymerized foam
* material contains up to 98% water and is soft and sopping wet to
the touch. ' "
Foam Mashing and Hydrophilization
" - The wet cured foam material is removed from the curing mold

and subjected to further processing. The residual water phase in
the foam is expressed by applying sufficient pressure to the foam
material, or to thin slices of the foam material, to squeeze out
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nagnesi um salts. Nonlimiting exanples of the hydrophilizing agent salts.

useful herewpoi/fgiyde hydrated ‘and hydratable nmaterials _such as the

. f-ol | owi ng: ?CI umtartrate tetrahydrate; calciumthi os uAGlY US92/0665s
hexahydr at e; caIC|un1 chloride hexahydrate; calcium chloride

tetrahydrate; calcium citrate tetrahydrate; calciun1.bronide - 10 -
*trihydrate; calcium brom de hexahydr at e; 2 cal ci um sul fate

dehydr at e; magnesi u ort hos oct ahydr.ate fumtartrate

pent ahydr ate; magnesf g]m]ﬁ?ﬁtor e engf'yd?%ﬁaé"e‘{m%rﬂ@é?ﬂm Eﬁ&‘a&ﬁ water phase

pent ahydr at e; nagnemahmma]odlde oct ahydrate; nagnesium 5 sul fate

heptahydrate; - and magnegd Yghy Sﬁ%hgi:é"ﬁt Ehert %Elﬂa’&y%ﬁtzﬁ sg){o%ﬁ?rfr?%oc’(i water

hydr ophi |'i zi ng agents hereln 1 nc roscopi ¢ or | quescent
such as the foll OﬁpqﬁjlnlngC5}}g1Hﬂncth€ i g%, £ hydrophxllzIng agent sait. Such
' 5

a hydrophilizing solution contains 1% by weight of calcium
chloride.
The calcium chloride solution used in the first washing is
again expresséd using pressure, and the foam is then treated with
_ a second washing with the Calciﬁm chloride solution at 600C. This
10 second rinse is intended to leave a residue of both.emulsifier/-
surfactant (16% by weight) and calcium chloride in the foam,
thereby rendering the internal- foam surfaces relatively
hydrophitic. '
Foam Dewatering _
15 . The twice hydrophilized foam is then again pressed to express
excess'hydrophiliiing solution from within its porous structure.
The foam material is then dried by subjecting it to oven drying
for 12 hours at 600C. After drying the foam material is cut into
sample pieces suitable for the Vertical Wicking Rate testing as
20 hereinafter described.
' EXAMPLE 11
Another polymeric foam material is prepared in the same
general manner as set forth hereinbefore in Example I. In this
example, the emulsiop preparation, polymerization, washing,
hydrophilization- and drying procedures are carried out as in
Example 1 except that a 10% CaClz solution (3200g CaC]z) is used
as the water phase.

25

EXAMPLE 11

In this example, polymeric foam materials prepared according
to the general procedures'of Examples I and Il are tested for
their propensity to vertica11y wick synthetic urine. Comparative '
foam materials, which are subjected to different washing
procedures to thereby remove or replace the CaCl2 hydrophilizing
agent salt, are also tested. _

A1l of the foam samples are prepared and tested for vertical
wicking rate and Sink Time in the manner hereinbefore described in
- - the TEST METHODS section. Descriptions of the foam samples, the
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cal ci um brom de, magnesi um chloride and nagnesium iodide. M xtures
faf these sqhbgB 1#l so be enpl oyed. 10 . The calciu and ma neS|um
. salts used in the present invention should, of course, be to

accept abl e. Toxicol ogically acceptabl e salts are those which present I|ttIe
or no risk to humans or animals if they are accidentally ingested or

i nhal ed i n anbunts which m ght be encountered &ur-i ng use or nmanufacture or
15 - after disposal of the  hydrophilized foans herein. Thus, for
exanpl e, hydrated nhedeashing: $eatmenty splut iansy ang) thepVextigal WiskinmiRates
sui tabl e hydrophil asd tSink TikessSexiiBited blotweser foar SahgdesCard fset NEGTHEG OF
I nhal ed and woul d tggh%fpre not be enconpassed wthin the scope of the
present invention. .The hydrophilizing agent salts as '

her ei nbef ore described will generally be Bﬂﬁéolved in a suitable solvent to

forma solutlon whi ch can be |ncorﬁL_fﬁgﬂﬁgﬂig@iﬁagﬁglyneric foam materi a
to be treated® in accordance i n Water is the )

‘preferred solvent for use in pregﬂdplpg Ith'éxatnﬁ?é”‘t' ng Sﬂlampieor} bUtExample I

Foam Type: (CaClp)  (H20 only)2  (FeSO4-7H20)b {CuClz)C-
Wicking Time To: B
(Min:Sec)

10 2em 0:28 4:44 > 60:00 12:37

| 5 cm 1:56 8:33 -- > 60:00

10 cm o 12:43 > 60:00 - -- --
Sink Time (sec) 29 159 > 360 > 360
at 220 ' .
15 - Example I1  Example II Example 11

Foam Type: (CaCl2) (H20 only)X (MaCl2)Y

Wicking Time
(Min:Sec) To:

2 em ‘ 0:48 s -- , 0:15
20 5cm | 2:42 10:10 1:17
10 cm | 9:23 21:36 8:39
Sink Time (sec) 6 - 308 | 4
at 220 : :

a - Example I foam washed with 600C. tap water-tontaining no added salt
b - Example I foam washed with 600C. tap water containing 2% FeSO4-7H20
¢ - Example I foam washed with 600C. tap water containing 1% CuCl
- x - Example 11 foam washed with 600C. tap water containing no added salt
y - Example II foam washed with 600C. tap water containing 1% MgCl2
The Table III data show that both CaClz and MgClz treatments
30 of the Examples I and Il foam materials provide desirably high
Verticat'wicking rates and desirably short sink times. Treatments
with water alone or with other hydrated or hydratable salts, on the
other hand, are much less effective at rendering foam hydrophilic
as demonstrated by the relatively.lower vertical wicking rates and
35 relatively longer'sink times exhibited by the foams so treated.
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25 vari ous al cohol or water/al cohol solvents can al so be enployed. The

Jfydrophili can be incorporated into the solution
“conveni ent chonglgnﬁ ation. Typically, solutions contai n?{r’lg rg%og 55ut
1% to 10% by wei ght of solution of the hydrophilizing 30 agent are

used, but higher concentrations, and even saturated solutions, can be
: enployed. Wien calciumchloride is used as tig4 hydrophilizing agent, it is
general ly enpl oyed in aqueous solution at a concentration of from about 1%
to 5%by weight. As with the  surfactantEXAMPUEREV sol ution contai ning

the hydrophilizing agentheégbim 6RNEQ8 wqw&ohaépsded Rh@ HydPopHin Vfé&ﬁ?in@floﬁche
substantially hydroghobl [ polﬁ‘r&erl C ?

any conveni
procedure whi ch wi | #94e8Y%Y| ¢ SPHYMS 5o ut| éﬁ:‘?’@){’a s@ﬁﬁ’l ca‘FﬁsPﬁEﬁ?ﬁ%lry of
the cells within theatfloamMgClzMist qdreimttabéy, MgSO4t hand Mal2.be brought about

by actually grrpl oyi ng the hydrophilizing EXAMPLE V
A po]yuretha-ne foam is prepared in the conventioﬁa] manner
using toluene diisocyanate and polyether polyol. The foam is
repeatedly soaked and squeezed in a 10% solution of CiC]z and
sorbitan monooleate/sorbitan tr'i.t_ﬂeate in isopropanol. The excess
10 solution is expressed using hand pressure. The foam is allowed to
air-dry and is thus hydrophilized by virtue of the residual
surfactant ‘and CaCl2 remaining therein. -
EXAMPLE VI
A disposable baby diaper using a foam absorbent which has been
15 hydrophilized .according - to this invention is prepared as follows
using the configuration and components shown in the expanded and
blown-apart depictibn of Figure 2. Such a diaper comprises a
. thermally bonded polypropylene topsheet, 70, a ﬂuid-imperﬁous
polyethylene backing sheet, 71, and a dual layer absorbent core
- 20 positioned between the topsheet and the backing sheet. The dual
layer absorbent core comprises a modified hourglass-shaped, fluid
storage/redistribution layer, 72, comprising a hydrophili'zed
absorbent foam of the Example 1 type positioned below a modified-
hourglass shaped fluid acquisition/distribution layer, 73. The
topsheet contains two substantially paraliel barrier leg cuff
strips, 74, uith_ elastic. Affixed to the diaper backsheet are two
rectangular- elasticized waistband members, 75. Also affixed to
each end of -the polyethylene backsheet are two ‘waistshield
elements, 76, constructed of polyethylene.. Also affixed to the
backsheet are two parallel leg elastic strips, 77. A sheet of
polyethylene, 78, is affixed to the outside of the backsheet as a
dedicated fastemng surface for two p1eces, 79, of Y type which can
be used to fasten the diaper around the wearer.

The acquzs1tlon/d1str1butlon layer of the diaper core
comprises a 92%/8% wetlaid mixture of stiffened, twisted, curled
cellulosic fibers and conventional non-stiffened cellulosic fibers.
The stiffened, twisted, curled cellulosic fibers are made from
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agent solution in.the process which is used t.o prepare the foam structure

Thus, for weraaigdigs an appropriate calcium and/or m’agnem,éﬁg
. be added to the water phase of a water-in-oil enulsion which is e used

to prepare the polyneric feam Wien such an emulsion is subsequently
polymerized, the solid cellular structure of the foamw Il be formed around
* residual water phase material having the desi+ @8 -hydrophilizing agent salt
~dissolved therein. 10 Al ternatively foans nade without any
hydr.ophi | i zi ng agentsostherni softwoedi knaft heylp bf@ﬁ&rﬁ‘t‘iféh Wrichehas hgon croser

fs glr Lntalt l) gnof bﬁyé rgg}] ?qrg?anww Fh afaraddéyet ﬂﬂdhé/\/%&bédtgow éﬁb;rﬁm apﬁm@ppm@ﬁt
i ncor par.at e t

into the foam Suck™ r‘eé&hgfb"&f cﬁéi\%%ﬁt éﬁygrig]%?sfh%f X tﬁ]’ﬁr 2%#5' are

substantially hydropirobsldnked f acomdingiy tioe thef f 'dwy t crorsddnking bpogess® as

“hydr ophi l'i zi ng agenty, go h fr tl t :
readily absorged I nt o%&ﬁ’%olohnﬁbr PQ#,P ﬁéd?re Wﬁf‘ |aﬁg?gsn&g§'§en’w S0 Pﬁgnt :

necessary to force Wy&?éﬂﬁ?hlﬁhﬁf’ ABE‘ 18, 1889, mcorporategpherem by r}éference
. These stiffened fibers are similar to the fibers having the

characteristics described as follows in Table II.

: Table I1I

10 Stiffened, Twisted, Curled Cellulose (STCC) Fibers

Type = Southern softwood kraft pulp crosslinked with

glutaraldehyde to the extent of 1.41 mole percent on a dry

fiber cellulose anhydroglucose basis.

Twist Count Dry = 6.8 nodes/mm
15 Twist Count Wet = 5.1 nodes/mm

Isopropol Alcohol Retention Value = 24%

Water Retention Value = 37%

- Curl factor = 0.63
The conventional non-stiffened cellulose fibers used in comblnatton

20 " with the STCC fibers are also made from Foley fluff. These non--
‘stiffened cellulose fibers are refined to about 200 CSF (Canadian
Standard Freeness).

The acquisition/dfstribution layer has an average dry density
of about 0.07 g/cm3 an average density upon saturation with
.synthetic urine, dny weight basis, of about 0.08 g/cm3, and an
average basis weight of about 0.03 g/cmé¢. About 9.2 grams of the
fluid acquisition/distribution layer hre used in the diaper core.
The surface area of the acquisition/distribution layer is about
46.8 in2 (302 cm2). It has a caliper of about 0.44 cm. .

The fluid storage/redistribution layer of the diaper core -
comprises a modified hourglass-shaped piece of a hydrophilized
‘absorbent foam of the type described hereinbefore in Example 1.
About 12 grams of this foam are wused to form this storage/redis-
tribution layer which has a surface area of about 65.9 in2 (425
cm2) and a caliper of about 0.325 in (0.826 cm).

A diaper having this particular core configuration exhibits
especially desirable and efficient utilization .of the core for
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solution into the foam structure by app‘I I cation of pressure or by 20

_means of r ﬂ,ﬁgu\g/ashi ng and/ or foam squeezing steps. It v g,cﬂ 5
necessary, for exanple in the case of relatively large cell i:E> Ferr

Rydr ophobi ¢ foans such as pol yuret hanes, to enploy an al cohol or _

wat er / al cohol solvent for the hydrophilizing agent in order to realize

» acceptably wuniform distribution of the hydeéphilizing agent sal't. within
the foam structure. It is, of course, possible to enploy a conbination of

“the foregoi ng technholdiagfdischarged pwine iand dogdrdipgly iproviges gxaeptdanally low

solution into theipdiRAte D' Hakieewhdie WoEh by fARfant in BNS norddl’ mErPD! €,
a portion of the eventually desired hydrop b agent salt may be

i ncorporated into the process |iquids use reparation of the
f oam After formati oA 1ddhtweight pantifldmen saditibleofial use bepreasemensitrual

B Por ) 33 £SChpas S s I HPAA AL Kl eSS Eampte 1
hydr ophi | i zi ng agenf{suiiageiasga 114 ‘H‘zée@ﬁﬁb"%soger’s!!'“& &pidpad fheingntrrposed
herein, the pol yner petween a porous formed-film topsheet according to Ahr et al; U.S.
| Patent 4,463,085; Issued July 31, 1984 and a backsheet which
comprises a 0.03 mm thickness polyethylene film. '
10 . XAMPLE VI
A sanitary napkin is prepared according to Example VII, but
employs a 4 mm thick hydrophilized foam pad according to Example I
and a porous nonglossy formed film topsheet. The sanitary napkin
has the configuration described in Van Tilburg; U.S. Patent
15 4,687,478; Issued August 18, 1987.
XAMP

This example illustrates the preparation of another type of
surfactant/CaCl2-hydrophilized HIPE foam material falling within
the scope of the present invention. '

Emulsion Preparation _— ,
~ Calcium chloride (36.32 kg) and potassium persulfate (568 g)
are dissolved in 378 liters of water. This provides the water
phase stream to be used in a continuous' process for forming a
' polymerizable High Internal Phase Emulsion (HIPE). |

To a monomer combination comprising styrene (1600 g),
divinylbenzéne 55% technical grade (1600 g), and 2-ethylhexyl-
acrylate (4800 g) is added sorbitan monolaurate (960 g as SPAN®
20). After mixing, this combination of materials is allowed to
settle 6verm‘ght. The supernatant is withdrawn and used as the oil
phase in a continuous process for forming a polymerizable HIPE
emulsion. (About 75 g of a sticky residue is discarded.)

At an aqueous phase temperature of 48-500C. and an o0il phase
temperature of 220C., separate streams of lthe o0il phase and water
phase are fed to a dynamic mixing apparatus. Thorough mixing of
the combined streams in the dynamic mixing apparatus is achieved by
means of a pin impeller. At this scale of operation, an

20
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feam material, with its incorporated surfactant and i n‘corporat ed solution

of hydrophi W&b?&ﬁ?em salt, is subjected to drying 12 p?ﬁﬂﬁ%ﬂ&ﬁ_

.renmove therefromsolrvent fromthe hydrophilizing agent salt

Drsyi ng can be effected by air, heat, or mcrowave treatnent or by other
conventional nethods which serve to renove the solvent, but not
excessive anpunts of the 5 hydr ophi | kz2zmg agent salt itself, from
the foam structure. It would be possible in accordance with this invention
to conpletely renove2isommtite 1engtin withv @ndianieterh ofiagbdutéeh. used tThe dshaifteras

the hydrophilizing 4a3e9bed ?fi‘lEtxamb'th ? htol?és 4 PRID of p$H§h2CPJm| ﬁ&\ﬁm W?Nﬁhe

e et b e e it sirt i eF et i dls oo
appreci.ated from tbetendircuostwaodly from the central axis of the shaft to a length

5 of 1.6 cm. The pin impeller is mounted in a cylindrical sleeve

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

A spiral static mixer is mounted downstream from the dynamic
mixing apparatus to provide back pressure in the.dynamic mixer and

10 to provide improved incorporation of components into the emulsion

that is eventually formed. Such a static mixer is 14 inches (35.6
cm) long with a 0.5 1nch (1.3 cm) outside diameter. - The static
mixer is a TAH Industries Model 070- 821, modified by cutt1ng off
2.4 inches (6.1 cm). _ :

15 | The combined mixing apparatus set-up is filled with oil phase
and water phase at a ratio of 2 parts water to 1 part .0il. The
dynamic mixing apparatus is vented to allow air to escape while
filling the apparatus completely. The flow rates during filling
are 1.127 g/sec oil -phase and 2.19 cm3/sec water phase.

' Once the apparatus sét-up is filled, agitation is begun in the
dynamic mixer, with the impeller turning at 1800 RPM. The flow
rate of the water phase is then steadily increased to a rate of
35.56 cm3/sec over a time period of 130 sec. The back pressure
created by the dynamic and static mixers at this point is 7.5 PSI
(51.75 kPa). The impeller speed is then steadily decreased to a
speed of 1200 RPM over. a period of 60 sec. The back pressure drops
to 4.5 PSI (31.05 kPa). At this point, the impeller speed is
instént]y increased to 1800 RPM. The system back pressure remains
constant thereafter at 4.5 PSI (31.05 kPa).

Polymerization of the Emulsion

The formed emulsion flowing from the static mixer at this
point is collected in Rubbermaid Economy Cold Food Storage Boxes,
Model 3500. These boxes are constructed of food grade polyethylene
and have nominal dimedsions.of 18" x 26" x 9" (45.7 cm x 66 cm 22.9
cm). The true inside. dimensions of these boxes are 15" x 23" x 9"
(38.1 cm x 58.4 cm x 22.9 cm). These boxes are pretreated with a
film of a solution comprising a 20% solution of SPAN® 20 in an

20
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ereinafter that foamtreated in this manner m ght be described as

over-dri e*ﬂﬁ?@iﬁebf upon conpl ete drying, the hydrophilizi p&&g@g}ogﬁsgal t

: Toses its hydr at i on. Accordingly, the 15 resulting
fpam appears to be hydrophobic. However, in the presence of

relative hum dities above about 40% the hydrophilic surface of such

s conpletely dried foamw Il ~be restored. Mos @8ps ef erably, the -foam

shoul d not be dried conpletely to such a state. Rather, the drying -

~ conditions will prefeguabl weightacjolserdd ®ixture ofuyhlenpatandhd spRearapti-| i Zibag

agent salt retains idg uat gfﬂuﬁl& {41 flwe@Mto Vdporde $6/CRavd oA1y anel SAARY 20.

foamis hydrophilic as-nade. Frequently,. solve l. he renoved
from the foam strJortywseves ditess B(fj Wis’r?@t ?r(?dcﬁére&%f) AN EIP | esi dual
solvent, e.g., free wateThe émulishen-icoataindmpbosess arm kept énthanorHaintainedalt

50% by wei ghtgof th F Yo, ' - A .
'vvei ght of the (dry) e?'-‘g’g-m’%h %%?#%gga%rﬁ%gbg{i)deﬁo%g?p{aﬁé%mﬁuﬂ?og#m%@% ¥
hydr ophi | i zi ng agenttheabaxeisnte $hexeby farmopRiwBeRict %\‘Emf Bakeritt-wor k and onto

the foam Washing, Hydrophilization and Dewatering _
After curing is complete, the wet cured foam material "is

removed from the curing boxes. The foam at this point contains
10 about 30-40 times the weight of polymerized material (30-40X) of
the -residual water phase containing dissolved emulsifiers,
electrolyte and initiator. The foam -material is sliced with a
sharp reciprocating saw blade into sheets which are 0.350 inches
_ (0.89 cm) in caliper. These sheets are then subjected to
- 15 compression in a series of 3 nip rolls which gradually reduce the
residual water bhase'content of the foam to about 6 times (6X) the
weight of the polymerized material. At this point, the sheets are
then resaturated with a 1% CaCl2 solution at 600C., are squeezed in
a nip to a water phase content of about. 10X, resaturated with the
1% CaCl2 solution at 600C., and then squeezed again in a nip to a
water phase content of about 10X.
The foam sheets, which now contain about 10X of what is
 essentially a 1% CaClz solution are passed through a final nip
equipped with a vacuum slot. The Jast nip reduces the CaCi
solution content to about 5 times (5X) the weight of polymer. The
foam remains compressed after the final nip at a caliper of about
0.080 in. (0.2 cm). The foam is then dried in an air circulating
oven set at about 600C. for about three hours. Such drying reduces
the moisture content to about 5 - 7 % by weight of polymerized .
material. At this point,.the foam sheets have a caliper of about
0.075 in. {(0.19 cm) and are very drapeable. The foam also contains
about 5% by weight (anhydrous basis) of residual hydrated calcium
chloride as a hydrophilizing agent a]png Qith'abqut 11% by weight
of residual sorbitan monolaurate (SML). In the collapsed state,
the density of the foam is about 0.17 g/cm3. - When expanded to its
free absorbent capacity (26.5 ml/g) in JAYCO synthetic urine, the
expanded foam has a capillary suction specific surface area of
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swrf aces of the network structure of thé foamvia the instant 30

net hod canwg/eazgsizzaccording to the degree of hydrophiliz S|red
: and according to the effectiveness of the hydrophilizing ageg%ﬁ9ggﬁf

chosen. For exanple, wth truly deliquescent hydrophilizing agent
salts, a smaller proportion may be needed for satisfactory results. Wth
*salt materials that form |ower hydrates, -spgrewhat nore of the
hydrophi i zi ng agent salt may have-to be used. In general, the object of
the present inventi ebouts2i24 imi¢gy popate wolhpelrafplhbditzi28gs @ygumid @h ahfage

surfactant and the ce1113isbo¢i 4H8LENY RicrdRoNesi um salt(s) into and onto the
foam structure. For purposes of this i1nvention, such an amount can be

defined as that. quantity of surfactant and of caIC|un1and/or magnesi um
salt(s) which, when the salts are fully hydrated, provides a foam

The SML/CaCl2-hydrophilized foam sheets prepared as in Example
IX represent a preferred “thin-untiT-wet" embodiment of the present

5 invention inasmuch as these hydrophilized foam sheets are in the
form of collapsed foam material which will expand upon contact with
aqueous body fTuids. Once expanded, the foam materials are useful
for absorbing the body fluids that have caused the foam to expand.:
‘Such preferred collapsed foams are those which are formed from a

10 non-hydrolyzed polymeric material, which have a capillary suction
specific surface area of from about 0.5 to 5.0 m2/g, which contain
from about 0.5% to 20% of residual emulsifier, and which contain
from about 0.1% to 7% by weight (anhydrous basis) of the foam
material of a toxicologically acceptable, hygroscopic, hydrated

15 - salt, which is preferably calcium chloride or magnesium chloride,
as a hydrophilizing agent salt.

In its collapsed state, such hydroph1llzed foam material will
have a residual water content of from about 4% to 15% by weight of
polymerized material when it is storéﬁ at ambient conditions of

20 720F (220C) and 50% relative humidity. This water content includes
both water of hydfation associated with the hygroscopic, hydrated _
salt as well as free water absorbed within the foam. Such
collapsed hydrophilized foam material will also have a dry basis
density ranging from about 0.08 to 0.3 .g/cm3.

25 In its expanded state, such preferred thin-until-wet SML/-
CaClz-hydrophilized foam materials will have a pore volume from
about 12 to 100 ml/g and will exhibit a resistance to compression
deflection such that a confining pressure of 5.1 kPa produces after
15 minutes of strain from about 5% to 95% compression of the

30 structure when it is saturated at 379C. to its free absorbent
capacity with synthetic urine having a surface tension of 65 + §
dynes/cm. 'The average cell size of these preferred thin-until-wet
hydrophi]ized foam materials in the expénded state will range from
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e t hat exhibits. an adhe5| on tension of at |east about 15 dynes/cm

pyeferably apobgagiizabout 20 dynes/cm as determined by the capillar
. suction uptake at [err] of synthétic urine having a surface téﬁrs’ ’5?6565 +

dynes/cm Typically,

the dried foamw || conprise at |east about 0. 05% 10

by wei ght of the surfactant plus the hydrophilizing agent salt. Wen using
*materials such as cal ciumchloride, the foans- Wit generally contain from
about 0.1%to 7% by’ V\Blght of the hydrophilizing agent salt based on the

"wei ght of the foam riPod
tHydrophi easi mmamamtm o.ipohheamfdtmhltbl TG réd Sbsotaht

appreci ated 15

will not, in general
foamto shed dusty pa

2l to 3G HEcTens o) Ihe afrybeasisddensdty i of stheuleapinded

copREYELP I S5l UARSAE 10 e, YoM bl ok b P

an overl

hydr ophi | i zi ng agent1t§a4|'t¥ bagisvdensite lapﬁ'@emﬁt&wﬁd statef.or the surfactant

and the 20 5 hydrophi li'zing agent salt togjmpef fyective in | nparting
hydr ophilic characteri stA ¢ to h'e.{oam being trea d th er Pe Ibo,th the -

10
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oam material prepared genera as in xamp X is tested

for its hydrophilicity characteristics using the Sink Time

procedure described in the TEST METHODS section. Such a foam
material is also subjected to various treatment procedures to
remove added or residual hydrophilizing agents therefrom and to
selectively reintroduce certain materials to test their

_effectweness at imparting hydrophilicity charactensttcs to the

foam mater1al
The foam material, treating agents and sink time test results
are set forth hereinafter in Table III. o

Table 111

| CaCl,|SMLI] Sink Time in JAYCO Synthetic Urine
N , wt-% |wt-%]Cold (~21-279C)  [Hot (-43-490C)
_EXAMPLE_IX TYPE FOAM

JAs-made 3.7% % 170 sec . 3 sec
iWater washed LI -
l-Expanded Form - -0-__|11% [>20 min 4 sec
i cggc!}ansggthn: T ;08% 'I%L 300 sec 2 sec
-Ca re-treated 3. 11% 1180 sec - . 3 sec
| (from H,0)
JIPA2 washed =0- }-0- ! ***Fjoated indefinitely***
-CaCl, re-treated |-5% |-0- |Floated for hrs Floated >15 min |
{from IPA) ' : -
-SML re-treated -0- 11]% |~5 sec . ~]_sec
{from IPA) :
-SMO/STO,re-treated}-0- |19% [~ 300 sec ~ 180 sec
(from iPA) . —

1 SML = Sorbitan monolaurate (SPAN® 20) .

2 IPA = Isopropanol :

3 SMO/STO = Sorbitan monooleate (SPAN® 80) and sorlntan trioleate
(SPAN® 85) in a 4:1 weight rat1o

The Table I (Example IIT) and the Table IIT data considered together
show that the combination of CaCl, and surfactant incorporated into
foam samples of the Examples I, II and IX types provides foams having
hydrophilicity characteristics which are in general superior to those

“‘ﬁﬁ?iﬁ:i’ii:ﬁﬂi"m i
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?],[fact ant and the hydrophilizing agent salt nust be substantially
iformy c{gﬁyl d wthin the internal structure of the fepgfruddr/dcess
g3y ﬁ )

swr f act ant e hydrophilizing agent salt is 25 deposited within
- tépe foamonly in discrete discontinuous zones, such as may happen for
exanple if the surfactant or hydrophilizing agent salt solution forns beads
,or droplets within the foam structure forned bglthe polyneric struts, then
the full foam hydrophilization effect provided by the nethod herei,aa ma%/ {I(EI'
be. 30 real i zed. Havénd restheroinopincompenated dudrontridizingsagentscebrdnek Catls
with the nmethod of €Rionel.NVeNtion renders such foam
material’s suitable f%ﬁggﬁs‘(@? g hydr ophi | | (higipifls. While not Iimited by
theory, it appears that the surfactant e specific 35
hydrophi i zi ng agent 5alks disper heilkstaptiallyactipithy nde ceafigwartion nter dbat
with the foam pol ymer nat.er,i al, Rejheie | v aPReanyepdiad t BSidgydaephithe zi figid
! ped 3'in | e 'tvd pre
agent salts hetein féﬁéﬁi&ﬁe?%lstilﬂmiznprlg}/érdlangsheet of thin-until-wet collapsed
SML/CaCl2-hydrophilized absorbent foam of the type described in
Example IX. In such a diaper, the fluid acquisition/distribution
layer, comprising the stiffened, twisted, curled cellulosic fibers,
10 is used in an amount. of about 13 grams. The thin-until-wet,
SML/CaCl2-hydrophilized fluid storage/redistribution layer is also
used in an amount‘of about 13 grams.
A diaper having ' this particular configuration exhibits
especially desirable and efficient utilization of the absorbent core
15 for holding discharged urine and accordingly provides exceptionally

low incidence of leakage when worn by an infant in the normal manner.

*Equivalent Applications:
USSN 743,839 and USSN 743,838 are equivalent to
corresponding International (PCT) Applications,

designating at least the EPO, being filed in the
US/RO simultaneously with the instant International -
(PCT) Application on or before August 12, 1992.
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npl ecul es of water of hydration uniformly distributed at the surface of

t}] foam wo &% lQQted foans treated wth the ‘hydr ophplrAbddy t
X Salts herein can be "overdried" by renoving water of hydration fromthe
"sBlts in the foam Such overdried foans will then appear to be

hydr ophobi c. However, such foans can be pBaced in a dity
s environnent for a reasonably short period of tine, whereu “&\ :
hydrophilic character can be considerably restored. | erein

the foans herein are b §§gqn%p particularly ary *pads,

~di apers, and the Ilkghg?hgsh y éﬁose to. the body dér In contact with
the skin is nearly 100% Foans treated in accordance with the nethod herein
with hydrated or hydratall.e hydiethdd |fori nendagingt seltant ¥a@l i Kydrophobew e

L5070 el The R SR AT SRRRCRE B IR T
. 1qu1ds which method is character1zed in that it compr1ses
A)  incorporating into a polymeric, preferably an open
5 ' celled, preferably polyurethane, foam material
which, when substantially free of added or residual
hydrophi]iiing agents, is substantially hydrophobic,
a substantially water-insoluble, mild, re]ativeTy
non-irritating surfactant, preferably selected from
190 sorbitan fatty acid esters, polyglycerol fatty acid
esters and polyoxyethylene fatty acids and esters,
and a hydrophilizing agent salt solutlon formed from
a solvent, preferab]y selected from water,
. 1sopropano1 and m1xtures thereof, and a d1ssolved
15 hydrophilizing agent salt selected from
toxicologically acceptable, hydrated or hydratable
calcium and maghesium salts, preferably selected
from calcium haiides, magnesium halides and mixtures
thereof; and
20 B) thereafter drying said polymeric foam material to .
remove sqlvent therefrom, preferably to the extent
that it contains no more than 50% by weight of foam
of free water, and to thereby leave incorporated
_ within said polymeric foam material a substantially
25 uniformlj distributed, hydrophilizing amount,
preferably at least 0.05% by weight, of said
surfactant and said hydrophilizing agent.

2. The method of Claim 1 characterized in that the
30 polymeric ‘foam material is a polymerized water in- 011 emulsion
type foam, preferably comprising po]ymer1zed monomers selected
from styrene, alkyl(meth)acrylates, divinylbenzene and
;ombinations of these monomers.

// .
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ekt her because of hun1d|ty in the air or because of the hum dity provided

b)& the cl osewgy@ppdiggy W th the body. In this manner, sui tablP%r/UﬁZ/ggggs

mydrophlllc foanms useful for absorbing aqueous—
can be provided. Watever the nmechanism the hydrated or hydratabl e

hydrophi | i zi ng agent salts herein, in conbination wi tlﬂm <ﬂ !l ﬂml
Tonponent, function in the deS|red manner t@3provi de foans
wi t hout certain of the disadvan- tages herei nabove menti oned Wt h regard to

ot her reans for hydror 253 JrBiethdd 49 436 ¥4 26y 0PGREEboRRY (oThe

hydr ophi lized foam materials o 2t Tnventton Aré esp U%eful
as absorbents for aquébﬁ%’&dﬁymfﬁﬁﬁds I n absorbent articles such as

ﬁl Sperﬁ | i ncoEtl nence p?ds\) ﬁ&h&i’@lf‘ﬁln@re@dmms amghthbe doht&nidd €rom 1%. :
yar opni ic character of suc Ie ns { sSuc
%ﬂd%%m‘ R A esho B WERLES

materials to readily accept bo ur| into-
their foam sty uctures. Hydr &sh numzehilormnlmve#qralistwal |Poi ymeg it effoah

.exhibit desirable fluid transmﬁf_énae g-e,pamoclbyngﬂﬁ@pﬁqhg | £SwalteF- iRdeaoUS
fluids such ) emylsion containing polymerizable monomers and from
0.5% to 20% by weight of the polymerizable monomers
of a surfactant selected from sorbitan monolaurate
10 and mixtures of sorbitan monooleate and sorbitan
' - trioleate in the o0il phase of said emulsion; and
B) thereafter drying said polymeric foam material to
remove water therefrom and to leave incorporated
- within said foam material at least 0.05%, preferably
15 from 0.1% to 7%, by weight of said foam material of
surfactant plus calcium chloride, and no more than
50%, preférab1y no more than 10%, by weight of said
foam material of free water.

4. A hydrophilized'polymeric foam material suitéble for

20 absorbing hydrophilic 1liquids, said hydrophilized polymeric
foam material characterized in that it comprises a polymeric,
preferably open-celled, preferably polyurethane, foam material
which, when substantially free of added or residual
hydrophilizing agents, is substantially. hydrophobic; a

25 substantially uniformly distributed, hydrophiliiing amount of
at least 0.05% by weight of said foam material of the
combination of a substantially water-insoluble, mild,
relatively non-irritating surfactant, preferably selected from
sorbitan fatty acid esters, polyglycerol fatty acid esters and

30 . po]yoxyethylene fatty acids and esters, and a hydrophi]izing
agent salt selected from toxtcologxcally acceptable, hydrated
or hydratable calcium and magnesium sa]ts, preferably selected -
from calcium ha11des, magnes ium halides and mixtures _thereof,
incorporated into said foam material; and no more than 50% by

"l \\\ °\



as body fluids so that absorbed |iqui d'ca.n be noved within the 35
materl al frors edsi89i on of the absorbent foamto another. Ttptlf,gggyz,g“ss
" which a pol ymeric toam materi al wll wck, and

dfjueous fluid can, in fact, be used as a screenin test t
extent to which a given poI ymeric - 15 - foam. F’!
. rendered hydrophilic. Vertical w cking T3e can

measuring the length of tinme which a test strip of foamof speC|f|ed S|ze

takes to wi ck a color ﬁggth@?éf £l goa?n“ﬁ{teﬁ?ﬁé?tm% .S‘atbl{' I;ﬁfeﬁ %htm

vertical distance 5. oans that WI|
far). Such a nethod f¥id &%’t"bf“?ﬁeﬁl‘h]g Vertical W cking Rate is set forth in
greater detail hereinafter in the TEST METHODS section. An even sinpler

screening test useful for 5det ?ﬁemh%rrbghﬂtzed polymeric foam material of Claim 4
characterized in that the amount of surfactant incorporated
5 within the foam material ranges from 0.5% to 20% by weight of
the foam material, the surfactant preferably being selected
from sorbitan monolaurate and mixtures of sorbitan monooleate
and sorbitan trib]eate; the amount of hydrophilizing agent
salt incorporated within the foam material ranges from 0.1% to
10 - : 7% by weight of the foam material; the amount of free water
incorporated within the foam material comprises no more than
10% by weight of' the foam material; and the hydrophilizing
agent salts, preferably calcium chloride, are fully hydrated.

6. The hydrophilic polymeric foam material of any.of .
15 Claims 4 to 5 characterized in that the polymeric foam
material is a polymerized water-in-oil emulsion type foam,
preferably comprising polymerized monomers selected from
styrene, alkyl(meth)acrylates, divinylbenzene and combinations
of these monomers. ' '
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rellative hydrophilicity of treated foam sanples involves 10

meisur enent  of foam sanple ‘sink tine. In such a test, foam sanples are
drppped int owd 86dkpi of aqueous test fluid, e.g., synt hetic W"lﬂ‘?%zmgﬂt he
anmdunt of tine taken for the sanples togS k is recorded. Shorter Si

times are observed for sanples of great «!3? gydrophl licity. A typical sink
time test is described in 15 greater detail hereinafter in the TEST
METHODS section. TEST METHODS | n descri bi rﬁ‘@gl present invention, certain
characteristics of absorbent foam mat eri al set forth. \Were reported

t hese characteristics can-b test fluids 20
and test nethods. 1) Test ion A Test
Fluid- Synthetic Urine Severa ed in the tests
herein involve the use of a: [
et hanol . The synthetic uri

e
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hereinafter is nade froma comercially available synthetic urine
[ epar at i Oryepdw/ ured by Jayco Pharmaceuticals (Mechanics ,

T 14055). This Jéy%gqunthetic uri ne made fromthe preparationh!?:'g’?‘"lsgt'%’6655
conprises [err] The synthetic urine sanples are prepared according to the
| abel instructions using distilled water. To aid dissolution, the Jayco

-salt mxture.is slowy added to the water. The Ehﬁﬁle is filtered 35
| f necessary to renove any particulates. Any unused synthetic urine is
di scarded after one week. To inprove visibility of the fluid, 5 drops of
bl ue food color can be added per liter of synthetic urine solution. The
“Jayco syntheti.c urine utilized has 16 a surface tension of 65 + 5
dynes/cm B) Foam Sanpl e Preparation




The follow ng Adhesion Tension and Vertical Wcking Rate tests I'ye_ t he
p#epar ation and testing of foam sanples of a 5 particul ag»Ppexi fi ed

T skze. These foanp@ypl es of wvérep nericsiALerapirTeomiAAIbNIE CUt ]
BY¥ocks of foam using a sharp reciprocdtTHF*I®H™ e saw. - Use of th's or

ROMIE
e

e ef

equi val ent INFERNATIONA&MRPUICATION PURIISKED BNDER THE PATBNT GDOPERATIOR ITREAT{PET)

"1 0am >l FANFCLGT . COTTIT ARG BONELRE, LIPEL, O CRUR

of the
her ei naf

L L0 N A Val'd o) 1 . - 1 1
for foamsafrpte—eat+per—er—thickness aper—or—t-hickness neasurenents
J

sanpl e i
Tensi on
sanpl es
t he surf

L PR SRy R BB s LR

-

measur enents nade in @ [ _ ! _ _
t erCO8A/0009/28, 9¥anp| e 'si ze spéti [y RickMnatiuBitibBatetideS @ MATRESLAA.3)

CIKTITC OO~

32 lpserprtiopak HilisgDaftae - ad hbAigeshI9R40798. 90 ex hirdpean aen Tmfdcl@, K, GBIGR.

[i¥H, DKZBS
whi ch inbibe test fluids via capil ary&@,{%{q. C,;%gsﬁ,{‘),q‘{lga?ﬁg(ﬁ%gm CF.
@0xPrivisndsiaon, [err], of the test fljuid tines the cosine of thée
743,951 12’ August 1991 (12.08.91)  US '
_ . Published '

: ' With international search report.
(71) Applicant: THE PROCTER & GAMBLE COMPANY : :
{US/US]; One Procter & Gamble Plaza, Cincinnati, OH
45202 (US). '

(72) Inventor: DESMARALIS, Thomas, Allen ; 4245 FLoral
Avenue, Cincinnati, OH 45212 (US). :

(74) Agent: REED, T., David; The Procter & Gainble Com-
pany, lvorydale Technical Center, 5299 Spring Grove
Avepue, Cincinnati, OH 45217-1087 (US).

(54) Title: METHOD FOR HYDROPHILIZING ABSORBENT FOAM MATERIALS

(57) Abstract

Normally hydrophobic foams, such as polyurethane foams and polymerized water-in-oil emulsion foams, are rendered hy-
drophilic by means of treatment with simple surfactants and hydrophilizing agent salts. Thus, a surfactant-containing foam is
treated with a solution of, for example, calcium chloride, and is dried to leave a substantially uniformly distributed residue of hy-
drated or hydratable calcium chloride on the surfactant-containing internal foam surfaces. In use, the combination of surfactant
and calcium chloride hydrate provides a hydrophilic surface to the foam. Other hydratable calcium or magnesium salts such as
magnesium chloride can be used. The resulting hydrophilized foams are suitable for use in absorbent devices, including diapers,
sanitary napkins, bandages, and the like. - ' :

»
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034525 TPos

20 contact angle, [err], exhibited by the fe REPMAOFVFEHO qme§&
the interior surfaces of the foam sanple. Adhegi dW#eﬂsrpn,cgnd 102
determ ned experinmentally by neasuring the uukabn;unxm. bg@ g?&ﬂé‘
by capillary suction exhibited by two test sanp {Qﬁwhha\s §od Y USSR 2%

two different test liquids. 1In the first step
specific surface area of the foam sanple is det

D17 2bstracr SUSH 2 % todea
ermi ned: Usi nd’“%‘t‘ﬁgn@ raged Iﬁe

test fluid. The specific surface area so.deter
factor in experinmentally determ ning adhesion t
capillary suction upt ake of a second test fluid,

Specfic Surface Area enent s

of the foam absorbent F&}EHYQW

fromthe equilibriumweight uptake of a test
surface tension. . In this instan kit GNGE

at

1LPEQEE§Q#hen used smone

synthetlc urlne A)

Pl St @“ﬁ%f;hfﬁés”&feﬁéfmﬁiﬁ

liquid of known | ow 35
Bﬁl (flash point is [err]

i S used. To conduct the test,
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I p of suitable
The present invention relates to a method for converting

normally hydrophobic polymer1c-foams-1nto hydrophilic foams. The
foams thus “"hydrophilized" are suitable 'for use in absorbent
devices such as ”diabers. adult incontinence garments, sanitary
napkins, bandages, and the like, which are especially adapted for
absorbing various aqueous bodily fluids. |
BACKGROUND OF THE INVENTION

A wide varwety of foam materials, or common "sponges", which
effect1ve1y absorb moisture are well-known in commercial practice.
Typically, such foams are open-cell structures and comprise
various cellulosic or polymeric materials. For example, various
polyurethanes and like materials have long been used to prepare
synthetic foams. As is known in the art, foam materials function
most efficiently as absorbents for aqueous liquids when their
surfaces' are substantially hydrophilic. "However, many synthetic.
foams are prepared by the polymerization of organic monomers which
yield polymeric foams which are substantially hydrophobic in
nature. Accordingly, considerable attention has been giveh to
finding means whereby otherwise hydrophobic synthetic foams can be
rendered hydrophilic. ' :

for example, .it is known that some types of foams have been
prepared using certain selected monomers which, themselves, impart
at least some degree of hydrophilic character to the resulting
polymerized foam.
basic structure of the foam network during the polymerization
process. Unfortunately, the hydrophilic substituents present in
the monomers can undesirably modify the basic characteristics of
the resulting foam. Thus, while the resulting foam may have the
desired hydrophilic character, it may lose some of its other
desirable structural features or performance qualities. Moreover,
such specialized, hydrophilic monomers can be expensive relative
to standard monomers used to prepare foams and thus their use can

increase the overall cost of the foam.

This is the replacement shact
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Such monomers are then incorporated into the -



'dinensions'(e.g., 25 cmlong x 2 cmwide x 0.8 cmthick) is .,1 - 17 -
equi librated at 22 + [err], is positioned vertically and at one end is
imMmersed 1-2mminto a reservoir of the ethanol using a |ab jack. The

ethanol is allowed to wick up the foamstrip to its equilihbrium height
whith should be | ess than the sanple length. 5 The et hanol- cont ai ni ng
strip is then weighed while still touching the reservoir to determne the

wei ght of total ethanol uptake. During this procedure the sanple should be
shielded to prevent ethanol evaporation. SpezZific surface area of the foam
sanpl e can be calculated 10 fromthe followng formul a: where Sc =
capillary suction spétigther spnocessesar eame foams hpve \heen treated to provide

anionic substituent groups such as carboxylate or sulfonate
moieties on their polymeric structures. Such anionic substituents
can be effective in hydrophilizing the surface of the foams, but,
-5 unfortunately, their utilization can result in foams that are
rather stiff and lack resilience. Such foams are not optimally .
comfortable when used in close contact with human skin, as, for
example, in diapers and sanitary articles. '
In some instances, synthetic hydrophobic foams can be
10 rendered hydrophilic by incorporating small quantities of
surfactants into the foam matrix. While this can render a foam
hydfophilic and quite useful for some purposes,
surfactant-containing foams are not a]ways' suitable for use in
- prolonged contact with skin, since the surfactant can cause skin
15 jrritation. In addition, some surfactants, e.g., water-soluble
ones, can desorb from the foam and dissolve into the fluid being
absorbed by the foam. This can significantly change the surface
tension of the fluid and dramatically affect the strength with
which it is held by the foam.

The manufacture of hydrophilic foams for use as fluid
absorbents in sanitary articles, especially disposable diapers and
sanitary napkins, requires that the foams not only have superior
fluid-handling properties, but also be comfortable to the wearer
and safe when used in close proximity to human skin over prolonged
periods of wear. Moreover, it is important to the performance of
foams designed for use in ‘diapers and catamenials that the
fluidity properties of body fluids such as urine and menses not be
substantially affected by ihe hydrophilizing agent, such as could
happen when some surfactants, e.g., water-soluble ones, are used
to hydrophilize absorbent foams. Accordingly, safe, effective,
economical means for hydrophilizing absorbent foams is of
substantial interest to the manufacturer of such items.. The
present invention provides a safe and effective foam
hydrophilization method which meets the foregoing requirements.

. 'BACKGROUND ART

Lindquist; U.S. Patent 3,563,243; Issued February 16, 1971
relates to the use of oxyalkylene-substituted polyurethane foams
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mass of liquid uptake of EtOH in gns; G = the gravitational 15

constant which is 980 cm'sec2; Ln - total length of sanmple in cm M = nass
of dry foamsanple in gm and [err]= surface tension of EtOH which is 22.3
dynes/cm 8) -**"Adhesi-on Tensi on Measurenents The capill ary suction uptake
procedure used as described 20 to determi ne specific surface area of
the foam sanple is then repeated on other sanples of the sane foamin

i dentical manner to the ethanol procedure qxgept t hat JAYCO synthetic urine
is used as the test fluid and the test is €afried out at [err]. Contact

known speci 1 ¢ o fiagett. 0Sef ¥sp Vb, Tyl vaLER Applat P oploabdle 25
[err]= contact ah#ideOpen §&9¥ﬂ9‘b§y'r?clhe!§/ ‘urine in degrees; [err] = mass of
liquid uptake of J3ymes e§yal;helS.c Patuntng, 6120334 5Tssued Séptember 16, 1986
orev et onal oogss b JEs 0 3, B lonhbem Terelladls ERTBI
specific surfacerelade otot lcertoinm €esms chavingnpgapboxy and other anionic
substituent groups.
Unilever; EPO Patent Application 299762; Published January
18, 1989 relates to the use of calcium chloride in the manufacture
of high internal phase emulsion foams.
10 Kelly et al; U.S. Patent 4,985,467; lssued January 15, 1991
discloses a hydrophilic polyurethane foam  comprising .
superabsorbeht material. This patent also cites the following
references relating to absorbent foams and/or other absorbent
materials: u.s. Patents 4,104,435; 4,717,738; 4,725,629;
15 4,076,663; 4,454,268; 4,337,181; 4,133,784; 3,669,103; 4,464,428;
4,394,930; 3,900,030; 4,239,043; 4,731,391 and Japanese 55-168104
(1982); 57-92032 (1982); also U.S. Patents 3,021,290; 3,171,820;
3,175,025; 4,359,558; and 4,521,544, _ '

Barby et al; U.S. Patent 4,797,310; Issued January 10, 1989;
Edwards et al; U.S. Patent 4,788,225; Issued November 29, 1988 and
Barby et al; U.S. Patent 4,522,953; Issued June 11, 1985 ail
relate to porous polymeric materials (foams), some of which
contain. surfactants and which presumably are hydrophilic.

UMMARY OF THE INVENTION L

The present invention provides a method for 'rendering
substantially hydrophobic polymeric foams suitable for absorbing
hydrophilic liquids. In the first step of such a method, both a
certain type of surfactant and a solution formed from a solvent
such as water and a certain type of hydrophilizing agent salt are
incorporated into a polymeric foam material which is substantially
hydrophobic in the absence of added or residual hydrophilizing
agents. In .a second step of the method herein, this treated
polymeric foam material is dried to remove solvent therefrom and.
to thereby 1leave incorporated within the foam material a
substantially uniformly distributed, hydrophilizing amount of both
the surfactant and the hydrophilizing agent salt. The surfactant
which is employed is one which is substantially water-insoluble
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as determ ned by the ethanol uptake procedure; and [err] = length of the
foamsanple in cm Wen a surfactant is present (for exanple,
residual emrulsifier on-the foam sanple surfaces and/or in the advancing

test liquid), characterization of the advancing liquid front is - - 18 -
defined by applying the adhesion tension (AT) equation: wherein MI is the
mass of the test liquid taken up by the foam5 sanple, and G LN, M\,
and Sc are as hereinbefore defined. [See Hodgson and Berg, J. Coll. Int.

Sci., 121(11, 1988, pp 22-31] In determ niny 4adhesi on tension for any given
oSt Laurd, o SRR iR el SeaeliklE, BITERAShY 87 e Lia TR
concentrati on orspebifisampireph tlizfiog egentusdl tsr whiah afe essehtdatiyngmployed
in this method are the toxicologically acceptable, hydrated or
hydratable calcium and magnesium salts such as calcium chloride
5 and magnesium chloride.

The present invention is also directed to hydrophilized
polymeric foam materials themselves which are suitable for
absorbing hydrophilic 1liquids... Such foams have the above

: mentioned surfactants and hydrophilizing agent salts incorporated
10 therein in substantially uniformly distributed, hydrophilizing
amounts comprising at least about 0.05% by weight of the foam.
Such foams furthermore contain no more than about 50% by weight of
the foam of free water. _
BRIEF DESCRIPTION OF THE DRAWINGS
15 Figure 1 of the drawings is a photomicrograph of the
interstices of a typical hydrophilizable absorbent foam of the
present invention.

Figure 2 of the drawings represents a blown-apart view of the
components of a diaper structure which has a dual layer absorbent
core configuration and which employs a hydrophilized absorbent
foam material as one of its elements.

TAILED DESCRIPTION OF THE INVENTION

The hydrophilization method of the present invention deals
with the treatment of polymeric foam materials which are suitable
for absorbing liquids into their foam structures. Polymeric foams
can in general be characterized as the structures which result
when a relatively monomer-free gas or relatively monomer-free
liquid is  dispersed as bubbles in a polymerizable
monomer-containing liquid, followed by polymerization of the
polymerizable monomers in the monomer-tontaining liquid which
surrounds the bubbles. The resulting polymerized dispersion can
be in the form of a porous solidified structure which is an
aggregate of cells, the boundaries or walls of which cells
comprise solid polymerized material. The cells themselves contain
‘the relatively monomer-free gas or relatively monomer-free liquid
which, prior to polymerization, had formed the "bubbles” in the
1iquid dispersion.
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liquid during wicking are inmaterial. The experinental value of adhesion
tension [err] is especially useful when viewed as a percentage of the

maxi nrum adhesi on tension which is the surface tension of the test liquid
(e.g., the maxi.num adhesi on tension using JAYCO synthetic urine-would be

[err] dynes/cm). 111) Vertical- Wcking Rate Determ nation Vertical w cking
rate is a neasure of the ability of a dry foamto wick fluid vertically
froma reservoir. The time required 20 for the fluid front to w ck

through a 5 cmvertical length of a strlp of - ffoam can be neasured to give a

W cki ng. hel ght s ar eat & dassh T, 8re_ ARTY. haflartBL® oFpHcrid AdiThATC 168 e
‘food coloring is meteriabs useful nin Hdef presantndnvasthend are H&Ser prepareédr by caI
wicking rate. |nghijmrisH P Qrm@ﬁiwﬁr tffe ¥t Qitiedl fn- ane RS Jonbr RA &
Lerr], and the tesé}“u swfi)er orgeme%t pgmsaarre t?argll(\a!eﬁf smaTI amount of a
5 polymerizable monomer-containing’oil phase and a relatively larger
amount of a relatively monomer-free water phase. The relatively
monomer-free, discontinuous "internal® water phase thus erms the
dispersed "bubbles” surrounded by the continuous polymerizable
monomer-containing oil phase. Subsequent polymerization of the
10 monomers in the continuous oil phase forms the cellular foam
' structure. The aqueous liquid remaining in the foam structure
formed upon polymerization can be removed by pressing and/or
drying the foam. '
Highly preferred polymeric foam materials for use in the
15 present invention are those prepared by polymerizing water-in-oil
emulsions containing certain polymerizable monomers, such as
styrene, alkyl{meth)acrylates and/or divinylbenzene, in the o0il
phase of such emulsions. The most preferred polymeric foam
materials of this type are those described in the concurrently
20 filed patent application of DesMarais, Stone, Thompson, Young,
LaVon, and Dyer having U.S. Serial No. 743,839?_ (P&G Case
4451) entitled "Absorbent Foam Materials for Aqueous Body Fluids
and Absorbent Articles Containing Such Materials," which
application is incorpbrated herein by reference. Such highly
25 preferred foam materials will generally have a pore volume of from
' about 12 to 100 ml/g and a capillary suction specific surface area
of from about 0.5 to 5.0 m2/g. These foams can be prepared from
water-in-oi1 emulsions wherein the water to o0il weight ratio
ranges from about 12:1 to 100:1, more preferafﬂy from about 20:1
30 to 70:1.
Another common type of polymeric foam material useful in the
present invention comprises the polyurethanes. Polyurethane foams
are those prepared by reacting a polyisocyanate such as a
diisocyanate with a hydroxyl-containing material such as a
35 polyether polyol in the presence of water and a catalyst. As the
polymer forms, the water reacts with the isocyanate groups to
cause crosslinking. Carbon dioxide is also produced, and this
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1) Sanpl e Preparation i) A strip of foamapproximately 25 cmx 2 cm X
0.8 cm 30 Is prepared as in the Adhesion
Tension test hereinbefore described. iii) Afluid reservoir is placed on
top of a l-ab jack and the foam sanple is clanped at one end.so Lhat it is
suspended vertically over the fluid 35

reservoir. iii) Aruler is clanped next to the foam sanple so that the
bottom (0 cm) of the ruler is about | - 2 nm 19 above the bottom of the

foam sanple. iv) The fluid reservoir is filFei-about 3/4 full with the dyed

synthetic urine Sc)luses {%am1ng Trifluoromethane or other volatile materials may

also be employed as a blowing agent.
Polymeric foams, including the preferred foams herein
prepared from polymerizable water-in-oil emulsions, may be
5 relatively closed-celled or relatively open-celled in character,
depending upon whether and/or the extent to which, the cell walls
or boundaries, i.e., the cell windows, are filled or taken up with

- polymeric material. The polymeric foam materials useful in the

method of the present invention are those which are relatively
10 open-celled in that the individual cells of the foam are for the

most part not comp]etély isolated from each other by polymeric

material of the cell walls. Thus the cells in such substantially

open-celled foam structures have intercellular openings or

fwin&ows“ which are large enough to permit ready fluid transfer
15 from one cell to the other within the foam structure.

In substantially open-celled structdres of the type useful
herein, the foam will generally have a reticulated character with
the individual cells being defined by a plurality of mutually
connected, three dimensionally branched webs. The strands of
bo]ymeric material which make up the branched webs of the
open-cell foam structure can be referred to as “struts.”
Open-celled foams having a typical strut-type structure are shown
by way of example in the photomicrograph set forth as Figure 1.
For purposes of the present invention, a foam material is
"open-celled"” if at least 80% of the cells in the foam structure
are in fluid communication with at least one adjacent cell.

The polymeric materials that form the foams which are used as
the starting materials in the method of this invention will
generally be non-swellable in aqueous 1iqhids and will also
generally be substantially free of polar functional groups on
their polymer structures. Thus after the structures of such foams
have been formed, the foam structure surfaces comprise polymeric
materials which, in the absence of any residual or added
surfactants or other hydrophilizing agents, would be substantially

-hydrophobic in character.

The extent to which polymeric foam materials are either

"hydrophobic" or “hydrophilic® can be quantified by referencing
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2) Vertical Wcking Rate 5 1) The reservoir is raised
upsto the bottomof the foamsanple with the lab jack. Atinmer is started
as soon as the fluid touches the bottomof the foam sanple. ii) The
reservoir ‘i's immediately raised until the 10 liquid
just touches the bottomof the ruler. The lab jack may need to be adjusted
to keep 1 - 2 mmof the sanple i mersed, and the sanple should be shiel ded
to prevent evaporation. iii) The tine it takgs the fluid front to reach 5
cmis 15 recor ded. For conpari son purposes the tines

for the fluid tegle badHeddsm t%ngmranéx#ﬂ)ﬁaaadyesakﬁqoaﬁscqm@&htact fwnht%?
foam sample  aiorignle ent AALAEL Sl Adgston *Hemkibn s Harliad' gy Ubfe !
' formula _
AT = ¥ COS ©
5 wherein AT is adhesion tension in dynes/cm;
7 is the surface tension of a test liquid absorbed by
the foam material in dynes/cm;
@ is the contact angle in degrees between the surface of
foam polymer material and the vector which is tangent to
10 the test 1liquid at the point that the test Yiquid
contacts the foam polymer surface.
For any given foam material, the adhesion tension exhibited
by the foam can be determined experimentally using a procedure
whereby weight wuptake of a hydrophilic test 1liquid, e.g.,
15 synthetic urine, is measured for a foam sample of known dimensions
and capillary suction specific surface area. Such a procedure is
described in greater detail in the TEST METHODS section
hereinafter.

For purposes of the present invention, a partitular foam
material is considered to be substantially hydrophobic if, in the
substantial absence of any added or residual surfactants or other
hydrophilizing agents, it exhibits an adhesion tension of less
than about 15 dynes/cm as determined by capillary suction uptake
of synthetic urine having a surface tension of 65 * 5 dynes/cm.
Conversely, a polymeric foam material is considered to be
relétive1y hydrophilic when it exhibits an adhesion tension of 15
dynes/cm or greater, preferably 20 dynes/cm or greater, as
determined by capillary suction uptake of this same synthetic
urine. '

In a2 first step of the method herein, a substantially
hydrophobic polymeric foam is treated so as to incorporate into
the foam material both a certain type of surfactant and a solution
comprising a particular type of hydrophilizing agent which is
dissolved in a suitable solvent. The surfactant which is
“incorporated into the foam material can comprise any substantially
water-insoluble, mild, relatively non-irritating surfactant
compound which tends to enhance the wettability of the polymeric
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Cyli ndri cal foam sanples 1.125 inches (2.86 cm in dianeter of any suitable
t hi:=ckness (e.g., ‘0.8 cm are cut fromlarger foam pieces. The cylindrical
sanpl es are dropped froma height of 2-3 inches (5-7.6-cn) into a 250 nL
beaker contai ning approxi mately 100 nL of Jayco synthetic urine in such a
way that the flat cylindrical surface contacts the test fluid’inthe
beaker. A stopwatch tinmer is started as soon as the bottom of the foam
sanpl e contacts the test fluid. The sanple is observed until the test
fluid wicks to the top surface of the sanpl & - Wien the top 30 face of the
foam sanple is substantially wetted out, the tinmer is stopped, and the sink
time is recordegurfRsapevithywbichpfit  he coniacted |agdqontoywhight dbtmaysibek
ol bl e’ Sako SRS e i St e SRl DO
a;)arrfhg saméIo t%éﬁll[}eraa?t‘ r%gte?f)f p%{'lylgﬁyé%r%l géit%e#ﬁg g%ér ﬁﬁv&ﬁy)mfye'sted
in a particul ar eshylene (PREx Fettniagdderandcesters. Examples of surfactants of

5 these types include TRIODAN® 20 which is a commercially available
polyglycerol ester marketed by Grindsted and EMSORB® 2502 which is
a sorbitan sesquioleate marketed by Henkel.

Especially preferred are the sorbitan fatty acid esters such
as sorbitan monolaurate (SPAN® 20), sorbitan monooleate (SPAN® 80)

10 and combinations of sorbitan trioleate (SPAN® 85) and sorbitan
monooleate (SPAN® 80). One such particularly preferred surfactant
combination comprises the combination. of sorbitan monooleate and
sorbitan trioleate in a weight ratio greater than or equal to
about 3:1, more preferably greater than about 4:1.

15 Another particularly preferred sorbitan fatty acid ester is,
as indicated, sorbitan monolaurate (SPAN® 20). Sorbitan
monolaurate is, in fact, so beneficial in imparting hydrophilicity
characteristics to absorbant foams that its use as a hydrophi -
lizing agent is the subject of the separate, concurrently filed

20 U.s. pétent application of DesMarais and Stone, having Serial No.
'743,838% (P& Case No. 4455), which application is incorporated
herein by reference. This sorbitan monolaurate material is
accordingly highly preferred for use as the surfactant material td
be incorporated into the foams herein in the context of the

25 present invention.

The surfactant materials of the foregoing type can be incor-
porated into the foam materials herein by any suitable means which
will result in the surfactant(s) contacting the polymeric surfaces
of the foam material. Most preferably, this can be brought about

30 by employing the surfactant material(s) as a component in the
process which is used to prepare the foam materials herein. For
the preferred foams herein which are prepared by polymerizing
water-in-oil emulsions, the substantially water-insoluble sur-
factant materials can be added as emulsifiers to the monomer-

35 containing oil phase of such emulsions. In this manner, the
surfactant materials perform the dual role of stabilizing the
emulsions to be polymerized and acting as residual hydrophilizing
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Test fluid "cold" ‘tenperatures of about 70-BOCF [err] and test - 20 -
flurd "hot" tenperatures of about J[err] are frequently enpl oyed.
'EXAMPLES Preparation of hydrophilized absorbent foam nmaterials, the 5
characteristics of . such hydr ophi | i zed foam nmaterials . .-and
utrlization of these hydrophobic foam absorbents in a di sposabl e diaper
are all illustrated by the follow ng exanples. EXAVPLE | Preparation of a
hydrophilized foam absorbent on a semni -pilot 40 plant scale is
illustrated by this exanple. Enulsion Prepardtion Cal ciumchloride (320 g.)

and potassi um pelaulfalkidi*8oltdct and preferably coat the polymeric surfaces of
the foam structure after this structure is formed. Surfactant
materials can be added to the polymerizable monomer-containing 0il
phase to the extent of from about 0.5% to 20% by weight of the
5 polymerizable monomer materials in the oil phase. '
~Alternatively, the surfactant materials used in the present
invention can be introduced or reintroduced into the foam material
which contains no surfactant as made or from which residual
surfactants have been removed. Such  introduction or
10 reintroduction of surfactant can be carried out by treating such
foams with an appropriate surfactant solution or suspension.
Thus, the water-insoluble surfactants useful - herein can be
dissolved or dispersed in a suitable solvent or carrier such as
isopropanol, and the resulting solution or suspension can be
15 contacted with the foam material to be treated therewith. In this
manner, the surfactant materials can be incorporated into the
interstices of the foam structure.

The surfactant materials used in the present invention are
genera1ly incorporated into foam materials in amounts which, in

_conjunction with the hydrophilizing agent salt component, impart

_ suitab1é hydrophilicity characteristics to the foams so treated.
Frequently such amounts of incorporated surfactant will range from

~ about 0.5% to 20% by weight of the polymerized foam material, more
preferably from about 1% to 16% by weight of the polymeric foam
material.

As  indicated, the first step of the method of the present
invention also involves the incorporation into the foam materials
herein of a certain type of hydrophilizing agent salt solution.
The essential component of such a hydrophilizing agent salt
solution is a hydrophilizing agent sdlt which is selected from the

~ toxicologically acceptable, hydrated or hydratable calcium and
magnesium salts.

Nonlimiting examples of the hydrophilizing agent salts useful
herein include hydrated and hydratable materials such as the
following: calcium tartrate tetrahydrate; calcium thiosulfate
hexahydrate; calcium chloride hexahydrate; calcium chloride
tetrahydrate; calcium citrate tetrahydrate; calcium bromide
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are dissolved in 32 liters of distilled water. This provides the water
phase used to forma high internal phase enul sion. 15 To a
nmononer conbination conprising styrene (900 g.), divinylbenzene (1260
g.) and.2-ethyl hexylacrylate (3840 g.) are added sorbitan nonool eate (960
g.*as [err] 80) and sorbitan trioleate (240 g. as [err] 85). After m xing,
this conprises the oil phase used in the formation of the high internal
phase 20 emrul sion. At tenperatures in the range of J[err] to [J[err],
separate streans of the oil phase and mateTIBhase are fed to a dynanic

m xi ng chanber. or,0 h n1x onb t reans | the 25
dynam’gc m xi ng ch ‘ﬁ’g l] éf h ‘S{'ygf%el'rrpéf Gum - guifateg
scal e of operati drhydaaltexpprmmneailm p|wthnmsbhatecormttah;xm‘am,cylmmuhm
shaft of about 2 aﬁ?hté gbén‘iEQ}J}'a%I r’ina%ngkﬁﬁﬂatt: 1ol am{hy&rﬁﬁcr‘ﬂ\a\?_ﬁ@?\uﬁhaft

hol ds two rows .o t WO T,0Ws &ca plL ns” eac
di ameter of 0.5 Ehtraie: é’ﬁBF drate, magnes iodide octahydrate; magnesSium

sulfate heptahydrate, and magnesium salicylate tetrahydrate.
Preferred hydrophilizing agents herein include hygroscopic or
deliquescent salts such as the following: calcium chloride,
calcium bromide, magnesium chloride and magnesium iodide.
Mixtures.of these salts may also be employed.

10 The calcium and magnesium salts used in the present invention
should, of course, be toxicologically acceptable. Toxicologically
acceptable salts are those which present little or no risk to
humans or animals if they are accidentally ingested or inhaled in
amounts which might be encountered during use or manufacture or

15 after disposal of the hydrophilized foams herein. Thus, for

example, hydrated magnesium arsenate might very well provide foams

of suitable hydrophilicity. This salt, however, is toxic if
ingested or inhaled and would therefore not be encompassed within
the scope of the present invention.

The hydrophilizing agent salts as hereinbefore described will
generally be dissolved in a suitable solvent to form a solution
which can be 1ncorporated into the polymeric foam material to be
treated in accordance with the method herein. Water is the
preferred solvent for use in preparing this treating solution, but
various alcohol or water/alcohol solvents can also be employed.
The hydrophilizing agent can be incorporated into the solution at
any convenient concentration. Typically, solutions .containing
from about 1% to 10% by weight of solution of the hydrophilizing
agent are used, but higher concentrations, and even saturated
solutions, can be employed. When calcium chloride is used as the
hydrophilizing agent, it is generally employed in aqueous solution
at a concentration of from about 1% to 5% by weight. '

" As with the surfactant, the solution containing the
hydrophilizing agent salt can be incorporated into the structure
of the substantially hydrophobic polymeric foam material by any
convenient procedure which will result in the solution filling a
significant number of the cells within the foam. Most preferably,
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30 radially
1.6:cm The fou

outward fromthe central axis of the shaft to a |l ength
r rows are positioned at [err] angles around the

circunference of the inpeller shaft. The rows that are
per pendi cul ar to each other are offset along the |ength of the shati:.such
ch are perpendicular to each other are 35 in the sane

that no pins whi
radi al pl ane ext
nounted in a cyl
the pins in the
wal I s of the cyl
revol utions per
di aneter by 0.43
the dynam c m xi
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ending fromthe axis of the shaft. The pin inpeller is
indrical sleeve which forns f§he dynam ¢ m xi ng chamber
i mpel | er have a - 21 - clearance of 0.8 mMmfromthe

| EHiTs e b%lmught ibeut e&éwm)s eﬁF’ﬂfy&h Cthat hydrGpHEe Sz g
m nu J C xer (14 inc

R snliedRs cind ABe cPYoceE® wiEhods £ (B E

ngtwfcsoter tThubel fowr exampdesomp Epokogrietsucelcium  and/or
magnesium salt may be added to the water phase of a water-in-oil
emulsion which is to be used to prepare the polymeric foam. When
such an emulsion is subsequently polymerized, the solid cellular
structure of the foam will be formed around residual water phase
material having the desired hydrophilizing agent salt dissolved
therein. ' .

Alternatively, foams made without any hydrophilizing agent
solution used in their preparation process may, after formation,
be treated by repeated contact and washing with an appropriate
solution of hydrophilizing agent salt to thereby incorporate the
solution into the foam. Such treatment of foam materials which
are substantially hydrophobic as formed may be difficult, however,
because hydrophilizing agent solutions, which are frequently
aquebus, may not be readily absorbed into hydrophobic foams. 1In
such instances, it may be necessary to force hydrophilizing agent
solution into the foam structure by-app]icatidn of pressure or by
means of repeated washing and/or foam squeezing steps. It may
also be nééessany, for example in the case of relatively large
cell (> 90u) hydrophobic foams such as polyurethanes, to employ an
alcohol or water/alcohol solvent for the hydrophilizing agent in
order to realize acceptably wuniform distribution of the
hydrophilizing agent salt within the foam structure.

It is, of course, possible to employ a combination of the
foregoing techniques for incorporating hydrophilizing agent salt
solution into the foam structure being treated. Thus, for
example, a portion of the eventually desired hydrophilizing agent
salt may be incorporated into the process liquids used in the
preparation of the foam. After formation of such a foam,
additional or replacement hydrophilizing agent salt may be
incorporated during subsequent post-formation treatment, e.g.,
washing, of the foam with hydrophilizing agent solution.

In a second process step of the method herein, the polymeric
foam material, with its incorporated surfactant and incorporated
solution of hydrophilizing agent salt, is subjected to drying
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Thi s hel ps keep the dynam c m xi ng chanber conprising the cylindrical
sl.eeve with its pin inpeller full. This also -helps to ensure appropriate
and conplete mxing of the oil and water phases. 10 An enul si on
having the requisite ratio of water to oil phases is approached gradually. -
At. first, flowrates are adjusted so that 3 parts by weight of the water
phase and 1 part by weight of the oil phase enter the dynam c m xing
chanber with the pin inpeller at an oil hase flow rate of 0.75
g/sec (0.1 15 pounds/ninute) The wal%r to oil phase ratio is

I ncreased, over a period few a rati 9 Is water
phase to 1 part U°F9W§§e%Psrﬁ'&%"§l % ?ﬁ@‘“t ﬁg"&%am?f“ nt"g ?’E‘W@ Jat "a
rate of 23 nl/semgentVissltal solutidne eDryigorcant be hefsfestedgebyflaom heattm bhe

static m xer Or'lﬁi'cggwwy tﬂr&ﬁﬁeﬁpw %geﬂ%roi:orﬁ'e‘”@imn ”Hef‘mds whick' &@Ve and

"sets" to a consi st ner i thlon of
the Enul sion At thj §ewent thQ hé"b‘!ﬂﬂty hy enﬂ?'gl BECITSINE ¢ rPé'° Atsti of mither i s
5 hydrophilizing agent salt itself, from the foam structure. :

It would be possible in accordance with this invention to
completely remove from the foam solvent which ‘has been used to
deliver the hydrophilizing agent salt into the foam. Such
co:inp‘lete removal of the solvent by the drying step would leave

10 fine particles of the hydrophilizing agent salt deposited onto the
foam surfaces. It will be appreciated from the discussion
hereinafter that foam treated in this manner might be described as
"over-dried" because, upon complete drying, the hydrophilizing
agent salt loses its waters of hydration. Accordingly, the

15 resulting foam appears to be hydrophobic. However, in the

presence of relative humidities above about 40%, the hydrophilic
surface of such completely dried foam will be restored. More

preferably, the -foam should not be dried completely to such a

state. Rather, the drying conditions will preferably be adjusted
such that the hydrophilizing agent salt retains its waters of
hydration, and, as such, the resulting foam is hydrophilic
as-made. Frequént'ly. solvent will be removed from the foam
structures treated by the method herein such that residual
solvent, e.g., free water, in the foam comprises no more than
about 50% by weight of the (dry) foam, more preferably no more
than about 10% by weight of the (dry) foam. |

It will be appreciated that the amount of hydrophilizing
agent salt introduced throughout the foam network and onto the
surfaces- of the network structure of the foam via the instant
method can vary, according to the degree of hydrophilization
desired and according to the effectiveness of the hydrophilizing
agent salt . chosen. For example, with truly deliquescent
hydrophilizing agent salts, a smaller proportion may be needed for
satisfactory results. With salt materials that form lower
hydrates, somewhat more of the hydrophilizing agent salt may have
to be used. In general, the object of the present invention is to
incorporate a hydrophilizing amount of the . surfactant and the
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ready for curing. The enulsion is fed to a generally rectangul ar nold which
I s srtade of pol yet hyl ene and whi ch has the di nensions, 25 38 cm | engt h;
25 cmwi dth and 22 cmdepth. Enulsion is enptied into such nolds until
each nol d contai‘ns approximately 20,000 m of the emul sion to be cured.
Curing is effected by placing the emul sion-containing nolds in a curing
oven at a tenperature of [err] for a period of about 16 30 hour s.

After «curing, the resulting solid polyngyized foam nmaterial contains
up to 98% water and is soft and sopping wet to the touch. Foam Washi ng and

Hydr ophi | i zati on clheiwmelnd/oresagnesfonmeaby(isd! inte &mhontsd the oftahhstrattureg
T e roam "o/ chEBRERY 8, UL MEVOBRC S o b YO o7
material, or to ttiah suRREdyofoft heurfackantatandi aIf, .eadciwmeand/osutmagnesium
salt(s) which, when the salts are fully hydrated, provides a foam
5 that exhibits an adhesion tension of at least about 15 dynes/cm, -
preferably at least about 20 dynes/cm, as determined by the
capillary suction uptake at 370C. of synthetic urine having a
surface tension of 65 * dynes/cm. '
Typically, the dried foam will comprise at least about 0.05%
10 by weight of the surfactant plus the hydrophilizing agent salt.
When using materials such as calcium chloride, the foams will
generally contain from about 0.1% to 7% by weight of the
hydrophilizing agent salt based on the weight of the foam
material. Higher levels can be uséd, but it should be appreciated
15 that excessive amounts of the hydrophilizing agent salt will not,
in general, serve any useful purpose and may cause the resulting
‘foam to shed dusty particles due to an overloading of the dried
hydrophilizing agent salt. |
It will be appreciated that for the surfactant and the
20 hydrophilizing agent salt to be effective in imparting hydrophilic
characteristics to the foam being treated therewith, both the
surfactant and the hydrbphi]izing agent salt must be substantially
uniformly distributed within the internal structure of the foam.
If the surfactant and/or the hydrophilizing agent salt is
- 28 deposited within the foam only in discrete discontinuous zones,
such as may happen for example if the ;urfactant-or hydrophilizing
agent salt solution forms beads or droplets within the foam
structure formed by the polymeric struts, then the full foam
hydrophilization effect provided by the method herein may not be
30 realized. _ o
Treatment of polymeric foam materials in accordance with the
method of the present invention renders such foam materials
suitable for absorbing hydrophilic liquids. While not limited by
theory, it appears that the surfactant and the specific
35 hydrophilizing agent salts used herein, in fact, do not chemically
interact with the foam polymer material. Rather, it appears that
the hydrophilizing agent salts herein function by simply providing
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- 22 - at least 90% of the retained original residual water phase material.
The foam sanple is then washed for 20 seconds in [err] water containing
calciumchloride as a hydrophilizing agent salt. Such 5 a
hydrophilizing solution contains 1% by weight of calciumchloride.
The cal ciumchloride solution used in the first washing is agarn expressed
using pressure, and the foamis then treated with a second washing with the
calciumchloride solution at [err]. "This 10 second rinse is intended
to leave a residue of both enulsifier/- surfletant (16% by wei ght) and

st faces  rel at iMHEGURIaOSp IR, SFoHITIMAR cpigraly " distribitedTns thece
hydrophili zed foasarifacé hefi aghei nfpaessedst onabedy esfoams treated with the
hydrophilizing agent salts herein can be “overdried" by removing
water of hydration from the salts in the foam. Such overdried
foams will then appear to be hydrophobic. However, such foams can
be placed in a high humidity environment for a reasonably short
period of time, whereupon their hydrophilic character can be
considerably restored.
In environments wherein the foams herein are to be used,
10 particularly in sanitary pads, diapers, and the like, the humidity
close to the body or in contact with the skin is nearly 100%.
Foams treated in accordance with the method herein with hydrated
or hydratib]e hydrophilizing agent salts retain (or have restored)
their hydrophilic character in the presence of the water. Thus,
15 in-use, the hydratable salts can fully hydrate or re-hydrate,
either because of humidity in the air or because of the humidity
~ provided by the close pfoximity with the body. In this manner,
suitable hydrophilic foams useful for absorbing aqueous' body
fluids can be provided. Whatever the mechanism, the hydrated or
hydratable hydrophilizing agent salts herein, in combination with
the surfactant component, function in the desired manner to
provide such hydrophilic foams without certain of the disadvan-
tages hereinabove mentioned with regard to other means for hydro-
philizing otherwise hydrophobic foams. T
The hydrophilized foam materials of the present 1nventwon are
especially useful as absorbents for aqueous body fluids in
absorbent articles such as diapers, incontinence pads, catamenial
products, and the like. The hydrophilic character of such treated
absorbent foams permits such materials to readily accept body
fluids such as . urine and menses into their foam structures.
Hydrophilized foam materials will in general exhibit desirable
fluid transport, e.g., wicking, properties for aqueous fluids such
as body fluids so that absorbed liquid can be moved within the
material from one region of the absorbent foam to another.
The rate at which a polymeric . foam material will wick, and
especially vertically wick, aqueous fluid can, in fact, be used as
a screening test to measure the extent to which a given polymeric
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excess hydrophilizing solution fromwithin its porous structure. The foam
material is then dried by subjecting it to oven drying for 12 hours at
[err]. After drying the foammaterial is cut into sanple pieces suitable
for the Vertical ‘Wcking Rate testing as 20 herei naft er descri bed.
EXAVPLE 11 Another polyneric foamnmaterial is prepared in the sane general
manner as set forth hereinbefore in Exanple I. In this exanple, t he
enul sion preparation, pol ynmeri zation, wasyyng, hydrophilization and
drying procedures are carried out as in Exanple | except that a 10%
[err] solution (37084 w&Yerliil i hagism@navehderedathgdraphddtc. ENAMPIDAYI Wicking

broceduros of Exaiprestan W goPArRib@ byl nBRSiaar e fandin 6 ieife BRER S
vertically wick syeshestiripuofi feam ofospeeified sizekakenntemick o colaxed ckestare
subjected to diffhgi@nfuchVaghispsthetic urine up a specified vertical distance
5 (e.g., 5 cm for foams that will wick fluid that far). Such a
method for determining Vertical Wicking Rate .is set forth in
. greater detail hereinafter in the TEST METHODS section.
An even simpler screening test useful for determining
relative hydrophi'licity of treated foam samples involves
10 measurement of foam sample sink time. In such a test, foam
samples are dropped into a beaker of aqueous test fluid, e.g.,
synthetic urine, and the amount of time taken for the samples to
sink is recorded. Shorter sink times are observed for samples of
. greater hydrophilicity. A typical sink time test is described in -
15 greater detail hereinafter in the TEST METHODS section.
' TEST METHODS

In descr\;bing the present invention, certain characteristics
of absorbent foam materials are set forth. Where repbrted,_ these
characteristics can be determined using the following test fluids
and test methods. '

1) Jest Fluids and Foam Sample Preparation

A) Iest Fluid - Synthetic Urine | _

Several of the measurements described in the tests herein
involve the use of a test fluid such as synthetic urine or
ethanol. The synthetic urine utilized in the tests described
hereinafter is made from a commercially available synthetic urine
preparation manufactured by Jayco Pharmaceuticals (Mechanicsburg,
PA, 17055). This Jayco synthetic urine made from the preparation
comprises KC1, 0.2%; NazS04, 0.2%; NH4H2P04.' 0.085%; (NHaq)2HPO4,
0.015%; CaCl2*2H20, 0.025%; and MgCliz*6H20, 0.05%. (weight %'s)
The synthetic urine samples are prepared according to the label
instructions using distilled water. To aid dissolution, the Jayco
salt mixture is slowly added to the water. The sample is filtered
if necessary to remove any particulates. Any unused synthetic
urine is discarded after one week. To improve visibility of the
fluid, 5 drops of blue food color can be added per liter of
synthetic urine solution. The Jayco synthetic urine utilized has
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procedures to thereby renove or replace the [err] hydrophilizing agent

salt, are also tested. Al of the foam sanples are prepared and tested for
vertical wicking rate and Sink Tinme in the nmanner herei nbefore described in
t he TEST METHODS section. Descriptions of the foam sanples, the - 23

f oam washi ng treatnment solutions and the Vertical Wcking: Rates and Sink
Ti mes exhibited by these foam sanples are set forth in Table 1. TABLE 1 5
VERTI CAL W CKI NG RATES Exanpl e | Exanpl e | - Exanpl e | Exanpl e
Foam Type: [err] Wcking Tine Te:lé -

a surface tension of 65 * § dynes/cm.

B) [oam Sample Preparation

The following Adhesion Tension and Vertical Wicking Rate
tests involve the preparation and testing of foam samples of a
particular specified size. These foam samples of the requisite
size should be cut from larger blocks of foam usihg a sharp
reciprocating knife saw. Use of this or equivalent type of foam
cutting device serves to substantially eliminate foam sample edge
flaws which could have adverse impact on certain of the
10 measurements -made in carrying out the test procedures hereinafter

set forth.

Sample size specification also includes a dimension for foam
sample caliper or thickness. Caliper or thickness measurements
for purposes of the present invention should be made when the foam

15 sample is under a confining pressure of 0.05 psi (350 Pa).
I1) Adhesion Tension Determination

The adhesion tension exhibited by hydrophilized foam samples
which imbibe test fluids via capillary suction is the product of
the surface tension, 7, of the test fluid times the cosine of the
contact angle, ©, exhibited by the test fluid in contact with the
interior surfaces of the foam sample. Adhesion tension can be
determined experimentally by measuring the equilibrium weight
uptake by capillary suction exhibited by two test sampies of the
same foam using two different test liquids. In the first step of
such a procedure, specific surface area of the foam sample is
determined using ethanol 2s the test fluid. The specific surface
area so determined is then used as one factor in experimentally
determining adhesion tension by measuring capil1éry suction uptake
of a second test fluid, synthetic urine.

R) Specific Surface Area Measurements

Capillary Suction Specific surface area of the foam

absorbents employed in the invention herein-can be determined from
the equilibrium weight uptake of a test liquid of known low
surface tension. In this instance, absolute ethanol (flash point
is 100C) is used.

To conduct the test, a tared foam sample strip of suitable
dimensions (e.g., 25 cm long x 2 cm wide x 0.8 cm thick) is
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(Mn:Sec) 10 2 cm 0: 28 4: 44 > 60: 00

12:37 5 cm 1:56 8: 33 -- > 60: 00 10
cm 12: 43 >. 60: 00 -- -- Sink Tine
(sec) : 29 159 > 360 > 360 at {err] 15
Exanple Il  Exanple |1 Exanple Il Foam Type: [err]

[err] [err] Wcking Tinme (Mn:Sec) To: 2 cm ] 0:48

-- 0: 15 20 5 cm .17 -2:42 10: 10

1:17 -10 cm 9: 23 : 21: 36 8:39 Sink Tine
(sec) 6 equilibrated 30@2 + 20C., is positdontd [verticadly andaztpbee lend oam

\oahed v o R R APTR BRFAERY S AR § b
' jack. The ethanol is allowed to wick up the foam strip to its
eqﬁi1ibrium height which should be less than the sample length.
5 The ethanol-containing strip is then weighed while still touching
the reservoir to determine the weight of total ethanol uptake.
During this procedure the sample should be shielded to prevent
ethanol evaporation. . -
Specific surface area of the foam sample can be calculated

10 | from the following formula:
Sc¢ = MeGLp
MnYe

where Sc = capillary suction specific surface area in cmz/gm;_Me =
mass of liquid uptake of EtOH in gms; G = the gravitational
15 constant which is 980 cm/sec?; Lp = total length of sample in cm;
Mp = mass of dry foam sample in gm; and ye = surface tension of
EtOH which is 22.3 dynes/cm.
 B) Adhesion Tension Measurements
The capillary suction uptake procedure used as described
to determine specific surface area of the foam sample is then
repeated on other samples of the same foam in identical manner to
the ethanol procedure except that JAYCO synthetic urine is used as
the test fluid and the test is carried out at 379C. Contact angle
of the synthetic urine can then be calculated as follows from the
known specific surface area and the synthétic urine uptake data:
cos8y = MyGLN
MNTUSc
where 6y = contact angle of Jayco synthetic urine in degrees§ My =
mass of liquid uptake of Jayco synthetic urine in gms; G =
gravitational constant which is 980 cm/sec?; My = mass of dry foam
sample in gm; Yy = surface tension of JAYCO urine which is -65
dynes/cm; S¢ = specific surface area of the foam sample in cme/gm
as determined by the ethanol uptake procedure; and Lp = length of
the foam sample in cm. _
When a surfactant i{s present (for example, residual
emulsifier on the foam sample surfaces and/or in the advancing
test liquid), characterization of the advancing liquid front is
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c - Exanple | foamwashed with [err] tap water containing 1% J[err] x -

-Exanple Il foamwashed with [err] tap water containing no added salt y -
Exanple Il foam washed with [err] tap water containing 1% [err] The Table
1l data show that both [err] and [err] treatnments 30 _of the Exanpl es
| and Il foam materials provide desirably high vertical w cking rates and

desirably short sink tines. Treatnents with water alone or with other
hydrated or hydratable salts, on the other hand, are nuch |less effective at
rendering foam hydrophilic as denonstrated-b}8t-he relatively | ower vertical
w cking rates and, 35 relgtively | onger sink ti exhi bjted by the -
foams so treat ed. defined by 39@)0&@@ I‘\‘}rﬂgﬂ@"f B%Rﬁiﬁf‘n@&rﬁﬂ“étmmi s prepared
and hydrophilized using 10% aquabusMiGlgol utions of the following

salts, respectively: - MNSc
wherein M7 is the mass of the test liquid taken up by the foam
3 sample, and G, Ly, My, and S¢ are as hereinbefore defined. [See
Hodgson and Berg, J. Coll. Int. Sci., 121(1}, 1988, pp 22-31]

In determining adhesion tension for any given test liquid, no
assumption is made of the numerical value of the surface tension
at any point in time so that possible changes in surfactant

10 concentration on the sample surfaces and/or in the advancing
1iquid during wicking are immaterial. The experimental value of
adhesion tension (y cosB) is especially useful when viewed as a
percentage of the maximum adhesion tension which is the surface
tension of the test liquid (e.g., the maximum adhesion tension

15 using JAYCO synthetic urine would be [65 * 5] [cos 00] = 65 * §
dynes/cm).

I1T) Yertical Wicking Rate Determination

Vertical wicking rate is a measure of the ability of a dry
foam to wick fluid vertically from a reservoir. The time required

20 for the fluid front to wick through a 5 cm vertical length of a
strip of foam can be measured to give a vertical wicking rate, at

‘least for foams that have equilibrium vertical wicking heights
greater than 5 cm. _

Jajco synthetic urine colored with blue food coloring is used

25 in the following method to determine vertical wicking rate. In
this test procedure.'the-materials are equilibrated at 220C., and
the test is performed at the same temperature.

1) Sample Preparation

i) A strip of foam approximately 25 cm x 2 cm x 0.8 ¢m

30 is prepared as in the Adhesion Tension test

hereinbefore described.

~# ii) A fluid reservoir is placed on top of a lab jack

and the foam sample is clamped at one end so that
it is suspended vertically over the fluid

35 _ reservoir. |

iii) A ruler is clamped next to the foam sample so that
the bottom (0 tm) of the ruler is about 1 - 2 mm
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[err] (1:1 wt. m'xt'ure); [err] and [err] 5
EXAMPLE V A pol yurethane foamis prepared in the conventional manner using

tol uene diisocyanate and pol yether polyol. The foam is repeat edI y
soaked and squeezed in a 10% solution of [err] and sorbitan
noriool eat e/ sorbitan trioleate in isopropanol. The excess 10 sol ution

I s expressed using hand pressure. The foamis allowed to air-dry and is

t hus hydrophilized by virtue of the residual- garfactant and [err] renmining
t herein. EXAMPLE VI A disposabl e baby di aper using a foam absorbent which
has been 15 hydr ophi | i zed ahewothie rhpttom wifi the fieamseuple.s prepared as

foll ows using the confi gurg%oq—h@nﬂ“ﬁgrrpg Bﬁ' s,t;owm]lela Ebt?ute@gimﬂﬁq ﬁ% y

bl own- apart depi ction a ther

| se
bonded pol ypropyl ene t opsheet, ge dygds $yn ierE?{ale ‘é&g@et hyl ene backi ng
sheet, 71, and a dual npyeuemmﬁmxm@mwo p05|t|oned bet ween t he

topsheet ang the backing shget yno TREANGlr is raised up to the bottom of the
foam sample with the lab jack. A timer is started
as soon as the fluid touches the bottom of the foam

sample.
ii) The reservoir is immediately raised until the
10 liquid just touches the bottom of the ruler. The

lab jack may need to be adjusted to keep 1 - 2 mm
of the sample immersed, andithe sample should be
shielded to prevent evaporation.
iii) The time it takes the fluid front to reach 5 cm is
15 recorded. For comparison purposes the times for
the fluid test to reach 2 cm and 10 cm are also
recorded if the foam sample has wicking
characteristics such that the test fluid will wick
that far.
IV. Sink Time Determination

Cylindrical foam samples 1.125 inches (2.86 cm) in diameter
of any suitable thickness (e.g., 0.8 cm) are cut from larger foam
pieces. The cylindriéa1 samples are dropbed from a height of 2-3
inches (5-7.6 cm) into a 250 mL beaker containing approximately
100 mL of Jayco synthetic urine in such a way that the flat
cylindrical surface contacts the test fluid in the beaker. A
stopwatch timer is started as soon as the bottom of the foam
sample contacts the test fluid. The sample is observed until the
test fluid wicks to the top surface of the sample. When the top
face of the foam sample is subétantially wetted out, the timer is
stopped, and the sink time is recorded.

Temperature of the test fluid can affect sink time
significantly, especially for the preferred water-in-oil based
foams of the present invention. Thus the test fluid should be
maintained at the same temperature for all samples being
comparatively tested in a particular sink time screening exercise.
Test fluid "cold” temperatures of about 70-809F (21-279C) and test
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| ayer absorbent core conprises a nodified hourgl ass-shaped, fluid
st.orage/redistribution layer, 72, conprising a hydrophilized absorbent
foam of the Exanple | type positioned bel ow a nodified- hourglass shaped
fluid acquisition/distribution layer, 73. The 25 topsheet

contains two substantially parallel barrier leg cuff strips, 74, with
elastic. Affixed to the di aper backsheet are two rectangul ar el asticized
wai st band nmenbers, 75. Al so affixed to each end of the polyethyl ene
backsheet are two waistshield el ements, 7&0 constructed of pol yet hyl ene.

Also affixed to fhe 3Q backsheet arg two par el astic strlps
77. A sheet of f é et ROY enéem%at'i"'sesafPer@q’g tﬁ g%ﬁog 146]?
backsheet  as a d@dqmmﬂtaidmﬂﬁyadLng surface for two pieces, 79, of Y type
whi ch can be used to fasten the diaper %_&gﬂi_the mearer The

acqui sition/distribution |layer C r rises a 92% 8%
wetlaid mixture of Shrepavatien of v&?-‘@f'@?f‘i e@se@q'ﬁr n%tﬁé‘ré sanghe

convent i ohal norcharidteetstdcsel bfil osich f |hydraph1l',’rndst fbireneni,teti/ilst ednd

curled cel | u'03idii§if§%§§néﬂ?etﬁg¥@eh;JFaghobic foam absorbents in a disposable

diaper are all illustrated by the following examples.
EXAMPLE 1

Preparation of a hydrophilized foam absorbent on a semi-pilot

10 plant scale is illustrated by this example.

Calcium chloride (320 g.) and potassium persulfate (48 g.)
are dissolved in 32 liters of distilled water. This provides the
water phase used to form a high internal phase emulsion.

15 To a monomer combination comprising styrene (900 g.),
divinylbenzene (1260 g.) and 2-ethylhexylacrylate (3840 g.) are
added sorbitan monooleate (960 g. as SPAN® 80) and sorbitan
trioleate (240 g. as SPAN® 85). After mixing, this comprises the
0il phase used in the formation of the high internal phase
emulsion.

At temperatures in the range of 550C to 650C, separate
stréams of the oil phase and water phase are fed to a dynamic
mixing chamber. Thorough mixing of the combined streams in the
dynamic mixing chamber is achieved by means of a pin impeller. At
this scale of operation, an appropriate pin impeller comprises a
cylindrical shaft of about 22 cm. in length with a diameter of
about 1.9 cm. The shaft holds two rows of 17 and two rows of 16
cylindrical pins each having a diameter .of 0.5 cm. extending
radially outward from the central axis of the shaft to a length of
1.6 cm. The four rows are positioned ‘at 90° angles around the
circumference of the impeller shaft. The rows that are
perpendicular to each other are offset along the length of the

~ shaft such that no pins which are perpendicular to each other are
in the same radial plane extending from the axis of the shaft.
The pin impeller is mounted in a cylindrical sleeve which forms
the dynamic mixing chamber, and the pins in the impeller have a
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- 25 - southern sof twood kraft pulp (Foley fluff) which has been cross-
linked with glutaral dehyde to the extent of about 2.5 nole percent on a dry
fi ber cellul ose anhydrogl ucose basis. The fibers are crosslinked

according to the dry- crosslinking process”" as 5 described in
Dean, Moore, Onens and Schoggen; U.S. Patent 4,822,453; |ssued Apri
18, 1989, incorporated herein by reference. These stiffened fibers are
simlar to the fibers havi ng the characterlsc#cs described as follows in
Table Il. Table Il Stiffened, Tw sted;” Curled Cellul ose (STUQ

Fi bers Type = Sou%ﬁgiﬁri%ﬁf&%oé’ n%rﬁfoh BHJ P:aﬁé’%?' 'tﬁhk‘?: li’thrta‘cﬂ' E %[ vé| defjyde

to the extent of er cent 0ose an 0gl ucose
basi s impeller is operated at a speed of 800 revoluttons per mrnute

A static mixer (14 inches long by 1/2 inch outside diameter
by 0.43 inch inside diameter) is mounted further downstream from

5 the dynamic mixing chamber to help provide some back pressure.
This helps keep the dynamic mixing chamber comprising the
cylindrical sleeve with its pin impeller full. This also helps to
ensure appropriate and complete mixing of the o0il and water
phases..

10 An emulsion having the requisite ratio of water to oil bhases
is approached gradually. At first, flow rates are adjusted so
that 3 parts by weight of the water phase and 1 part by weight of
the oil phase enter the dynamic mixing chamber with the pin
impeller at an o0il phase flow rate of 0.75 g/sec (0.1

15 pounds/minute). The yater_td oil phase ratio is increased, over a
period of a few minutes, until a ratio of 29 parts water phase to
1 part oil phase is passing into the dynamic mixing chamber, at a
rate of 23 ml/sec. Visually, the emulsion at this stage flows
from the static mixer orifice with the consistency of a whipping

20 cream and "sets" to a consistency reminiscent of a creamy yogurt.

Polymerization of the Emulsion

At this point, the emulsion emerging from the static mixer is
ready for curing. The emulsion is fed to a generally rectangular
mold which is made of polyethylene and which has the dimensions,

38 cm length; 25 cm width and 22 cm depth. Emulsion is emptied

into such molds until each mold contains approximately 20,000 ml

of the emulsion to be cured. : _

Curing is effected by placing the emulsion-containing molds

in a curing oven at a temperature of 60°C for a period of about 16

hours. After curing, the resulting solid polymerized foam

material contains up to 98% water and is soft and sopp1ng wet to
the touch.

foam Hashing and ﬂxgrgnhjlizagjgn

The wet cured foam material is removed from the curing mold
and subjected to further processing. The residual water phase in
the foam is expressed by applying sufficient bressure to the foam
material, or to thin slices of the foam material, to squeeze out
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Twi st Count Dry - 6.8 nodes/mm 15 Twi st Count Wet - 5.1 nodes/mm
| sopropol Al cohol Retention Value - 24% Water Retention Value = 37% Curl
factor = 0.63 The conventional non-stiffened cellul ose fibers used in’
conbi nation 20.. with the STCC fibers are also nade from Foley fluff.
These non- stiffened cellulose fibers are refined to about 200 CSF

(Canadi an Standard Freeness.). The acquisition/distribution |ayer has an
average dry density of about 0.07 g/cnB, _an average density upon
saturation wth 25 synthetic urine, §'2vre| ght basis, of about 0.08

'? Lgn?l u?gdaggu?sﬁe{ agﬁsgazqo% pUt gﬁ? Ogvggg?éﬁ gﬁggéﬂgf rfﬁef\gl ab‘@? oai?easg‘:i'h

surface area of mdtermiqw Siti on/d| stribution layer is about 46.8 [err] (302
cm2). It has a calipgy fBim aﬁﬁlHie Ois4‘€h&f"wa39ed for 20 secdd® ih! 600¢ water

| a
storage/redi Strlcl:)ounttla?t?mg c ‘lcwm t:htlor"u{jeI hygrOphﬂlzmg agent salt. Such
5 a hydrophilizing solution contains 1% by weight of calcium

chloride.

The calcium chloride solution used in the first washing is
again expressed using pressure, and the foam is then treated with
a second washing with the calcium chloride solution at 600C. This
10 second rinse is intended to leave a residue of both emulsifier/-
~ surfactant (16% by weight) and calcium chloride in the foam,
thereby rendering the internal foam surfaces relatively
hydrophilic.
Foam Dewatering
15 The twice hydrophilized foam is then again pressed to express
excess hydrophilizing solution from within its porous structure.
The foam material is then dried by subjecting it to oven drying
for 12 hours at 60°C, After drying the foam material is cut into
sample pieces suitable for the Vertical Wicking Rate testing as

20 hereinafter described.

 EXAMPLE 11

Another polymeric foam material 1is prepared in the same
general manner as set forth hereinbefore in Example I. In this
example, the emulsion preparation, polymerization, washing,
hydrophilization- and drying procedures are carried out as in
Example 1 except that a 10% CaClz solution (3200g CaClpz) is used
as the water phase.

25

EXAMPLE 111

In this example, polymeric foam materials prepared according
to the general procedures of Examples 1 and Il are tested for
their propensity to vertically wick synthetic urine. Comparative
foam materials, which are subjected to different washing
procedures to thereby remove or replace the CaClz hydroph11121ng
agent salt, are also tested.

A1l of the foam samples are prepared and tested for vertical
wicking rate and Sink Time in the manner hereinbefore described in
the TEST METHODS section. Descriptions of the foam samples, the
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conprises a nodified hourgl ass-shaped piece of a hydrophilized absorbent
foam of the type described hereinbefore in Exanple |. About 12 grans of
this foamare used to formthis storage/redis- tribution |ayer which has a
surface area of about 65.9 in2 (425 cnR) and a caliper of about 0.325in
(0.*826 cm. A diaper having this particular core configuration exhibits
especially desirable and efficient utilization of the care for - 26 -
hol di ng di scharged urine and accordingly prﬁwhdes exceptional ly | ow

i nci dence of | eakage when worn by an jnfant in the normal_ manner. EXAMPLE
VIT A lightwei gﬁeanpaﬁﬁhmsqéwesmnébﬁe\vwnasé%ewlexhrwﬁﬁhvmns Rates
periods conpri sand SIAKAT iy leixh eisl tedaby pehdsac €odndlisagples @ rgeite forth Swr f ace
area 117 [err]; Tstp‘ieclwess 1.5 mm, said pad being interposed

JABLE 1
5 . VERTICAL WICKING RATES
Example I  Example I Example I Example 1
Foam Type: (CaCl2)  (H20 only)3  {FeSO4-7H20)b (CuCl2)C
Wicking Time To:
(Min:Sec)
10 2¢n 0:28 4:44 > 60:00 12:37
5 cm 1:56 8:33 -- > 60:00
10 cm 12:43 > 60:00 -- --
Sink Time (sec) 29 159 > 360 > 360
at 220
15 _ ' Example I1  Example II Example 11
Foam Type: (CaCl2) {H20 only}X - (MaCla)Y
Wicking Time
{Min:Sec) To:
2 cm 0:48 -- 0:15
20 5 cm 2:42 10:10 1:17
-10 cm 9:23 21:36 . ’ 8:39
Sink Time (sec) 6 308 4
at 220 ) ' .
a - Example 1 foam washed with 60°C. tap water containing no added salt
25 b - Example I foam washed with 600C. tap water containing 2% FeS04-7H20
¢ - Example I foam washed with 600C. tap water containing 1% CuCly
x - Example 11 foqm washed with 600C. tap water containing no added salt
y - Example II foam washed with 600C. tap water containing 1% MgCl2

The Table III data show that both CaClz and MgClz treatments
30 of the Examples I and Il foam materials provide desirably high
vertical wicking rates and desirably short sink times. Treatments
with water alone or with other hydrated or hydratable salts, on the
other hand, are much less effective at rendering foam hydrophilic
as demonstrated by the relatively lower vertical wicking rates and
35 . relatively longer sink times exhibited by the foams so treated.
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bet ween a porous forned-fil mtopsheet according to Ahr et al; U S. Patent

4,463, 045;

| ssued July 31, 1984 and a backsheet which conprises a 0.03 nm

t hi ckness pol yethylene film 10 EXAMPLE
VIl A sanitary napkin is prepared according to Exanple VII, but enploys a
4 nm thick hydrophilized foam pad according to Exanple | and a porous
nongl ossy fornmed filmtopsheet. The sanitary napkin has the configuration
described in Van Tilburg; U S. Patent 15 . 4,687,478; |ssued August 18,
1987. EXAMPLE | X This exanple illustrates._tjg.preparation of another type
of [err] HPE foammaterial falling within the scope of the present

i nventi on.

Enul si on Preparatlomlylgggg1chlor|de (36 32 kg) and

pot assi um persul f at e‘”‘e5§§a )ofafﬁ{ngigﬁql ysegré&r%ZSa dI Lﬁ Bs 11}%& qfswnq gB%
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aqueous solutions of the followxng salts, respectively:

CaCl2:MgCl2 (1:1 wt. mixture); MgSO4; and Mglz.
EXAMPLE V

A polyurethane foam is prepared in the conventional manner
using toluene diisocyanate and polyether polyol. The foam is
repeatedly soaked and squeezed in a 10% solution of CaClz and
sorbitan monooleate/sorbitan trioleate in isopropanol. The excess
solution is expressed using hand pressure. The foam is allowed to
air-dry and is thus hydrophilized by virtue of the residual
surfactant and CaCl2 remaining therein.

EXAMPLE VI

A disposable baby diaper using a foam absorbent which has been
hydrophilized according to this invention is prepared as follows
using the configuration and components shown in the expanded and
blown-apart depiction of Figure 2. Such a diaper comprises a
thermally bonded polypropylene topsheet, 70, a fluid-impervious
polyethylene backing sheet, 71, and a dual layer absorbent core
positioned between the topsheet and the backing sheet. The dual
layer absorbent core comprises a modified hourglass-shaped, fluid
storage/redistribution layer, 72, comprising a hydrophilized
absorbent foam of the Example I type positioned below a modified-
hourglass shaped fluid acquisition/distribution layer, 73. The
topsheet contains two substantially parallel barrier 1leg cuff
strips, 74, with elastic. Affixed to the diaper backsheet are two
rectangular elasticized waistband members, 75. Also affixed to
each end of the polyethylene backsheet are two waistshield
elements, 76, constructed of polyethylene. Also affixed to the
backsheet are two parallel leg elastic strips, 77. A sheet of
polyethylene, 78, is affixed to the outside of the backsheet as a
dedicated fastening surface for two pieces, 79, of Y type which can
be used to fasten the diaper around the wearer.

The acquisition/distribution 1layer of the diaper core
comprises a 92%/8% wetlaid mixture of stiffened, twisted, curled
cellulosic fibers and conventional non-stiffened cellulosic fibers.
The stiffened, twisted, curled cellulosic fibers are made from.
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pol yneri zabl e Hi gh Internal Phase Emul sion (H PE). 25 To a
nmonenmer conbination conprising styrene (1600 g), divinylbenzene 55%
techni cal grade (1600 g), and 2-ethyl hexyl- acrylate (4800 g) is added
sorbitan nonol aurate (960 g as [err] 20). After mxing, this conbination
of faterials is allowed to settle overnight. The supernatant is withdrawn
and used as the oil 30 phase in a continuous process for formng a
pol yneri zabl e H PE erul sion. (About 75 g of- 88 sticky residue is discarded.)
At an aqueous phase tenperature of [err] and an oil phase tenperature of
[err], separate stouthem @mftmdomaéﬂn Paff@‘ﬂht@ruﬂﬁﬁauﬁcér bas deen ocepss-

gynamj ¢ mxing apnake? Uhith Jﬂﬁﬁ?ﬂﬁbh?%é(itﬂgtw eicféfhtcﬁﬁbim@ Bl ﬂﬂ@ p&fbehgf
The" coal o ot ek oo 1085 caliilasy | T dihel Grasst 181 E  orE: Joers are
cylindrical shaftcrosshinked according to the “dry crosslinking process" as
5 - described in Dean, Moore, Owens and Schoggen; U.S. Patent
4,822,453; Issued April 18, 1989, incorporated herein by reference.
These stiffened fibers are similar to the fibers having the
characteristics described as follows in Table II.
Jable II
10 Stiffened, Twisted, Curled Cellulose (STCC) Fibers -
Type ='Southern softwood kraft pulp crosslinked with
glutaraldehyde to the extent of 1.4]1 mole percent on a dry
fiber cellulose anhydroglucose basis
Twist Count Dry = 6.8 nodes/mm
15 Twist Count Wet = 5.1 nodes/mm

Isopropol Alcohol Retention Value = 24%

Water Retention Value = 37%

Curl factor = 0.63

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

~ Standard Freeness). ' :

The acquisition/distribution layer has an average dry density
of about 0.07 g/cm3, an average density upon saturation with
synthetic urine, dry weight basis, of about 0.08 g/cm3, and an
average basis weight of about 0.03 g/cmé. About 9.2 grams of the
fluid acquisition/distribution layer are used in the diaper core.
The surface area of the acquisition/distribution layer is about
46.8 inZ (302 cm?). It has a caliper of about 0.44 cm.

The fluid storage/redistribution layer of the diaper core
comprises a modified hourglass-shaped piece of a hydrophilized
absorbent foam of the type described hereinbefore in Example 1.
About 12 grams of this foam are used to form this storége/redis-
tribution layer which has a surface area of about 65.9 in2 (425
cm) and a caliper of about 0.325 in (0.826 cm).

A diaper having this particular core configuration exhibits

° especially desirable and efficient utilization of the core for
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- 27 -.21.6 cmin length with a dianmeter of about 1.9 cm The shaft, as

described in Exanple |, holds 4 rows of pins, 2 rows having 17 pins and 2
rows having 16 pins, each having a diameter of 0.5 cm extending outwardly
fromthe central axis of the shaft to a length 5 of 1.6 cm The pin

i npel ler is nounted in a cylindrical sleeve which forns the dynam c m xi ng
apparatus, and the pins have a clearance of 0.8 mmfromthe walls of the
cylindrical sleeve. A spiral static m xer is nounted downstream fromthe
dynam ¢ m xi ng apparatus to provi de back pragssure in the dynam c m xer and’
10 to provide inproved incorporation of conmponents into the emnul sion
that is eventuallioyding déschasgedhuvinet and @acaosdingly pravides rexcegtdondl lynjow ong

wWith a 0.5 inch jplidercd) op%mge meanﬁmr by a-Eh‘i’nﬁtn%tinCtH% msfmﬂsmennl/r\H
| ndustries Mddel 070-821, nodi inches (6.1 15

The conbi ned m xi ng apparatus set - up [ ; th 0|I phase and mater
phase at a ratio of R Vightweight epantd] inerasuitible Tore use between menstrual

5 periods comprises a hydrophilized foam pad according to Example Il

(surface area 117 cm?; thickness 1.5 mm), said pad being interposed

between a porous formed-film topsheet according to Ahr et al; U.S.

Patent 4,463,045; Issued July 31, 1984 and a backsheet which

comprlses a 0.03 mm thickness polyethylene film.

10 EXAMPLE VIII
A sanitary napkin is prepared according to Example VII, but

employs a 4 mm thick hydrophilized foam pad according to Example 1

and a porous nonglossy formed film topsheet. The sanitary napkin

has the configuration described in Van Tilburg; U.S. Patent
15 4,687,478; Issued August 18, 1987. '
EXAMPLE IX

This example illustrates the preparation of another type of
surfactant/CaCl2-hydrophilized HIPE foam material falling within
the scope of the present invention.

Emulsion Preparation

Calcium chloride (36.32 kg) and potassium persulfate (568 g)

are dissolved in 378 liters of water. This provides the water
' phase stream to be used in a continuous process for forming a
" polymerizable High Internal Phase Emulsion (HIPE).

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

At an aqueous phase temperature of 48-500C. and an o0il phase
temperature of 220C., separate streams of the oil phase and water
phase are fed to a dynamic mixing apparatus. Thorough mixing of
the combined streams in the dynamic mixing apparatus is achieved by
means of a pin impeller. At this scale of operation, an
appropriate pin impeller comprises a cylindrical shaft of about
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dynanm ¢ m xi ng apparatus is vented to allow air to escape while filling the
apparatus conpletely. The flowrates during filling are 1.127 g/sec oi
phase and 2.19 cnB/sec water phase. 20 Once the apparatus set-up
is filled, agitation is begun in the dynamc mxer, with the inpeller
turning at 1800 RPM The flow rate of the water phase is -then steadily
increased to a rate of 35.56 cnB/sec over a tine period-of 130 sec. The
back pressure created by the dynam c and stajyi¢c mixers at this point is 7.5
PSI 25 (51.75 kPa). The inpeller speed is then steadily decreased to

a speed of 1200 RPM mehinalength G tal a 6fiameter bRcattatkl Py epSuUrthedsiu¥e, tas 4.5
PSI (31.05 kPa). hi, S

S 1635 057 agblubl P Pone b 0K, s BE Shnhe 2 PSR’ DFBERSSY
PSI (31.05 kPa). aBd 2 rowsohavimgi A6t ipdns of eddhe tEvingi andTameteor o d0dinstmi on
flow ng fromthe ext@idifg Butkardly Fds® theidehttfl QRis @At ehle IshaRlitBeS nn'hgth
OO ok 0 O Achout TTAS Spin ape1 o7 1 mounted "Tr o GSndiaat 'Sed O
ood grade pol yethyFehe
which forms the dynamic mixing apparatus, and the pins have a
clearance of 0.8 mm from the walls of the cylindrical sleeve.
A spiral static mixer is mounted downstream from the dynamic

mixing apparatus to provide back pressure in the dynamic mixer and

10 . to provide improved incorporation of components into the emulsion

that is eventually formed. Such a static mixer is 14 inches (35.6
cm) long with a 0.5 inch (1.3 cm) outside diameter. The static
mixer is a TAH Industries Model 070-821, modified by cutting off
2.4 inches (6.1 cm). '

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

_ Once the apparatus set-up is filled, agitation is begun in the
dynamic mixer, with the impeller turning at 1800 RPM. The flow
rate of the water phase is then steadily increased to a rate of -
35.56 cm3/sec over a time period of 130 sec. The back pressure
created by the dynamic and static mixers at this point is 7.5 PSI
(51.75 kPa). The impeller speed is then steadily decreased to a
speed of 1200 RPM over a period of 60 sec. The back pressure drops
to 4.5 PSI (31.05 kPa). At this point, the impeller speed is
instantly increased to 1800 RPM. The system back pressure remains
constant thereafter at 4.5 PSI (31.05 kPa).
Polymerization of the Emulsjon

The formed emulsion flowing from the static mixer at this
point is collected in Rubbermaid Economy Cold Food Storage Boxes,
Model 3500. These boxes are constructed of food grade polyethylene
and have nominal dimensions of 18" x 26" x 9" (45.7 cm x 66 cm 22.9
cm).  The true inside dimensions of these boxes are 15" x 23" x 9"
(38.1 cm x 58.4 cm x 22.9 cm). These boxes are pretreated with a
film of a solution comprising a 20% solution of SPAN® 20 in an
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and have nominal dinensions of [err] x [err] x [err] (45.7 cmx 66 cm 22.9
35.cm. The true inside dinensions of these boxes are [err] x [err] [err]
(38.1 cmx 58.4 cmx 22.9 cn). These boxes are pretreated with a filmof a
solution conprising a 20% solution of [err] 20 in an 28 equal weight
solfvent mixture of xylene - and isopropanol. The solvent m xture is
allowed to evaporate to leave only the [err] 20. Forty-seven liters of

emul sion are collected in each box. The enul sion-containing boxes are kept
in a roomnmaintained at 5 [err] for-18 Rhours to bring about

pol ynmeri zation of the emul sion in the boxes to thereby form pol yneric foam
mat eri al . Foam \Reyal nyeighidrsnInent zmixtame aod Deencer andy Asapeepanod i ng The

conpl ete, the wejolGeHtemiXtA®e 1P la?Ydwdld té evaporate to leave only the SPAN® 20.
Forty-seven liters of emulsion are collected in each box.
' The emulsion-containing boxes are kept in a room maintained at
5 650C. for 18 hours to bring about polymerization of the emulsion in
the boxes to thereby form polymeric foam material.
Foam Washing, Hydrophilization and Dewatering
After curing is complete, the wet cured foam material is
removed from the curing boxes. The foam at this point contains
10 about 30-40 times the weight of polymerized material (30-40X) of
the residual water phase containing dissolved emulsifiers,
electrolyte and initiator. The foam material is sliced with a
sharp reciprocating saw blade into sheets which are 0.350 inches
(0.89 cm) in caliper. - These sheets are then subjected to
15 compression in a series of 3 nip rolls which gradually reduce the.
residual water phase content of the foam to about 6 times (6X) the
weight of the polymerized material. At this point, the sheets are
then resaturated with a 1% CaCl2 solution at 60°C., are squeezed in
a nip to a water phase content of about 10X, resaturated with the
1% CaClz solution at 609C., and then squeezed again in a nip to a
water phase content of about 10X.
_ The foam sheets, which now contain about 10X of what is
essentially a 1% CaCl2 solution are passed through a final nip
equipped with a vacuum slot. The 'last nip reduces the .CaCl2
solution content to about 5 times (5X) the weight of polymer. The
foan remains compressed after the final nip at a caliper of about
0.080 in. (0.2 cm). The foam is then dried in an air circulating
oven set at about 600C. for about three hours. Such drying reduces
the moisture content to about 5 - 7 % by weight of polymerized
material. At this point, the foam sheets have a caliper of about
0.075 in. (0.19 cm) and are very drapeable. The foam also contains
about 5% by weight (anhydrous basis) of residual hydrated calcium
chloride as a hydrophilizing hgent along with about 11% by weight
of residual sorbitan monolaurate (SML). In the collapsed state,
the density of the foam is about 0.17 g/cm3. When expanded to its
free absorbent capacity (26.5 ml/g) in JAYCO synthetic urine, the
expanded foam has a capillary suction specific surface area of
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renmoved fromthe curing boxes. The foamat this point contains 10
abqut 30-40 tines the weight of polynerized material (30-40X) of the
residual water phase containing dissolved enulsifiers, electrolyte and

initiator. ~The foammaterial 1is sliced wwth a sharp reciprocating saw
bl ade into sheets which are 0.350 inches (0.89 cm in caliper. These
sheets are then subjected to 15 conpression in a series of 3 nip

rolls which gradually reduce the residual water phase content of the foam
to about 6 tines (6X) the weight of the poly&®rized material. At this
point, the sheets are then pesaturated with a lwaeBéL solution at [err], -
are squeezed in 2boup ¢4 el PABR VIyme of dPUL AP 9¢re RBd AN RYprage
with the 20 deN [ stze] oB @botut A8 microasr], and then squeezed again in a
nip to a water phase content of about 10X The foam sheets, which now
contain about 10X of what is essentially a 1% [err] solution are passed
through a final nip equipped with. a vacuum sl ot. The | ast nip reduces
the [err] 25 solution content to about 5 tines (5X) the weight of

pol yner. The

The SML/CaC]z-hydrophilized foam sheets prepared as in Example
IX represent a preferred "thin-until-wet" embodiment of the present

5 invention inasmuch as these hydrophilized foam sheets are in the
form of collapsed foam material which will expand upon contact with
aqueous body fluids. Once expanded, the foam materials are useful
for absorbing the body fluids that have caused the foam to expand.
Such preferred collapsed foams are those which are formed from a

10 non-hydrolyzed polymeric material, which have a capillary suction
specific surface area.of from about 0.5 to 5.0 m2/g, which contain -
from about 0.5% to 20% of residual emulsifier, and which contain
from about 0.1% to 7% by weight (anhydrous basis) of the foam
material of a toxicologically acceptable, hygroscopic, hydrated

15 salt, which is preferably calcium chloride or magnesium chloride,
as a hydrophilizing agent salt. .

In its collapsed state, such hydrophilized foam material will
have a residual water content of from about 4% to 15% by weight of
polymerized material when it.is'stOrEd at ambient conditions of

20 720F (22°C) -and 50%. relative humidity. This water content includes
both water of hydration associated with the hygroscopic, hydrated
salt as well as free water absorbed within the foam. Such
collapsed hydrophilized foam material will also have a dry basis
density ranging from about 0.08 to 0.3 g/cm3.

25 In its expanded state, such preferred thin-until-wet SML/-
CaCl2-hydrophilized foam materials will have a pore volume from
about 12 to 100 ml/g and will exhibit a resistance to compression
deflection such that a confining pressure of 5.1 kPa produces after
15 minutes of strain from about 5% to 95% compression of the

30 structure when it is saturated at 370C. to its free absorbent
capacity with synthetic urine having a surface tension of 65 * §
dynes/cm. The average cell size of these preferred thin-until-wet
hydrophilized foam materials in the expanded state will range from
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foam remai ns conpressed after the final nip at a caliper of about 0.080 in.
(0.2 cm. The foamis then dried in an air circulating oven set at about
[err] for about three hours. Such drying reduces the noisture content to
about 5 - 7 %by weight of polymerized material. At this point, ‘the foam
sheets have a caliper of about 0.075 in. (0.19 cm) and are very drapeabl e.
The foam al so contains about 5% by wei ght (anhydrous basis) of residual

hydrated cal cium chloride as a hydrophili Smjg agent along with about 11% by
wei ght of residual sorbitan nonol aurate ( In the collapsed state, the

dgn5| Ly ?f the Jyeat g‘sté‘bwtmﬂzr% s.glcmi dr BEﬁﬁXRﬁHQﬁ.@ tdF ithe Eii d?jdf .
has 5 capi | | ar Jhvdtepidizel ot maten al,upon Aabption b s, e, sbsorment, o
poré vol une of edmuitﬁ@n&hds/syn&hetianu\aimermjd range from about 9% to 28% of
its dry basis density in the collapsed state.
5 EXAMPLE X
A foam material prepared in general as in Example IX is tested
for its hydrophilicity t_:haracf.eristics using the Sink Time
procedure described in the TEST METHODS section. Such a foam
material is also subjected to various treatment procedures to
10 remove added or residual hydrophilizing agents therefrom and to
selectively reintroduce certain materials to test their
effectiveness at imparting hydrophilicity characteristics to the
foam material. '
The foam material, treating agents and sink time test results

15 are set forth hereinafter in Table III.
Jable III

CaCl,(SMLY{ Sink Time in JAYC hetic Urine

wt-% iwt-%{Cold (~21-270C) |Hot (~43-490C) |

EXAMPLE IX TYPE FOAM

20 |As-made : 3.7% 111% 170 sec 3 sec
JWater washed :
1-Expanded Form =0- _111% 1>20 min 4 sec
1-Collapsed Form =0--_111% {300 sec 2 _sec

-CaCl, re-treated }3.6% 111% |180 sec 3_ sec

25 1_{from H.0)
JIPA2 washe -0- |-0- | ***Floated indefinitely*** .
-CaCl, re-treated |~5% {-0- |Floated for hrs  |Floated >15 min]

4 _{from JPA)
-SML re-treated =0- _111% 1~5 sec ~]_sec
30 1 _(from JPA)
SMO/ST0,re-treated|-0-_ [19% (- 300 sec ~ 180 sec

(from IPA)

1 SML = Sorbitan monolaurate (SPAN° 20)
2 IPA = Isopropanol :
35 3 SMO/STO = Sorbitan monooleate (SPAN® 80) and sorbitan trioleate
(SPAN® 85) in a 4:1 weight ratio

The Table I (Example III) and the Table III data considered together
show that the combination of CaCl, and surfactant incorporated into
foam samples of the Examples 1, II and IX types provides foams having
40 hydrophilicity characteristics which are in general superior to those
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cell size of about 15 mcrons. The [err] foam sheets prepared as in Exanple
| X represent a preferred "thin-until-wet" enbodi nent of the present 5

i nvention inasrmuch as these hydrophilized foam sheets are in the form of

col | apsed foam material which will expand upon contact w th aqueous body
fluids. Once expanded, the foammaterials are useful for absorbing the body
fluids that have caused the foamto expand. Such preferred coll apsed foans
are those which are forned froma 10 -ngp--hydrol yzed polyneric nmateri al,
whi ch have a capillary suction specific surface area of fromabout 0.5 to
5.0 [err], whiclhacing eiitherr aon Hvorgior@tédchydraphdd txfing cagenitis| atemil sorf Cetl, and
whi ch contain freenyaleean? %\0@,‘59 7% by wei ght (anhydrous basis) of the foam

material of a toxicologically acceptabl M&rﬁ:copi c, hydrated 15
salt, which is preferably cal cium chlor gnesium chloride, as a
hydr ophi |i zi ng agentA sdlidperl nsulistantilal s admilarnt ein swcohfgpdattiphi | tozedhdtoam
mﬁg}g[]it al W11 hapgeriveds! thial pMmbRl OVt 43" . Bhedar@ll 200G 436 ! Curke> eriig
" storage/redistribution layer a sheet of thin-until-wet collapsed
SML/CaCl2-hydrophilized absorbent foam of the type described in
Example IX. In such a diaper, the fluid acquisition/distribution
layer, cbmprising- the stiffened, twisted, curled cellulosic fibers,
10 is used in an amount of about 13 grams. The thin-until-wet,
SML/CaCl2-hydrophilized fluid storage/redistribution layer is also
used in an amount of about 13 grams.

A diaper having this particular configuration exhibits
especially desirable and efficient utilization of the absorbent core
for holding discharged urine and accordingly provides exceptionally
low incidence of leakage when worn by an infant in the normal manner.

15

*Equivalent Applications:

USSN 743,839 and USSN 743,838 are equivalent to
corresponding International (PCT) Applications,.
designating at least the EPO, being filed in the
US/RO simultaneously with the instant International
(PCT) Application on or before August 12, 1992.
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pol ymeri zed materi al

[err] and 50% relative humdity. This water content includes both water

when it is stored at anbient conditions of 20

hydrati on associated—w-th-the hygroscopic, hydrated salt as well as

roam e o M

0.3 g/cnB. 25

t hi n-unti I-- wet SNL/-

m nutes of strain f
structure when it

within the foam Such col | apged-hydrophilized

"'MWH“" dry basis density rangin ;THiSJISHEE)bthSOBEEN

of

expanded state, such pr =ferreREpLA(;ED

[err] *f oAm mat eri al s-3ai-l | have a pOre—vutumre—f+em
about 12 to 100 mM /g and will exhibit a resistance to conpression

defl ection.such that a confining pressure of 5.1 kPa produces after 15

L% Lﬁxefﬁﬁﬂ $5% conpression of the 30
I'S sgpgrate atqferr] to its free absorbent capacity

Wi th synthetic urine having a surface tension of 65 + 5 dynes/cm The

average cell size of thdse px afethoddfdrhirendenrting - substimtdebiphihydewptiobizam

materials in the expangptist fddm Watdria®"O@ithbM for absorbing hydrophilic

liquids, which method is characterized in that it comprises

polymeric foam material is a polymerized water-in-oil emulsion
type foam, preferably comprising polymerized monomers selected

incorporating into a polymeric, preferably an open
celled, preferably polyurethane, foam material
which, when substantially free of added or residual

hydrophilizing agents, is substantially ‘hydrophobic,

a substantially water-insoluble, mild, relatively
non-irritating surfactant, preferably selected from
sorbitan fatty acid esters, polyglycerol fatty acid
esters and polyoxyethylene fatty acids and esters,
and a hydrophilizing agent salt solution formed from
a solvent, preferably selected “from water,
isopropanol and mixtures thereof, and a dissolved
hydrophilizing agent salt selected from
toxicologically acceptable, hydrated or hydratable
calcium and magnesium salts, preferably. selected
from calcium haiides, magnesium halides and mixtures
thereof; and

thereafter drying said polymeric foam material to
remove solvent therefrom, preferably to the extent
that it contains no more than 50% by weight of foam
of free water, and to thereby leave incorporated
within said polymeric foam material a substantially
uniformly distributed, hydrophilizing amount,
preferably at least 0.05% by weight, of said
surfactant and said hydrophilizing agent.

The method of Claim 1 characterized in that the

from styrene, alkyl(meth)acrylates, divinylbenzene and
combinations of these monomers.

R)
5
10
15
20 B)
25
2.
30
T
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- 30 - about 5 to 30 mcrons. The dry basis density of the expanded

hydrophi |l i zed foam material upon saturation to its free absorbent capacity
in this synthetic urine wll range fromabout 9%to 2896of its dry basis
density in the coffrapsed state.

EXAMPLE X A foam n general as in [EX SpPREATXHAS BFENt]ed
for its hydrophili m‘ a@iﬂﬂﬂ Ics usi ng the Sink Ti nmREBLAGERur e
described in the section. _$g a foam mat érrar—ts—ats

subj ected to various treatnent procedures

resi dual

certain materi al s t P,

hydrophilicity char e the foam materi al .
Ag L‘* Fhh s

are set forth herelnafter

treating agents and
in Table I'11.

hydr ophi | i zi ng agents therefromand-to sel ectively

o 10 renove added or

Ties inethodhef rangfdfeClaenestd atchaFRéterizdd in
The foam materi al ,

€st results 15
incorporating an aqueous solution containing from 1%

rei ntroduce

to 10%, preferably from 1% to 5%, by weight of

5 calcium chloride in water into a polymeric foam
material prepared by polymerizing a water-in-oil
emulsion containing polymerizable monomers and from
0.5% to 20% by weight of the polymerizable monomers
of a surfactant selected from sorbitan monolaurate -
and mixtures of sorbitan monooleate and sorbitan
trioleate in the oil phase of said emulsion; and

B) thereafter drying said polymeric foam material to
remove water therefrom and to leave incorporated
within said foam material at least 0.05%, preferably
from 0.1% to 7%, by weight of said foam material of
surfactant plus calcium chloride, and no more than
50%, preferably no more than 10%, by weight of said
foam material of free water.

10

15

4. A hydrophi1ized-polymeric foam material suitable for
absorbing hydrophilic liquids, said hydrophilized polymeric
foam material characterized in that it comprises a polymeric,
preferably open-celled, preferably polyurethane, foam material
which, when substantially free of added or residual
hydrophilizing agents, is substantially hydrophobic; a
substantially uniformly distributed, hydrophiliiing amount of
at least 0.05% by weight of said foam material of the
combination of a substantially water-insoluble, mild,
relatively non-irritating surfactant, preferably selected from
sorbitan fatty acid esters, polyglycerol fatty acid esters and
polyoxyethylene fatty acids and esters, and a hydrophilizing
agent salt selected from toxicologically acceptable, hydrated
or hydratable calcium and magnesium salts, preferably selected
from calcium halides, magnesium halides and mixtures thereof,
incorporated into said foam material; and no more than 50% by
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Table 111 [err] 31 having either no incorporated hydrophilizing agents
at all or [err] or surfactant alone. EXAMPLE Xl A ?H S ~substantial |y
simlar in configuration to that—5— - descri bed Tgﬁ HERGMASEBEEN IV i s

pr epar ed usi ng... rage/ redi stri puti onREPAYEED a shefet of
thin-until-wet col Tﬂmg ﬂ lm, "E m’v bent foam of t"'rTé"t"y"ﬁ‘é‘“‘d‘ESCﬁ-beg in
Exanple | X. In such*a di apéery luid acquisition/distribution |ayer,
conprising the stiffened, twisted, curled cellulosic fibers, 10 S

used in an anount of about 13 gFéﬁﬁ. The thin-until-met, [err]
fluid storage/redistribution layer is also

weight of said foam material of free water incorporated within
said foam material.

5. The hydrophilized polymeric foam material of Claim 4
characterized in that the amount of 'surfactant incorporated
within the foam material ranges from 0.5% to 20% by weight of
the foam material, the surfactant preferably being selected
from sorbitan monolaurate and mixtures of sorbitan monooleate
and sorbitan trioleate; the amount of hydrophilizing agent
salt incorporated within the foam material ranges from 0.1% to
10 7% by weight of the foam material; the amount of free water

incorporated within the foam material comprises no more than
10% by weight of the foam material; and the hydrophilizing
agent salts, preferably calcium chloride, are fully hydrated.

6. The hydrophilic polymeric foam material of any of
15 Claims 4 to 5 characterized in that the polymeric foam
material is a polymerized water-in-oil emulsion type foam,
preferably comprising polymerized monomers selected from
styrene, alkyl(meth)acrylates, divinylbenzene and combinations
of these monomers.

\
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used in an ampunt of about 13 grans. A diaper having this particular
configuration exhi bits especially desirable and efficient utilization of
t he absorbent core 15 for hol di ng di scharged urine 0k . a0
provi des exceptionally low incidence of | eakage when mpjﬁ?&‘bg‘%gﬁf Wam{m
the normal manner. Equival ent Applicatiohs: USSN 743, 839 andRERAGER43 83
are equivalent to corresponding International (PCT) Applications,
designating at |least the EPQ _being filed in e US/ iyl t aneously with
the ‘natant | nt APEERoR ER (PEHOHEHEING APSIFERYE oMt BRHERRES” Jooy.
32 1. - A nethod for rendering substantially hydrophobic polyneric foam

mat eri al suitable for absorbing hydrq&ﬁg*ﬁﬁb*iquids, whi ch net hod conpri ses

-

Normally hydrophobic foams, such as polyurethane foams
and polymerized water-in-oil emulsion foams, are rendered
hydrophilic by means of treatment with simple surfactants
and hydrophilizing agent salts. Thus, a surfactant-
containing foam is treated with a solution of, for example,
calcium chloride, and is dried to leave a substantially
uniformly distributed residue of hydrated or hydratable
calcium chloride on the surfactant-containing internal foam
surfaces. In use, the combination of surfactant and calcium
chloride hydrate provides a hydrophilic surface to the foam.
Other hydratable calcium or magnesium salts such as
magnesium chloride can be used. The resulting hydrophilized
foams are suitable for use in absorbent devices, including
diapers, sanitary napkins, bandages, and the like.

-
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A) incorporating into a substantially hydrophobic polyneric foammaterial a
supstantially water-insoluble surfactant selected fromthe group consisting
ofs sorbitan fatty acid esters, polyglycerol fatty acid esters and

pot yoxyet hyl ene fatty acids and esters pol yglycerol fatty acid esters and
pol yoxyet hyl ene fatty acids and esters and a hydrophilizing salt solution
formed froma solvent and a di ssol ved I&Irophilizing salt selected from.ythe
‘group consisting of toxicologically acceptable, hydrated or hydratabl e

“cal cium and magnesium sl ats; and B) thereafter drying said polyneric foam
material to renove solvent therefromand to thereby | eave incorporated
wthin said polyneric foamnmaterial a hquﬂﬁg ilzing anmount of said
surfactant and said hydroph|I|2|ng salt A met hod according to claim
1 wherein the sol vent used ution is
selected fromthe group con , d m xtures

t hereof. 3. A net hod acchu drophilizing
salt is selected fron1the orZ es, magnesi um
hal i des and
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m xtures thereof. 4. A nmet hod according to claim3 wherein the polyneric
foammaterial is an open celled foam 5. A net hod according to claim4
wherein the total amount of surfactant and hydrophilizing agent salt |eft

i ntorporated withinthe foam material conprises at |east about 0.05% by

wet ght of the foam material . 33 6. A met hod according to claim5
wherein the polyneric foamnmaterial i2f/2ied to the extent that it contains
no nore than about 50% by wei ght of the foam of free water. 7. A et hod
according to claim6 wherein the polyneric foam-material is a pol yurethane
foam 8. A nmet hod according to claim®6 wherein the polyneric foam
material is a polynerized water-in-oil enul sion foam

a
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9. A met hod according to claim8 wherein the polynmeric foam material is
forned from pol yneri zed nmonomers sel ected fromthe group consisting of

styrene, aI kyI (nmeth)acryl ates, divinyl benzene angd cq@p _
][mnorrers A nmet hod for renderl ng substanti a I;ypt}y E'bObl G HE%XW‘Q&

oam mat er i sor bi ng hydrophi | icj lge i“C od ="
corrprl ses A)alllmH mmmlmlgulm aqueous sol ution cp %%’%{?} Aron out f‘ﬁ 2
10% by wei ght* of¢ cal chunkchtoride in wed2r into a gl mar”rc 1”8%% tl%rﬁag? """
prepared by pol ymerizing a water-in-oil enul sion bnt"ei’l ‘I‘TIt ‘ié’ﬁg'éi:--
nononers and from about 0.5%to 20% by wei ght of the}g rrerl zabl e mer s
of a surfactantWhat iscdaithedir:om t he group consi st ijnd?8¥ bs@%ﬂiﬂ@ﬁ%no -Ff

and m xtures of sorbitan nonool eate and sorbitan trioleate in the oll phase
of said emulsion; and B) thereafter drying said polyneric foammaterial to
renove wat er thieref riomethod fororehdering substantiallydtydebphobibipolyswrid fdavamateriaér i al

at |east about .0. 05% blg?or%%tso%fngstﬂ)dgophﬁ%rﬁhgag %Hléﬂ ma hoﬁ%ﬁﬁ)%é@t plus

*A) incorporating into a substantially hydrophoblc polymeric foam material
a substantially water-insoluble surfactant selected from the group
consisting of sorbitan fatty acid esters, polyglycerol fatty acid esters and
polyoxyethylene fatty acids and esters polyglycerol fatty acid esters and
polyoxyethylene fatty acids and esters and a hydrophilizing salt solution
formed from a solvent and a dissolved hydrophilizing salt selected from
the group consisting of toxicologically acceptable, hydrated or hydratable
calcium and magnesium slats; and

B) thereafter drying said polymeric foam material to remove solvent
therefrom and to thereby leave incorporated within said polymeric foam
material a hydrophilizing amount of said surfactant and said

hydrophilizing salt.

A method according to claim 1 wherein the solvent used to form the
hydrolizing salt solution is selected from the group consisting of water,
isopropanol and mixtures thereof.

A method according to claim 2 wherein the hydrophilizing salt is selected -
from the group consisting of calcium halides, magnesium halides and

mixtures thereof.

A method according to claim 3 wherein the polymeric foam material is an

open celled foam.

A method according to claim 4 wherein the totél amount of surfactant and
hydrophilizing agent salt left incorporated within the foam material
comprises at least about 0.05% by weight of the foam material.
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cal ciumchl oride and no nore than about 50% by wei ght of said foam nateri al
of free water. 34 11. A nethod according to claim 10 wherein A) the
aqueous sol ution incorporated into the polynmeri-cfoammaterial contains
fromabout 1% to 5% by wei ght calciumchloride; B) the dried polyneric foam
material contains fromabout 0.1%to 7% by wei gh “mm’! terial of
calciumchloride; and C) the dried polyneric foa ,ﬂﬂ:ﬂt’mns no nor e
t han about 10% by wei ght of said foam na82ri al of " free fwatler s

met hod according to claim 11l wherein the polynerizable m)norrers in the oi |

phase of the water-in-oil enulsion used to formthe polynmeric foam materi al
are selected fromthe group consisting of styrene, alkyl(neth)acryl ates,

di vinyl benzene émd %%{%atécg&%in(&fto E‘}ﬁﬁ 8 wherein the polymeric foam material is
dried to the extent that it contains no more than about 50% by weight of

the foam of free water.

7. A method according to claim 6 wherein the polymeric foam material is a
polyurethane foam.
8. A method according to claim 6 wherein the polymeric foam material is a

polymerized water-in-oil emulsion foam.

9. A method according to claim 8 wherein the polymeric foam material is
formed from polymerized monomers selected from the group consisting of
styrene, alkyl(meth)acrylates, divinylbenzene and combinations of these
monomers.

10. A method for rendering substantially hydrophobic polymeric foam material

suitable for absorbing hydrophilic liquids, which method comprises

A) incorporating an aqueous solution containing from about 1% to 10%
by weight of calcium chloride in water into a polymeric foam material
prepared by polymerizing a water-in-oil emulsion containing
polymerizable monomers and from about 0.5% to 20% 'by weight of
the polymerizable monomers of a surfactant selected from the
group consisting of sorbitan monolaurate and mixtures of sorbitan
monooleate and sorbitan trioleate in the oil phase of said emulsion;
and

B) thereafter drying said polyrheric foam material to remove water
therefrom and to leave incorporated within said foam material at least
about 0.05% by weight of said foam material of surfactant plus
calcium chloride and no more than about 50% by weight of said foam
material of free water. '
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nononers. 13. A hydrophilized polyneric foam material suitable for
absorbi ng hydrophilic liquids, said hydrophilized polyneric foamnmateri al
conprising a substantially hydrophobic polyneric foammaterial; a

hydr ophi | i zi ng amount of at |east about 0.05% by wei ght of said polyneric
foam material of the conbination of a-.substanti al e
surfactant selected fromthe group consisting of mlllmlﬂﬁ“mﬂm"m d
esters, polyglycerol fatty acid esters a8 pol yoxyetfiyl end? fatty aci ds and
esters and a hydrophilizing salt selected fromthe group consisting of

t oxi col ogi cally acceptable, hydrated or hydratable cal ciumand nagnesi um
salts, incorporated into aid polyneric foammaterial; and no nore than
about 50% by wejght ,of said polvneric. f material of free water

i ncor por at ed vmi% n AARP °88F§9?3%5‘£° ?'8%?@}’8?%'% . 14. A hydrophilized
pol ymeric foam mat eiN)athe aqaedud solution indopionatéd intd thegpolynteriz foarymaterial f oam
material is an open-celled I oM bout 1% to 5% by weight calcium chioride;

B) the dried polymeric foam material contains from about 0.1% to 7% by
weight of said foam material of calcium chloride; and

C) the dried polymeric foam material contains no more than about 10% |
by weight of said foam material of free water.

12. A method according to claim 11 wherein the polymerizable monomers in
the oil phase of the water-in-oil emulsion used to form the polymeric foam
material are selected from the group consisting of styrene,
alkyl(meth)acrylates, divinylbenzene and combinations of these

monomers.

13. A hydrophilized polymeric foam material suitable for absorbing hydrophilic
liquids, said hydrophilized polymeric foam material comprising a
substantially hydrophobic polymeric foam material; a hydrophilizing
amount of at least about 0.05% by weight of said polymeric foam material
of the combination of a substantially water-insoluble surfactant selected
from the group consisting of sorbitan fatty acid esters, polyglycerol fatty
acid esters and polyoxyethylene fatty acids and esters and é
hydrophilizing salt selected from the group consisting of toxicologically
acceptable, hydrated or hydratable calcium and magnesium salts,
incorporated into aid polymeric foam material; and no more than about
50% by weight of said polymeric foam material of free water incorporated
within said polymeric foam material.

14. A hydrophilized polymeric foam material according to claim 13 wherein
the polymeric foam material is an open-celled foam.
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35 15. A hydraphilized polyneric foammaterial according to claim14
wherein the hydrophilizing agent salt is selected fromthe group consisting
of cal~«ium halides, magnesi um hal i des and m xtures thereof. 16. A

hydr ophi | i zed pol yneric foam material according to claim15 wherein the
amount of surfactant incorporated within the foam material ranges from
about 0.5%to 20% by wei ght of the foammaterial; the anount of
hydrophi | i zi ng agent salt incorporated wB%hin the foam material ranges from
about 0.1%to 7% by wei ght of the foam material; the anount of free water

I ncorporated within the polymeric foam material conprises no nore than
about 10% by wei ght of said foammaterial; and the hydrophilizing agent

salts are full ydr n{yﬁr o] A | Qi AARBL i al
according to clylasih m i%‘ﬁ%(é‘r)ﬁehl?.zﬁc_jtpﬁ@ po Jan%ﬁi'idt%@g?n marl 'g§|ida§1a'|;rg_q eﬁ{
pol yur et hane-t ype f dagrhydrgphilizinghggant palt isiselegtaddtopmthel grofipeensistiogiofli ng t o

claim 16 wherein theaRAln REfdes, maghBsTh Rakidds dnd ixBRlsERbLE ed vat er-in-oi |

enmul si on

16. A hydrophilized polymeric foam material according to claim 15 wherein
the amount of surfactant incorporated within the foam material ranges
from about 0.5% to 20% by weight of the foam material; the amount of
hydrophilizing agent salt incorporated within the foam material ranges
from about 0.1% to 7% by weight of the foam material; the amount of free
water incorporated within the polymeric foam material comprises no more
than about 10% by weight of said foam material; and the hydrophilizing
agent salts are fully hydrated.

17. A hydrophilized polymeric foam material according to claim 16 wherein
the polymeric foam material is a polyurethane-type foam.

18. A hydrophilized polymeric foam according to claim 16 wherein
the polymeric foam material is a polymerized water-in-oil emulsion
foam.

19. A hydrophilized polymeric foam material according to claim 18 wherein
the polymeric foam material is formed from polymerized monomers
selected from the group consisting of styrene, alkyl(meth)acrylates,
divinylbenzene and combinations of these monomers.

20. A hydrophilized polymeric foam material according to claim 19
wherein the surfactant is selected from the group consisting of
sorbitan monolaurate and mixtures of sorbitan monooleate and
sorbitan trioleate and the hydrophilizing salt is calcium chloride.
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foam 19. , A hydrophilized polymeric foam material according to claim 18
wherein the polyneric foammaterial is forned from pol ynerized nononers
sel ected*fromthe group consisting of styrene, alkyl(nmeth)acryl ates,

di vi nyl benzene and conbi nati ons of these nononers. 20. A hydrophilized
polynmeric foammaterial according to claim19 wherein the surfactant is
sel ected fromthe group consisting of $rbitan nonol aurate and mi xtures of
sorbitan nonool eate and sorbitan trioleate and the hydrophilizing salt is

cal ci um chl ori de.
METHOD FOR HYDROPHILIZING ABSORBENT FOAM MATERIALS

ABSTRACT

Normally hydrophobic foams, such as polyurethane foams
and polymerized water-in-oil emulsion foams, are rendered
hydrophilic by means of treatment with simple surfactants
and hydrophilizing agent salts.. Thus, a surfactant-
containing foam is treated with a solution of, for example,
calcium chloride, and is dried to leave a substantially
uniformly distributed residue of hydrated oxr hydratable
calcium chloride on the surfactant-containing internal foam
surfaces. In use, the combination of surfactant and calcium
chloride hydrate provides a hydrophilic surface to the foam.
Other hydratable calcium or magnesium salts such as
magnesium chloride can be used. The resulting hydrophilized
foams are suitable for use in absorbent devices, including

diapers, sanitary napkins, bandages, and the like.
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