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FIELD OF THE INVENTION
This application relates to flexible, microporous, open-celled polymeric foam
materials having fluid absorption and retention characteristics that make them
25 particularly suitable for absorbing aqueous fluids, e.g., urine. This application
particularly relates to absorbent foam materials made from high internal phase
emulsions having very high water-to-oil ratios.

B GR! OF THE INVENTI

30 ~ The development of highly absorbent articles for use as disposable diapers,
adult incontinence pads and briefs, and sanitary napkins, are the subject of substantial
commercial interest. A highly desired characteristic for such products is thinness.
For example, thinner diapers are less bulky to wear, fit better under clothing, and are
less noticeable. They are also more compact in the package, making the diapers
35 easier for the consumer to carry and store. Compactness in packaging and reduced
weight also results in reduced distribution costs for the manufacturer and distributor,

including less shelf space required in the store per diaper unit.
The ability to provide thinner absorbent articles such as diapers has been
contingent on the ability to develop relatively thin absorbent cores or structures that
40 can acquire and store large quantities of discharged body fluids, in particular urine.
In this regard, the use of certain particulate absorbent polymers often referred to as
"hydrogels,” "superabsorbents" or "hydrocolloid® materials has been particularly
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2s  phenomena, as exemplified by a paper towel soaking up spilled hqmds Capillary
absorbents can offer superior performance in terms of the rate of fluid acquisition and
wicking, i.e., the ability to move aqueous fluid away from the point of initial contact.
Indeed, the dual-layer core absorbent structures noted above use the fibrous matrix as
the primary capillary transport vehicle to move the initially acquired aqueous body

30 fluid throughout the absorbent core so that it can be absorbed and retained by the
particulate absorbent polymer positioned in layers or zones of the core.

Other absorbent materials capable of providing capillary fluid transport are
open-celled polymeric foams. Indeed, certain types of polymeric foams have been
used in absorbent articles for the purpose of actually imbibing, wicking and/or

35 retaining aqueous body fluids. See, for example, U.S. Patent 3,563,243 (Lindquist),
issued February 6, 1971 (absorbent pad for diapers and the like where the primary
absorbent is a hydrophilic polyurethane foam sheet); U.S. Patent 4,554,297 (Dabi),
issued November 19, 1985 (body fluid absorbing cellular polymers that can be used in
diapers or catamenial products); U.S. Patent 4,740,520 (Garvey et al), issued April

4 26, 1988 (absorbent composite structure such as diapers, feminine care products and
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relatively high fluid capacity under load, i.e., under compressive forces. These HIPE
absorbent foams are also sufficiently flexible and soft so as to provide a high degree
30 of comfort to the wearer of the absorbent article, and can be made relatively thin until

subsequently wetted by the absorbed body fluid.

An important issue in making absorbent HIPE foams commercially attractive
for use in absorbent products such as diapers is economics. The economics of
absorbent HIPE foams depend on the amount and cost of the monomers used per

35 unit of fluid absorbed, as well as the cost of converting the monomers to a usable
polymeric foam. Making absorbent HIPE foams economically attractive can require
using: (1) less total monomer per unit volume of foam: (2) less expensive monomers:
(3) a less expensive process for converting these monomers to a usable absorbent
HIPE foam; or (4) combinations of these factors. At the same time, the absorbent
« HIPE foam must satisfy desired characteristics for absorbent capacity and strength
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The present invention relates to collapsible polymeric foam materials that,
30 upon contact with aqueous fluids (in particular aqueous body fluids such as urine),
can expand and absorb these fluids. These absorbent polymeric foam materials
comprise a hydrophilic, flexible, nonionic polymeric foam structure of interconnected
open-cells. This foam structure has:
A)  aspecific surface area per foam volume of at least about 0.025 m2/cc;
s B) ooa least about 0.1% by weight of a toxicologically acceptable
hygroscopic, hydrated salt incorporated therein;
C) in its collapsed state, an expansion pressure of about 30 kPa or less;
and _
D)  afree absorbent capacity of from about 55 to about 100 mL/g;
) E) a ratio of expanded to collapsed thickness of at least about 6:1;
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capable of forming a copolymer having a Tg of about 35°C or lower, the

28 monomer component comprising:

i) from about 45 to about 70% by weight of at least one
substantially water-insoluble monofunctional monomer capable of
forming an atactic amorphous polymer having a Tg of about 25°C or
lower,

30 i) from about 10 to about 30% by weight of at least one
substantially water-insoluble monofunctional comonomer capable of
imparting toughness about equivalent to that provided by styrene;

i)  from about 5 to about 25% by weight of a first substantially
water-insoluble, polyfunctional crosslinking agent selected from

as divinylbenzenes, trivinylbenzenes, divinyltoluenes, divinylxylenes,
divinylnaphthalenes  divinylalkylbenzenes,  divinylphenanthrenes,
divinylbiphenyls, divinyldiphenylmethanes, divinvibenzyls,
divinylphenylethers, divinyldiphenylsulfides, divinylfurans,

divinylsulfide, divinylsulfone, and mixtures thereof’ and
4 iv) from 0 to about 15% by weight of a second substantially
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96/ 21680 2) © a water phase comprising an aqueous solution’ containing: (a) from
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3) a volume to weight ratio of water phase to oil phase in the range of
from about 55:1 to about 100:1; and
B) polymerizing the monomer component in the oil phase of the water-in-oil
25 emulsion to form a polymeric foam material.
The polymeric foam material can be subsequently dewatered to the extent that a
collapsed, polymeric foam material is formed that will re-expand upon contact with
aqueous fluids.
The process of the present invention allows the formation of these lower
30 density foams from HIPE as the result of a combination of two factors. One is the
use more robust emulsifiers, in particular diglycerol monooleate, diglycerol
monoisostearate, and sorbitan monooleate emulsifiers having higher levels of
interfacially active components. These more robust emulsifiers can stabilize the
HIPE at these very high water-to-oil ratios, even when the HIPE is poured and/or
3s  polymerized at relatively high temperatures. The other is a balanced formulation of
the monomer component with more polyfunctional crosslinking agent and less of the
monomer conferring polystyrene-like toughness to achieve the desired targets for
strength under compressive load without sacrificing tear resistance or resilience to an
unacceptable degree. The inclusion of a second crosslinking agent, and in particular
40 the diacrylates and dimethacrylates of a diol having at least 2, more preferably at least
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mononer conpone nthelpneselitenmhmphaminde& gtateanasie-from BIPE having a 36;1 water-to-

ﬁg}:gf: gln E:gnf g;”gﬂi P ere% iafd where the monomer czﬂﬁoﬁiwﬁﬁ%&of oam
col | apsed, pol yr’rﬁ:jtﬁg%g ﬁé‘t’é’t’? B{S'Y'gnq"ﬁaw&hle?ﬁ%tSWPY““P@“&%&HH”@BNB

contact with and about 45%((] ethyli styfdne): Zi-sthylhexyl acrylate: 1,4-butanediol Tdimethaaryletes of

the present igvegid %ex@'é% jtmgﬂ:%mte' n) Bgagmrmomxm%ﬁqhgﬁ?m ty

foans fromH PE as t.he resu a conbi na ctors

use nore robust EMWsERWasused.i b ot cul ar d| gl ycerol nonool eat e,

di gl ycer ol HgmaoofsbsﬂmmngsﬁaMmmbrwhmlommmaguﬁatxembfahé iers
havi ng hi gher k,ﬁ, interfacially active conponents. These
nor e robust errul Si s can abjlize the H PE at theseoé/er

high water-to-oil rathigwe Saokthe drasyings s aphptomicrograph (40X dnagnification)
pol yneri zed ab r edgat view| of dicgh sectiopasfadnothes repfésentativec ebsoebent ipalymerie doam

formul ation of  gecordin to the Bpétiemm& ﬁqg%ﬂf;ﬂéd Wade FrSTR @ﬁ?ﬂ?oﬁkﬁ%%‘@a'

crosslinking agent, an ess nonomer con

pol ystyrene-| i kea‘!%%!?ﬁé@%s% veaterriowall weight gatio, mepomer coapeneny, pwexgh?ratlo and
strength under cO6¥IPEMC emulsifierchsthe HIPE of Figwre f.i ci ng tear resistance or

cross! ki ng aget, e S BRGA ASih Sk (R0 igiBtudlh ot heconc

di net hacryl at®s gP"hO di¥e daving at least 2, nore preferably at |east

WO 96/ 21680 - Figure 5 of the drawings is a cutaway depiction oP 6 /didposible diaper that
utilizes the absorbent polymeric foam of the present invention as an hourglass-shaped
fluid storage/ distribution component in an absorbent diaper core of dual-layer
configuration. :

30 Figure 6 of the drawings represents a cut-away view of a form-fitting article
such as a disposable training pants product that employs an absorbent polymeric foam -
according to the present invention as an absorbent core.

Figure 7 of the drawings represents a blown-apart view of the components of

a diaper structure also of dual layer core configuration having an hourglass-shaped

3s  fluid acquisition layer overlying an absorbent foam fluid storage/distribution layer
with a modified hourglass shape.



7 “ 5 4, nost preferably 6, carbon atons, is particularly useful

I n making foans with the : desired properties.

BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 of the

drawi ngs is a photom crograph.(250 X nagnification) of an 10 edge
view of a cut section of a representative absorbent poly ' QI8

accordi ng We 96/21680 the present invention inits exgg#cfg(sj;sstate made
from H PE having a 56:1 water-to- oil weight ratio and poured
at 44[err]C, and where the nononmer conponent 8 onsi sted of a
7:22:63:8 weight ratio of styrene:technical grade divinyl benzene (about
55% DvB and about 45% et hyl styrene): 2-ethyl hexyl acryl ate:
1, 4- but anedi ol di nmet hacryl at e, 15 and where 6% (by wei ght of the
oi | phase) of djglycerol nonpgraatED ORSYRIPTION OF THE INVENTION | er was used.
Figure 2 of the drlawi ngs i & B m. ¢ aph (1000 X magnification) of the
f oam of Figure 1. e 3 of the drawings is a

phot omi crogr aph (250 X AmagniGenerakios ATaCIQnSICS 20 edge view of a cut
sectign of anoth her reprigiandnat fodfis absordiRgtb the lpyeseiti ivéntiownuseful in absorbent ;
according to the present 4 nveption i its.GO € R e
2t aaperric  Paried ind BERve e e il e ORI bAR AL s ool the
mononer component indivighel eells jof the Joam are in completunchatsugted | communication (with
th PE of Figur ehl-( Mjoining cells. The cells in cha Lpubstahtially bﬁm-dnaifmms sirsctures have -
phot om cr ogr ap g nificati ol g%lml e 43 -
Figure 5 of the dr gg‘g?gpﬁ.{““@%émg@‘%"gﬁ &Fﬁoar,]m()l?g% eﬁ?usgp‘)‘og’g e tleéaperﬂt:‘%dﬁat
utilizes the absor tsensfer Fromanscelbtorthe pther within thefaam structiéent i on as an

1

hgur gll)an- 3 haped peée ﬁuﬁfthﬂtﬁllﬁtﬁeﬁ%ﬁleddfm ishruétiues wilhgenerally ihaveara
absor ben i aper cor.e .o al -layer, . . . .

Figure 6 of t Eé’ dr Mﬂ@@d FE‘B?% é’ﬁﬁfsthﬁ'ngh“t'quglvﬁys Bﬁﬁ%&gg &gﬁg g?ﬁ‘ﬁ"ﬂ ?t; rr'fbm%
article conngetedh theee dirensipaallythranched: webs) g Thex strands of polymetis, saterial

enpl oys an absor beﬁﬁﬁﬁgluPrméshm&m webs can be referreifCSy 'Birng."t ©peh-<eljed fomns
i nventi on as an absorbeént . core.

drawi ngs represent avéf'golaomfﬁgzﬂ'?t'm#“&\m‘?%e" osrlw'g%"rr']gr?? sl'wa gf Z'foéxah.pﬁ in the
di aper structure apkatomicrognenhs pEEigwres dand 2.0Fpr purpeses of the presery inyention, a foam
hour gl ass- shapeg  material i3 Sopehloelled” #Cai Uda5d 40% OF thR)teNs if 08 foginisgrutiireihaodrb ant
o s p or 29 Hehe Y e it W in B commanication with attedsord a&firk i
In addition to being open-celled, these polymeric foams are sufficiently
hydrophilic to permit the foam to absorb aqueous fluids in the amounts specified
hereafter. The internal surfaces of the foam structures are rendered hydrophilic by
25 residual hydrophilizing surfactants left in the foam structure after polymerization, or
by selected post-polymerization foam treatment procedures, as described hereafter.
The -extent to which these polymeric foams are “hydrophilic" can be
quantified by the "adhesion tension" value exhibited when in contact with an
absorbable test liquid. The adhesion tension exhibited by these foams can be
30  determined experimentally using a procedure where weight uptake of a test liquid,
e.g., synthetic urine, is measured for a sample of known dimensions and capillary
suction specific surface area. Such a procedure is described in greater detail in the
TEST METHODS section of copending U.S. application Serial No. 989,270 (Dyer
et al), filed December 11, 1992, which is incorporated by reference. Foams which
35 are useful as absorbents in the present invention are generally those which exhibit an
adhesion tension value of from about 15 to about 65 dynes/cm, more preferably from
about 20 to about 65 dynes/cm, as determined by capillary absorption of synthetic
urine having a surface tension of 65 + 5 dynes/cm.
The polymeric foams of the present invention can be prepared in the form of
a0  collapsed (i.e. unexpanded), polymeric foams that, upon contact with aqueous fluids,



WD 96/.21680.

PCT/ US96/ 00084 5 DETAILED DESCRIPTION OF THE
| NVENTI ON l. Low Density Pol ynmeric Foam A
General Foam Characteristics Pol ynmeric foans according t

the present invention useful in absorbent art'ﬁ}gﬁ%ﬁﬁd

st ruct uM®P6R1@B0Ot hose which are rel atively open-cell ed. Pf#f SHERDS the
10 individual cells of the foamare in conplete, unobstructed

conmuni cation with adj oi ning ce?ls. The cells in such
substantially open-celled foam structures have I ntercel lular

openi ngs or "wi ndows" that are |arge enough to permt ready fluid
transfer fromone cell to the other within the foam structure.

18 et oul at cq®Halid SRESG suRFAR Trld allipliepoifincrc BRAFAS uplal) QUiindd
plurality of nuPY $fArgssing the water p asemggtpgg'pefiﬁﬁ@ Elfﬁﬂﬁg'?fm ‘I"‘V‘Pﬁ?%iﬁ?: hed
webs. The st ranthrcesf andéirghermalcdrying end/at vacuum dewatering. nférrepmppessibm sapd/or
branched webs capmpl 85ing/iaGfint Yehatering ' Hksﬁigmfm ligdinf 9 aBHapsed, or

having a typical strut-type structure are s way of exanple in the
phot oni cr ogr aph¥"SP s 1 and 2. For purposes of the present invention,

a foam 1020 nuat The cdllulas strugtane-afcl représentdtive tcollapsed HIPR fasim friom whikhs i n

the foam struct Yaer st . R ' | in
fluid communi cafj on mﬁ@? t‘éx ;?l'gssgxti bgn%omapéessggﬁ? %icl%‘%nl:w['ﬁ thd ‘Phbtonitcré gragh g.’f In
addi tion to boi FEUEScheut At Shownda thase Fievrescthe sslliler.gtaicts of theofopm,s
hydr Q]P-hi Idi C to pdistoned, dsperiallp svines compiset fo thejexpanded HIRE deam stridieresishowntin
specifie . rea |

sltor uctures are F’gﬁrérl %ﬂhfdrf%% 1 HRQSB;&"%%‘?? ;,,?:glst ﬁg?ihﬂ%ﬁ’g%ﬂﬁrgl ng
surfact ant s ¥f ef 2r<pS) 14 Hs cpliznssdSopm strugtisre dpyeheen pLeeREdied: or

by sel ected post - pol Feltewingatdoopréssian dndéart therhal pdryingdeacasn  devaleing) i thed

her eaf ter. collapscd polymeric. {6 S Sl "Bhef R3S o] UiiobE AGATS a1 €

"hydrophilic" cgn be .guant . byt hesi on 't ensi on, val ue
exhi bi t ed when gwpea'm!‘&-é{‘%wm'ﬁc foams remain in tK'aEQ‘B‘P pPruRexpanded stateqfor e
adhesi on telnsi Osignifitand iperialls Wf tine; %cp. f 0105 aC leastabout 1 year. 3The abidlitg rofithesel
experinental)y . . . Bty

e.g., synt hé% [ caﬂwg%&%ﬂr}g%s%r éW%r&“agB%eg}r%?ﬂg%@h%ﬁgmﬁ%gFeﬁéﬁng ons '%cr’\d
capillary the capillagy, forgesnand incparticulas the sapillagy pressucgs developed, wathin the j 5
descr idbed i nSgr foane istradainei | Amdsdléde herein, “capillary présSured'EFefeisStos ald ippessuné
copending U. S ??ﬂl' t, fel A , . . ,
filed Decenber , éf&@fk &\%ﬂigrl\‘qla'sdl alhﬁ%tgqu%%r%tz g%ﬁgycﬁ{r:vgp i 8%?8'.“ Sﬁyg)éﬁ{é" %Ch

v

35 are useful &%"%§8Fﬁ3\§ﬁ?§‘h°nquﬁ%mp§hé§m- i[$reclrhatstice, " Abspsbrory[ (hgxtile ose
whi ch exhi bizs aScience and Technologd\ésli R198S;ps86) val ue of from about 15 to

b 65 d / ahl | . - 65
Sy S e, A AFREAOR ok sy S i

dynes/cm as determ ne lary absor
urine having a Seeitathese polymenic framgthave r waipg that includes both the water of 1o

pol ymeri c f oans hpdratidreasgucinsetnithi the dwdirossopicahydestedsaltissoegbrated theeeid, as welbf
40 col [ apsed (b free WREXMROBES Withi the/ 0! ThisHesiTual Wikter (a5406Y 6y ¥RE Rfidrathd L N

aqueous fl uids, ) . . )
30  salts) is believed to exert capillary pressures on the resulting collapsed foam

structure. Collapsed polymeric foams of the present invention can have residual
water contents of at least about 4%, typically from about 4 to about 40%, by weight
of the foam when stored at ambient conditions of 72°F (22°C) and 50% relative
humidity. Preferred collapsed polymeric foams have residual water contents of from_ .
3s  about 5 to about 25% by weight of the foam. . '
A key parameter of these foams is their glass transition temperature (Tg).
The Tg represents the midpoint of the transition between the glassy and rubbery
states of the polymer. Foams that have a higher Tg than the temperature of use can
be very strong but will also be very rigid and potentially prone to fracture. Such
s foams also typically take a long time to recover to the expanded state when wetted
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5 expand and absorb such fluids. These col |l apsed polyneric foans are
usual | y obtai ned by expressing the water phase fromthe

pol ymeri zed HI PE foam t hrough conpressive forces. a r
R

t her mal dr wopgnessal/ or vacuum dewat eri ng. After conpressi oRCT:

t hermal dryi ng/ vacuum dewatering, the polynmeric foamis in a collapsed, or
unexpanded st at e. 10 The cel | ull®r structure of a
representative coll apsed H PE foam from whi ch _ wat er has been
expressed by conpression is shown in the photom crograph of

Figures 3 and 4. As shown in these Figures, the cellular structure of the

L ?gg }gam . uc; urwitﬁiaqﬁewi iﬂtri]ids €188 Shanlthe/T i Sﬁeggﬁ%%g ﬂgzrzth% gﬁ‘egg)ﬁ&?‘fa H#g‘i%ee |
seen in Figures 3 g‘ﬁlga %?m?ﬁtg_@(r)ip&%b?ﬁedp%ﬁﬁ@gs'( é@?ekd“mg Combigation, g Qecﬁtﬁ'ict"ne
col | apsed foam st r PFOPERties. sperificalbostrengthtand mesilience, typisalianesdssitates a fairly selective
Fo: : owi ng colrrpr essiaafge afdomsmer ypesiid 1ekre)si:aqém(ta{étthe&d _desvmh sfob&aes.]g lhe_ i -
col | apsed pol yneric foa n Wi ueous fl uids.
Sur pr !Osi ngloy, yt hese pol gaﬁecfra?'gg ? ggﬁ?@&%ﬁ#‘"ﬁﬁ"’fﬁ? gg 5@?‘1@8@%,"“’0‘?’5 Qﬂ‘?@ﬁlﬁa?ﬂjed
state, for 10 long assthgform chestacpeptabler strength atvin-use. tgmpenaureso  Aiccdrdingly,
TS col | apsed! Unewomntiny ot ay ooed o  mudh) 2 B Sl OW‘LO&%*’%
capillary forces, g‘%ﬁ%ﬁﬂmﬁ ﬁ%@‘?’erﬁ#' gg%‘f"ﬁﬂ'r@"‘ﬂ#@ﬁ%‘ﬁ? 815“"1:1!&%“85@"& i
within the group omcthenacrylate and methacrylate .comgndmereican bé damger than would be
lp_r ES_SE; es" r GI er fS ﬁl@dﬁftﬂ frong Sli‘euh TE of thethomolog]gus H&ﬁéﬂﬁf&!sﬁqs@cgtpﬁﬁﬁcﬂlpﬁt has
iquid/air in o dhej curvature of meni Scus Wi n the
na(r:]r ow conf i negg 01?8 %ﬁe%g’(#eéﬁait nd}ehgoTBtéﬁ?“s[ §§%°SCI‘?§t %Jlaleé?"yiaﬂ)%r Bisthagrylate
Textile 25 mepiymesnbpve a atinipuoglg at\iathain TengdhOsf™8, cathonatonjs. By contrast,
After compressi on, thensihiturt g oftle Apotiiets GR U TRARNRIGEDS Brcl it slthEHUARAP! ©
extent, these pol Lc. f9a haye regidua ter .that .1 ncludes both the
wat er of P yﬁ&%&&rlgtcg%ﬂngg%ci ME’ 'IV'bF\tgﬁ‘yf PHbstifyted Styrens; monomess cancbe
salt incorporated esedriplace of theedlkyl acrylates and methasrylatese theirt availabifityo isbomrently

within the foam TéitfenieBdiniited). Wat er (assisted by the hydrated 30
Foam . o o ot L 8ot (3REH eBiom OF thpolner (4R afochedporrs,
i4(r)}vent i ?)n lcian P?\éel-?-e‘yh?hﬁill;ls narrow Ofxz;é)‘;;m“; &nc@mamfemaemnmtrﬂiseglass tebsitidn _
V\/n?a_nt }s”to ofgd )altt an&ﬁt&éﬁé{ { i)o(g\s g’f— ng!L(tar. ri?ff}%ét% 'r°§£f’§r§%‘“5“6@%9r“§'{%§t" f 9‘2
humidity. Preferret o] BIE) ) DRPPIYETeF (apfsOmhORAE the. I8 o Eor examele. & brRades s
of from 35 wuMsiiongegion canausan as ncompletsitrnsition atinvuseftemperatures. Typically,
A key paraneter ofiftRefRnsitRATS incomplefd 4t b %ﬁsett@ﬁg&h&x}é?'ihé E&mﬁf@&w&i& &
:-Egbl?yr epresents &Q&Jk&&‘@ Mo \gifll be rieess trersi?igl?tl tdo?\\r}erse?},%tﬁg trtans?tio% is g(;s'xplan at
the in-use temperature, then the polymer will exhibit faster recovery from
compression when wetted with aqueous fluids. Accordingly, it is desirable to control
3 the Tg and the breadth of the transition region of the polymer to achieve the desired
mechanical properties. Generally, it is preferred that the Tg of the polymer be at least
about 10°C lower than the in-use temperature. (The Tg and the width of the
transition region are derived from the loss tangent vs. temperature curve from a
dynamic mechanical analysis (DMA) measurement, as described in the Test Methods
35 section hereafter). "
B. ill res and s Withi I
In its collapsed state, the capillary pressures developed within the foam
structure at least equal the forces exerted by the elastic recovery or modulus of the
compressed polymer. In other words, the capillary pressure necessary to keep the
4  collapsed foam relatively thin is determined by the countervailing force exerted by the




states of the polyner. Foans that have a higher Tg than the tenperature of

use can —— be very strong but will_alsao bhe very rigid and
potentially prone to fracture. Such 40 foans also typically take a
long tinme to recover to the expanded state when wetted WO 96/ 21680
PCT/ US96/ 00084 10

5 wth waopsesaussef| ui ds col der than the Tg of the pol yrre?ca'f‘{sg‘?’“"ﬂaévl ng been
stored in the col | apsed state for prol onged periods. The
desired conbi nation of nechani cal I1 properties, specifically

strength and resilience, typically necessitates a fairly selective
range of nononer types and | evels to achieve these desired properties.
For foans of the present invention, the Tg should be as | ow as possible, so

10 long as the Eoagedias eqmrﬁ L f el b Aprig Ba2R " OTRE ﬂ%f&;ﬁéﬂ

Accordi ngly, as BOSSI

mers are sel ecied
provi de corr espolfifsngy of po ymenc P“H'éﬁﬁ‘bg %&W SHap experynents; w
been found that tHeee:q:baied foam s [toopressed @l tbpbt 1/6 (17%) of itg ronigimal) rexpinded

acrylate and ”Etﬂﬁ% merarrﬁr ﬁnscé&n sLdJQQFJ it r&%&ﬂddstf-k?s value
predicted fromt T?Fd? rml Oefo r seri es. ecg%

it has 15 mMseY dﬂ?ﬂ“’t"ﬁ ﬁﬁ?ﬁﬂ"@‘g ?P@?e’ﬁf' &f' F‘%" e or
met hacryl at e 10 stress value ismsm'paleq lfmnsmhauemmmqmthu polymend foamcinadtsrcollapsed h of
8 carbon atons. GyeGiidh 'i:ﬁé&ntact with agueous ﬂxtuBE e’En Rt ThHEs dierraliGe feRROA W s of

t he present invention occ out 12
o " HAIEn B pofired b e somrdio prssrey ot S fodm e ggpanson
used in pl ace of ptessarenlftay coliapsed pblymericdozmg h:ﬁahqlpleem, inviention dsv abowb30 ity

is currently kiloPabkals€pkP e&felle% idd%ﬁﬁ - from abox1t 7 tobabout 20 kPal NR RbARE Of

the glass transition e an a ortant

i e., whetherit %ﬂmm%wpmceﬁ%?@p eag%atwﬁwpaw"efprsenﬁeqf&wes st fph
gl ass transitionin the TEST METHOPDS sectibim pf copending ULS: wpplidation Serdal Nd. 98D 27 t he

I n-use terrperatu Iﬁgﬁ'h ty40 ure) of the
pol ymer is at or r Eﬁlﬂie}f ogé?el}a{ggﬁ Wh'chgmcoHBM& Wm%é{:ranm tion
region can nean an mE‘H E‘E"&°§¢Fz§‘ﬁ§f°t9’5??“’a’!’vqnﬁo%|§'ehﬁs&?ﬁ%f‘&’!‘ér‘@ therspeeifiG)| |y
i f the transiti osurfase iareacpeplfedne voluniehis panticulaely tusefilefort enipiticallp lefinihy foam Wi | |

evi dence ctlg&etﬁ&t%ll Fdefdifd il & ccfﬁgﬁse@'kl&{ e ESRAGRE Y. % aﬁpﬁcatlon Serial

Conversel vy, |? tilon IS ¢cO
tenperature, t he r?ég-ﬁi? yiRer Hi) EJ@W”F‘E‘.& i} F%??O\(m“flnﬁ?f?"m"d by
conpr essi on V\henrefeeﬁce)j wiictd sprgifiecarea pérufodim. vohmeeoiscdistybsed in tdetail. d¥Specifibl e

to control c?]hjgg g&gfogtho“ﬁ?e“ heeRdh bheo%gﬁllﬂ? fx&tﬁﬂlsé Eélﬁpstfrfag%e%a oF t he

polymer to achleve
it is preferred 1E4pam gauciyre imes e fogm density 1n thepxpynd &%F“‘e This specific surface
2s  area per foam volume value is characterized as "empirical” in that it is derived from

(a) the capillary suction specific surface area that is measured during wetting of the
dried foam structure, and (b) the density of the expanded foam structure after wetting
to saturation, rather than by direct measurement of the dried, collapsed foam
structure. Even so, it has been found that certain minimum specific surface area per

30 foam volume values are correlatable to the ability of the foam structure to remain in a
collapsed state. Polymeric foams according to the present invention having specific
surface area per foam volume values of at least about 0.025 m2/cc, preferably at least
about 0.05 m2/cc, most preferably at least about 0.07 m2/cc, have been found
empirically to remain in a collapsed state.

3s ' "Capillary suction specific surface area” is, in general, a measure of the test-
liquid-accessible surface area of the polymeric network forming a particular foam per
unit mass of the bulk foam material (polymer structural material plus solid residual
material). Capillary suction specific surface area is determined both by the
dimensions of the cellular units in the foam and by the density of the polymer, and is

40 thus a way of quantifying the total amount of solid surface provided by the foam



about 10[err] C |l ower than the in-use tenperature. (The Tg and the width of

t he transition region are derived fromthe |oss tangent vs.
tenperature curve froma dynam ¢ nechani cal anal ysis (DVA)
measurenent, as described in the Test Methods 35 section hereafter).
B. Capillary Pressures and Forces Wthin Foam Structure

Inits cgl |‘§Bgé)‘6@t ate, the capillary pressures devel oped Wﬁ"hﬁ’%’“‘%"%‘e f oam
structure at |east equal the forces exerted b¥ the elastic recovery or
nodul us of the conpressed pol yner. 1¥n other words, the capillary
pressure necessary to keep the 40 collapsed foamrelatively thinis
determ ned by the countervailing force exerted by the WO 96/ 21680
PCT/ US96/ 00084 5 conpressed polyneric foamas it tries to

"spring back." The metworkits theRRte¥Ethst such a surface partiéi nabsoffengy! ymeri c foans
expanded foam s conpr ootBqapibiry BhcioR sBEhd Bibase S5t parsculyly. seevags ol twsher
t hi ckness and t hen 8dequate eapillaryspressutes atesdavelopes: withim thiel foam strictursctodteep itsin a

value is _ collafses staecuntifweREd With \egusous Fids | The ldaGillRY OGS debeldfed
present invention, mﬁ est

I : .. 10 .stre value s, ted.from
measurements on t he por 9%‘?’?*@%“&% f’rP'?R%"%'Bh"?ﬁ%%‘a“’%W Suction sp °‘I‘T‘B%f‘ﬁf‘8° Wren
in contact with¥%aquABuming otheg factars guch asthe foantdeinsity-find adhesicnvtension ars constant,
stress e this| meank Sthite rag athé cdapill@yChuction ispecific biiface fwliﬁFrf%&umd(or '
pressure" o e D, n ... o pressure for coll apse '
pol yneric foans of %Q%Pgsﬁﬁtajpﬁl\%nﬂegwﬁ Jthin the g’%ﬁ‘ Stricture alSo incréases. (or
kil oPascal s (kPa) dlecreases) prapprtignatedy | y from about 7 to about 20 kPa. A
det ai | ed o 15 desmoipﬁrbﬁﬁseftlﬁpﬁs&ﬁ%i{éﬁﬁbnaﬁpjlljg d’uE%STﬂ Siﬁ@ﬁxrﬁwi‘r@éi on
pressure of foarg i t . i Nt segtlon O
copendi ng U. S. gf)plﬁ:%ﬁ“(?é]%gensﬁ'f%t.he 5@?“?7& Capillary "p-{ake °aﬁ¥ acg, tension
filed Decenber 11, hguish(e.guhethanal)s whichgosuns vithin layformf samplecef a known mass arid
For _tp_e pur poses ofdimbiBions.cAdtailed\de Eﬁﬁ%ﬂéﬂ of kichA3Poce@se férEHéEHi‘mHl ligl fokl § ecific
specific rfac e r_foam vol.ume is | GU
for empirically defsflﬂ?ér#gir?aog%qﬁe &pﬂﬁ%sucg?? Ué ﬁ%#ﬁ%ﬁ\?\? ﬁ'le m#ﬁ;@s
col | apsed state. SdgctionRffrepending ©.S. pateni application Seridl fo 989,270 (Dyer et bk, filed
989, 270 (Dyer eto allyeceibérad, D292 MiMvh id tcorp8fied(UyGeRichcd. NARY RAGHaSIE alt¥mative
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suction specific surfacdhgceliapsed polymeric foams of the pfesentigventiant useful a5 mesortients -
foam density int hwemw%ﬁatapillﬁbiﬂm@g%ﬁwﬁﬁwwé @ELof at least shout 3 ?rp?%‘
]P‘ra(r)mf oam vol unme Valfﬁi&aﬁy, maéa%ﬁlta%r Wzfish Specific 3 ok SRt is in the rl"f;it}gelﬁt'orrll gboctin?rBItOEd
25 about 15 m2/g, preferably from about 4 to about 13 mzlg, most preferably from
about 5 to about 11 m2/g. Foams having such capillary suction specific surface area
values (with expanded state densities of from about 0.010 to about 0.018 g/cc) will
generally possess an especially desirable balance of absorbent capacity, fluid-retaining
and fluid-wicking or distribution characteristics for aqueous fluids such as urine. In
3  addition, foams having such capillary suction specific surface areas can develop a
sufficient capillary pressure to keep the foam in a collapsed, unexpanded state until
wetted with such ‘aqueous fluids.
C. Free Absorbent Capacity
Another important property of the absorbent foams of the present invention is
35 their free absorbent capacity. "Free absorbent capacity” is the total amount of test
fluid (synthetic urine) which a given foam sample will absorb into its cellular structure
per unit mass of solid material in the sample. To be especially useful in absorbent
articles for absorbing aqueous fluids, the absorbent foams of the present invention
should have a free absorbent capacity of from about 55 to about 100 mL, preferably
40  from about 55 to about 75 mL of synthetic urine per gram of dry foam material. The



(a) the capillary suction specific surface area that is neasured during
V\kttl n‘g of the . dried foam erllﬁulrg?_&nd_(_b_)__{_h.e_d.e.ﬁs.i_t_y_a.f_{—h-e—
expanded foam structure after wetting to saturation, rather
than by direct neasurenent of the dried, collapsed foam

structure. Even so, it has been found that certain m ni rggfasso6isdods C surface
area per WO96216880  { oam vol une values are correlatable to the ability of
the foam structure to remain in a 13 collapsed state. Polymeric
foans according to the present invention having specific

surface area per foam vol une val ues of at |east about 0.025 nferr]/cc,
preferably at |east about 0.05 nferr]/cc, nost preferably at

| east about 0.07 nmferr]/cc, have been found enpirically to

remain in a cdl| fpsredurefar determining the free absorbentgapadityr 9f thecformnisseaseritied ¢
surface area" i s hereiftgnthe IESTMETHROD S segliort he t est -

| i qui d-accessi bl e surbace Erea ioé-ﬁt he polynmeric network formng a
particul ar foam per ' ss of the bulk foam nateri al

(pol ymer structural nkipeniespopreidosagueonsr Suidsiuthe collapsed foams efather peesgnt
gf’ipl I Tary SU?t j[ ﬁ'ihv&ﬁtjﬁilﬁl élxbﬁuﬁﬁﬁ_ fﬂ@&b@ﬁeemxh ids> ‘Plﬁtfaisﬁlb Gﬁ?ﬁbﬁﬁs&t% t'ilﬂtfcotn%ain,

i mensi ons o e cellular: units in oam an e nsi e
pol yrmer, and s 1 their e%fﬂ“ﬁﬁ@‘a%flhﬁi? thﬂhﬁ‘f'f f‘a"‘ﬁéro?'ﬁ% t |‘;‘§ﬁ3‘tﬁﬁs ¥f
solid surface prcompeessively denateredite a thickness pHab@t2lf6 {17%) or less of their fully
PCT/ US96/ 00084 expanded thickness, they remain in even thinner states than is possible with pribf
-5 network to tgﬁrgﬁtent ttFat such a surface gar“ﬁ@f‘it es |f¢§?@ orency.

The capillary suctt oweg? 3 FoRgpmpiaptIntreass i} 'B§?F"8 %‘1"9 ant 3
whet her attributahle; teathe lewssidensityyof thecoxpanded foams. dBhecexpaosiomfactorhfor he
f_O?hm struct un]gsl t%&@ﬁﬁnﬂs_r is dt'lbalatl about 6X, i.e. the :ﬁ&bk@ﬁb?@ﬁtl foh i its' BipandedSia gﬁé
Wi agueous ui_ds. e | rv.pressure devel gope I, N
t he foam struct ufgisef'% ‘E‘?‘Hﬁ'{’?’c}ﬁ%ﬁ"@‘a"ﬁswg “Fa'ﬁ?’?‘ﬂ'é!‘@‘@l?&ﬁ%‘ﬁ'% phs ‘quépsed
surface area. foams of the pressotinvegtion typicallychave as expansiorefactonin the tangelef o y
and adhesi on t engb&il 6X'¢8 abORSIOX) By comparison, prior HigheP deBR} foal3 picafiPhdvén

capillary suction specific surfa ar IS 1 ncreased (or
decr eased), the 5§Eﬁ9‘f'?'é ‘%ngg‘!.%g‘w in the foam structure al so increases

(or 2 decr efieethy pprpopesrafitiengresenyinvention, the relationship betweerFexpanded
purposes of the Ri®@Mpstd(Rikdes) f&aebft.hg%ﬁ@usemge& Ffsah{ Icin Ye' Edpifically €2

S 15 ‘determned b syrin ] unt of capillary uptake of a
| ow surface tensiPB“T‘?'cte% f9°m¥h°q§ﬁ°"\"f‘¥|ﬁ‘%ﬁn?%. g., ethanol) which occurs within

a foam sanpl e of a known nass add di rensions. A detailed

description of s roc ; det er mi, i f R[ecific
m&nassg,m % EhidkREss It 013G < W8

surface area via the c sucti o hod 1s set forth in the TEST
VETHODS 28 section of copending U S. patent application Serial No
989, 270 (Dyer et al.), filed 20 Decenber 11, 1992, which is

i ncor porated by LRl iRk fessalihdbs R Rkfes8b e Bk i is expanded state;,
thicknessgojjapsed is the thickness of the foam in its collapsed state;
and W:O ratio is the water-to-oil ratio of the HIPE from which the foam is made.
30 Thus, a typical foam made from an emulsion with water-to-oil ratio of 60:1 would
have a predicted expansion factor of 8.0, i.e., an expanded thickness 8 times the
collapsed thickness of the foam. The procedure for measuring the expansion factor is
described hereafter in the TEST METHODS section.

E. Resistance to Compression Deflection
3s An important mechanical feature of the absorbent polymeric foams of the

present invention is their strength in their expanded state, as determined by its
resistance to compression deflection (RTCD). The RTCD exhibited by the foams
herein is a function of the polymer modulus, as well as the density and structure of
the foam network. The polymer modulus is, in turn, determined by: a) the polymer
40 composition; b) the conditions under which the foam is polymerized (for example, the



met hod for determining capillary suction specific surface area can al so be
utilized. The col | apsed pol yneric foans of the present

i nvention useful as absorbents are those that have a capillary
suction specific surface area of at |east about 3 nferr]/g.

Typically, the capillary suction specific surface area ispl-pytdtRodsange from
about 3 tow09612168025 about 15 nferr]/g, preferably from about 4 to about
13 merr]/g, nost preferably from 4about 5 to about 11 nferr]/g.
Foanms havi ng such capillary suction specific surface area

val ues (w th expanded state densities of from about 0.010 to about 0.018
g/cc) wll general |y possess an especially desirabl e bal ance of
absorbent capacity, fluid-retaining and fl uid-w cking or

di stribution char acempietendss of polymenzation obfained,ckpecifically adthunesneet to grosslinking); 30

addi tion, foanms haghd@) e ExtemPio Whic tﬁél Pblyier EPEiRdtikized By resigal MMaHl, Ca),
devel op a ls@{éff:gﬁ' e{iﬂt Canpst c%ré/afpressure to keep the foamin a
unexpan§®H P jfoam structur TRF

col | apsed, wi th such aqueous
fluids. To be usgful as absosbentyin gbqgghmt atiglescsuchy as diapers, the foams of
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foam sanpl e wi || alsbsorpsionrand reteptiore of fluids. Jtoamstwhich do not possess s e“!l am
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articles for absorbi us fI rbent ..f oans

i nventi on %o yg‘ﬂg ger aéﬂc‘f'}d&é’"ﬁB ﬁé?ﬂ e?ﬁ%&ﬁ' e sb'f:lt’ ?P’Srﬂngﬂﬁﬁf
55 to about 100 ni compressiveadtiess caused byl the motm and agtivipsofi the aisesuof the ahsorbent
synthetic uri nepennitied MaPborfthii ted@ammat eri al . The WO 96/ 21680
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5 procedure for deternmi H?ﬁﬂ%ﬂh"&%%%&%ﬁ“{%ﬁ?&c‘fﬂvB‘Fﬁ“ﬁg“’?’&?ﬂ]"]‘%be

descri bed quantified by fdeterminingt the ameam ofsmadBodened iina. sample of saturated
'It:)he COF?‘QSQZ ::101[102?13%‘3'15 httald under a certain confining H‘E&Elreefbpﬁn% fcgﬁJdQeﬁﬁ&ﬁﬁ?bsmfd;b d&
Lhe f1ui db. The oRfame: TheMerpdse camying vkt pesibhittype of e 5 SiSeryad
expanded st at e, 20norime thd FESTt METHORS sedtionr Faamssusefidh@s absosbeats acenboser whlch
conpressi vel y devateghig! at Rrep! fichkhass Qﬁfﬁﬁoﬁss&f&oﬁ ﬂofﬁ!’é)hrddﬁ@éi Pherdin T

Iﬁlalnyl s possible w.‘ﬂﬁ ‘3 g?&th*o}sn"? eis °°rﬁ%¥q§rﬁ°e‘?§h§# my “ﬁt'fﬁ%'tgat bee
increase in storag esamfatedcuoetsd'yeoabsbrbtmmnadty with smiumc ugine having a surface tension

attributable to thesf |69£ﬂly&% tP’reféf‘abi)hﬂne Qﬁﬂﬂ Qﬁﬂcé@uﬁﬂﬁr suth Con@iRNGll B2 in
factor” for té&ﬁ&ﬁﬂ&ﬂ"‘s‘ﬁ’ﬁ\“{? o | shoat 2%'%, more prg'LI rably%rom Shout 350 abhth3 oo

of the foamin Pts
most preferably from about 6 to about 10%.

F. erties of Polymeric F
Foam cells, and especially cells that are formed by polymerizing a monomer-
containing oil phase that surrounds relatively monomer-free water-phase droplets,

30 will frequently be substantially spherical in shape. The size or "diameter" of such
spherical cells is a commonly used parameter for characterizing foams in general.
Since cells in a given sample of polymeric foam will not necessarily be of
approximately the same size, an average cell size, i.e., average cell diameter, will
often be specified.

35 A number of techniques are available for determining the average cell size of
foams. The most useful technique, however, for determining cell size in foams
involves a simple measurement based on the scanning electron photomicrograph of a
foam sample. Figure 1, for example, shows a typical HIPE foam structure according
to the present invention in its expanded state. Superimposed on the photomicrograph

4  isa scale representing a dimension of 20 um. Such a scale can be used to determine



» | east about 6 tinmes the thickness of the foamin its collapsed state.

The col | apsed foans-of thepresent—tnvention—typically.-have an —

expansion factor in the range of from about 6X to about 10X. By
conparison, prior higher density foans typ| cally have an

expansi on factor of onl y 4X to 5X 20 oses of
t he pres¥RP6218%nt i on, the rel ationshi p between expandeg&,n&swsg and
col | apsed thi-ckness for conpressively dewat ered foans can be enplrlcally
predicted fromthe foll ow ng equati on: 15 t hi ckness[err] =

t hi ckness[err] x 0.133 x WO ratio 25 wher e

t hi ckness[err] is the thickness of the foamin its expanded state;

thi ckness[err] is the thickness of the foamin its collapsed state;

and WO ratiag i &vérhgemts&évta%%&gerﬁhlyﬁsﬂ{)cédhﬂ: H PE fromwhich the foamis

made. 30 Thus | cal foam nmade

water-to-oil ratio O]Zl' hgﬁa%g NoTfegurements g:ven Lemﬂg\'?e aéerarg‘?”eth? E‘f'é%“@xﬂ%es‘fegn
factor of 8.0, isizeofthgfoanindtseuprnded $ataceg, & showpin Kiguse 1. The foams useful as

col I apsed t hi ckabssibents foh@queod Tluidsie agtoRdanes ith the presiit Snvehtitth wm;remmps' on

]IcEéCt'OrRlazlstancaneo “ﬁh}ég"%%%%ﬁ ‘Z‘r{bg%%gd.'"&'%?l g%k‘%ﬁ . §&Pant__

nechani cal f@at abeutds umhe absorbent pol yneric foans of the
present invention is*Féu density"§1&lih ghdins!dTPdam Fef Qﬁﬂd@d:tlﬁieﬁi'affoiﬁl \ﬂﬁiﬂ%:ﬁ‘ ned

by its nce to essd on de The.

ei hibited by th a:r} Ezfﬁ%msed%&m ona 3ry ﬁg?’% iﬁﬁ %m%m; Bﬁ@t‘? rﬁ?‘fl ‘&?tef'ﬁ(}é"bé

modul us, as wel Imagesialsh @.gdenesidua) safiscanst liquid lefeinthe foam, for example, mﬁet &§HRE
network. The pol myﬁfenfamul Washifp, aridfort lg,rdmphdﬁitﬁfmswiﬁe@xdedah ED@uldtimg Vanar
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PCT/ US96/ 00084 residual materials such as emulsifiers present in the polymerized foam. Such residual

5 colrrpl Et eness nidterial AAEA fa%ﬁfcbﬂﬂblﬁbfs@hiﬂeﬂa nﬁ&%lﬂid féﬁh'rﬁﬁtéﬂai [1 r es pect to

Slr g:ts i l:lnzlagg%)y resi dOM¥ sw&bgzrgrg\p%etgc rGCsaire that W'“\{]’m"glﬁﬂl @FW on ié‘f‘?ssl n

the foam struct Of solig fosm metetislspsr it volume of foam structure canTbe bsedtoahedsuras

absorbents i% alsdy 8&isity. aFér xbMpleSHCAS PRI gh@imetie procefurt 8Bb&S more fully in
the TEST METHODS section of copending U.S. application Serial No. 989,270
(Dyer et al), filed December 11, 1992 (herein incorporated by reference) is one
method that can be employed for density determination. In its collapsed state,
polymeric foams of the present invention useful as absorbents have dry basis density

25 values in the range of from about 0.1 to about 0.2 g/cc, preferably from about 0.11 to
about 0.15 g/cc, and most preferably from about 0.12 to about 0.14 g/cc. In its
expanded state, polymeric foams of the present invention useful as absorbents have
dry basis density values in the range of from about 0.010 to about 0.018 g/cc
preferably from about 0.013 to about 0.018 g/cc.

30 Suitable absorbent foams will in general exhibit especially desirable and useful
aqueous fluid handling and absorbency characteristics. The fluid handling and
absorbency characteristics that are most relevant for absorbent foams are: A) the rate
of vertical wicking of fluid through the foam structure; B) the absorbent capacity of
the foam at specific reference wicking heights; and C) the ability of the absorbent

35 foam structures to drain (partition) fluid from competing absorbent structures with
which the foam can be in contact. . -

Vertical wicking, i.e., fluid wicking in a direction opposite from gravitational
force, is an especially desirable performance attribute for absorbent foams herein.
These foams will frequently be utilized in absorbent articles in a manner such that

40 fluid to be absorbed must be moved within the article from a relatively lower position




the’ present invention nmust be suitably resistant to deformation or

conpr essi on by 10 forces.encountered in use when such absorbent
materials are engaged in the ' absorption and retention of
fluids. Foams which do not possess sufficient foam strength in
terms of RTCD may be able to acquire and store acceptable W&,ﬁm

body fl ui d MA8&2168b- | oad conditions but will too easily give up such fluid
under the conpressi ve stress caused by the notion and activity
of the user of the absorbent 15 articibes that contain the foam

The RTCD exhi bited by the polyneric foanms of the present invention can be
quantified by determ ning the anount of strain produced in a sanple of
sat ur at ed foam hel d under a certain confining pressure for a

specified tenperat ysg rﬁﬂ@e@%*lﬁg position within the #bborbéniRore IdFRhdRtiBled Acdbrdingly,
carrying out this part.i.cul

f t d I b h f . . 0
Cn the TEST METHCDSRaEY of thask Tarms o, i 184 2685 b&?@gﬂ‘i\&‘?ﬂ'}%%i% RiticulAt
exhi bit a RTCD sucrelevaat togheinfunétioning ap sksothentcoptporents ip pbsogheptiartieles. a st rai n

of typi cal | weaRUWicKing istetdrined 69 Meksafifg the tidde taken foP@ Bblored test
structure when it

as, .heen ... _Saturated. ' f I
capacity with synt ﬁ@?‘f’&'ﬁ? F’Wéheﬁfi\'/’f‘ﬂ'd na 5??'?’ 3'5&" g"gciﬁgi‘}gghfw Jlﬁﬁnc@‘l%?.grc%??}ogg%
dynes/ cm Pr ef emablaytestistripsofifodm of spedificd size;nThe vestieah wickingi progsdure,is descrihed;ip
;goui h&g/ ange fromﬁ&wtde&ﬂthwﬁbmsef IE aTme rapsg%dﬁgfbew&hmngmml@gmuoﬂsem
F. a h(zar Properﬁ%sgwbo@?ér?cm%@ﬁ? “Decenber 1{5, Eﬁfb&g}dﬂFgﬁ%ﬂ?&tﬁ% ,tfy
and especi al |y cel Irefetence), butds performed tay 332C. instedd-0fny°8. nbm benespecially useful in
ropl ers, | T3absihah el B dbSortib ik S UHRE SRS Ot dratenb nperoon
The si ze, or "di Sretdl 'p“’tg"fra@h?%l'l‘ "‘y“tlhgﬁc “'imwfégﬁms}&{?‘ t%gllﬂf'gi"io sac%g'rﬁ?ﬁﬁ(ﬁf/
used paraneter for thimaakout 30i minutesf obdore prefesabiyrthe preferred foam absorteptscef the

cells in a given sgjpet iffenih WK dyfithe@AGRNY thla Keiiht BES RFBAid Mokeahsd about 5
approximately the sane size, an avérage cell size, i.e., average cell

di aneter, will minutes. of ten be specified. 35 A
number of techni ques ar &havesticalbwickingabsorbenscapagitytpst measuree thegmoyny of test fluid of

ours. The st ik omcit M s 08 ke icnint oL
el ectron phot oni cr &@?‘5’&?\@}’ same sggtllard size foam, sgxgﬁfe yﬁﬁ gl.\e \ﬁngc&f\glc%%g ]:éos? 9Such

exanpl e, shows a t yadeterminatiitsigensrallyimadeafierthe sampletias feen allowed to vertically,wick e
present invention iggifuid @QAKBAGIE 2! AReribosl i1STRAFHJ IGKe tHevertical wicking test,
PROLO CLOG AP 1 the o ik A5 o s o 5030l e s
PCT/ US96/ 00084 2s- METHODS section of copending U.S. application Serial No. 989,270 (Dyex st al),
filed December 11, 1992, which is incorporated by reference.
Another important property of useful absorbent foams according to the
present invention is their capillary absorption pressure. Capillary absorption pressure
refers to the ability of the foam to wick fluid vertically. [See P. K. Chatterjee and H.
3% V. Nguyen in "Absorbency," Textile Science and Technology, Vol. 7, P. K.
Chatterjee, Ed.; Elsevier: Amsterdam, 1985; Chapter 2.] For the purposes of the
present invention, the capillary absorption pressure of interest is the hydrostatic head
at which the vertically wicked fluid loading is 50% of the free absorbent capacity
under equilibrium conditions at 31°C. The hydrostatic head is represented by a
35 column of fluid (e.g., synthetic urine) of height &.  To be especially useful in
absorbent articles for absorbing aqueous fluids, the preferred absorbent foams of the
present invention will generally have a capillary absorption pressure of at least about
24.1 cm (9.5 inches). (Foams of the present invention typically have absorption
pressures of from about 30 to about 40 cm.)



5+ average ceII size via an |nage analysrs procedure
The—c¢ =Wl = : C Y 3 : - 8—PLHHber—a s
cel | si ze of the foantrn its expanded state e.g., as shomm in
Figure 1. The foans useful as absorbents for aqueous fluids in
accordagce w the present invention will preferably have a

nunber g”@?&béycell size of about 50 [err]mor |ess, gmgﬁﬁqgﬁﬂy'from

about 5 to 10 about 35 [err]m

"Foam density"

(i.e., in granms of foam per cubic centimettr of foam volune in

air) is specified herein on a dry basis. The anount of absorbed

wat er - sol ubl e resi dual materials, e.g., residual salts and
liquid left in the foam for exanple after HIPE polynerrzatron
washi ng and/sor Thydr @oépakdtios Having Rilative h W ate 15

expressi ng foam denwﬁ&?m densi ty does I ncl ude however , ot her
wat er - i nsol ubl e esidual materials such as enulsifiers present

in the polynerized fam lsGenerales dual materials can, in fact,
contribute signi f i cMymsfoMs taba:rﬂmgrmrme @réseht. invention can be prepared byAny
suitable gravi d?:CSijér&ui Uﬂfer- &iﬂnﬁ'%@tngeat Fe'ia!ii\rélgt

of -solid foam terr unit vo Qa strucCture ca

measur e 10 oypter; phase gbﬁ%l’ hase °P’BF‘°E|¥ Anpwa in the assas\[HIPEs " & ?V‘F‘E"“b&ﬁﬁ’edur e

descri bed nor e rhaterias which result from the pelyiiefidativh IdfiGuth snmutslom ard referpedntdi Ng
U.S. applicati QR eaféd & "HIPE %@%,..270 (Dyer et al), filed Decenber
11, 1992 (herein |n(£:l]o%poratg y reference) net hod t hat
can be enpl oyed for The relative amoupts af therwater, a“f‘r?"rﬂ‘%“&!&”ﬁé%&ﬂ‘@? HRES are,

pol ymeri c f oanantuingtrhanysthereparameters,imponari S idelermining hhe sthsoniral, evieanitaly

basi s densi Y and ]prerfgénagxgt)ﬂdgérﬁ[p?ﬂhg szﬁﬂﬂfp&&erE@B}:ﬂgoﬁgp&?&Ia?oth@ Hat 0' 2

g/ cc, preferabl y
preferably frorffaNRek 1ol in the swulsion gan inflyence. the fensity, cell s:ze and capj lﬁb’nded
state, pol ymer isactonspecifié sirfiee Rfcasofthe foamcintli difierisions ol thesstratsxhitiforih shdrave

dry b d f 18

g v oSS NS ol Yl Shndeib Wi ERaR g FOIPE TORME o st iaRtdn BP1°
Sui t abl e absor Reperal, have aquhrm I Weight ratio eﬁwmr phase e ojl phasg 'Gé@i fapgs of and
usef ul 20 from abiow0sss1 fid Wbkt oM imite preferatity &oleiton: Sharecibond $5:0CS.

The fluid handlj characteristics that are nost
rel evant for absorBen%a’?% abPutSSaftsétahg&r@yl of verti cal
wi cking of fluid throughk he QilRhage Companets B) the absorbent capacity of

the foam at specifi cTHectortnb6ss MilCiiabe) dfe!hGhHﬂ?E adothpHsest onérherk i that afe t he

TN - TS N e Y

cont act. 23 formulated to be capable pf formingck W@lymerehavmgmﬂrg ofj abRwtn3 °Crom
di rection opposliver, hiidtpitaliy/irémiabeitase to about 30°C. (THE fétholl fordlteRRIAREITFY | Y

These.foams. vi “rr ”?ﬁée B Meoities, AR 9L IBMAL s BRRRed Tefiellorcin e TEST, e
such that SJlSGCttQ? )be Thiss monemerncampanentyinglides;i t (W) ratt leastaeng ¢l e
froma relati V&hdndﬁﬁmﬁbn@ﬁﬁ:lnbm&ﬂwhose atactic amorphous polymer has a Tg of about 25°C
30 or lower (see Brandup, J.; Immergut, E.H. "Polymer Handbook", 2nd Ed., Wiley-
Interscience, New York, NY, 1975, III-139.); (b) at least one monofunctional
comonomer to improve the toughness or tear resistance of the foam; (c) a first
polyfunctional crosslinking agent; and (d) optionally a second polyfunctional
crosslinking agent. Selection of particular types and amounts of monofinctional
33  monomer(s) and comonomer(s) and polyfunctional cross-linking agent(s) can be
important to the realization of absorbent HIPE foams having the desired combination
of structure, mechanical, and fluid handling properties which render such materials
suitable for use in the invention herein.
The monomer component comprises one or more monomers that tend to
a0 impart rubber-like properties to the resulting polymeric foam structure. Such
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5 to arelatively higher position within the absorbent core of the
article. Accordingly, : the ability of thesefoams to wick fluid
against gravitational forces is particularly c?)bgwsg their

functi oni ngwwm!ﬁ%rbent conponents in absorbent articl es.

Vertical wicking is determ ned by neasuring the tine taken for a col ored
t est liquid (e.g., synthetic urin§ in a reservoir to wick a
vertical distance of 5 cmthrough 10 a test strip of foam of
specified size. The vertical w cking procedure is described in

greater detail in the TEST METHODS section of copending U S. application
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i nvention |°&)§1 abGlaad hyawlﬁkylsﬁﬂﬁii@tdoﬁyl%iyﬁ&, G@@I fa}e Eodecyl

dynes/cm to a he| g cm, nut

More preferably, t E?@W&dﬂ%ﬁﬁn‘%@& petmdecyl peryige: ”ﬁ 'and aﬁcaryl PRy
i nvention wi ck sg/nthdtmqlucwheand nanylpheniyik acylats ; the (Cg-Cip) atkybmethaerylates suchs

meggt rGZs the amount. o ex?estet hwﬂn\ée&&&pﬁ&h&ﬁm&n%ﬁ?a a1 eoh lnr'{'xath%d;ﬁite

u u

that is held withini WL‘FF dodegyl, r%g Ma&, ?e?r F %‘g rﬂ]ﬂe’of
the same standard saaylamldmmhrapll“éomdmtyi scr!lmdv,e«hr@m) alliyl ktyreges such asguoh
a determnation is gangimht, yanﬂ%ﬁbﬁifaﬁ&fs SfGuch aﬁﬂﬂoﬁxeﬂasopﬁﬁﬂe %Hn@iﬁ&d fs8decyl l

t [ Kk il t
ngr Is)Ca Llyk\tlavI "t:hé’ vedeylats d?ﬂ |‘1‘f@'|§t%§('d zc‘)etﬁﬁhlexyf acrylgtrfnrﬂ%e \}lger Wga '%5’& 5’51 n he'

absorbent capacity mesdfuncional smondmei(s) wiljr gerteeally dearagirise (45 ttdcabpEST70%, more

25 METHODS sectio 9% Qi thie ofert. (Dyer

et al), ﬂ;‘ ﬁ?ﬁgﬁnﬁ?&i%b&p“ )@ %1:8? #%{ogrhhelgggﬁp al

ref er ence. e '“°“°'Aﬁofﬂ'@?°'|°ﬂ'pb‘? t'“pfh(?pg t ° ?:}Fﬂ s also

absor bent foans acccomprises ¢re drimedre monofunctional comesamers capable of mpartingt tewghness

.capillary absorpfi og,qaf E'eﬁtﬁlgﬁl O@ma'tl;ﬁ'fa%d@%? 0 1 1S TeuRiin 5%;:01 enc foam
ougher

refers to the ability of amé:gy%b'f nJ‘e \égatééﬂws“%*éﬁ |theut &HB’&

Chatterjee and H  Stfucture
and Technol ogy, Vol Thésg ronadfunctional comonomerClypes can dnsludEdityrenetbased cpmonomers

Amst erdam 1985; Ch tyr%nJ arkd ¥hyl §r é)rd?%%? nﬁﬁoﬁx@ﬁypes such as methy lﬁn{ eBifalilate

I nvention, the capi absor t|on essur e I Nt er est t h dr ost

head et'ﬁ'@te é?"ﬂ%’g iR Beds d‘“ﬂ"ﬁl‘a "I"ﬁ'ﬁﬂ%‘f e‘guéﬂs/ssof ﬁ‘
free absorbent cmpaptefeyred monoﬁmctlonal comonomer) of thmpmmacmrdn&basnt mgpomer with
31[err] C. The hydro Emeﬁ)iqm. GitbsP preferred monomites o?QIluk“thOf The

fluid (e.g., synthet

rlne e C|aII sef
absorbent articles F’SP°§B‘§!9P HQ‘ HH&)[@"PF‘%‘T‘EFS“’&I é'“gf ‘f" ‘g’i"ﬂtﬂ? to
foams of the about 30 ",ﬁ,rm'sfanblwfmmabmmd.‘)% 1ol abguti23%a | thgst M@Mym aboxt y

absor ption pressur e g 1gabout22%, 6P %&;m ofthe monomer componéntcm (9. 5 inches).
E)che)ggﬁr gfs gpef }r)(rj’ﬁnszggu![ e et on%é{) ﬁ%‘ ﬁy) ng" aor?ug te'r % also impart the desired
rubber-like properties to the resultant polymer The C4-C)2 alkyl styrenes, and in
particular p-n-octylstyrene, are examples of such comonomers. For such
comonomers, the amount that can be included in the monomer component will be
that of the typical monomer and comonomer combined.
3s The monomer component also contains a first (and optionally second)
polyfunctional crosslinking agent. As with the monofunctional monomers and
comonomers, selection of the particular type and amount of crosslinking agents is
very important to the eventual realization of preferred polymeric foams having the
desired combination of structural, mechanical, and fluid-handling properties.
40 The first polyfunctional crosslinking agent can be selected from a wide variety
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5 11. Preparation of Polymeric Foans From H PE Having Rel atively High
Wat er - to-G | Ratios A I n General

Pol ymeric foans according to the present invention can ed by

pol ynerWo2§216%0 of certain water-in-oil emulsions havi nlg;;az;hﬁr!‘Eaﬂlsfibt&ii vel y hi gh
rati o of 10 water phase to oil phafg commonly known in the art as
"H PEs. " "Pol ynmeric foam materials which result fromthe

pol yneri zation of such enmulsions are referred to hereafter as

"H PE foans." The rel ati ve amobunts of the water and oil
phases used to formthe H PEs are, anong many ot her paraneters,

i nportant i delf evompmersgontamingttwoor moed activatedheinyl gadups, such asidivinylbmhzenes,

per f or mance pr qgﬁ;‘#p es peHizeddie T%Niﬂryitblﬂ&e&c" Y ARAryBoyleR&S dmnﬁﬁp;gﬁléaé&r , the
ratio . .0 ter to oil 1N the IS|or¥can|anue.cet,e ensity,
cell size, and d@a?xlqlﬁﬁp%pzenes, M@ﬁﬂ%@eﬂ c surfaég""éﬁl egYIS:it he

f oam and di nmensivimddiplienylimettanes, divinylbanzylspdivinylpbenylethers, divinyldiphenglsulfides,
enul si ons used 4 I @vi f ' ' i bl
TS hoed divtnyuERa) m}.ﬂgﬁ{&rﬁggmﬂg mmﬁaxg{r Bleof. NIR{HyIbERzeE I

range of  ® JYpi ‘V% g ngi‘%w&gtfgiyl \g%%f%rf,‘ ﬁg?sé”é‘g)‘\;"]?‘gr@g&é?%?%nmthe

about 55: 1 t 0. dthes# préportions can be modifiedss as forenfich thelojl phaserwithhanetor Hie dthéro
about 65: 1. A - s ffxtire

The conti nuous cgwogw{ti.sge.%?'fl{ng lsl—ﬂd%t%eorr%srtio%édﬁgﬁo rsr@ﬂ{a}tﬁggtrﬁ}g styrene
pol yreri zed t o PEPRRe vhils) sirpulagsusly; regucing: the amquat /b SIFREF 18 dhromRERMES S
25 fornul at ed Hendb Thegpefedred matio fof divinglherzenomodthylstyrina\is fromabdig 36t 70doout

35[err] C or 55:45. mos g bly #3fh {voli §565 Yo AN 353Ut THInBhidn gut
P Rk =ik i T Lol
section.) This thoresuting capolymee td the degrecithat styrene dues.| This firso ordss-linking agent

f ti | | G t
25lerr]C “%’839"&?“1”@%3?“*‘(‘%23‘9@P%H%%‘Wﬁ‘ﬂm‘%?ﬁgﬁ‘"@ﬁ@fir‘%é?%‘@?"“
Handbook", 2nd tEdbout\§5%symore preferably from ahaut d¢ite sbeut 1§, mast prefecably froms

i lh!a- gggg)hnegso) Oa:)bttxdele&’sto aboat DE¥, Uy wight Gflﬁt monomer)- compfo_ném {T00%%1Bdsis).0 | nprove
pol yfunctional cr osgr“lenﬁ’ﬁé&'%ﬁ?%‘%ﬁgﬁz"&)&%ﬁf‘g#& %?ag%ogoﬂgmnctlonﬂ

pol yf uncti onal acrylates, methaciylatescacrylamides. methacrylamides.and anixiyres theregfc Jibgse ¢ ypes

and anounts of inchedefdiv)ati4, anditetra-acrylatésbas welbaodie rifis )and nétras awertoryiatdss di-and

Feal i a1 on of ook Bl YICR dRP i, gud,tery meMRAARy' ind e
of structur®, rfixwEesofkese grogslinking agentsn Suitshle srryipre and msthagrylate qresslinkings ych
material s agents can be derived from diols, triols and tetraols that include 1,10-decanediol, 1,8-
octanediol, 1,6-hexanediol, 1,4-butanediol, 1,3-butanediol, 1,4-but-2-enediol,
ethylene glycol, diethylene glycol, trimethylolpropane, pentaerythritol, hydroquinone,
catechol, resorcinol, triethylene glycol, polyethylene glycol, sorbitol and the like.
3 (The acrylamide and methacrylamide crosslinking agents can be derived from the
equivalent diamines, triamines and tetramines). The preferred diols have at least 2,
more preferably at least 4, most preferably 6, carbon atoms. This second cross-
linking agent can generally be included in the oil phase of the HIPE in an amount of
from O to about 15%, preferably from about 7 to about 13%, by weight of the
35 monomer component.

Without being bound by theory, it is believed this second crosslinking agent
generates a more homogeneously crosslinked structure that develops strength more
efficiently than using either the first or the second crosslinker alone at comparable
levels. The second crosslinker also has the effect of broadening the glass-to-rubber

4 transition region. This broader transition region can be tailored to meet specific



suitabl & for use in the invention herein. The nononer
conponent conprises one or nore nononers that tend to 40 inpart
rubber-1li ke properties to the resulting polyneric foamstructure. Such
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s nonomer s WA Hduce hi gh nol ecul ar wei ght (greater thaﬁq&s&m%é tactic

anor phous pol yners havi ng Tgs of about 25[err]C. or |lower. Mnoners of this
type ' i nclude, for exanple, the (CJ2rr]-Cerr]) alkyl acrylates
such as butyl acrylate, hexyl acrylate, octyl acryl ate,

2- et hyl hexyl acrylate, nonyl acrylate, decyl acrylate, dodecyl

(lauryl) acrylate, isodecyl acrylate, tetradecyl acrylate; aryl and al karyl

| at h th
(Gerr]-crerr]) ‘al i pridh a’c??@‘ﬁ‘é%( inlerth & iRt URRBHE By °f"ﬁ?n°e¥'?¥g‘§? s
octyl methacryl at e, 3MOYRYQ nkeetyperemployed: Hhusy g,fqugcontalmng only the first
i sodecyl methacryl ayme ofd:mislhﬂtbr \(rillauthit B rétEtiveyOiaytowitfansition fegibaalidt can be useful

met hacryl at e, if igher FEIAATSBEN Ghe A obk OF RIGGY Bl 1 30 Bl e

(derr]-Cerr]) alkyl styrenes suc yrene an
conbi nati ons of sudfMPREMEer gcfeﬁ‘“&thﬁg@%r?gﬂﬁ%"mﬁmé'ﬂ#f serves to brpaden the

acryl ate, dodecwl arangitiod regionceven ﬁ'ttliwdchﬁl(vhnshibhyémﬁeﬁn&é&sélﬂﬁs IiiBSéhan ed.

preferred. The onal np; |se
45 to about 70% nore The%g‘f %?ﬁdn 13? w&?% a \ﬂ}el ggﬂ??e\bﬁ %m%%&

wei ght of the mnor@'@%’ﬁﬂﬁ’eﬁ?‘“’mﬂs’ comonorters and crosspkingageatre It issstsarial rﬁbﬂt
utilized in the oi Ithgseamencnders, heorhbridhersakad crosshnkmg agentbowrsxﬁﬁﬁmﬁﬂj? Witer-

nor e nonof unct i onal; t h

about equivalent tq s@&ﬂ[&’k‘éﬁﬁ:&ﬁﬁ%ﬁﬂg%ﬁ?ﬁ& in p‘?@% 'P’l ng wﬂ‘gg&?’e
f oam 15 stlsgc of rsuch Tybsjantially OH#EF‘@ME‘W tm?WéﬂmqﬂN@S ttbatdmsmof
substantial |y wi t happropeiate Wheracteristics and stabilify) SlE beTedlized) C (It Qﬂan &ﬂ?ﬁ@nﬁ@ﬁ&

types can include 3)% ﬁ&?ﬂx%ﬁgg flglqgl@oém ?lomgrs r%? H'°FSI'H§‘E'§ 5%}\ éﬁigrgx% 'S

et hyl styrene) or e SUH
where the rel ated ﬁb?rdmwﬁﬁl‘r |rew!ft;l&npalyme%rf9musl Ssyjtablyu ghmtaxic ande

25 preferred nonofappmbhﬂdglchelﬁnﬁlyombleOfTﬁeE& fnohotfiét's,| Confondingrsedid- &?aﬁsﬁlﬁlkm
monomer with _F%c%tl&' &F&&aﬁ?qm% mf t1¥o tgﬁf Bl%génb g v tloelr lﬁual

nmononers of this kaﬁﬁms unc
conononer wi || rior rFRPfepiratinms duting R%R?'&'B@Eﬂa“?}!)f% processmsan or uQﬂa)out 30 %

preferably from about 1%other aisential 23fporEas bf ﬂk&ﬁleﬁlﬁﬂ uf fﬂemﬁl& emulslﬁer
18% to about 22% hHy %&p{hapéoléﬂ-ﬁemqgé? 4 gﬁﬁgﬁ%rﬁl%ﬂnﬁer Suipable Qj'glg'q ggulslﬁers

certain cases, the to ‘Wg oner. c
rubber-1ike proper tB¥s %f? tp be thasg whicho (I are S°1q1ﬂ%i"(§he oil phase jof the HIPE (s |
and in 3 poowidé £mininurd of) pRase/hatdr phaya interfiicial RUSIGHIET) 6ff fram abbut 0.06

conmonomners. FOr  $4G%Bout 5 dyne/cm, preferably from about 0.1 to about 3 dynefcm; (3) provide a
critical aggregate concentration (CAC) of about 5 wt.% or less, preferably about 3
wt.% or less; (4) form HIPEs that are sufficiently stable against coalescence at the
relevant drop sizes and the relevant process conditions (e.g., HIPE formation and

3%  polymerization temperatures), and (5) desirably have a high concentration of
“interfacially active component(s) capable of lowering the interfacial tension
between the oil and water phases of the HIPE. While not being bound by theory, it is
believed that the concentration of interfacially active components needs to be
sufficiently high to provide at least approximately monolayer coverage to internal oil

35  phase droplets at the preferred drop sizes, water:oil ratios, and emulsifier levels.
Typically, these primary emulsifiers: (6) have melt and/or solid-to-liquid crystalline
phase-transition temperatures of about 30°C or less; (7) are water dispersible; (8) are
substantially water insoluble or at least do not appreciably partition into the water
phase under the conditions of use. It is preferred that the primary emulsifier provide

40 sufficient wettability when spread on a hydrophobic surface (e.g., the polymeric



cononopers, the ampunt that can be included in the nononer conponent w ||
be that ofthe typical nonomer .and conpnoner conhi ned 35

The nononer conponent al so contains a first (and optionally second)
pol yfunctional crosslinking agent. As with the nonofunctional nononers and

conononers, selection of the particular type and anount %tr 4 NKing
agent s j WO 96/21680 very inportant to the eventual r eAlT2atT 0N of
preferred polyneric foanms having the desi red conbi nati on of
structural, mechani.cal, and fl uid-handling2lroperti es. 40 ‘The

first pol yf uncti onal crossl I nki ng agent can be selected froma w de variety
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5. O monome,s Gl hat Whe UvilRf &?gfv 1o "Ynal0 Wpie BURKL Han
90°

di vi nyl benzenes, | _
di vi ngl xyl enes, ¢ W%ﬂbﬁﬁmmi‘l"éﬁ@) e methqﬂ 9# TWF‘TJBH?ENG@"

- di vi nyl phenant hIChk@ss described irdithel MESTi MEIHODBS section hereafter.) These primary
di vi nyl di phenyl @ﬁ{u ix sﬂrxfefmty%&%ghﬁze e ésnu.lnglas ﬁfaﬁts"rhese primary

diV|nyId|phenyIsuI |V|n n | de;

di vi nyl sul f one, fvpically cormprise ot I!i‘ﬁ f‘br?ée ably “‘ie""leb‘“{tﬁ?’/bal Ty
avai | abl e aswa more preferably it la!sh;&outs?@%,eemlsufmgmowonantsrsslem&d fromudigipceral 5.
These proportio n I ne or
e, o el gty S ST S
mxture with th@'ew (.;l 14 fatty é‘i“H’BP featseGss v

reduci ng the anuighycersl manpesters of1Cfghe fattynmldsb dnglycerol monorwristate, digigcerol

referred ratio ' b e e r t to
I5 E5: 45, mst p wRinofioit E'L’ g "yt g'ga“g%& &y g %eé |n2?ga§| on
of hi gher °°St?"é9 g‘?“ &16&249%%9@- “%‘éﬁ"t‘%‘“f’ﬁﬂg Gtz BYYAEEEhness
wi t hout i ncreasm(y linkar §Eg.|ratbd C12-Cy4 fatty adids, rsachihs isorbitaro pohyoledte,t sorbitan

goncr al |y be 1 el Lde e sﬁf‘i‘“ﬁ* R3S e b RSl fyscids digedl,
about 5 monopljp ha%a thers:of, rapried (g1 624 ieghals, dibearusnmsed. &1aikoat
18% nost pr ef emlcbhols,fandriinear saturstéd Cq@d)lm alcdhols Oaxﬂbﬁlxturésﬁab thése emmilgfyingof

the mononer ﬁomgﬂﬁgﬁenfslo%%m F :r:Tl;'yperfml?lﬁers are d# aﬁcl.%i? nRbbieRd! egecond

crosslinking agent  can be se

acryl ates, net hREefRbly greatesthan shoutiaQ%, ma@fvmm@r than abawt, $Q7%.cmost
t hereof These preferably greater thiah @bsut 30%. diglycerol nishdolesite), Sorbitinymonddteate(e.gve! |

as di-, tri-, gpeférgﬁ&%ﬂ@&ttnﬁc Lﬁau?k@’?o, n'ﬂ;'re are{er?bly greate{ ﬁha}sra'b?ut ?dao, most nd

tetra-acrylamd

25 mixtures of Preferably c gaeater; rﬁkﬂ"ngabag‘e n?‘g/" sprbitarh| wonealeate): e‘"&ncﬁ%‘)’ce’o
met hacryl at exscr esonlbisostearge (eg preferably g€tét! thart alsoub @0%sS miore Preferably Greda,

triols and tetragls Lagt 56‘? uqrﬁ)stl &:Qfe%%?”ﬁ%&lr tHanS" about 70% diglycerol
monoisostearate).

Diglycerol monoesters of linear saturated, linear unsaturated and branched

fatty acids useful as emulsifiers in the present invention can be prepared by esterifying

30  diglycerol with fatty acids, using procedures well known in the art. See, for example,

the method for preparing polyglycerol esters disclosed in copending U.S. application

Serial No. 989,270 (Dyer et al), filed December 11, 1992, which is incorporated by

reference. Diglycerol can be obtained commercially or can be separated from

polyglycerols that are high in diglycerol. Linear saturated, linear unsaturated and

3s  branched fatty acids can be obtained commercially. The mixed ester product of the

esterification reaction can be fractionally distilied under vacuum one or more times to

yield distillation fractions that are high in diglycerol monoesters. For example, a A

CMS-15A (C.V.C. Products Inc.; Rochester, N.Y.) continuous 14 inch centrifugal

molecular still can be used for fractional distillation. Typically, the polyglycerol ester

« feedstock, while being heated, is first metered through a degasser unit and then to the



oct anedi’ol , 1,6-hexanediol, 1,4-butanediol, 1,3-butanediol,

1, 4- but - 2- enedi ol , et hyl ene gl ycol, diethylene glycol,
trimet hyl ol propane, pentaerythritol, hydroqui none, cat echol
resorcinol, triethylene glycol, polyethylene glycol, sorbitol and the Ilike.
30 (The acryl am de and net hacryl am de crosslinking agents Z@?&@Q@FriVEd

fromthe WO9/121680 equival ent diamines, triam nes and t The
preferred diols have at |east 2, nore preferably at |east 4,
nost preferably 6, carbon atons. This second22r oss- | i nki ng
agent can generally be included in the oil phase of the H PE in an anount
of fromO to about 15% preferably fromabout 7 to about 13%
by wei ght of the 35 nononer conponent. W t hout

pei ng_bound by § haaitd dvhpdritoP Tohe (Rtht ifl. 3AER" e VaB itﬁ?hgmﬁna&w place
t

generates a nore honpgeneous crossl I nked structure tha evel gps rength
mor e &lﬂt@@ﬁf?l%ﬂan theshell jar sprface, whih.can;be hieatg q fagitags disilate

crosslinker al one reinovalnDistilitiecand residue are continbuwslysrembed by cransfercpungs) i Theer
al so has the eff e Dheip LORMRROAbEHE rebbiBRP nbida 'eHB Prbduct can b Betelnlifdlsng "
r’ transi e tallored to neet

region. This broa Qty 31t on region can I .specific
VO 96/ 21680 ‘high resolution gas chromatography. See copending U.S. application Serial No.

PCT/ US96/ 0008410 989,270 (Dyer et al), filed December 11, 1992, which is incorporated by refience.
5 strength and rgsidi | i Y ; d
controlling the reﬁjﬁfg%?gm{mw ar%%ﬁta&g{l&t' eﬁt%@@g@{spﬁﬁa M’";‘/’” get

. . | nker t.
enpl oyed. Thus, a $aBh¢ detpmmined by Fapiliary supercaticalghromatography. SF’;/&‘EP‘B#'“S%S'S-
crosslinker will eapplication Sefisll No 989,270 @Dyevvet tal)a filedt Decermben ildn 1992 twidenisbe

usef ul _ ihgorpémgym“&ence is desired and if the Tg is very
close to the final TnTuse tenperature. Increasi nq t he anmount of

the second crodslinker Lingaysaturated lingarunsaturated or, branched diglycecolimongalinbaticy

e\éen i f the act ual ethérfte also®e preparsdrant thieir coimposition deterihined 0Ling) pastedures well
The maj or portion iale P 0 ] ING\E
af orenent i oned nongr‘r’ev%ng?tﬂc?hﬁn%%seaﬁss? %’H%ﬁ#otgllzlﬁrﬂ\yf #\ﬂofﬁ’%ﬁl? .T_r__l_s__owﬁogzo

C C g a . TrT
essential that (Stephen A. Goldman gt al)ydiled age &??ds%wch#ﬂ(i ng
agent s be subst antinédrpyraied be Feference. i nsol ubl e so that they are

. | | gl h _
b Stich Substagtial ly. voiriien, &EE o brabchEs, S lmRERES fapy acilf can 27
appropri ate char acofiped cemmegsially rof,prepared wsing methads Jmoyagin the gt Jge, for

cour sle_, EI ghy example, U.SefPatémd4/103,047 hZakivewal) dssuabnialyo28; s1938 d(herein
crosslinki ng agent q_jzﬂr%ﬁgi?o : t V, funas LRt

resul ting polyneri @cﬁg"rihﬂﬁé suita rfesPre\gﬁl!yt%o;‘f%n ‘é'_nlglg 32/8%0 ,s{ 213 h,ﬂle
appropri at el y_ chenmixgd| sorbitany jegter Tpredust neano ber Factiopally, yapum istilled to yield
cross-linking 2 cotfpositiogsethitSare highl ifl sproithe mohdestersa \Sorbitdnt éster compasitionx can t y

i present at very,d ?‘é‘ehﬁﬁw |ﬂg!smethads well O?no&fgtgﬁeﬁlkrﬂ 1598 af'Uhniall Imolecule gel

post - pol yneri zati on foam processi nq'a e. L. )
permeation chromatography. See copending U.S. application Serial No.08/370920

(Stephen A. Goldman et al), filed Jan.10, 1995 Case No. 5540 (herein
incorporated by reference), which describes the use of this methed for polyglycerol
30  monoaliphatic ethers.

In addition to these primary emulsifiers, secondary emulsifiers can be -
optionally included in the emulsifier component. These secondary emulsifiers are at
least cosoluble with the primary emulsifier in the oil phase and can be included to:
(1) increase the stability of the HIPE against coalescence of the dispersed water

as  droplets, especially at higher water-to-oil ratios and higher HIPE formation and
polymerization temperatures, (2) modify the minimum IFT between oil and water
phases to within the range of from about 0.06 to about 5 dyne/cm, (3) lower the
CAC of the emulsifier component, or (4) increase the concentration of interfacially
active components. Suitable secondary emulsifiers can be zwitterionic types,
s including the phosphatidyl cholines and phosphatidyl choline-containing compositions




Anot her essential conponent of the oil phase of the HHPEis an enulsifier
conponent that conprises at |east a pri fier— ; ;

enul sifiers have been found to be those which: (1) are soluble
in the oil phase of the H PE; (2) 25 provide a m ni num oi

phase/ wat er phase interfacial tension (IFT) of froma F%&ﬁ
to abowtossxdgmoe/ cm preferably fromabout 0.1 to abou?&g(tmyne ?:‘m (3)

provi de a critical aggregate c?:{lcent rati on (CAC) of about 5 wt.%
or |ess, preferably about 3 w% or less; (4) form H PEs that
are sufficiently stable against coal escence at the rel evant drop
sizes and the rel evant process conditions (e.g., H PE formati on and 30
pol yneri zation tenperatures); and (5) desirably have a high concentration
of i s "such as tieclecithins &l aliphiticcbaginssesach 23 Inapiobitsing fcationietypeg t he
interfacial te A he t Belishatic. 2 Db Ve eSs: e
HPE Wi le not™ l‘g']“r?g the Jong b?”?hg\é\?'@?i ?ﬁﬁ'@k‘{"’ b ?i“b?ﬂ?%b?'ﬂ’ﬁé? t he
concentration diuaterag; smmeniym salissuch, s ditalloy dimethyl armguiumshipgide, bistridecyl
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weight ratio of primary to secondary emulsifier of from about 50:1 to about 1:4,
preferably from about 30:1 to about 2:1.

30 The oil phase used to form the HIPEs comprises from about 85 to about 98%
by weight monomer component and from about 2 to about 15% by weight emulsifier
component. Preferably, the oil phase will comprise from about 90 to about 97% by
weight monomer component and from about 3 to about 10% by weight emulsifier
component. The oil phase also can contain other optional components. One such

35 optional component is an oil soluble polymerization initiator of the general type welt
known to those skilled in the art, such as described in U.S. patent 5,290,820 (Bass et
al), issued March 1, 1994, which is incorporated by reference.

A preferred optional component is an antioxidant such as a Hindered Amine
Light Stabilizer (HALS) such as bis-(1,2,2,5,5-pentamethylpiperidinyl) sebacate
a0  (Tinuvin-765%®) or a Hindered Phenolic Stabilizer (HPS) such as Irganox-1076® and




rmnbnyri’state, and sorbitan nonoesters derived fromcoconut fatty acids;
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(e.g., w0 962168001 ef er ably greater than about 40% nore

greater than about 50% nost preferably greater than about 70%
di gl ycerol nonool eate), sorbitan nonool eate (. g., - preferably

greater than about 40% nore preferably greater than about 50% nost
preferably greater than about 70% sorbitan nonool eate), and di gl ycerol
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1992, which is psncdnvention.cGehetallyxhe electfdyte will be utilized in the water phase of the HIPEs
in a concentration in the range of from about 0.2 to about 20% by weight of the
water phase. More preferably, the electrolyte will comprise from about 1 to about
10% by weight of the water phase.

The HIPEs will also typically contain an effective amount of a polymerization

30 initiator. Such an initiator component is generally added to the water phase of the
HIPEs and can be any conventional water-soluble free radical initiator. These include
peroxygen compounds such as sodium, potassium and ammonium persulfates,
hydrogen ' peroxide, sodium peracetate, sodium percarbonate and the like.
Conventional redox initiator systems can also be used. Such systems are formed by

35 combining the foregoing peroxygen compounds with reducing agents such as sodium
bisulfite, L-ascorbic acid or ferrous salts.

The initiator can be present at up to about 20 mole percent based on the total
moles of polymerizable monomers present in the oil phase. More preferably, the
initiator is present in an amount of from about 0.001 to about 10 mole percent based

« on the total moles of polymerizable monomers in the oil phase.
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BT/ US96/ 00084%&%&%{ SitRAARtially hydrophiléCb5 WithGf Osubstantially impairing e

5 such as t he desitsd fipxbility,epd comprsssion deflection.chagacieristics of the foage Such

cationi c types,surfactants can include all of those previously described for use as the oil phase
3s  emulsifier for the HIPE, such as diglycerol monooleate, sorbitan monooleate and
diglycerol monoisostearate. Such hydrophilizing surfactants can be incorporated into
the foam during HIPE formation and polymerization, or can be incorporated by
treatment of the polymeric foam with a solution or suspension of the surfactant in a
suitable carrier or solvent. In preferred foams, the hydrophilizing surfactant is
30  incorporated such that residual amounts of the surfactant that remain in the foam
structure are in the range from about 0.5 to about 10%, preferably from about 0.5 to -
about 6%, by weight of the foam.
Another material that is typically incorporated into the HIPE foam structure is
a hydratable, and preferably hygroscopic or deliquescent, water soluble inorganic salt.
35 Such salts include, for example, toxicologically acceptable alkaline earth metal salts.
Salts of this type and their use with oil-soluble surfactants as the foam hydrophilizing
agent is described in greater detail in U.S. Patent 5,352,711 (DesMarais), issued
October 4, 1994, the disclosure of which is incorporated by reference. Preferred saits
of this type include the calcium halides such as calcium chloride that, as previously
40  noted, can also be employed as the water phase electrolyte in the HIPE.
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PCT/ US96/ 00084 30 phase from the polymeric foam structure and, if necessary, treating the polymeric
foam structure with a hydrophilizing surfactant and/or hydratable salt to deposit any
needed hydrophilizing surfactantfhydratable salt, and 4) thereafter dewatering this
polymenc foam structure.

1. Formation of HIPE
3s - The HIPE is formed by combining the oil and water phase components in the
previously specified ratios. The oil phase will typically contain the requisite

monomers, comonomers, crosslinkers, and emulsifiers,  as well as optional

components such as plasticizers, antioxidants, flame retardants, and chain transfer

agents. The water phase will typically contain electrolytes and polymerization
4 initiators.



24 ; 5 t-butyl hydroxyqui none. Another preferred optional conponent
Is a plasticizer—such— as—dioctyl-azelate dioctyl sebacate or

di octyl adipate. O her optional conponents include fillers,
colorants, fluorescent agents, opacifyiing agents, chain transfer agents,

and the liKke. 2. Wat er Phaifﬁgg@ ents
10 WOPRRI689 scont i nuous water internal phase of thef 8%eneral ly an

aqueous sol ution containing one or nore dissolved conponents.
One essential dissolved conponght of the water phase is a

wat er - sol ubl e el ectrolyte. The dissol ved el ectrolyte mnimzes
t he tendency of nononers, conononmers, and crosslinkers that are

primarily oil soluble to also dissolve in the water phase. This, in turn,
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ypi ol 'y cont et Eoiile B0 Tattr phass i gfso formery The po fpfipldsveind by e =0
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reduci ng agent s?t.such as @h&%ﬂ%ﬁ_erm' Grce ﬂ’gmgqes‘ﬁf %ﬁg‘ﬁl&mﬁ'ﬁg@?ﬁ%ﬁghﬂi_b& or
ferrous salts. Withdrawn from the mixing chamber or zoag. o This prefemed method tfors formingt o
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percent based reference.18eecaisar ¢npendingaU.Sqopplicagion Seriph¥Np. 084870694nnCThamasi n t he
oi | phase. A. DesMarais), filed Jan. 10, 1995 Case No. 5543 (herein incorporated by
reference), which describes an improved continuous process having a recirculation
3 loop for the HIPE.
2. P ization/Curing of the HIPE
The HIPE formed will generally be collected or poured in a suitable reaction
vessel, container or region to be polymerized or cured. In one embodiment , the
reaction vessel comprises a tub constructed of polyethylene from which the
35 eventually polymerized/cured solid foam material can be easily removed for further
processing after polymerization/curing has been carried out to the extent desired.
The temperature at which the HIPE is poured into the vessel is preferably
approximately the same as the polymerization/curing temperature.
Suitable polymerization/curing conditions will vary depending upon the
40 monomer and other makeup of the oil and water phases of the emulsion (especially
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5 3. Hydr ophi | i zi ng Surfactants and Hydratable Salts
The polyner form ng the H PE foam structure will preferably be

subst anti al | free of polar functional groups. Thi t he
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These hydrophobic foans can find utility where the absorption of
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noni oni ¢ type. Iheyucudsldegﬁhﬁnalug patent 5, 189 070 (mowmambe epLal)lisiued Hebmagy 23an

be di ssol ved or di gd ution that 20 is
applied to the H PEB%am suﬂf acemf’ﬁﬁmﬁ manner kldrophl lizin

surfactants can One pati HM%BW‘P%@%'@?‘E F@@’W@B‘g#ﬁdﬂﬁ these
anounts suitabl e f#IPEeligetat e tpblymerization/curing sonditiae ah Iber eavfied out at more

substantial l'y hydr %ﬁb&%& tem uﬂé’é tol?‘)% f%‘t‘ ﬁpthgﬂu %drgﬁn?ét*téﬁa@g ébpﬁtt 60°(:f or

desired flexibilit sl on afacte I'S

Such 155 Mighes aﬂ‘ﬁ@cﬂanﬂlenﬂmﬁjéﬂh ¢ pelymerizedisursd a4 tempgratire (of
for use as the oil apfr$6° to about BBC, mmltwnéﬂlyﬁoMoth°w%utssrch as )

di gl ycerol nonool eate, R4

nonoi sost earate. Such hydP?ﬁhl Iq‘l’igiang S (8)% ?Qﬂ cl::'aﬁoag'e ﬁgﬁ p%rgfamcfdl nto
the foam during H Pelymsfzation/swring,w & Fragtinn, essel %Ph app by

by t r eatfoanmis Whicdllipecup of wioed iistofaosheetviike fort. ssheets éﬂ‘pdb,vmaimpem on

of the surfactapt ighlare easier tp grcgce&udug'ﬁg 's@bsgﬁfeé{)ﬁémﬂ% 8 ﬁrﬁ:i?ltg diegdatceﬁflg %tgéi ed

foans, the hydrophilizing sur ant
resi dual anmounts O@WE%ERP"&EQ'&M°W§(f°P@rfﬂT pse; ip, absqebeptyarticles. The polymernized

structure are in t/HIPEabge if typtoathp outfsliCedSto provide @t cui @Ricknesscinetha lrhngef sfcfrom

b 0.5 0
Another mat orial A2 ibot s Bk, MEbHdherd ekiylg G Bomproming the foam in he
structure is z-directiop ‘ME‘EH'"éIt eads to °Ql|ﬂEF°ﬂ HIPE foams havipg;a &%ﬁsdn H}e range of

del i quescent, wat erﬁmﬁhﬁbﬁﬂ)!o%bﬁtan%osﬁdmthmkness 35 Such salts include,
for exanple, toxicologically 3aCCePlaails | gwarth netal salts.
Salts of this type andthelr use W Ur factants,_as the f

hydr ophi | i zi ng P&W?dsm@?%@meﬁ \uﬂmgﬂhabfﬂﬁ ‘WhUeSd“al
Pat ent 5, 352, 711 ( Demércphasesthateriat sedito prepare the HIPEOCThisoresidual wiatés/phasdelveaterial

di scl osure of whic Rgénrditf) 9 GRRoES Selutidh JrALirbINfeC resillifl fefifulsfifdr, SRk tp@lymerlzatmn
30  initiator) should be at least partially removed prior to further processing and use of
the foam. Removal of this original water phase material will usually be carried out by
compressing the foam structure to squeeze out residual liquid and/or by washing the
foam structure with water or other aqueous washing solutions. Frequently several
compressing and washing steps, e.g., from 2 to 4 cycles, can be used.

I After the original water phase material has been removed to the extent
required, the HIPE foam, if needed, can be treated, e.g., by continued washing, with
an aqueous solution of a suitable hydrophilizing surfactant and/or hydratable salt.
Hydrophilizing surfactants and hydratable salts that can be employed have been
previously described. As noted, treatment of the HIPE foam with the hydrophilizing

« surfactant/hydratable salt solution continues, if necessary, until the desired amount of




of this type include the calciumhalides such as calciumchloride that, as
previously. 40 noted, can also bhe enplaoyed as the water phase

el ectrolyte in the H PE. WO 96/ 21680
PCT/ US96/ 00084

5 Hydratabl e i norganic salts can easily be incor grw by
t r eat i NWORHRIBEGHans wi t h aqueous sol utions of’%‘% 1% ts. These
salt solutions can generally be used to treat the foans after

conpletion of, or as part of, the proces8®of renoving the
resi dual water phase fromthe just-polynerized foans. Treatnent of foans

w th such sol utions preferably deposits hydratabl e inorganic
salts such as calciumchloride in 10 residual amounts of at | east
about 0. 1%y Hﬁifdi)ﬁﬁ:ziﬂ sbkﬁ‘ctﬁn%j}ﬂratitﬂg shiy mh§ B&!n)/mb&p&gf’ed and until the fJaﬁa”ge of

f rom about 01 l?. ﬁath.o era‘% ép{ma 0‘3 t.0, about
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hydr ophobi ¢ f oans W|th My dr ofibanh Dewsatering surfactants (with or
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ext ent necessas‘%vto ”%ﬂ’ uit cit f oans
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surfactants ajable.Salts. In pa
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f oam hydr ophi Iﬁmquemlyesuchfcbmprelsm dewayered foanfsosilihhbeesa vaten (deiswate) icontetsr dri ed
as $ond At 561 gognfzgéo%, more préferably from aboupfzo to ablolPS6t%%] 119

Condi ti ons for a| ni prepar at1on
typical ly i nvdYsigd op @W{:ﬂg" B‘Fs's @bmthgtha °§¥‘E¥9P’§dﬁ?’@ﬁ can be thermally
i nt er nal phaselnedubsu moisiuré Ebntent DF froad wae iSziongbont! A0YEY niokd preferabiy fromul si on

under gt ormng a solid polyneric foam
3) opt | onfaﬁbﬁh%ﬁ'%ﬁ ﬁpwﬁaﬁwfs

structure; I'ng the solid polyneric foam
structure to renove the original residual water 30 phase fromthe

pol yneri c foafilst r UisesiofPalviferic Hoamgcessary, treating the polyneric
foam structure with a hygd b i zi ng surfactant and/or hydratable salt to

deposit any hydr gphi I'i zi ng surfactant/hydratable salt,
and 4) thereafter d’@&megp,fﬁgng m:cgrdmg to the present invention are broadly useful as

25 absorbent cores in disposable diapers, as well as other absorbent articles. These
foams can also be employed as environmental waste oil sorbents;, as absorbent
components in bandages or dressings; to apply paint to various surfaces; in dust mop
heads; in wet mop heads; in dispensers of fluids; in packaging; in shoes; in
odor/moisture sorbents; in cushions; in gloves; and for many other uses.

30 B. rbent Articles '

Polymeric foams of the present invention are particularly useful as at least a
portion of the absorbent structures (e.g., absorbent cores) for various absorbent
articles. By "absorbent article" herein is meant a consumer product that is capable of
absorbing significant quantities of urine or other fluids (i.e., liquids), like aqueous

3s  fecal matter (runny bowel movements), discharged by an incontinent wearer or user
of the article. Examples of such absorbent articles include disposable diapers,
incontinence garments, catamenials such as tampons and sanitary napkins, disposable
training pants, bed pads, and the like. The absorbent foam structures herein are
particularly suitable for use in articles such as diapers, incontinence pads or garments,

4 clothing shields, and the like.



poI‘yrreri"c f oam structure. 1. Formati on of H PE

35 The H PE is formed by conbining the oil and water phase
conponents in the previously specified ratios. The oil phase
will typically contain the requisite nonomers, conobnoners,
crosslinkers, and emulsifiers, as well as optional nent s
such as pl awbiss2E88 s, anti oxi dants, flanme retardants, and Eﬁ'gp??‘%ﬂsfer
agents. The water phase will typically contain electrolytes and

pol yneri zati on 40 initiators. 300D 96/ 21680

PCT/ US96/ 00084 27

5 The HI PE can be fornmed fromthe conbined oil and water phases by

subj ecting these conbi ned phases to shear agitation. Shear agitation is

general l'y s apR Mtﬁ'gﬂ@ sI RfrmS %A GhortRACartiOk oft e fdv@ﬂ:oﬂerfeﬁé oftyY

to forma stabl e enul sjon .can pe conducted in

ei ther batchwi se ortq fheshi %’H“’%Wd'q?@ieﬁ&ﬁ@f‘ rimpervious, and one Of fpergy
out under conditi orabsorbeént dtmne sthatureassocigtedwitbrthis dbackingvsheete Thecabsaxbent fobmse

10 droplets are d's‘&aah&eﬂ.d&mmh?a&eﬁasm%etaswa&dﬁmcﬁemﬁmmﬁwmaﬁ

foamw I | have Ite s % ura ﬁ% !ﬂltfﬁh

Enul si fi-cation of tfﬁﬂ"éﬁ"!m‘éfﬁé? fm’ﬁg‘b e bac. arge fegion of
frequently involewe théeearecofthe abm’benng'nole dgqmdiimpﬂmoim\hadans shektsxan gomprise
pin inpeller.

i nvol ves a conti nuous matengl for exﬁr@\@pﬂfy&%ﬂiﬁé‘& glg Eg %hgﬁﬁ%]:ﬁgf@eg{oftabout
requisite oil and wa? Blls &19@ » oy hslpﬁme i wi in the ab ent arficle, ; ¢

stream conprising the mMorphmeentmnﬂlyr ithede absorbent raztidlésy wilh alse piaclade al liquid-d
stream conpri sing t&ﬂ.%t:sgsgmmenﬁ hat %?zei?{h@%ﬁe of e \Q&béﬁpa?ﬁ&é &a? Eﬂf‘cﬁﬁg t

are then sul t m Xxjn zon
the requisite wht erthe 6‘“B|°f‘he wearer. In thig ﬁ&%@“ﬁé‘P&h‘P‘ l"dgc &\ §9 t core
specified are achi esontprising one26r more absbrbenthdoam >stragurel aofhahe qresentn invettivn

conbi ned streans ﬁﬁsﬂi@ﬁ&f @ét&lé’enst?{pjbﬁﬁ{:@sheft and the ¢ pesﬂ&t Egm-g&%ﬁﬁ tdPdheets

provi ded, for exa Sul t confl I on
and di mensi ons. SheS#p %mpnsetwﬂeaw su@aSpp?mrrmwnc P g the fike,that js

phase stsubstamatly poroagNdqiziitd mdya‘hd to@eadlily pass theetle tktdmghsdndlnlte the
cone. Thi o pr & 1 i A cordy T bty UB ot ) RN Tt
process is descri befgr ihaldingcaguepusytlvids pn "'PF gex; of sgptact; between the tops ‘1& theo
(DeshMarais et al), wesesdkinept enber 22, 1992, which is incorporat ed by
The absorbent core of the absorbent article embodiments of the present
invention can consist solely of one or more of these foam structures. For example,
25 the absorbent core can comprise a single unitary piece of foam shaped as desired or
needed to best fit the type of absorbent article in which it is to be used. Alternatively,
the absorbent core can comprise a plurality of foam pieces or particles that can be
adhesively bonded together or which can simply be constrained into an unbonded
aggregate held together by an overwrapping of envelope tissue or by means of the
30 topsheet and backing sheet of the absorbent article.
The absorbent core of the absorbent articles herein can also comprise other,
e.g., conventional, elements or materials in addition to one or more absorbent foam
structures of the present invention. For example, absorbent articles herein can utilize
an absorbent core that comprises a combination, e.g., an air-laid mixture, of particles
3s  or pieces of the absorbent foam structures herein and conventional absorbent
-materials such as a) wood pulp or other cellulosic fibers, and/or, b) particles or fibers
of polymeric gelling agents.
In one embodiment involving a combination of the absorbent foam herein and
‘other absorbent materials, the absorbent articles can employ a multi-layer absorbent
s core configuration where a core layer containing one or more foam structures of the



ref erence. See al so copending U.S. application Serial No.08/ 370694

( Thonmas A DesMarais) filed Jan 10 1095 Case No.- 5543 R
(herein incorporated by ref erence), which describes an inproved
continuous process having a recirculation 30 loop for the H PE.

2. Pol yrmeri zation/ Curing of the H PE | PE f or ned

w | goaeasenésy be coll ected or poured in a suitable reﬁﬁyqﬂéyhﬂj

vessel, container or region to be polynerized or cured. In one enbodi nent ,
t he reaction vessel conprises3é tub constructed of polyethylene
fromwhich the 35 eventually polynerized/ cured solid foam nmateri al
can be easily renoved for further processing after

pol ymeri zation/curing has been carried out to the extent desired.
The t enper aj ur preseht iWvemiontdan beluSEl inScoRitatiéh with®nk b? midte aaditibdal Béparses abl y

[ t el . ) ' t / t t . :
SO7t 2l o ol e JARRE el Rilhor TRisbARY SPciicd X0 eBlgBRG " thide o,
40 rmononer antPserbeRtrstrglugesPrdnaterinls, firlexample,gan dnclyde pirdaid o wetdaidwebsi on

(especially  of wood pip o?ttiel @8lililosic fibers. These other absorbent structures can also
PCT/ US96/ 00084

5 'the erl s f FOBIPris QHher types.of foams, 8. ahsorpent foams or £yen SRPRBSS Lsefil 45 MBI ;5 | on
initiators!e acquisition/distribytionrrcomperentsy suchoaevhose disglesed|ip copending U.S.

ﬂflpéme[i z?t i OtnAﬁplEdaﬁGn(Siﬁﬁi NoOgky 370495 | nvategm J. Stone et al), fil&) Di®i BONGI9%e
at el eva E éﬁ u ert. re,pr T"raﬁtgg
above about 35C ef@%“ﬁ"#%ﬁ%% %@ @%ﬁ'gr#cgm'ﬂgg%cu?qggapgo@%lgmu ours,
mor e caniglsefcentais; for exampleppin 803 by weighi, of ptities ordibersiof polymeric an
al so be cured golinglageit<of the type ¢6mmbhl¢ Usedn B3oFTehDAflcibsthbt aPe tdg0iRE and

5, 189, 070 (lBro scombe "ﬁl | ssue I.Februtar<,¥thz'3 d thei . 1?931 whi ch
i s herein ihco&%&%@@’%’ o FEDEFDE Belling agents S type and their use ip abspffjent
advant age of t#rticleopre mone Sullycdesczbedi ior USy Reissee Poteut B3R.64Nn(Beandt et al),

H PEs is that felisueBQpriles, K88, Wt incOporaedtyireftienc&an be carried out at

| eyat , . bout, 50]. C gr.  hi '
or et orably about SOLLPPRUBN of thise st epclesr it b il gl pRtotoent 1
pol yneri zed/ cueosei having, at flyi handling daysf positioned in the fluid distherge regipe of jthe o
about 99[ end | Guedi®' 6F thi Rirfici¢.| Yrnks” MiTI-Riiithg Pryer CarPBOHT theform of a high loft

bol yrar 1 zat | oGPVl 14 bl i WEdoms of o sy spon Wt o, 7 e
HI PE conipuising iadayey pf madified caliblosic fibérs,cxgl, stiffenedacusied celulosicdibersy m
Sheets of pol ygRrdpaeabilyypRo about B b?%@ﬁﬁthﬁaﬂi@ﬁccﬁﬁ’siﬁ%ﬁﬁﬁﬁ&mgﬁ Ndyed
subsequent tregti gl uash ile iint © Ve modthed | lifosic fibers used in the fluid

3 acquisition/distribution layer of such a preferred absorbent article are preferably
wood pulp fibers that have been stiffened and curled by means of chemical and/or
thermal treatment. Such modified cellulosic fibers are of the same type as are
employed in the absorbent articles described in U.S. Patent No. 4,935,622 (Lash et
al), issued June 19, 1990, which is incorporated by reference.

30 These multi-layer absorbent cores also comprise a second, i.c., lower, fluid
storage/redistribution layer comprising a foam structure of the present invention. For
purposes of the present invention, an "upper” layer of a multi-layer absorbent core is
a layer that is relatively closer to the body of the wearer, e.g., the layer closest to the
article topsheet. The term "lower" layer conversely means a layer of a multi-layer

3s  absorbent core that is relatively further away from the body of the wearer, e.g., the
layer closest to the article backsheet. This lower fluid storage/redistribution layer is
typically positioned within the absorbent core so as to underlie the (upper) fluid-
handling layer and be in fluid communication therewith. Absorbent articles that can
utilize the absorbent foam structures of the present invention in a lower fluid

4  storage/redistribution layer underlying an upper fluid acquisition/distribution layer



as well as to prepare the H PE foam for use in absorbent articles. The

pol yneri zed H PE foamis typically cut/sliced to provide a cut

t hi ckness in the range of from about 0.08 to about 2.5 cm
Subsequent dewatering by conpressing the foamin the z-direction
typically leads to collapsed H PE foans having a thickness icQ'n}sQMnge of
25 from ab¥W@ 9612006800 about 17% of its cut thickness. F

3. Treat i ng/ Washi ng H PE Foam The pol ynerized H PE
foamformed will generally be filled with resfdual wat er phase

material used to prepare the H PE. This residual water phase materi al
(general ly an aqueous solution of electrolyte, residual emulsifier, and
pol ymeri zati on 30 initiator) should be at |least partially renoved

prior to further $ P! Q&Ea‘ixﬁﬁg&iq%ﬂéve Hifed %llwl?si:@Ebers are dés8Rbddan Freatee Fetitin Bk U.8I S

original water se mater| a usual | carri -
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sol utions. Frequent S . - SSi ki Sg
e.g., from2 to 4 ciy’)é%'esm%gﬁ“%esﬂgg 0. 8 NG} DS Ravigh ¢ ID3 filed

) . . . fter. the ori g nal
wat er phase nat eri danna0. 180%-ase No, 347 Sherin incopargted by reference), where; t'hggi,mda
the HI PE foam i nsethgeredistribution layentearprises gn abswybent fvanm accdrdings o thg, presenh
an aqueous sol ution;Qfmn@asui tabl e hydrophilizing surfactant and/or
hydr at abl e sal t. X drophilizing surfactants, and hydratable salfs
that can be enpl oyed han‘SB‘é‘g%" duPpers mmp"g'ﬁg?ﬁ g’ﬁ%’ﬁ?"?@%‘ﬂ rsfrﬁéﬂfesﬂg %Fo'l’réif,m
treatment of the Hi ieerdtivhncani iehnathe bigynaingpionvemiona] diaper making techniques, but by
surfactant/hydratab | tddd ' QEfaltY) ortthddified! dafulosi
desired anount of L&]ﬁﬁh%ﬁ%@%@%&@ ) plp ﬁ!jer@a@ﬁj? ?)10 e one
PCT/ US96/ 00084 18 core absorbents typically used in conventional diapers with one or mgre foam
5 hydrophilizing ssmiauessfithdip@sent mvemtiona Foarh steuchresofithe pregent inverdion cah thu's

until the foam gﬁglseggﬁéﬂbaistﬁsiws;geéio&%ﬂvéﬂh?ﬁagﬁmetﬁ%ﬁimeeah ot as

any test liquid of | Ce. ) — . am De rn
After the H PE f oamPry©uslydescribeds: & eriaseniative disposabie d'ﬂ?—ﬁ‘ié‘“ﬁ?&?‘% the present
dewat er ed. investigat is rillusgrated rbyb Bigareh$ ef able kdyawingspr Sachi a glidper iffchides am

t ' I - ' i .
Therein (ot enpehat QPRRRH core 50, ki ﬁglzg‘ftf‘*fr‘mqﬁﬁﬁoﬁ AR $10tnd P ulRiBhg.

. 200
or to microwave tredpiferiorageitedisinbution Iy 'FRJ‘%Uﬁ °B>Pbé°'tﬂﬁgggf§h'8ﬁ“‘[°e‘;{ €

of conpressi on and fpresentidvention. Ny topsleenSkis sipegmsedhamlaneextensive with ohe fageiefthe
Thoer Ee 1™ Sl s ARG B S oy e
dewat ering step wi | fac§fdhe,coRe gpposite the face E"Jﬂ‘g &y Elt“’RfﬂW'l %&#Wf%%
i s ready for usezsangréferablp ha y width greacerithanithat. of the core thereby providing side marginal
portions of the backsheet which extend beyond the core. The diaper is preferably
constructed in an hourglass' configuration.

Another type of absorbent article which can utilize the absorbent foam

structures of the present invention comprises form-fitting products such as training

30 pants. Such form-fitting articles wili generally include a nonwoven, flexible substrate

fashioned into a chassis in the form of briefs or shorts. An absorbent foam structure

according to the present invention can then be affixed in the crotch area of such a

chassis in order to serve as an absorbent “core”. This absorbent core will frequently

be over-wrapped with envelope tissue or other liquid pervious, nonwoven material.

33 Such core overwrapping thus serves as the "topsheet"' for the form-fitting absorbent
article. - .
The flexible substrate which forms the chassis of the form-fitting article can
comprise cloth or paper or other kinds of nonwoven substrate or formed films and
can be elasticized or otherwise stretchable. Leg bands or waist bands of such training

w0  pants articles can be elasticized in conventional fashion to improve fit of the article.



Fr"equently such conpression dewatered foans will have a water (noisture)

cont ent of f+romabout 50 to abouwt-500% nmore preferahly from
about 50 to about 200%, by wei ght on a dry wei ght basi s.
Subsequently, the corrpressed foanms can be thermally dried to a
noi sture content of fromabout 5 to about 40% nore pre;ﬁ’?g{‘?ﬁg rom 20
about 5 WO 15% on a dry wei ght basis. es of

Pol yner.i ¢ Foans A I n General

Pol ymeri ¢ foans according to the present i38vention are broadly useful as

25 absorbent cores in disposable diapers, as well as other absorbent
articles. These foans can al so be enpl oyed as environnental waste
oi | sorbents; as absorbent conponents in bandages or dressings;

to apply paipt §9chV@E\'ﬂ%H?t]ve fg@ﬁ&ﬁly w"(eqm%d ?Bﬂwelg lgmd-tmpenﬁﬁlgsor hedfft TOP

heads; in dispensers Ey
odor / noi sture sBRtHERRdy ligui tﬂ?ﬁ'l‘ﬁ‘ﬁns?}' FPF"QBO%@“H’Bd"'FOF“’ﬁ%W“Gﬁ?@r°"u§)§s

30 B. laminding thiefexibly substtatswith another relatively hqmdﬁ’mbgﬂm; sutistratéro Of
the present i nvg%;éb? Yeftfef thAidil Cﬂﬂk&fs Qéla%ﬁyf' lﬁhma? gériuhﬁ'sasﬁn instance, . the

portion of the bent structur cores) For vVariots
absor bent ch “s‘s as the " b?‘%ef?!’ the Tﬁé““mﬁlF n Typicaltzsining
consumer pr aeu cpamhplbduas oathBHdn&! aré described i m U.Sa Patenthd, 619, 619 Riobeérts) nissued

gquantities of UbH%SePis Q él‘ﬁvbchEn ,‘,&a&d E) | i ke aqueous 35
fecal matter (runn ar ge an i ncontinent wearer
or user ( gf ttm!“& gﬁﬁﬂl g qsmg%feaﬁa%e'smms RANES Rrpguct

i ncl ude di sposaislshowh apEigare 6 ofthe drawings) CSuthi npriodict gamprises an otter dayen 60 S

h t | t
Egg DZZS agﬁg”f%ﬁﬂﬁ E@Q' ﬁ@{gylag@% gﬁ tad@sﬁﬂqﬁtﬁﬁ ﬁf peripheral 20 zonésr ﬂi'eﬂa'o?g Hgnts,
particul ar | s suframple thegpanes diping §1 gan be affixed;tacthe sgteﬁlamséos a|°P81 an@m&e
pads or gar ment 6f one leg bahd areal 62f slongthe petipliépy ofthélothBicieg barrl area 63, and aloWl

96/ 21680 . . g
PCT/ US96/ 00084 the periphery of waistband area 64. Affixed to the crotch area of the article iga

5 | n i 8epemllyrectangulap pbporbent eare §5remprising ag pbsogrent framystauctyre of

i nvention need thelpyesentinvention. i nclude a backing sheet, typically
relatively Ljquid-inpervious, and one or nore _ absor bent foam
structures associated with this backing sheet. The absorbent foam
structure and thé bazmlsﬂdéet will be associated in such a nanner that
t he absor bent DenficMestahidilAnalsis (OMA)ed bet ween the backing

sheet and the fluid BM% kkaﬁsgg 16 d&efMiné the Tgs of polymers including polymeric foams.
Samples of the foams are sliced into blocks 3-5 mm in thickness and washed 3-4
25 times in distilled water, expressing the fluid through roller nips between each
washing. The resulting foam blocks are allowed to dry in air. The dried foam slices
are cored to yield a cylinders 25 mm in diameter. These cylinders are analyzed using
a Rheometrics RSA-II dynamic mechanical analyzer set in compression mode using
parallel plates 25 mm in diameter. Instrument parameters used were as follows:

30
Temperature step from ca. 85°C to -40°C in steps of 2.5°C
Soak intervals between temperature changes of 125-160 seconds
Dynamic strain set at 0.1% to 1.0% (usually 0.7%)
Frequency set at 1.0 radians/second
35 Autotension set in static force tracking dynamic force mode with initial static

force set at B

The glass transition temperature is taken as the maximum point of the loss tangent
versus temperature curve.
40 B. Resistance to Compression Deflection (RTCD



10 the wearer of the absorbent article. Liquid inpervious backing sheets
can conprise -——any material, for exanple polyethylene or

pol ypropyl ene, having a thickness of about 1.5 mls (0.038 mm,
which will help retain fluid within the absorbent article.

More conventionally, these absorbent articles will also include a |iquid-
pervi ous t oPRsE1688| enent that covers the side of the absoPSEREIHIEI o

t hat touches 15 the skin of the wearer. In this configuration, the
article includes an absorbent core 34 conprising one or nore
absorbent foam structures of the present invention posi ti oned

bet ween the backi ng sheet and the topsheet. Liquid-pervious topsheets
can conprise any material such as polyester, polyolefin, rayon and the like
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unbonded rmmsnmm&qa&hm@rp t2. 9XSU015 RBP-0Y), of envel ope
ti ssue or by rreans of tbﬁw foam samp?estj sheeéwnd Jbacki,ng sheet” of, t he

absorbent articfl%. ¢ &pne Agd Cqyipment useds iy seake
articles herei n carmesswemensipre allcequilibeated to a temperature o£31C, Al nreasurémentd are
el ements or materi aglsgsﬂeﬂba,qggtmpte}n e@ﬂﬁe or rmre absorbent foam

structures of the pre r}%l I nventl o or, ex ‘g absor bent  ar |cles her ei n
can utilize Brits gollapsed stats: 1s sxpanded and, saturated o its
e.g., an air-laid rfreet ahsa'bemf cqpamyl by ssaking in a bath of IaycisynthaticadrireheAfter 3

absor bent foam ,str | o}

mat eri al s such é"; am{‘/\%iﬁig—\ﬁ&&doﬂrawg?h ﬁc\gﬁ ﬁnﬂg%ga?%%%?@@é"hea)s ol OBS of the
particles or fi ber ande WFR:‘“@B far digg fnca sam""’ Is’ soaked
I n one enbodi nent iinsyithetiogriae aoIM3Crfat a furthed 6 himtabﬁ‘dnelsmmleimm reaoredframd

ot her absor bent rrattsssﬁh&mt e A3 Y L'ﬂsig.%nﬁ@ TRHEYa Zauld! suitathéX¥or"
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PCT/ US96/ 00084 25 the sample. Any gauge fitted with a foot having a circular surface area of atJéast 1
in2 (6.5 cm?) and capable of measuring thickness to 0.001 in (0.025 mm) can be
employed. Examples of such gauges are an Ames model 482 (Ames Co.; Waltham,
MA) or an Ono-Sokki model EG-225 (Ono-Sokki Co., Ltd.; Japan).

After 2 to 3 min., the expanded thickness (X1) is recorded. A force is then
30  applied to the foot so that the saturated foam sample is subjected to a pressure of
0.74 psi (5.1 kPa) for 15 minutes. At the end of this time, the gauge is used to
measure the final sample thickness (X2). From the initial and final thickness
measurements, the percent strain induced can be calculated for the sample as follows:
[(X1-X2)/X1]x100 = % reduction in thickness.
s C. Free Absorbent Capacity
Free absorbent capacity can be quantified by measuring the amount synthetic
urine absorbed in a foam sample which has been saturated and expanded with
synthetic urine. Free Absorbent Capacity measurements are typically made on the
same sample concurrently with the measurement of Resistance to Compression
4  Deflection and Expansion Factor.



s present i nventi on can be used in conbination with one or nore

additional_separate _caore lavers conprising other absorbent —_

structures or materials. These other absorbent structures or
materials, for exanple, can include air-laid or wet-laid webs of
wood pulp or other cellulosic fibers. These other absorbent structures can
al so WO096/21680 conprise other types. of foans, e g., EETHS f oans or
even sponges useful as fluid 10 acquisition/distribution conponents
such as those disclosed in copending U. S.35 Application Serial No.
08/ 370695 (Keith J. Stone et al), filed Jan. 10, 1,995 Case
No. 5544, which is incorporated by reference. These ot her absorbent
structures can also contain, for exanple up to 80% by wei ght, of
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t hermal treat n{éﬁw ﬂ ﬂo%icﬁﬁép%?gﬁég%fw‘?ger e‘é teﬁe@ﬁﬁ%m?lype as
are . 3 timgs bhérr@lbsdkmplaarctrp&er@yeld@sm sstaen; Thejsanpipat ent
No. 4,935, 622 (skﬁei vefloved, soaked in distilled watep elyP2 nﬁlﬂﬂ&, ammﬁ
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i nvention. For Laboratory Press. PThe)Séfste i3f thed) enfisvet €om the P&rl fOwelsddried BP&" "
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article topsheet. T sq [capacyy Sy HeS\wetyw | lgsgsethe a

nul ti-layers weighBEWVd) dihaarﬁyan& dw@gm wid),| us mbaﬂ fwe-wd)pwiper away from
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storage/ red? st memmtq asec eonyprientlyy rung o rtbe spme  samgleqconcurrently with the

acqui sition/ di mieisubéhidn®6f RECDand Free Absorbent Capacity as described above. :

The foam samples, Jayco synthetic urine and equipment used are all

equilibrated to a temperature of 31°C. All measurements are also performed at this
temperature.

35 The foam sample in its collapsed state is placed on a flat granite base under a
gauge suitable for measuring the sample thickness. The gauge is set up to exert 2
pressure of 0.08 psi on the sample. Any gauge fitted with a foot having a circular
surface area of at least 1 in? (6.5 cm?2) and capable of measuring thickness to 0.0010
in (0.025 mm) can be employed. Examples of such gauges are an Ames model 482

w0 (Ames Co.; Waltham, MA) or an Ono-Sokki model EG-225 (Ono-Sokki Co., Ltd.;
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5 <containing stiffened curled cellulosic fibers are described in greater:
detail in the U.S. patent 5,147,345 (Young et al), issued

Sept enber 15, 1992 which is incorporated by referenc

Miul ti-| ayerWOB&g68nt cores can al so be nade according to %‘5‘[5‘5??3’??1084

U S. Application Serial No. 08/ 370900 (Gary Dean Lavon et al), filed
Jan. 10. 1995Case No. 5547 (herein incorporat¥d by reference), where the
fluid 10 storage/redistribution |ayer conprises an absorbent foam
according to the present I nventi on.

Di sposabl e di apers conprising the absorbent foam structures of the present
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present inventign ﬁQ{?B{ fﬁﬁs 51 ?‘(51 &L'cggﬁeﬁ{rﬁ%“cc}fir\ﬁﬂﬁigr ﬁsthé Bﬁ?ﬂisg% varied by

30 pants. Such fo ¢
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present invention ?&t&ﬂﬁﬂm &gﬂmg‘nggﬁﬁﬁgé ih@ﬁt Hw"%l s 2h Sm%‘f&? (?E)a smcotf\I

chassis in order tg Serve as an a
frequently line drawn ghreughya pletcef m Hefé%/@Bcﬂﬂ!’ sifies qoaceptration, isy used 4ai d
per vi ous, nonwomen Mmahe minimum IFI (4)She [CriticilcAgureatiom Qoncetratiom (CAC) s

as the "topsheet” rﬁ.\l;\})%d fbgfegﬂé%h nggth@l?a)?-cgﬂgﬂt{mto% ge?nerall flm@aﬁ'tﬂo‘f'{uﬁl of ¢ e

The fl exible substra has tti artic
can c IRy Yesss dog, concentration plot Ji.c.q thecportion, gk thes %mw used to
substrate or for necbatwlamsmﬁcb area per molecule atahslinterfacd, aset foc example Surfactants/ante
stretchable. Leg b f

articles can be el Z@ | ze 8']i"a'glhven .ﬁloﬁgp&? Mi]t%h“.l' 'ﬁbse 1r989 f-%eswwa 2
article. 30 gher concentratnon the emulsifier concentratton on thls extrapolated lme

conespondmg to the minimum IFT is taken as the CAC. Generally, an upper
emulsifier concentration of about 5-10 weight % is used. Desirably, the upper
emulsifier concentration used is at least about twice (more desirably at least about
three times) the CAC of the emulsifier. For emulsifiers having a solubility in the oil
3s  phase at ambient-temperature of less than 5 wt.%, the upper concentration limit can
be reduced as long as this concentration is still at least about twice the CAC of the

emulsifier at S00C.

F. illary Ab ion Pressures

: A capillary absorption isotherm curve is generated using the Vertical Wicking
«  Absorbent Capacity test described in the TEST METHODS section of copending
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5 Such a substrate will generally be rendered relatively

| i qui d-i npervi ous, or at | east not readily |iquid-pervious, by
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used were as foll ows.To a monomé combmanon comprising styréhe (#20 g) divinylbeszené 558% ca.

85[err] C to ;40[gh
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static force tragil Bfta@Vaiiilifier 8" frépalRfoudiving o' dehdhl ﬁtto@éduge for preparing

force set at 5 ) . N .
polyglycerol esters described in copending U.S. application Serial No. 989,270 (Dyer

23 et al), filed December 11, 1992 A polyglycerol composition comprising
approximately 97% or greater diglycerol and 3% or less triglycerol (Solvay
Performance Chemicals; Greenwich, Conn.) is esterified with fatty acids having a
fatty acid composition comprising approximately 71% C18:1, 4% C18:2, 9% C16:1,
5% C16:0, and 11% other fatty acids (Emersol-233LL, Emery/Henkel) in a

30  polyglycerol:fatty acid weight ratio of approximately 60:40, using sodium hydroxide
as a catalyst at about 225°C under conditions of mechanical agitation, nitrogen
sparging, and gradually increasing vacuum, with subsequent phosphoric acid
neutralization, cooling to about 85 C, and settling to reduce the level of unreacted
polyglycerols. The polyglycerol ester reaction product is first fractionally distilled

35 through two CMS-15A centrifugal molecular stills connected in series to reduce the
levels of unreacted polyglycerols and fatty acids and then redistilled through the stills
to yield distillation fractions high in diglycerol monoesters. Typical conditions for the
final distillation pass are a feed rate of about 15 lb/hr, a degasser vacuum of about
21-26 microns, a bell jar vacuum of about 6-12 microns, a feed temperature of about

4 170°C, and a residue temperature of about 180°C. Distillation fractions high in



The 'gl ass transition tenperature is taken as the maxi num point of the |oss

t angent versus tenperature curve. 40 B.

Resi stance to Conpression Def | ection (RTCD) WO 96/ 21680

PCT/ US96/ 00084 34

5 Resi stance to conpression defl ection can be gquantified b
measuri ng tWia96/21680 amount of strain (% reduction i n ROTUSRE

produced in a foam sanpl e which has been saturated and expanded
with synthetic urine, after a confining pres38tire of 0.74 psi
(5.1 kPa) has been applied to the sanple. Resistance to Conpression

Defl ection nmeasurenents are typically nade on the sane sanple
concurrently with the 10 neasurenent of Free Absorbent Capacity and
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et bt ur e "o WA, Bk Seagion procuct @io@g%eegem SXafhidh. e Supematant L,
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soaking in a bath g¢ 6ﬂygkk§midbeisldiscﬂldbdw After 3 20 m nutes,

cylinder having a | |n [ oC f
Lhe sat ur at é%e%%ﬁpsi%%ﬁ% bl ghe S0 ke 25,21 héﬂf‘%?w?ﬁﬁ@f (Frgicrif
cylindrical sanpl eto & dynsariemixing apparatus. Thorgyght mixingcofithe sembined; streams it theor
a further 6 mnute aﬂiﬁh&nﬁcﬁiﬁm arafus i$) §chicved By @réaris'6f"8 pin impeller. Atlthi§ scale of

o e per ek ?ﬂﬁ%‘&%&p?&%ﬁ*‘v@ﬂﬁf bl IR i 874G 3L6LA° °

pressure of 0.08 pmlethﬂhadlE!!etﬂt%meaném s@a%gedmrpe’e ofipins, %lfq‘ont
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d b 0

ol oyed. xaml asohsiing SRSy Ioor) e Eﬂn‘?ﬂi%gégﬂﬂ %g%;n e 8T, T A
MA) or an Ono- SOkk1mnﬂ§aes m@@t ip a aghndricalisieeveuhich forms the dypamig mixing apparatus,
After 2 to 3 mn., aidife QBMQCEIéaFHnGKGﬂSSnﬁ(&dmllﬁﬁﬂﬁ@fdﬁ‘iylmﬁn&ﬂrsﬁarel S then

20,000 5 10 0Ol U AR Ao o e B
this time, the gauwaragusljgemoyxge ack pressure in the d ynarmc mixer and to provxde improved
25 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). '
The combined mixing apparatus set-up is filled with oil phase and water phase
30  at a ratio of 3 parts water to 1 part oil. The dynamic mixing apparatus is vented to
allow air to escape while filling the apparatus completely. The flow rates during
filling are 1.89 g/sec oil phase and 5.68 cc/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
3s  steadily increased to a rate of 45.4 cc/sec and the oil phase flow rate is reduced to
0.82 g/sec over a time period of about 2 min. The back pressure created by the
dynamic and static mixers at this point is 13.4 PSI (92 kPa). The impeller speed is
then steadily decreased to a speed of 1200 RPM over a period of 120 sec. The back
pressure drops to 5.4 PSI (37 kPa). At this point, the impeller speed is instantly
4 increased to 1800 RPM. The system back pressure increases to 6.5 PSI (44 kPa) and



neasure the final sanple thickness (X2). Fromthe initial and final

t hi ckness ———feasurenents the percent _strain indiced can be .
calcul ated for the sanple as foll ows: [ (X1-X2)/ X1] x100 = %
reduction in thickness. 35 C. Free Absorbent Capacity

Free absorbent capacity can be quantified by nmeasuring the ampunt synthetic
uri ne aWO@sRIEE i n a foam sanpl e whi ch has been sat ur at BETERYO8WB8anded with
synthetic urine. Free Absorbent Capacity neasurenents are typically made on

t he sanme sanple concurrently weth the neasurenent of Resistance
to Conpression 40 Deflection and Expansi on Factor. WO

96/ 21680

PCT/ US96/ 00084
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i s expanded and sat gy %ﬁ&ﬁ%lﬁmmﬁree absorbent capacity by
soaking in a bath Jjc urine

cylinder having a 1 ‘nﬁﬁ’&ro °‘%g“°‘§‘¥\‘f‘['§‘?‘?‘]'7°@| |“h¥ﬂ§laﬁ1pglggfog¥1§naﬂﬁug gﬁt out
of the 10ins fd3uem) modiameteroand s shd@@ cm) thigha with ar gpncintriquinsert thade of he
fcylrlt Eg: I galrxg ﬁau?gh@h ¢r|§st§0ﬂmdsen is 5 in, (12.7 &) iﬁ)eai&{éeéﬂaeuwawﬁmat 75?&[(132 a&r:fhfe or a
u Vv Sy i
urine and is pﬁ"éﬁwtffri"&sggi’gmda* :?gl'%r{izrm Wﬁ"‘&& ?HEQ‘F‘P?’%‘"W?‘I‘P

wei ghi ng pan hlept rim) agnomrmainthined)atr 65°Kafor tI8zhousy tot ture sndrprayidenal polymeric:

resol uti on of HIPE foam. mlli gram or | ess can be enpl oyed. Exanples of
such bal ances are tg}l tI D 15 480 and Mettler PC 440 (Mettler
| nst runent Cor p; t st and Dewate After determining the

vei ght of the wet f'ﬂmmsedm(ddw)ls rémovied frohethe dubs. The foam atithis\poent hads f i ne
pl astic mesh S(esiail it s @Bntﬁnﬂg WRS9E] EmsiRes, éx&waiyfe .Jmmsf%emé

I S squeezed 3 ti,tes ol ast |, er “over the top Screen.
The sanpl e and "'ma“’?[)? ‘g?y‘?c{etfmég&ﬁm%d" #&i’t BPB‘I hymeriz Wﬁf‘%ﬂ‘"’? ;onhe
appr oxi mat eI y ﬁammsltceéwnhndhmnmmmitmg saw Glade ibtotshestswhiels tre Ock4Sdnches s

bef ore. d?ﬁc?qﬁ Hiciiels/ Cfasshledty %Fest j@ﬁﬁ%é&%%ﬁfmmm ina se per

towel s (4 on 9 Si ol pre:ssed th 2 orce._In rver
Labor at ory ¥pr e@g P?F%’sé‘éﬁwﬁ?‘é €quipPerh WIth SRERNDY bé Fest%/éﬁ ri ed
in a wates plmse cantent of the foany mnabaut @ tiines (PO theoweigld uﬂhupodgsneraaﬂ i ts

dry wei ght re%&d&ﬂeré\fﬂhms oint, the sheeﬁarethen wg&ﬁrafléﬁeitﬁpfg %‘5 Qaﬁl on ded by

§ Eéczjr ;Sv\érgh\t/ve'z%\g? %re g;&ee g\@l SS‘"?"{%\N?MM nip rgl?s equnppedgwnh umto a

water phase content of about 4X. The CaCl, content of the foam is between 8 and
23 10%.

The HIPE foam remains compressed after the final nip at a thickness of about
0.019 in. (0.048 cm). The foam is then dried in air for about 16 hours. Such drying
reduces the moisture content to about 9-17 % by weight of polymerized material. At
this point, the foam sheets are very drapeable. In the collapsed state, the density of

30 the foam is about 0.14 g/cc. When expanded in Jayco synthetic urine, its free
absorbent capacity is about 54 mL/g and has a glass transition temperature of 19°C.

le 2: aration of Foam from E

A) HIPE Preparation

Anhydrous calcium chloride (36.32 kg) and potassium persulfate (189 g) are

3  dissolved in 378 L of water. This provides the water phase stream to be used in a
continuous process for forming the HIPE.

To a monomer combination comprising distilled divinylbenzene (40%
divinylbenzene and 60% ethyl styrene) (2100 g), 2-ethylhexylacrylate (3300 g), and
hexanediol diacrylate (600 g) is added a very high purity diglycerol monooleate (360

s g), and Tinuvin 765 (30 g). The diglycerol monooleate emulsifier (Grindsted



D. Expansi on Fact or Expansi on factor can be quantified
by measuring the thickness_of__a foam sanple in the coll apsed
state and in the expanded state. The ratio of the expanded

thickness to the initial collapsed thickness is the expansion factor. The

t wo 30 measurenents are conveniently run on the sane _sanple
concurr ent | wows1s8t he nmeasur enent of RTCD and FrBeVHy ngm%nt
Capacity as descri bed above. The foam sanpl es, Jayco
synthetic urine and equi pnent used are all 40 equilibrated to a
tenperature of 31 C. Al nmeasurenents are also perfornmed at this

t enper at ure. 35 The foamsanple in its coll apsed state is

pl aced on a flat granite base under a gauge suitable for
measuring the sanp

pressure of 0. Og bﬁdéﬁkt qulﬁm%ﬁ % h’étﬁga H&s?ﬁ%ﬂ?&rol monooleate,
circul ar 1% ptherc S‘EHFU& 6‘10“8%“4 H° lyglyserols, gn n‘é? d @8@&@”’% gf

measuri ng thi cknesgstérs) fmpidtsOa minimum oil hasé&aﬂeZSpm intarfadial anmyuahllc of
Exanpl f h lp,égz ical' Qgare iR Eohos

anpl es of suc g S
M) or an Ono- Sokki 8%%"?‘@@%2@?%4@% et T b e
PCT/ US96/ 00084 approximately 2.9 wt%. After mxxmg. tl'us emu er mixture is allowed tg;settle

5 Japan). The jpni b'lle’tliuglithll@dt(m& readuweﬂrrntedia@(ﬂ) of the mix is withdrawn and usééhén

foam sanple is the gf ree absorbent capaC|ty '
by soaki ng inaba Egycos I‘}?ﬂﬁtlc un%

having a 1 R!W?S‘(‘E“E° &‘rﬁ‘?”c(?ﬁé)tagawgﬁﬁrp ?514 e%oﬁi H'dfr

out of the saturat @fa dmnﬁdwkﬁxgaipmmmm Example 1. A portios bfithp matemummgdhe
Th | i ndrical
e cylindrica Sag@a&%&.ﬁgﬁf&m i3 ¥hihifabn and ﬁl&uﬁtea EFeclfatiidh 1Bop as

10 further 6 m nut hen repove

rom
and pl aced 15 shown,and, descrbedginathe Figure, oF coprading épﬂléﬁﬁfj%“ gﬁf‘? aﬁ?‘@—kﬁﬂ—&
measuring the sanpi(PhéricAnDesManis), filed Jan, 10, 295y €ase/No.c5542 (hereif isdorporattthe

expanded t hi cknessbg&% %"&3 t%E@Edeﬂ%/%%n of the oil and water p@@ ﬂE‘P&Rﬁh?% the

factor (EF) is calcC
Interfacial tensi ofyIaPiqiXiag 098 ( Spi nni ng Dr op)
Interfacial Tension (| FThecombinédmixing @ rédikkelntic}lfaﬂmratdses ﬁlhed‘nmtmgd ghasp and

5550 (byer o oPSAPHRFa e OSGA f g FLARESAR i

i ncorporated by reweﬁte#]&eﬂlo“e%r:Epmﬂmwhﬂe(ﬁlljn&m appasaspFompletely. The flow rates
m xture used in prdpfisg Alling fate D78 grrec dit phasetand 114.35t oe/sed evated iphase ywitheahoet ¢35

(55% ot %g)gég lgq#e Akt Rkion %oﬁt hyl hexyl acryl ate, and 1, 4- but anedi ol
di met hacryl ate in %
nce the apparatus set-up is filled, the water phase flow rate is cut in half to
23 reduce the pressure build up while the vent is closed. Agitation is then 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 45.4 cc/sec over a time period of about 1
min., and the oil phase flow rate is reduced to 0.757 g/sec over a time period of about
2 min. The recirculation rate is steadily increased to about 45 cc/sec during the latter
3  time period. The back pressure created by the dynamic and static mixers at this point
is about 10 PSI (69 kPa). The Waukesha pump speed is then steadily decreased to a
yield a recirculation rate of about 11 cc/sec.
B) Pol ization/Curing o
The formed emulsion flowing from the static mixer at this point is collected in
3s  around polypropylene tub, 17 in. (43 cm) in diameter and 7.5 in (10 cm) high, with
a concentric insert made of Celcon plastic. The insert is 5 in (12.7 cm) in diameter at
its base and 4.75 in (12 cm) in diameter at its top and is 6.75 in (17.14 cm) high.
The emulsion-containing tubs are kept in a room maintained at 65 °C. for 18 hours to
bring about polymerization of the emulsion in the containers to thereby form
o  polymeric foam.



20" ratd o of 14:14:60:12; (2) the concentration of ermulsifier in the oil
phase is varied by— dilution froman upper concentration of

general |y about 5-10 weight % down to a concentration where the
| FT increases to a value that is at |east about 10 dyne/cm
greater than the m ninum I FT, or about 18 dyne/cm whichever is less; (3) a

snooth WO96:21680 | jne drawn through a plot of |FT ver F&IUSBH00A,| sifier
concentration is used to 25 determne the minimumIFT; (4) the
Critical Aggregation Concentration (CAC i4l det er mi ned by

extrapol ating the | owconcentration, generally linear portion of the
| FT versus | og concentration plot (i.e., the portion of the curve typically
used to cal cul ate surface area per nolecule at the interface,

see for exanp/ e Surf 'Was terfaci al Phenonena, Second
Edition, MIlton J. :R%F %&8‘3—%‘52&{' higlh_er .
concentration; the erhieshreddIPEfqam s remavesh B‘H‘\‘?ﬂ“?s e¥h¢ gﬁ!ﬁ%ﬁt hi§ Ppinh bas

correspondi ng t cresitheal water lpihinel(Edhmﬁmg dismlv&d&rﬁdtwﬁeﬁ’e\@lecﬁelper hﬁtiayor residuegper
v Con g Sl o MO oA T

upper I er. conce out T,WI ce
(nore desirably f&?“‘l‘%!?&" # gharp rec:procatmg "i‘P 53“[’ E?“Eﬂ\elép“fch%‘
emul sifier. kor (@#06gm) uettﬁnkhesﬂ Mhese sheéts rel thénysubjectedl o compression in aXeriesphase

at anbient-tenp
Y2 Pole ip 38, cqlifed ot .{*c%*n?ewm ré"""%‘r‘,‘?f@“g%?f"f iy
about twice the ‘@!EIR!‘P’Q‘?‘?@“‘“ °fth° oam t° abayh 6times(6X) thecygight of th epoym

F. Capi | | ary rhdterialpiAk this points thersheets are then resaturated w1th al. S% CaOIzl solutipn at
absor ption i sot hgpe r i

Absor bent Capaci 6:[ gtéts&'geeegté:dr %Sﬁgst&%t#ﬁ%%? ECPI on Wco“ﬁaéﬁrdl ng
VO 96/ 21680 15 phase content of about 4X. The CaCly content of the foam is between 8 and 10 %.

PCT/ US96/ 00084 The foam remains compressed after the final nip at a thickness of about 03)2!

5 uU. S. app! i C% @'bs?%b aJl' hmam%&tegég%é nmﬁffor%o@t] l)6’ ho'(ul'sI %cﬁ?ﬁ@?

1992, which is err]C
rather than 37[ efedyces thvalssurrexﬂenqeet tg abws@- % by weight of P°|X'FR!'Z&1)§'6¥°B gn At

capacity of eachhisgoitthe foamahéetare very daipenulé; Kt forh gish containgighoubs% by

di stance frogt mse.gﬁw{]{ang o (ERBPILHL bR S B BTUAL, GhcoBE >cOme

for the eca| sorpti ure S taken as
t he hei ght of thr&nflev erfsemma@ouwl‘lslse qus‘eniayeamwyuamnnau of

the foam s free fdeubidibéiit capapRgisiaout 60 mL/g and has ¥ glass trin3itivh fiéfiperatarRf es
These exanpl es |4 I Yeise@t € the specific preparation of collapsed H PE foans

according the presen‘t nvention.
Example 3: Prepar f HIPE Foal rom Different Mon

23 Absorbent foams are prepared from HIPEs having varYing monomer
components are prepared using procedures similar to those described in Examples !
or 2 above. The monomer formulations, water-to-oil (W:0) ratios, and physical
properties of these foams (RTCD, Expansion Factor and Tg) are shown in Table 1
below:

30



Exampl e i: Preparati on of Foamfroma H PE 15 A) H PE

. Preparation Anhydr ous cal cium chl oride (36.32 kg) and
pot assi um persul fate (189 g) are di ssolved in 378 liters of
water. This provides the water phase streamto be used in a
conti nuous process for formng the H PE To a nononer

conbi nat i orwee6Ie80si ng styrene (420 g), divinyl benzene 55%CT/USI600984

techni cal grade (1320 g), 2-ethyl hexylacrylate (3780 g), and

1, 4- but anedi ol di met hacryl ate (48 g) is added a high purity

di gl ycerol nonool eate (360 g), and Ti nuvin 765 (30 g)

[ bis(1, 2, 2,5, 5-pent anet hyl pi peridi nyl)sebacate]. This diglycerol

nonool eate emul sifier is prepared follow ng the general procedure for
prepari ng . pol ygl ycerol esters dg;@rg_bed i n copending U.S.
application Serial No. 989,270 (Dyer et al), filed Decenber 11,
1992 A pol ygly, ~approxinptely 97%
or greater digly
Per f or mance Chemi
havi ng a ,
18:1,. 4% C 182 : : e BA A 1 ) ari ds
(Errersol 233LL, | [
rati o of approxi

catal yst at about ofSSEna h®9i chl 8§t

ni trogen ' ngg_gal G VRCUYR) t hg
subsequent phosphoTTCT gcra meutT at|r-zact ¢, —Copt 1 n TO[ abo 85
C, and settling t 1 R131 783000 bt HDDA ot 626 | S8 Sdol b Blorpl s,
The pol ygl ycerol Jestser reagjlilqgswod ictupoa T ilr sb.ef ] agts opal Isyg di bti isbl efl

35 through two - L cent u a ecul arf sti ected 1 serres to
reduce the I BTy £ had2fartd Zids and

i st7i7l | af i o8
ns 1f4or E he

then redistilled § hroudh 4.498.5518is5:16
fractions high in disgl
final distillatiod . -
vacuum of about *STY =styrene 21- 26 microns, a bell jar vacuum of about 6-12

HDDA
Typl

mcrons, a feed tegRa, ,a{& ishyfen@f about 40 170[err]C, and a residue
tenperature of abo 1 rr]C. Distillation fractions high in WO
96/”21680 Bve = g‘“["? becber ’

PCT/ US96/ 00084 10 EHA =2-ethylhexyl acrylate 38

5 diglycerol nnnomk‘egs.‘g{,mg.m,gg i €/ ding a reaction product (as

det ermi ned by ercr| fI uid chromat ography) conpri sing
appr oxi mat el y SO%E(EH”'&yE‘E‘i 3"'°°l imeikacrylae "nonool eate, 27% ot her di gl ycerol
nonoest ers, 20% pcHBRA ¥ ¢.6-holamdiobdimiry@®0 Ot her

**yolume 1o weight
15 ***hy DMA

E 4: Diaper i EF
A disposable diaper is prepared using the configuration and components
shown in expanded and blown-apart depiction in Figure 7. Such a diaper comprises a
20 topsheet 70, a fluid-impervious backsheet 71, and a dual Jayer absorbent core
positioned between the toﬁsheet and the backing sheet. The dual layer absorbent
core comprises a modified hourglass-shaped, fluid storage/redistribution layer 72
comprising the collapsed HIPE foams according to Examples 1, 2 or 3 positioned
below a modified-hourglass shaped fluid acquisition layer 73. About 10 grams of this
25  collapsed HIPE foam is used to form this storage/distribution layer 72 which has a
surface area of about 52.5 in2 (339 cmz) and a thickness of about 0.1 in (0.25 cm) in
its collapsed state.
Topsheet 70 contains two substantially parallel barrier leg cuff strips 74 with



pol yglycerol esters. The resultant diglycerol nonooleate enulsifier

i nparfs a mnimumojl phase/

val ue of approximately 1.0 10 dyne/cm and has a critical aggregation
concentration of approximtely 0.9 w % After mxi ng, t he
reaction product is allowed to settle overnight. The S%ﬁﬁ?& S

W t hdrggsaisge used in the oil phase as the emul sifier¥ ng the HI PE.
(About 20 g of a sticky resid i s discarded.)

Separate streams of the oil phase (25[erfTC) and water phase
(42[err]-44[err]C) are fed 15 to a dynami c m xi ng appar at us.
Thorough m xing of the conbined streans in the dynam ¢ m xi ng

apparatus is achieved by neans of a pin inpeller. At this scale of
operation, ,an epsicoAfficet o thendiapep badkshieet Thye itwe sectangylar ciaiticized waistoand of

222?% ﬁél gsczn rrngr\z\:gerg 75. Alsb Qﬂ*x@ﬂ% Bachiehll o?b&kﬁﬁ&tﬁé Wb wﬁﬁ&%ld]elgn&ﬂ ?615‘\:
havi ng 16 pi ns°°"éme"n‘§|\ﬂ°f¥§th¥l°ﬁ? \gg"é?éﬁxfﬂ todhgbqgﬁ.?\f)eet are tvggpargljg? gﬁcff

out war dl y fr onsttipe7Z eAtsheet ofi polyetbfiere 28 is laffixed tatha dutsidyt df the bak:kﬁleems arhe pin
i mpel ler is rmaumﬁ-.d'f&:au yJuHa&rfomo iiese% - &Esefvﬂﬁeﬁscameu%mm | Xing
appar at us, | NS have | earance of 0.8 mmfromt :
wal |'s of t ha® cy‘hPr"EfPF'd‘é?“ A spi raI static m xer i s
mount ed downstream Thmqumo:dlaya'rﬁkofrﬁ\« diapger core can comprisgop 82%18% wetlagl ovi de
back pressure jo rQ%t‘QM?e?tH& CleiEtéiP 'cuA&H cdiBloRE Fbkid Gnd EBAVRHEShal non-stuf?e'ﬁed

I ncorporation o the epul,sion that. is eventual foor med.

Such a ““ﬁ’é‘t’aéﬁef,s m QE rs"&g“ 4 tWVtede Surleds cellujosic &U'ng Fﬁx%l feoms i hch
(1.3 cm outsistmthtrmrseftenod kraft pulp (FolEyeﬂuﬁ)awhmhnhasebeets ceosiliikied rm'tlstrl es
Mbdel 070-§21, lﬂﬁijdlée' & tlfeué)&éd?goiowouiz “':g percent on' i“aﬁﬁﬁb&

The conbi ned paratus_set-up IS se an vyater
phase 3omxha{1r%f UpQsebasis ¢ baerf are rpsh pg ttbme 4

M xi ng appar at process” asaiesopiled in U.S. Patent 4,8224i58 (Deaniet al), dssaet-April l\&hl989 f| I l'i ng
Lhe apparat us COMP! Plesk Yirehp fefafe2biifir’f Wi0Bbers having the chkehlsBfurdf © 1- 89
g/ sec oil phas rlge cqwater ce the
appar at us set - '833“%1'5? &%ion is begun in the dynamic nixer,

with the impeller turning at 1800 RPM _m_zlow rate of the water phase S
t hen 35 steadily % Lapad 50 / : ec and the oil
phase flow rate is reduced T a tinme period of
about 2 mn. The back pressure created by the dynam c and static
m xers at this point is 13.4Type= (%tlhd?ﬁl)oﬁv]&bﬂkﬁﬁ)ﬂllﬁﬁbsﬁphﬁdmﬂs

then steadily decreased to a spee @g%gﬁ%e%bgsp@%ng? Qfcedtadh a5 €C-

The back pressure drops to |s point, the
i npel l er spted is instantly fiberrefalasephydsogluiosc basis The system
back pressure increases to 6.15viR$Iouﬁt49ryK¥’&B nodét/mm WO 96/ 21680

PCT/ US96/ 00084 39

Twist Count Wet = 5.1 nodes/m
2-Propanol Retention Value = 24%
Water Retention Value =37%

30 ' Curl Factor = 0.63

The conventional non-stiffened ceflulose 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).

33 The acquisition layer 73 has an average dry density of about 0.01 gt’cm3 , an
average density upon saturation with synthetic urine, dry weight basis, of about 0.08
glt:m3 , and an average basis weight of about 0.03 g/cm”. About 8 grams of the fluid
acquisition Jayer are used in the diaper core. The surface area of the acquisition layer
is about 46.8 in2 (302 cmz). It has a thickness of about 0.44 cm. Similar results can

4  be obtained if air-laid stiffened fibers are substituted for the wet-laid stiffened fibers in



5 remains constant thereafter. The resultant H PE has a water-to-oil ratio
of about 551, ... . B) Pol ymeri zati on/ Curi ng of

HI PE The HPE fromthe static mxer is collected in a
round pol ypropyl ene tub, 17 in. (43 cnm in dianeter and 7.5 in
(10 e¢m high, with a concentric insert nmade of 10 Celcon plastic. The
insert is S5WO9/268. 7 cm) in diameter at its base and 4. 75““5;520"8% :

in diameter at its top and is 6.75 in. (17.14 cn) high. The H PE-contai ni ng
tubs are : kept in a roomnaintained 44 65C for 18 hours to cure
and provide a polyneric H PE f oam @) Foam
Washi ng and Dewat eri ng 15 The cured H PE foamis renoved from
the tubs. The foamat this point has resi dual water phase

(contai ni ng disspl v, LLigr electrol yte,,init.iato esi dues .

and initiator) a ou%qgﬁgg%%%rr@@&(wbéﬂ 'thﬁré" ﬁqﬁﬁ#‘og;ay%’oﬁy%@% 38’"""“ an
nononers. The acquisitipp/distributien fosmomade; accordingatopExamples rio @aer 3 pf sapendingde
into sheets which ap®. OApgiicatios Sérial No.osy37069%). 368 @CEithi U, Sibek RS, filr@se

i p 1ol 15 equi ppod e s ARSI S50 Mo oot kel b el P O

wat er phase content of the foamto about 6 tines (6X) the weight of the
pol ymeri zed nononers. At this point, the sheets are then
resaturated with a 1.5% CaC [err] solution at 60[err]C., are
squeezed in a series of 3 porous nip rolls equipped with vacuumto a

wat er phase content of about 4X. The CaCl[err] content of the foamis

bet ween 8 and 25 10% The HI PE foam remnai ns
conpressed after the final nip at a thickness of about 0.019 in
(0.048 cm. The foamis then dried in air for about 16 hours. Such drying
reduces the noisture content to about 9-17 % by wei ght of polynerized
material. At this point, the foamsheets are very drapeable. In
the col |l apsed state, the density of 30 the foamis about 0.14 g/cc.
When expanded in Jayco synthetic urine, its free absor bent
capacity is about 54 nlL/g and has a glass transition tenperature of
19[err] C Exanpl e 2: Preparation of Foamfroma H PE

A) H PE Preparation Anhydr ous cal cium chl oride (36.32
kg) and potassium persul fate (189 g) are 35 dissolved in 378 L of
wat er. This provides the water phase streamto be used in a

continuous process for formng the H PE To a nonormer
conmbi nation conprising distilled divinyl benzene (40% :
di vi nyl benzene and 60% et hyl styrene) (2100 g), 2-ethyl hexylacrylate (3300
g), and hexanedi ol diacrylate (600 g) is added a very high purity
di gl ycerol nonool eate (360 40 g), and Tinuvin 765 (30 g). The

di gl ycerol nonool eate emulsifier (Gindsted



PCT] USO8/ 00084 |l IIIlHIIII ]| [

5 Products; Brabrand, Denmark) conprises approximtely 81% di gl'yc&r of

nonool eat e, 1% ot her di gl ycerol nonoesters, 3% pol yglycerols,
and 15% ot her pol ygl ycerol esters, inmparts a_m nimum oi l
phase/ vvaWQr’"ng!se interfacial tension val ue of PCTVS mately 2.5

dyne/cm and has a critical aggregation concentration of
approximately 2.9 wt% After mxing, thisyggnmulsifier mxture is allowed to

settle 10 overni ght No visible residue is fornmed and all of the m x
i's wthdrawn anrghdi$Ediai the oil phase as the emulsifier in
formng the H Separate streans of the oi| phase (250

and wat er phasé (53[‘%FP'}‘“PS‘B'FeW‘j"G""afP%‘“f’@%}e"a' which. upon (cgntgctypih Aqueqpsy i ng
apparatus as i fluids acapl expdnd ahdpabsdrb eaid Ahids, hsaidrpalyereria lfoanx materig dofprising a
dynam ¢ m xi ng fuﬁE ‘fﬁ:xﬂb% b Sl @M@n&l&dfoﬁrﬁ%gﬁ&we%fﬁﬂm@é’nn@ct FGpenedi@t 1 on

| oop as 13, own and descr | Igure o copen

appl i cation Se™ ‘fh (587“?}?’(96@9!‘“““’“13" inthat s A DesMar ai s) filed
Jan. 10, 1995, CaAp al‘ipecxﬁﬁﬂﬁfaéélmepa' foam ovojumiecdfeat least 0.025, preferbbly aelegstence)
to the entry poi n609fm2/9¢? oil and wat er phase fl ow streans to t he :
dynam ¢ m Xxing zon e conbi ned m xi ng

recircul ation app%} 2t least 0c1% by P’él&hWﬂ%OEFP'%ﬁﬂb!écmb'e hYSmSQQP'c Wedratedphase’
at a ratio of 3 pslttiscongdrated thereln;part oil . The dynamic mixing apparatus is
vented to all ow c letely. The
flow rates ad i &?ﬁﬁs@@;&ﬁ‘fkr L&’Jphlkswny ?%m/o ?E@Eﬁf{,ﬂ% saag'gpand 11. 35
cc/ sec water phask) #ifres ah&%‘!ﬂ“‘ @Pac“YOffmm 55 tod@Psld8i n the recircul ation

I ﬁop o E) aratio ofGSlﬁﬁldEdllfb @mapseetﬂmmssstofmeasssm Il ed, thg wistg er
phase flow rate | RI ui up
while the vent i s c os e%}ghcg% co{un?reﬁsaon d?q%a' ‘gfdﬂ{r;l Iﬁt%ﬁepr&gaﬁ&%om 4 taynam c

m xer, wth the ihya vaan mwmﬁgn%amw@mmswneﬁ|lmr ate of the water
phase is then steadily increased to a rate of 45.4 cc/sec over a tinme

Do 00957 o ooe 2oy r The foam matefih be Claff 1 chitorBhided R sald fBiin sk had: o1 O 0
recirculation rate |A§ st eafﬂP'"VYﬁH@IO@aP@eldﬁQ éll%e@teaﬁm%@ Hu rpreferablyie

| atter 30 tifnpets Ddm2igie back pressure created by the dynanmic and
static mxers at thigg poi i 10 RS 9 he
Waukesha punp speedlBss tﬁg%gdsu? Ie‘gatff glon&e&?gg ;W greferabégomkf@%%lb a
recircul ati on rate aeighbout 11 cc/ sec. B)

Pol yneri zation/ Curi iy of frHlnFEto 10% by weight of calcium chibfide, 48 Ffh &5vd 5@%'&

ound pol ;BP"OECFeﬁﬁ‘ 2 ngBrophltic, sbiettapt Tacbfaersied dhere 1o repds @m
hi gh, with su avaoxﬁtiwdeamsmurnbﬂmpmme of Celcon plastic. The

insert is 5 in (12.D)cn) idis dill@;fﬁ&! Qﬁteain exiansm;ls;ressure of ﬁoﬁ@stézﬂ'kﬂa‘l 75 in

12 di 4
gl'he gnmul IS|nonI 23?: glr Lgl %3'55 gsrogoeweﬁpaqnx frf’ﬁ' ]'Prg%mlaned at 65[err]C for

18 hours to F)  pratieofespandedyol oplfapsed thickness of frem&:leteul0slion in t he
containers to therelg) fopfRsistance to hpred€ib B&Hebsor TFHBm 2 to 25% .



PCT) Us6/ 00084 TN 0 0 TR AN

5 0 Foam Washi ng and Dewat eri ng * TFhetculed *
H PE foamis renoved fromthe tubs. The foam at this point has

resi dual water phase (containing dissolved enulsifiers, e'l’?*hé“"%"ﬁ@"

I nitiator W‘?W and initiator) about 50-60 i nes 0- 60X)

t he wei ght "of pol yneri zed nononers. The foamis sliced with a

sharp reciprocating saw bl ade into sheets whiggh are 0.160 inches 10

(0.406 cm in thickness. These sheets are then subjected to conpression in

a series 3. Of PhedRERAUsatétaPof Ay b CRI PREH chardckerivélid Wi Wofprises a

gradual |y reduce thei resi ter phase content of the foamto

ual . . . cwat €
about 6 tines ( GX)P?HB°%3M""¢‘?'°P ﬁ'Bulf}Sﬁ'.Q?Yé'?%'zed material . At
this point, the sheets bre tdmenil phassacompeitieg! with a 1. 5% Cad [err] solution

at _ 60[err]C., @ eroil8ses o8] feferabR RS 9P o S0 by Qhkight oPa ridhbrser
equi pped with vacuumto a nt . of.

wat er 1 hase conte . abaut 4X
CaCl[err] content of the BHRPMEL m‘&!&@ﬁf@m&&o‘ ‘i‘??ol%mer hav‘_“g‘qgvaﬁ’e °fml%‘f’he
f oam remai ns conpressed aBS¥C ot kover, preferabiyfrem 15° th30iChsaid manomis gempongnt] -
in. (0.053 cm. The foam icgmhfigag:dried in air for about 16 hours. Such

dryi ng : reduces t nol sture cgutent t.o about.9-17 % by weight of
pol yneri zed material. At ) rom f‘(ﬁit 9%6% t.‘,"’e‘O}He° fao%t'n?tg'ﬁw g'aéF' s?/lgﬂﬁ'
dr apeabl e. The foam al so conmanafenctitealmobémerycapable of fodmingai ppikmesthaying a digal
di gl ycerol nonool eate enul sifd@sc of s he col | apsed state, the

rimes i T O TS R por e 10 iy by VR h B ARG R b

gl ass transition tenperat ur emodofunctional comonareytapéfd of i@rting toughness about

Exanpl e 3: Preparation of H &5 BRAMS thh Bovidel b§ s ithe;MONONET S 25
Absor bent foans are prepar ed,:fro HI LFgrEs h) y) qﬁg’ var inﬁ none ol

conponents are prepared usi n pr cESYuUY &2 gi?ﬁ a?"e‘ﬁgt I &sngfsﬁégéﬁ“f“ﬂé&' e
Exanpl es | or 2 ainsolable, Tiolyfimotionak crdssinking agers rselected: from- the-gsoup

(WO ratios, and physical consisting of REiRMenkdhes, OftritilfiSénzEded Riiidylteldenes,
Bxpansion Factor and Tg) ar edié:ﬁ?l\)lcvyr(]exlieg. Tabﬁgw%ylnapmhalenes be M lalkylbenzens,
divinylphenanthrenes,  divinylbiphenyls, divinyldiphenylmethanes,
divinylbenzyls, divinylphenylethers, divinyldiphenylsulfides,
divinylfurans, divinylsulfide, divinylsulfone, and mixtures thereof. and
iv)' from 0 to 15% by weight of a second substantially water--
insoluble, polyfunctional crosslinking agent selected from the group
consisting of polyfunctional acrylates, methacrylates, acrylamides,
methacrylamides, and mixtures thereof,
b) from 2 to 15%, preferably from 3 to 10% by weight of an emulsifier
component which is soluble in the oil phase and which is suitable for
forming a stable water-in-oil emulsion; and . '
2) a water phase comprising from 0.2 to 20%, preferably from 1 to 10%,
by weight of a water-soluble electrolyte, preferably calcium chloride;
3) a volume to weight ratio of water phase to oil phase in the range of
from 55:1 to 100:1, preferably from 55:1 to 75:1.

4 The foam material of Claim 3 characterized in that said monomer component .
comprises: _
i) from 50 to 65% by weight monomer selected from the group
consisting of C4-C4 alkyl acrylates. aryl and alkaryl acrylates. C¢-
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5 Tabl e | Sanp e

For mul ati on Second - .= WO RTCD Expansion

STY: EST: DVB: EHA  Crosslinker Ratio** (% Fact or (&r é}germLC *oxk

. DA* WO 92158 e (DA)* 1 16: 7. 2: 8. 8:

60. 7 11.5 8.3 35 2 11. 25:13. 75: 60: 5**

ECGDVA " 55.8 8.0 6.5 27 3

7:9.9:12.1:63:8  BDMA 55.9 9.5V 7.5 18

L3712 15 5 &0y il W S iz g s
0: 21: 14: 55: 10 mixturggDhpreof, 59.6 8.8 7.4 23

9.5:11.5: 14: 55: ]19 HIEdn 15 10 2"5:"/% ; weight @omonomer leeZted from thé8
0:14.4:17.6: 68: ¢ @yl 11. 1d ‘Z,

*STY = styrene grg'éﬂ'cons'é'["?%/? s§"l"§ﬂeeﬂ styrene and mixgyres thergof; 1,y |

benzene 10 EHA = 2iikt hyfrdmex¥y o 8% by weight divinylbenzeneBiidA =

1, 4-but anedi ol di met hacrjyj at &rom 7 to_13% by of sﬁiﬁwtﬁﬂecr%sl{ﬂéﬂg agent
di met hacryl at e. 6- hexanedi, ol

**yol ume to wei ght ngcte oy, fticrgyaup consisting °m%%¥'é’?5é’8‘ dimegspcndate. \pde
wi th Hl PE Foam. ethylene glycal ddisptucllate, dil Splexaniediobpr disenylate, usndhg t he
configuration and conpongiihies thereof. shown in expanded and bl own-apart
depiction in Figure 7. Such a diaper conprises a 20 topsheet 70, a
fluid-inpervious backsheet 71, and a dual |ayer absorbent core

posi ti oned bet Wween Thaafdaapsﬁmial afi Claitne4 rharactegzed hiecthat Jdid nthnained eiyés

absor bent lected f&-ﬁ’hﬁe BOPEDn i b gy lalé, 91 d
st or age/ r edi st ?elec )gi) g} JIEP ﬁﬁngaof"%iy ?‘ng R&? Affﬂe CQO % sed H PE
f oams accor di n§t aGRptes nany g:rﬂ?te:gdeﬁﬂsapgy abq,'gadecyl acrylate, isodg ‘54 Igte,
nodi fi ed- hour gtméeqhaqmdtef berizgl soryjate sndnyipherlybparylatz3 hexdd methadQlagy antyl of
this methacrylate, nonyl methacrylate, decyl methacrylate, isodecyl methacrylate, dodecyl
methacrylate, tetradecyl methacrylate, N-octadecyl acrylamide, p-n-octylstyrene, and

mixtures thereof.

oco~NO O b~

6. An absorbent article especially suitable for absorbing and retaining aqueous
body fluids, said article comprising: ' .

I) a backing sheet; and

1) an absorbent core associated with said backing sheet such that said
absorbent core is positioned between said backing sheet and the fluid discharge
region of the wearer of the article, said absorbent core characterized in that it
comprises the foam material of any of Claims 1 to 5.

7. The absorbent article of Claim 6 characterized in that said absorbent core
comprises: (1) a fluid-handling layer positioned in said fluid discharge region; and
(2) a fluid storage/redistribution layer in fluid communication with said fluid-handling
layer and comprising the foam material.

8. A diaper useful for absorbing aqueous body fluids discharged by an
incontinent individual, said diaper article comprising: '

)] a relatively liquid-impervious backing sheet;

II) a relatively liquid-pervious topsheet;



25  coll apsed H PE foamis used to formthis storage/di st ﬂm _
whi ch has a surface area of about 52.5 in[err] m mnﬂl Irmlu _
a thickness of about 0.1 in (0.25 cm in its col FapSed sttat &. *

Topsheet 70 contains two substantially parallel barrier leg cuff strips 74
with

PCT/ US96/ 0008 9521686/ 21680 PCT/USI6/00084
43 5 elastic. Affixed to the di aper backsheet 71 are two
rectangul ar el asticized wai st band menbers 75. Also affixed to

each end of backsheet are two waistshield eleftfnts 76

constructed of polyethylgne. Al so affixed to.the backshegt, are t pak al.l.el
leg el astic ’Sﬁri ) é’f?r%ﬁms‘f?é%tp"ﬂﬁm"ﬁ I%mlséﬁebafg‘“$§w%f falnéésﬁ'dt 0
t he outside of the backstoptheetasaid absorbent core chagastiirized énd thanidtt comprigess thef fogm
for two pieces 79 of Y-tmRerildraky daike14ssd to fasten 10 the

di aper around the wearer. The acquisition |ayer 73 of

t he di aper core can conprise a 92% 8% wet-1aid m xt ure of
stiffened, tw sted, 9curl#&oproedss foogirec pfeplmation afidn cabsarbenti pokgrhericofoamt matedaled

cellulosic fibers. {fgachdrizéd MR it doWpRit&dhe #épslod cellulosic fibers are

made from Asoyt hern sof t.vvoad k{ﬁaf E‘Ul p (Foley fluff) which has
been crosslinked with #) formng favateqrig ol cmp @H&’(‘} ‘to the extent of about 2.5
nol e percent on a dry fiber caldilghesecomprising: anhydr ogl ucose basis. The
fibers are crosslinked accgy di-&d 85 o b8%. "r@feiﬁbgrmbtb fX97%4), by weight of a monomer
process" as described in U_S. Patent 4]~ 8%%5 (Deap et hal.‘& éSS\{li@d A@I’IH
18, 1989. compoient,capable 0 ing; 4,cqpolymer, having ¢ Jg valye of pelow
fibers having the charact erb®tti 3¥C or lower, preferdblycfrometii’ato f3PCovhe mondmér e
2: 20 component comprising: Table 2

Siiffened, Twi sted, Curled Cellulqgse (ST Fi bers . .
Type = Sout hern sof twood kraft pul "b%gégl fhdygeiphitpf a substantially water-insoluble,

gl ut ar al dehyde to t he extent méncfuntiionab menpmercapsbioaf forming a palypner having a Tg
dry fiber cellulose anhydroglease opfsy: S

Twi st Count Dry = 6.8 nodes/ Tw St
Count Wt 5.1 %o des/ m il from 10 to 30% by weight of a suggtpj}t%ﬁva}e\pﬁnsoluble,
Retention Val ue = 24% monofunctional comonomer capable of irkjegting Retghness about
value = 37% .30 equivalent to that providefPty btyfed€!t or = 0. 63

i) from 5 to 25% by weight of a first substantially water-
insoluble, polyfunctional crosslinking agent selected from the group
consisting of divinylbenzenes, trivinylbenzenes, divinyltoluenes,
divinylxylenes, divinylnaphthalenes . divinylalkylbenzenes,
divinylphenanthrenes,  divinylbiphenyls, divinyldiphenylmethanes,
~ divinylbenzyls, divinylphenylethers, divinyldiphenylisulfides,
divinylfurans, divinylsulfide, divinylsulfone, and mixtures thereof: and
iv)  from 0 to 15% by weight of a second substantially water-
insoluble, polyfunctional crosslinking agent selected from group
consisting of polyfunctional acrylates, methacrylates, acrylamides,
methacrylamides, and mixtures thereof; and '
b) from 2 to 15%, preferably from 3 to 10%, by weight of an emulsifier
component which is soluble in the oil phase and which is suitable for
forming a stable water-in-oil emulsion, said emulsifier component
comprising a primary emulsifier having at least about 40% by weight
emulsifying components selected from the group consisting of diglycerol
monoesters of branched C)4-Co4 fatty acids, linear unsaturated Cy5-C27
fatty acids, and linear saturated C2-C 4 fatty acids, sorbitan monoesters
of branched Cj4-Co4 fatty acids, linear unsaturated Cyg-Cy fatty acids,



The conuentional non-stiffened cellul ose fibers used Lrufﬁwmmnlmmlllllil

non-stiffened cellulose fibers are refined to about” 200
(Canadi an Standard Freeness). 35 The acquisition Iayer 73
has an average dry density of about 0.01 g/cnferr], an aver age
density We0/28680ur ation with synthetic urine, dry wei ghtPGQIAHIG00084 aphout

0. 08 g/cnferr], and an average basis wei ght of about 0.03
g/cnferr]. About 8 grans of the fluid acquisition layer are
used in the diaper core. The surface area Bf the acquisition |ayer

Is about 46.8 in[ferr] (302 cnferr]). It _has a thlckqess of about ,0.44 cm
Similar results can  and hinggr sgyr %121&14 fatty apids: | diglyreeql imangpliphatis gihers ar e

substituted for the wetofbenchedt( f-€fpalchholsctinear imsaturated Cjg-06) AlbRAlS Gid

PCT/ US96/ 00084 44

5 acquisition |ayer :j)me:#r satHrat%dbeTg%?lc%hg b and,&gmures th?rgonf Tnayer 73 can

al so conprise an 2) a wates; phase; Sonprising @p |aﬁ‘éﬁ°P§)FP lptipp containing; c & fmg t o
Exanpl es 1, 2 or 3 oD2capQoW noeferably from 1UoS10%ppYi weightoof Sewaret-soluble

No. 08/ 370695 e . , 95
Case No. -5544, whi Chﬁﬁgr’%éo éf(;e?aﬁr g{“%'m" (garirdgng%d (®) an °ﬁ°“'J%m8é‘?2‘lfé§o
PCT/ US96/ 00084 polymenzatlon initiator;

What is Clained is: a volumé to weight etiol sfpedidr! phageolo)sipliase fnomanrfﬁgbefl al

-whi ch, ‘upon contact wor'rerl C CLidS!. r?a?feerrallalg fronI %Jl %75 ?aﬂo&)ﬁp&%@%n??sspr b

said fluids, said po foam’ conpri sing

B) polymenzmg the monomer component in the oil phase of the water-in-oil
emulsion to form a polymeric foam material.
10.  The process of Claim 9 characterized in that it comprises the further step of
dewatering the polymeric foam material of step B) to an extent such that a collapsed,
polymeric foam material is formed that will re-expand upon contact with aqueous
fluids.

1. The process of any of Claims 9 to 10 characterized in that said monomer
component comprises: "
i) from 50 to 65% by weight monomer selected from the group
consisting of C4-Cy4 alkyl acrylates, aryl acrylates, Cg-Cy¢g alkyl
methacrylates, acrylamides, C4-Cj2 alkyl styrenes and mixtures
thereof’ .
ii) from 15 to 23% by weight comonomer selected from the
group consisting of styrene, ethyl styrene and mixtures thereof,
iii) from 12 to 18% by weight divinyl benzene; and
iv)  from 7 to 13% by weight of said second crosslinking agent
selected from the group consisting of 1,4-butanediol dimethacrylate,
ethylene glycol dimethacrylate, 1,6-hexanediol diacrylate, and
mixtures thereof;

12.  The process of Claim 11 characterized in that monomer (1) is selected from
the group consisting of butyl acrylate, hexyl acrylate, octyl acrylate, 2-ethylhexyl
acrylate, nonyl acrylate, decyl acrylate, dodecyl acrylate, isodecyl acrylate, tetradecyl
acrylate, benzyl acrylate, nonylphenyl acrylate, hexyl methacrylate, octyl
methacrylate, nonyl methacrylate, decvl methacrylate, isodecyl methacrylate, dodecyl



hydrophilic, flexible, nonionic polynmeric foam structure of
open cells, which foam structure is characteri zed ' ﬂmmﬂ ll'
A) a specific surface area per foam volune of at |east O. 02 efer

| east 0.05, nferr]/cc; B) at Ieast 0. 1% by wei ght
of a toxicologically acceptable hygroscopic, hydrated salt

I ncor por at e(WO b&2168M; C) inits collapsed statRCT/E§96#800BHNSi on
pressure of 30 kPa or |ess; and- D) a free absorbent capacity
of from55 to 100 ni/g; E) a ratio of expanded to coll apsed

t hi ckness of at |east 6:1, F) aSPesistance to conpression

defl ection of 40%or less, preferably from4 to 15%{ when
measured under a cEEHREVIA. {stradesyl methqcrdate. Nqogtadecy! acrylamide, ppn-octylstyrrneapdm

material of C ai m milresthedesf i zed in that said foam structure has: _

A) a capillary suction specific surface area of from3 to 15, preferably
from5 to 11, rr[err;i B) resi dual water content of
at | east 4% prefethbl yTher pioresstaf angopfhGlaims 9 to %12 characterized)in} gipt the primary

O from1 to 10gmblyifitvedoptprisedf§at qucvozmmisifymgleompmﬂnﬁsrsaeued $roiOthd @Peupy
wei ght of a hydr Opbads{sﬁggoﬁ “&lg gréx“ ﬁ&o‘?éa?eor %g‘?&eioﬁ‘e%Anﬂm&%é&”d?gly&{@

surface of the foa ture 8

col | apsed state, amoBoifastestate, diglyserl monesstery efrrogonu famty aeds, sorbitan monooleate,
E) a free absor gabitanCRomyristaft sbibitsh Bfonb&terd of Tkdcdnut fatty acids, and mixturesF)
a ratio of expandeg‘e} %gcol | apsed thickness of from6:1 to 10:1;

e a resistance onpression deflection of from2 to 25%.
PCT/ US96/ 00084 WD 96/ 21680
46 3. 14. Thehe' prabessef Uny Df AIm8 W toP13 @h@adir&xzbd P thét the emulsifier

ggﬁ{ 2?;? Ihg\?:jnlgn t Qgrﬁpoln%mc et Sc%;snpnie)s a segm'\dgryl Q(BW§EE I&Z)lmg? t er the' g%u!p
a) from 85 to 98% consistieg alof y phosphatidy! t cholitks  (apd wephgsphatidy! a qhghmmntazmng
conponent capabl e %mﬁd!ftﬁh@%ﬁaaﬁ@lb@:‘a%@?’logaéﬁzm% -d &iﬁiﬁl‘@uﬁ shdi€ tRA C1-C4

g(ﬂrg(r)maﬁt or |owver, dﬁﬂﬁa? ic quatt\{mar O%nﬂ%% gl%'lr its, long ﬁam 2-622 aﬁcgﬁ?alri?emyq-%-
from45 to 70% by Wesirepyethgk, skort ohrin SptGsadiblipbaric quatdrmasy Rmiyiogium salts, long chain

C12-Cy dialiphatic imidazolinium quaternary ammonium salts, short chain C{-C4
dialiphatic, long chain C|5-C77 monoaliphatic benzyl quaternary ammonium salts,
the long chain- Cy3-Cyy dialkoyl(alkenoyl)-2-aminoethyl, short chain C;-C4
monoaliphatic, short chain C1-C4 monohydroxyaliphatic quaternary ammonium saits,
and mixtures thereof, at a weight ratio of primary emulsifier to secondary emulsifier
of from about 50:1 to about 1:4.

15.  The process of Claim 14 characterized in that the secondary emulsifier is
selected from the group consisting of ditallow dimethyl ammonium chioride. ditallow
dimethyl ammonium methylsulfate, and mixtures thereof and wherein the weight ratio
of primary to secondary emulsifier is from 30:1 to 2:1.



nonof uncti onal nononmer capabl e of.forning_a pol ymer having a Tg
of 25[err]C or less; - R i) from 10 to 30% by

wei ght of a substantially water-insoluble,

nonof uncti onal conmononer capabl e of inparting toughness about

equi val ent to that provided by styrene; 1)
from S twodéifssdy wei ght of a first substantially wat er ECT/USI6/00084

i nsol ubl e, pol yfunctional crosslinking agent selected fromthe group
consi sting of divinyl benzenes, triv!gy benzenes, divinyltoluenes,

di vi nyl xyl enes, di vi nyl napht hal en di vi nyl al kyl benzenes,
di vi nyl phenant hrenes, di vi nyl bi phenyl s, divi nyl di phenyl net hanes,
di vi nyl benzyl s, di vi nyl phenyl et hers, di vi nyl di phenyl sul fi des,

and_nixtures t hereof ; and

_ [ o

M he group

am des,

b) from2 to

di vi nyl furans, divinylsulfide: divinylsul-fone,
i v) fromO tg el ;
I nsol ubl e, pol §
consi sting of

met hacryl am de
15% preferabl
conponent whi cf

table for

formng a stab 2) !

wat er phase co 10%

by wei ght of a J. h chl ori de;

3) a vol une n the .range of
from55:1 to 1( 4. The
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conpri ses: y wei ght
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i) from 15 to 23% by melght conononer sel ected fromthe

group—consisting of styrene eothyl: stvrene andpmixtures thereof:

i) from12 to 18% by wei ght divinyl benzene; and

I V) from7 to 13% by wei ght of said second crosslinking agent

sel ected fromthe group consisting of 1,4-butanedi ol dlnethacrglate,

et hyl enawgbg/mseso di net hacryl at e 16- hexanedi ol di acryl atRCT/E§96f00084

m xt ures thereof. The foan1nater|al of Claimi4
characterized in that said nnno l/ék sel ected fromthe group
consi sting of butyl acrylate, gﬁ? rylate, octyl acrylate, 2-

et hyl hexyl acrylate, nonyl acrylate, decyl acrylate, dodecyl acryl ate,

i sodecyl acrylate, tetradecyl acryl ate,- benzyl acryl ate,

nonyl phenyl acryl ate, h@mmLFnELhanL¥LaLe octyl met hacryl at e,
nonyl net hacry| amse-deEcy ate, dodecyl

net hacryl at e, ~ 1 de,

p-n-octyl styr 6. An
absor bent art bt ai ni ng aqueous
body fl uids, ' a backi ng

ated with-said
poSi ti oned bet ween
pn of t he wearer
it

sheet; and
backi ng sheet
sai d backi ng
of the articl
conprises the
absorbent art
conprises: (
regi on; and
conmuni cati on
foam mat eri al
fluids discha
article conpr
backi ng sheet}
t opsheet;
PCT/ US96/ 00084

7. The
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conprising the
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48 L11) an absorbent core positioned between said
backinmg—steet—ane——said . topsheet . said _absorbent core

characterized in that it conprises the f oam mat er1 al of
any of Clains | to 5 9. A process for the preparation of an
absorbent pol yneric foam materi al characterized in that it
conpri seVOpg2168kps of . A) form ng a wat erpgvosdéboogdTul Si on
from 1) an oil phase conpri sing:

a) from85 to 98% preferably from90 to 97% by wei ght of a nononer
conponent capable of form ng a copolynmer having a Tg val ue of bel ow

about 35C or lower, preferably from 15[ err] to 30[err]C, the nononer
conmponent conpri sing: i) from45 to 70% by
wei ght of a substantially water-insol uble,

nonof uncti onal nonomer capable of form ng a pol yner having a Tg

of 25[err]C or |ess; i) from1l0 to 30% by

wei ght of a substantially water-insoluble,

nonof uncti onal conononer capable of inparting toughness about

equi val ent to that provided by st yi3pth iii)
from 5 to 25% by weight of a first substantially wat er -

i nsol ubl e, pol yfunctional crosslinking agent selected fromthe group
consi sting of divinyl benzenes, trivinyl benzenes, divinyltoluenes,

di vi nyl xyl enes, di vi nyl napht hal enes di vi nyl al kyl benzenes,

di vi nyl phenant hrenes, di vi nyl bi phenyl s, divi nyl di phenyl net hanes,

di vi nyl benzyl s, di vi nyl phenyl et her s, di vi nyl di phenyl sul fi des,

di vi nyl furans, divinylsulfide, divinylsulfone, and m xtures thereof; and
V) fromO to 15% by wei ght of a second substantially water-

i nsol ubl e, pol yfunctional crosslinking agent selected from group

consi sting of polyfunctional acrylates, nethacrylates, acryl am des,

met hacryl am des, and m xtures thereof, and b) from2
to 15% preferably from3 to 10% by weight of an enulsifier

conponent which is soluble in the oil phase and which is suitable for
formng a stable water-in-oil emrulsion, said e sifier conponent
conprising a primary enul sifier having g 34 .bout 40% by wei ght
enul si fying conponents sel ected fromg 0‘5@ gl ycer ol
nonoesters of branched Cerr]-Cerr]
Cerr]-Cerr]

Cerr]-Cerr] fatty acids;
branched Cerr]-Clerr] fatt
aci ds.
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and linear saturated Clerr]- C[err] fatty aC|ds di gl ycerol nonoaliphatic
et hers of branched C[err] Cerr] alcohols, linear
unsaturated Cferr]-Clerr] al cohols, and | i near

sat ur at egyoGkeiehd - CLerr] al cohol s, and mi xtures ther eof ; PGERS96/00084

2) a water phase conprising an aqueous solution containing: (a) from

0.2 to 20% preferably from 1 to 10% by weight of a water-soluble
el ectrolyte, preferably calciumchloride; and (b) an effective anmount of a

pol ynmeri zation initiator; 3) a volunme to weight ratio
of water phase to oil phase in the range of fromb55:1 to
100: 1, preferably fromb55:1 to 75:1, nost preferably from55:1

to 65:1; and B) polynerizing the nononer conponent in the oi
phase of the water-in-oil 4% emul sion to forma pol yneric foam
mat eri al . 10. The process of Caim9 characterized in that it
conprises the further step of - dewat eri ng the polyneric foam
material of step B) to an extent such that a collapsed,

polymeric foammaterial is formed that will re-expand upon contact with
aqueous fluids. 11. The process of any of Claims 9
to 10 characterized in that said nononer . conmponent conprises:

i) fromb50 to 65% by wei ght nononer selected fromthe group

consisting of CJerr]-Cerr] alkyl acrylates, aryl acrylates, Clerr]-Cerr]
al kyl nmet hacryl ates, acrylam des, Cerr]-Cerr]

al kyl styrenes and m xtures 64 t her eof ;

i) from 15 to 23% ¢l ected fromthe

group consi sting of st\eraronpy AHY KNS t her eof

i) from12 to 18¢@Y wei ght di vivgE -

i V) from7 to 139Ngfkseeight of saf

0S ( Ng agent
sel ected fromthe g‘OUp"'nnGﬁmﬁﬁﬁﬁTﬁuuuu:nﬁﬁﬁﬁ’i: i Net hacryl at e,

et hyl ene gl ycol di

yl ate, 1, 6-hexanedi ol
m xtures thereof; =

12. The procesgglids %gﬂaracterized
ed from jellE@fe gr oup\ consi sting of

butyl acryl ate, te, octyl acryl atqj

acryl ate, nonyl gEEcy| acryl ate, dode@yi i sodecyl
acrylate, tetradegyl ) acryl ate, benzy® nonyl phenyl
acryl ate, hexyl octyl

63



methacryl ate, nonyl nethacrylate, decyl nethacryl ate i sodecyl

methacryl ate, dodecyl WD 96/ 21680
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met hacryl ate, tetradecyl nethacrylate. N-octadecyl acryl am de,
p-n-octyl styrene, and m xtures thereof 13. The

process wHodpist Clains 9 to 12 characterized in that ROTASSEH0EH v

enul sifier conprises at |east 70% emnul si fying conponents selected fromthe
gr oup consi sting of diglycerol nonool eate, diglycerol
~nmononyristate, diglycerol nonoi sost earate, diglycerol nonoesters
of coconut fatty acids, sorbitan nonool eate, sorbitan

nononyri state, sorbitan nonoesters of coconut fatty acids, and m xtures

t her eof 14. The proces 2f any of Clainms 9 to 13 characterized
in that the emulsifier :B nt further conprises a secondary
emul sifier selected fromthe group consi sting of phosphati dyl
chol i nes and phosphati dyl choline-containing conposi tions,
aliphatic betaines, long chain-Clerr]-Clerr] dialiphatic, short chain
Cerr]-Cerr] di al i phatic quaternary amonium salts, |ong chain
Cerr]-Cerr] dialkoyl (al kenoyl) - 2- hydr oxyet hyl , short chain
Cerr]-Clerr] dialiphatic quaternary anmonium salts, |ong chain
Clerr]-Cferr] dialiphatic imdazoliniumquaterng&y amonium salts, short
chain (Jerr]-Cerr] dialiphatic, longf cRain Clerr]- C[err]

nonoal i phat i benzyl quaternary anmo@i umsalts the I ong chain
Cerr]-Cerr N koyI(aI kenoyl ) - 2- agi nfR g t chain err]-Cerr]
nonoal i phati c, ch@ n Cerr]-degrf] N xyal i phatic quaternary
amoni um sal t s, N and m xturesythel M a weight ratio of
primary emnul siffi er i of from about 50:1 to
about 1:4. ~ \14 characteri d&d in that
t he secondaﬂ/ 0@y t he group cansi sting of
dital | ow di fet ~ di met hy@famoni um
met hyl sul f at &3 t he wei ght rati.g

of primary tgQ
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