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1 ABSORBENT FOAMS MADE FROM HI GH | NTERNAL PHASE EMULSI ONS USEFUL FOR

ACQUI Rl NG AQUEQUS FLUI DS TECHNI CAL FI ELD OF THE | NVENTI ON Thi s application
relates to flexible, mcroporous, open-celled absorbent f oam
mat eri al s. THVQ’HW? cation particularly relates to absorbeﬁgjr%g&?ﬂosss
materi als made from high internal phase emnul sions that are capabl e of
acquiring and distributing aqueous fluids; e.g. urine. BACKGROUND OF THE

| NVENTI ON 15 The devel opnent of highly absorbent articles for use as
di sposabl e di apers, adult incontinence pads and briefs, and cataneni al
products such as sanitary napkins is the subject of substantial commrerci al

interest. The ability to provide high perfornmance absorbent articles such
as di apers has BBSAREENT FQAMS MADEERQM HIGH INTERNAEI RHASEEMULSIONS

absorbent cores or struct WSEFULIFOR ATOIARING AQUEDSKSFLIbg and store 20

| ar ge quantltles of discharged body fluids, in particular urine. In this
regard, the®use of certain particulate absor bent polymers often referred to
as "hydrogels, " "superabsorbents” or "hydrocolloid" materials has been
particularly inportant. See, for exanple, U S. Patent 3,699, 103 (Harper et
al), issued June 13, 1972, and U.S. Patent 3. 770,731 (Harnon), issued June
20, 1972, that disclose t helEEHNIEAL DOF THEINVENEION: hsor bent  pol ymer s
in absorbent articl &his appliestibn ﬁﬂamduyekﬂhnenmmﬂﬁmhmghopaﬂﬁmmh&m&ﬁbdnapers

has been th

advant age o? tﬁeﬁ'ﬁﬁ5 f?éﬁ@%#ﬁ?&ﬁgsgf%%%ﬁﬂﬁﬁﬁo@ﬁﬁéﬁﬁ%gﬁ?éeﬁ %%%‘&to absorb
| arge quantiti é‘?%!aisd!‘%% (rhassrmulsions;thas are Gappbl ¥9°%ﬁ§‘5 agded in
conbi nati on w tdistrﬂ;uim@aqmsusrmﬁdsl, ag,sﬁ@e for exanple, U S Patent 4,673, 402
(Weisman et al), 30 issued June 16, 1987 and U.S. Patent 4, 935,022 (Lash
et al), issued June 19, 1990, that di scl ose dual -1 ayer core structures
conprising a fibrous matrix ks HH MY BENAIONO| yer s usef ul in

L ashi oni ng fi ?h per fme wu@nwnagemgm Ebﬁﬁﬁengaftkleﬁ%ﬁﬁ& Ao ltmt difysdr | §/Mer s
of 'F1 i ds. suchAaE FiplHEhte pRAs ety 464 Casimsrie pfedugs saR e epnp e L o o
absor bent pol yrietke anluemuqhmmwmm Iptykgsacr"]hmabkfy t_q lpeovadenhighf t he
ot her absor bentpeifoimanEe sbsofb@SAtitiéOdith Xs 8PS hidWRd cBtingaf on!thd Bility to
develop relatively absorbent cores or structures that can acquire, distribute and store
20 large quantities of discharged body fluids, in particular urine. In this regard, the use
of certain particulate absorbent polymers often referred to as "hydrogels,”
"superabsorbents” or "hydrocolloid" materials has been particularly important. See,
for example, U.S. Patent 3,699,103 (Harper et al), issued June 13, 1972, and U.S.
Patent 3,770,731 {(Harmon), issued June 20, 1972, that disclose the use of such
25 particulate absorbent polymers in absorbent articles. Indeed, the development of high
performance diapers has been the direct consequence of thinner absorbent cores that
take advantage of the ability of these particulate absorbent polymers to absorb large
quantities of discharged aqueous body fluids, typically when used in combination
with a fibrous matrix. See, for example, U.S. Patent 4,673,402 (Weisman et al),
36 issued June 16, 1987 and U.S. Patent 4,935,022 (Lash et al}, issued June 19, 1990,
that disclose dual-layer core structures comprising a fibrous matrix and particulate
absorbent polymers useful in fashioning high performance diapers.
These particulate absorbent polymers have previously been unsurpassed in
their ability to retain large volumes of fluids, such as urine. A representative example
35 of such particulate absorbent polymers are lightly crossiinked polyacrylates. Like
many of the other absorbent polymers, these lightly crosslinked polyacrylates
comprise a multiplicity of anionic {charged) carboxy groups attached to the polymer
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t he pol yner to absorb aqueous body fluids as the result Of&%%“35E5 rces.
Absor bency bXQ¥/BH2capillary forces is also inportant in y - apsor bent
articles, including diapers. Capillary absorbents can offer superior
perfornance in 5 terms of the rate of fluid acquisition and w cking, i.e.
the ability to nove aqueous fluid away fromthe point of initial contact.
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(e.g., uncont r §fyedNovember 19 1985 (body fiuid absorbing cellular polymers that can be used

in diapers or catamenial products); U.S. Patent 4,740,520 (Garvey et al), issued April

26, 1988 (absorbent composite structure such as diapers, feminine care products and

20  the like that contain sponge absorbents made from certain types of super-wicking,

crosslinked polyurethane foams).

If made appropriately, open-celled hydrophilic polymeric foams can provide
features of capillary fluid acquisition, transport and storage required for use in high
performance absorbent cores. Absorbent articles containing such foams can possess

2s  desirable wet integrity, can provide suitable fit throughout the entire period the
article is worn, and can minimize changes in shape during use (e.g., uncontrolled
swelling, bunching). In addition, absorbent articles containing such foam structures
can be easier to manufacture on a commercial scale. For example, absorbent diaper
cores can simply be stamped out from continuous foam sheets and can be designed to

3o have considerably greater integrity and uniformity than absorbent fibrous webs. Such
foams can also be prepared in any desired shape, or even formed into single-piece
diapers.

Particularly suitable absorbent foams for absorbent products such as diapers
have been made from High Internal Phase Emulsions (hereafter referred to as

35 “HIPE"). See, for example, U.S. Patent 5,260,345 (DesMarais et al), issued
November 9, 1993 and U.S. Patent 5,268,224 (DesMarais et al), issued December 7,
1993. These absorbent HIPE foams provide desirable fluid handling properties,




swel ling, bunching). In addition, absorbent articles containing such foam
structures can be easier to manufacture on a conmercial scale. For exanple,
absor bent di aper cores can sinply be stanmped out from continuous foam
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t han t he desorption pressure of the acqmsmor#’dtstnbutlon oam. This property of fluid
desorption to other core components is important in providing the ability to accept
repeated discharges or loadings of fluid and to maintain the skin dryness of the

20 wearer. It also allows the acquisition/distribution foam to serve as a void volume
reservoir, or buffer zone, to temporarily hold fluid that can be expressed from the
storage components of the core when extraordinarily high pressures are encountered
during use of the absorbent article.

In giving this fluid to other core components, these foam-based

23 acquisition/distribution components should do so without densifying or coilapsing.
Foam-based acquisition/distribution components should also readily accept fluid,
with or without the aid of gravity. Foam-based acquisition/distribution components
should further provide good aesthetics, be soft and resilient in structure, and have
good physical integrity in both wet and dry states.

30 Materials useful as such acquisition/distribution components are described
and claimed in co-pending U.S.S.N. 08/370,695, filed January 10, 1995, by Stone, et
al. While the materials described therein function well as such a component, there
remains a desire to improve their ability to desorb fluid into a storage component.
Accordingly, it would be desirable to be able to make an open-celled absorbent

as  polymeric foam material, in particular an absorbent HIPE foam, that: (1) can
function as an acquisition/distribution-component in an absorbent core; (2) has
improved desorption properties to allow other core components having higher




desorption pressure of the acquisition/distribution foam This property of
fluid desorption to other core conponents is inportant in providing the
ability to accept repeated discharges or |oadings of fluid and to maintain
the skin dryness of the 20 wearer. It also allows the
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S sof t, flgxible and confor t}ﬁbﬁ@,ﬁ Qeamom@,ﬁr aciy; the absorbent 5
i apers and ot her absor bEhC . AFHARL ﬁm&egi’?ﬁ% [ ot P, e B '
conponent s. ﬁ’omabout3toabout 20 cm;
C) a capillary desorption pressure (i.e., height at 50% capacity) of
from about 8 to about 25 cm;
20 D) aresistance to compression deflection of from about 5 to about
85% when measured under a confining pressure of 0.74 psi;
and
E) afree absorbent capacity of from about 12 to about 125 g/g.

Besidés acquiring and distributing body fluids rapidly, the absorbent foams of

25 the present invention give up this fluid efficiently to other fluid storage components,

including foam-based fluid storage components. The absorbent foams of the present

invention combine relatively high capillary absorption pressures and capacity-per-

weight properties (compared to conventional foams) that allow them to acquire fluid,

with or without the aid of gravity. While not being bound by theory, it is believed the

3¢ improved desorption properties of the present foams is due, at least in part, to a more

uniform distribution of cell sizes compared to prior foams, including those described

in co-pending U.S.S.N. 08/370,695, filed January 10, 1995 (Stone et al.). In any

event, the enhanced desorption properties are obtainable because of the processing
improvements discussed in detail below.

35 The absorbent foams of the present invention also provide good aesthetics

due to their soft, resilient structure and physical integrity. As a result, the absorbent

foams of the present invention are particularly attractive for high performance



DI SCLOSURE OF THE | NVENTI ON The present invention relates to polyneric foam
materials that are capable of 10 acquiring and distributing agueous
fluids, especially discharged body fluids such as urine. These absorbent

polynmeric foammaterials conprise a hydrophilic, flexible, L.Onl
pol yneric f o R ® Pt ure of interconnected open-cells. The P%g%g%{o%%ture

has: A) a capacity after desorption at 30 cm of |ess than about 10% of 15
the foam s free absorbent capacity; B) g capillary absorption pressure
(i.e., height at 50% capacity) of fromabout 3 to about 20 cm C) a

capi | l ary desonbidinmt AielRs slich ab htaﬁe%)alaﬁit %&m%n&%&?@ﬁ?g%p Y%nétg@it%gﬂﬂ. about

8 to about 25 crr%Z. a resista
defl ection of M Fhe 'Bﬁ'ut. 5 to about 85% when neasured under a confining
pressure of 0.74 psiA pamicilagly impertdnt awribubsofi the foams afitheipresentfinfention i itkatit 12

o about 125 gty @ rlgSlapleli Aol of ikl BhiohAinP ke dsric AR O V.

t he absorbent f of 25. thg present ,hvention give u
effieciently’®to v@ﬁ?@‘#ﬂ&!’%‘?‘&’%&@%’oﬁd&h@#ﬁ@é ﬂ}aﬁg‘F%Eﬁs FeoRnEAMPIESION| ui d
st orage conponéin. sresistinee ad sallapseh by hydrostatizfpréssgrepisdne b3 the desdagtionpressurdi ne
relatively hig LI PR b C Liy-pear-. wetght
properties (co%gﬁéﬁ _dt’%ﬁ%/f)nyent%}gna ‘*%E‘Sén?k%ﬁ%‘?qgﬂ g‘\%aﬁhgesxn%et%a‘gae\gﬁfo?e
fluid, with or comprstien deflectiony &Y related importaph jattebyte s that these feams. Wheaheor vy,
it ij s bel i eved vidaed,3@poritareoashe Creeipand mﬁeﬁnaﬂpﬂimhthﬂﬁ_ﬁfeﬁepafpnlheﬂﬁﬂbalfoaﬁs
is due, at |Jea t. r . s
conpar ed tollopr ?étrnb%(s)%%{é teve}nﬁgﬁhg% s%[ol#égée‘aé%gﬁgfrlﬁﬁ%.eg&g%eg%_tg%sﬁgﬁ?%s ‘%\’égs N.
08/ 370, 695, fi [aEdWhehdewaterel byoeither Slesaeption, &y . mechapical ngorapression, tafea
enhanced dtes O(rj RbmbiRatisnoferebs, t%lglflé@alfﬂﬁdadrggﬁdnﬁreﬁﬂﬁ@l@rﬁmpéxgﬁmg Bfa@&??&.’ﬁhng f
i nprovenents di S i D..de el ow. . The absor.be ans o
the present i m}%’ﬁ& @%g%ﬂag'gg'p ‘Tsﬁgoa&%ﬁ qﬁ'@%‘?’ ﬁg‘l"l"(?éluﬁiﬁés ﬁ&'i“‘ﬁeﬂ@f'ﬁs"h?ﬁ?‘,‘
resilient strudtabletoprovidswdierfelintegrity. As a result, the absorbent
foa][rs of thg presentrhé nyesRhi Mvedtich RatHel Gelais! 06 Bt prodkt i f6f JoBlinifl hese
pertormnce absorbent foams by polymerizing a specific type of water-in-oil emulsion or HIPE

having a relatively small amount of an oil phase and a relatively greater amount of a

water phase. This process comprises the steps of:

A) forming a water-in-oil emulsion at a temperature of about 50°C or
20 higher, under low shear mixing at less than about 1000 sec-1, from:
1)  anoil phase comprising:

a) from about 85 to about 98% by weight of a monomer
component capable of forming a copolymer having a Tg of
about 35°C or lower, the monomer component comprising:

25 i)  from about 30 to about 80% 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;
ii) from about 5 to about 40% by weight of at least one
30 substantially water-insoluble monofunctional comonomer
capable of imparting toughness about equivalent to that

provided by styrene;

ili) from about 5 to about 25% by weight of a first substantially
. water-insoluble, polyfunctional crosslinking agent selected
35 from divinyl benzenes, trivinylbenzenes, divinyltoluenes,
divinylxylenes, divinylnaphthalenes divinylalkylbenzenes.
divinylphenanthrenes, divinyl-biphenyls.
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5 absorbent articles such as diapers, adult incontinence pads or briefs,
sanitary napkins, and the like. A particularly inportant attribute of the

f oans of the'gresent i nvention is that they do not coIIapse ,E ﬁégrbed
by other conp QP83 n the absorbent core. 5 Wiile not belng oun

theory, it is believed that this resistance to conpression (i.

resi stance to collapse) by hydrostatic prgssures is due to the desorption
pressure of these foans in their expanded state being |l ess than the
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a water phase. This process comganesiewhichds soluble lofthe/‘()ll phase ranil nghich is

wat er-in-oij enulsion at a tﬁﬂﬂﬂ@lé?&r%ﬁm aﬁmmvaéﬂixﬁ&réa&lﬂén,memmsm
hi gher, under | ow shear m XI n I ess t, @ out, from 1)
t 9”83}5' i‘%‘l feask

an oi|l phase conpri sing: RSWF tﬁ?ﬂ‘?“w %BB’H?"Y a
nmonomer conponent capabl e ofalioot #ﬂ%ﬁgbﬁmghbbymb@lﬁmvom@migebﬁeehmm 3

S[err]C or |ower, the nDnoneggRedRO mﬂmlm@g <Ak ted C C
from about 30 to about 80%b I | east or\l“é su 6 a?%cgc}dé.

el t o
wat er - i nsol ubl e nonof uncti on ‘X\ens ﬁE'P{ ’6‘3’&%95@%‘ froranshed i
anor phous pel ynmer havi ng a Tdiglyteralrnonoaliftatic ethé's of branched 015+()24 ﬂwhnisabout 5

to about 40% by weight of at gbrashi MBfoaliphatic ethers of linear unsaturated C16-Caz
fatty alcohols, diglycerol monoaliphatic ethers of linear
saturated C12-Cj4 alcohols, sorbitan monoesters of linear
unsaturated Cy4-Cys fatty acids, sorbitan monoesters of
20 branched C¢g-C24 fatty acids, and mixtures thereof. or (ii) the
combination a primary emulsifier having at least 20% by weight
of these emulsifying components and certain secondary
emulsifiers in a weight ratio of primary to secondary emulsifier
of from about 50:1 to about 1:4; and
2s 2)  a water phase comprising an aqueous solution containing: (i) from
about 0.2 to about 20% by weight of a water-soluble electrolyte;
and (ii) an effective amount of a polymerization initiator;
3)  avolume to weight ratio of water phase to oil phase in the range of
from about 12:1 to about 125:1; and
30 B} polymerizing the monomer component in the oil phase of the water-in-

)

oil emulsion to form a polymeric foam material; and
C) optionally dewatering the polymeric foam material.

The process of the present invention allows the formation of these absorbent

foams that are capable of acquiring, distributing, and rapidly desorbing fluids as a

35 result of a combination of two factors, both of which are discussed in detail below.
In general, one factor is the use of low shear mixing during HIPE formation. The
other is the use of more robust emulsifier systems that allow the HIPE to be formed
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| i near unsat ur diviagl Kﬁimue](m[mmlsw% alivinyltrazeie):2-sthylhbiyh dcryattonrit wWhde 6%
(by weight of the oil phase) of diglycerol monooleate (DGMO) emulsifier was used.
Figure 4 of the drawings is a photomicrograph (250 X magnification) of the
15 foam of Figure 3.
Figures 5 and 6 of the drawings represent, respectively, a top view and a side
view of a multi-layer core configuration where the fluid storage/redistribution
component overlies a subjacent fluid acquisition/distribution component.
Figure 7 of the drawings represents a blown-apart view of the components of a
20  diaper structure also of multi-layer core configuration having an hourglass-shaped
fluid acquisition/distribution foam layer overlying a fluid storage/redistribution layer
with a modified hourglass shape.

DET D TION OF THE (0

25 L Polymeric Absorbent Foams
A General Foam Characteristics

Polymeric foams according to the present invention useful in absorbent
articles and structures are those which are relatively open-celled. This means the
individual cells of the foam are in complete, unobstructed communication with

30 adjoining cells. The cells in such substantially open-celled foam structures have
intercellular openings or "windows" that are large enough to permit ready fluid
transfer from one cell to the other within the foam structure.

. These substantially open-celled foam structures will generally have a
reticulated character with the individual cells being defined by a plurality of mutually

35 connected, three dimensionally branched webs. The strands of polymeric material
making up these branched webs can be referred to as "struts." Open-celled foams
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by wei ght of these enul sifying conponents and certain secondary enulsifiers
in a weight ratio of primary to secondary emulsifier of fr 1 to
about 1:4; aN{p27832 2) a water phase conpri si ngoéerﬁlgggﬁgoggg
solution containing: (i) fromabout 0.2 to about 20% by wei ght of a

wat er -sol ubl e el ectrolyte; and (ii) an efgective anount of a polynerization
initiator; 3) a volume to weight ratio of water phase to oil phase in the
range of from &ang alZypical Ostrbpdype stileike H80shdtn by way oB)exampleymBrthozi ng

th t
form e pol yrer PRopiitrodrits 8 ibates 433, P bllfodt bl ofked imvefithh, Skl | 0
foam mat eri al . matesiabis Sepencelied"tifiat least tOthW@ﬂ-‘c mdheﬁ:ammxcw ﬂfoqf@ratlon of
these absor benfeaktopyim ir 28 ard i Etithishidtion Gth af lek\d ondlddidcbitiepll. ng, and

rapi dly desorbing flui as .a,.3b resul f,a conbi nat on of t tors,
both of whiéh are dk"s 8@§%’H to beipg; qpen @‘T‘QW““&P@EH%‘F \Q@F&&? Y's the
use of |ow sheéydmphixm@mnﬂgtbmﬁa dsorbeaquenys fivide a‘hhmtem&surfaeewehe)f nmor e
L%?fﬁtsg(gm)zgg nd our ed Péi\ker@él Ihat Lé/ﬂé]}% d?'r?gddaphﬁﬁ%é at ur gls"ﬁcdﬁg l@%@rﬁﬂ?w
50[err] C or g’ “’B%N?f!‘ @P&W’W@X- %C%" 89 foam
drawings is a gneatment:prbchhm asideschibecdliesenftpt i on curves of thr ee 5 H PE foans
pour ed at. djf f e ent Ty My 4! *vhﬂﬁpﬁas@ gou Brid IeBuuD S8 StydFighiic® nOfe L e

dr awi ngs is a gr O; Tl on urve ese same three
H PE foams. Fi gtwg%s‘f 3& thee basipn’ é{albh a@m;m
magni fi cati on) abortmblectest tiquidf 'aher e&tmenbﬂdomexlﬂhedrﬁyeﬁtesqoﬁamsecancbé oam

according to tulaeﬁa,ﬁaﬁsszpeﬁ& oyl S BroUBéiFe W0 G uBAKE B8 2ot i,

wat er -t o- oi | rat1'o_an
e. g synthetic urine, is measured for a sample of known dimensions and capillary

15 suction specific surface area. Such a procedure is described in greater detail in the
TEST METHODS section of U.S. Patent 5,387,207 (Dyer et al), issued February 7,
1995, which is incorporated by reference. Foams which 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

20  dynes/cm, as determined by capillary suction uptake of synthetic urine having a
surface tension of 65 + S dynes/cm.

An important aspect of these foams is their giass transition temperature (Tg).
The Tg represents the midpoint of the transition between the glassy and rubbery
states of the polymer. Foams that have z higher Tg than the temperature of use can

25 be very strong but will also be very rigid and potentially prone to fracture. Such
foams also typically take a long time to respond when used at temperatures colder
than the Tg of the polymer. The desired combination of mechanical properties,
specifically strength and resilience, typically necessitates a fairly selective range of
monomer types and Jevels to achieve these desired properties.

30 For foams of the present invention, the Tg should be as iow as possible, so
long as the foam has acceptable strength. Accordingly, monomers are selected as
much as possible that provide corresponding homopolymers having lower Tg's. It
has been found that the chain length of the alkyl group on the acrylate and
methacrylate comonomers can be longer than would be predicted from the Tg of the

3 homologous homopolymer series. Specifically, it has been found that the
homologous series of alkyl acrylate or methacrylate homopolymers have a minimum
Tg at a chain length of 8 carbon atoms. By contrast, the minimum Tg of the




147[err] C, and where the nonomer conponent consisted of a 42:58 weight
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(DMA) measurement, as described in the Test Methods section hereafter).

B. Foam Characteristics Important_to uiring _and__Distributin
Aqueous Fluids Without Coliapsing

20 L Capillary Absorption and Desorption Pressures
An 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. V.
Nguyen in “Absorbency," Textile Science and Technology, Vol. 7, P. K. Chatterjee,
25  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 column of
fluid (e.g., synthetic urine} of height h. As illustrated in Figure 1, for foams of the
30 present invention, this is typically the inflection point on the capillary absorption

curve.

Figure 1 depicts the absorption curves for three foams. The absorption
pressures were determined from these absorption curves and are summarized in
Table 1 below.

35



material is "open-celled" if at least 80[err] of the cells in the foam
structure that are at least 1 [err]min size are in fluid comrunication
with at | east one adjacent cell. 5 In addition to being
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The extent to which these polyneric foalsbl@te "hydrophilic" can be
quantifi-ed by the "adhesio ensi Q' ue e Bt@ ¥$en in contact with
an absorbabl e test |iqui d.Eth!e ad%?rrg%} en m fion d by these foans
can be determ ned experinendéally 2|'£§|7|sg'la procedur  where wei ght uptake of a
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of the Figure 2 depicts the desorption curves of the same three foams. The
desorption pressures were determined from these desorption curves and are
summarized in Table 2 below:

20 Table 2
Foam Shear Rate  Desorption Pressure  Capacity After Desorption!
A 2767 sec”1 * 27 38%
B 540 sec'l ** 19 5.8%
c 180 sec1 *** 16 3.3%
*: 0.030 in. {0.8mm) (1.5% of Cylinder Diameter) pin wall to gap; 83 in/sec (212
cm/sec) pin tip speed.
**: 0.060 in. (1.5 mm) (3% of Cylinder Diameter) pin wall to gap; 32.4 in/sec (83.3
cm/sec) pin tip speed.
25 ***: 0,120 in. (3 mm) (6% of Cylinder Diameter) pin wall to gap: 21.6 infsec (54.9
cm/sec) pin tip speed.
L, measured from desorption curve as percent capacity at 30 cm (g/g) compared with

free absorbent capacity (g/g).
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35 honol ogous honopol yner series. Specifically, it has been found that

t he honol ogous series of al kyl acrylate or nethacryl ate honopol yners have a
m nimum Tg at a chain length of 8 carbon atons. By contrast, the mninmm Tg
of the WO 97/ 07832

PCT/ US96/ 0042 Y8¥ol yners of the present invention occursTEV K EeHE! n

| ength of about 12 carbon atons. (Wile the al kyl substituted styrene
nmononers can be used in place of the all jgcrylates and methacrylates, their
availability is currently extrenely limted). The shape of the glass
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The absorbent foams of the present invention can be readily desorbed by
other components of the absorbent core that store such fluids, including those
20 comprising conventional absorbent gelling materials such as are disclosed in, for
example, U.S. Patent 5,061,259 (Goldman et. al), issued October 29, 1991, U.S.
Patent 4,654,039 (Brandt et al), issued March 31, 1987 (reissued April 19, 1988 as
Re. 32,649), U.S. Patent 4,666,983 (Tsubakimoto et al), issued May 19, 1987, and
U.S. Patent 4,625,001 (Tsubakimoto et al), issued November 25, 1986, all of which
25 are incorporated by reference; as well as absorbent macrostructures made from these
absorbent gelling materials such as those disclosed in, for example, U.S. Patent
5,102,597 (Roe et al), issued April 7, 1992, and U.S. Patent 5,324,561 (Rezai et al),
issued June 23, 1994, both of which are incorporated by reference). Indeed, these
absorbent foams can be readily desorbed by other absorbent polymeric foams that
30 store the acquired fluid, such as those disclosed in, for example, U.S. Patent
5,268,224 (DesMarats et al), issued December 7, 1993; U.S. Patent 5,387,207 (Dyer
et al), issued February 7, 1995; and copending U.S. Application Serial No.
08/370,922 (Thomas A. DesMarais et al), filed January 10, 1995, Case No. 5541, all
of which are incorporated by reference. Accordingly, the absorbent foams of the
35  present invention function very well in muitiple "gush" situations to move the
acquired fluid rapidly to other fluid storage components of the absorbent structure.
Capillary absorption pressures can be measured using a vertical wicking
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Suitable absorbent foams according to the present invention have capillary
absorption pressures of from about 3 to about 20 c¢m and capillary desorption
pressures of about 8 to about 25 cm. Particularly preferred absorbent foams have
capillary absorption pressures of from about 3 to about 15 cm and capitlary
desorption pressures of about 8 to about 20 cm.

2. Capacity After Desorption

Another measure of a foam's ability desorb fluid is to determine the fluid
capacity of different portions of the foam after desorption. As used herein, the term
"capacity after desorption” refers to the relative amount of test fluid (synthetic urine)
a given foam sample, or portion thereof, retains in its cellular structure per unit mass
of solid material in the sample, after reaching desorption equilibrium. The foams of
the present invention have a capacity after desorption, at 30 cm, (referred to herein as
“capacity after desorption at 30 cm") of less than about 10% of the foam's free
absorbent capacity. Capacity after desorption can be determined by referring to the
desorption curves (discussed supra), such as those of Figure 2; free absorbent
capacity can be determined as discussed below.

Preferably, the foams of the present invention will have a capacity after
desorption at 28 cm that is less than about 10% of the foam's free absorbent capacity.

3. Resistance to Compression Deflection
An important mechanical feature of the absorbent foams of the present

invention is their strength as determined by their 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 composition; b) the conditions
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interest is the hydrostatic head (i.e., height) at which the fluid | oading
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restores the If the capillary desorpnon pressure of the foam is greater than its RTCD

15 and/or its re-expansion strength (i.e., expansion pressure at a particular %
compression), it will tend to collapse upon desorption and thus leave the foam in a
saturated, densified state. In this state, the acquisition/distribution foam can feel wet
to the touch, leading to wetter skin for the wearer. It would also impede the rate of
acquiring additional fluid gushes.

20 If the foams are too strong, however, they will look and feel stiff, leading to
poor aesthetics. Also, one mechanism by which foams of the present invention can
distribute and partition fluid involves mechanical pumping. Thus it can be
advantageous for the acquisition/distribution foam to be squeezed to some degree by
pormal pressures experienced by the wearer during use to promote this additional

25 partitioning mechanism.

The RTCD exhibited by the polymeric foams of the present invention can be
quantified by determining the amount of strain produced in a sample of saturated
foam held under a certain confining pressure for a specified period of time. The
method for carrying out this particular type of test is described hereafter in the TEST

30  METHODS section. Foams useful as absorbents for acquiring and distributing fluids
are those which exhibit a resistance to compression deflection such that a confining
pressure of 0.74 psi (5.1 kPa) produces a strain of typically from about 5 to about
85% compression of the foam structure. Preferably the strain produced under such
conditions will be in the range from about 5 to about 65%, most preferably from

3s  about 5 to about 50%.

4, Recovery from Wet Compression
Recovery from wet compression (RFWC) relates to the tendency or




capacity of the foamto accept further fluid "gushes" (either fromthe
wearer or from 10 squeeze out fromthe storage conponents) and keeps the
| ayer (e.g., topsheet) next to the skin of the wearer conparatively dry.
The data in Table 2 above shows how this property can be a% 0%3

sel ection of ¥PPM¥#3% ate processing conditions (e.g., shear ichis
dictated by inpeller tip speed and pin to wall gap.). Inportantly, foans B
and C, which were formed under the | ow shgar conditions as discussed 15
herein, have the requisite desorption pressures and capacity after
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thickness is taken as a measure of the recovery from wet compression of the sample.
20 Preferred absorbent foams of the present invention will generally exhibit a
recovery to at least about 60% of the fully expanded thickness within two minutes of
being released from compression. More preferably, such preferred foam materials
will have a recovery from wet compression of at least about 75%, most preferably at
least about 90%, of the fully expanded thickness within one minute of being released
25 from compression.

5. Free Absorbent Capacity
Another important property of absorbent foams according to the present

invention is 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
30 cellular structure per unit mass of solid material in the sample. The foams which are

IJ

especially useful in absorbent articles such as diapers will at least meet a minimum
free absorbent capacity. To be especially useful in absorbent articles for absorbing
urine, the absorbent foams of the present invention should have a free capacity of
from about 12 to about 125 g/g, preferably from about 20 to about 90 g/g, more
35  preferably from about 25 to about 75 g/g, and most preferably from about 30 to
about 55 g/g, of synthetic urine per gram of dry foam material. The procedure for
determining the free absorbent capacity of the foam is described hereafter in the
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PCt / US96/ 00433 12 absorbent capacity test as described in greater detail in
t he TEST METHODS section of U S. Patent 5,387,207 (Dyer et al), issued
February 7, 1995, which is incorporated by reference, excep r]c
rather than &8 Data fromthe vertical wicking absorbgﬁf}uég%’&géty
test provides the curve fromwhich the capillary absorption 5 pressure is
determ ned. Capillary desorption pressurggcan be nmeasured using the
procedure described in the TEST METHODS section. To generate the data for a

desorption curpEsT METMODS &b 1S saturated with water, hung vertically
and then allowed to desorb unti | equili bri um I's reached (referred to herein

as "desorpton equil@.bri ot igs lofl Pol jng is then plotted as a

function of height. The capillary desorpti on pressure, i.e., the
hydrostatic head at whidh t hEell and HoleSimss ng i s 50% of the free absorbent

fap?ﬁlty s ?eterm@éﬁﬁ%&%seﬁmedeﬂ&l : &ﬁ%ﬂ@?ﬁ%&ﬁcogdl ng
o the present inventipon haye ¢ [o]§ |on regsures, of .from abou
3 to about 20 ¥HFHR B‘EM ﬁtg‘%S IM PABSHZBE A5 about
25 cm Parti cuhmdn;erpomaiamg&i piiasc)thaemrrdtmdsmeidtuely mamtdek'-ﬁtey vedter-phadei on
pressures of frggag t ﬁ%&?ﬁ essures
of about 8 to Wﬁeﬁ}u&@ly%@%‘ﬁ&&ﬁa@?y i sorp |os§8§{% %’ﬂr R'rr‘ra\easure
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absorbent capagekdrtining the average cell and hole sizes of foams. The most useful technique
involves a simple measurement based on the scanning electron photomicrograph of a
20 foam sample. Figures 3 and 4, for example, show a typical HIPE foam structure
according to the present invention. Superimposed on the photomicrograph of Figure
4 is a scale representing a dimension of 20 um. Such a scale can be used to
determine average cell and hole sizes by an image analysis procedure. The foams
useful as absorbents for aqueous fluids in accordance with the present invention will
25 preferably have a number average cell size of from about 20 to about 200 pm, more
preferably from about 30 to about 190 um, and most preferably from about 80 to
about 180 um; and a number average hole size of from about 5 to about 45 um,
preferably from about 8 to about 40 pm, and most preferably from about 20 to about
35 um.

30 2. Capillary Suction Specific Area
*Capillary suction specific surface area" is a measure of the test-liquid-
accessible surface area of the polymeric network accessible to the test fluid.
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 thus a way of
3s  quantifying the total amount of solid surface provided by the foam network to the
extent that such a surface participates in absorbency.



3. Resi stance to Conpression Deflection An inportant nechanical feature
of the absorbent foans of the present invention is their strength as
determ ned by their resistance to conpression deflection (RTCD). The RTCD
exhibited by the foanms herein is a function of the polyner Rdlys. as
wel | as the d¥RMPP3%nd structure of the foam network. The. ggmljrrer modul us
I's, in turn, determned by: a) the polyner conposition; b) the conditions
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this state, the acquisition/distribution foamcan feel wet to the touch,
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e.g., dried or compressed whlle in a wet state. See U.S. Patent 5,387,207 (Dyer et
al), issued February 7, 1995, where specific area per foam volume is discussed in
detail with regard to collapsed foams. As used herein, “specific surface area per

20 foam volume" refers to the capillary suction specific surface area of the foam
structure times its foam density in the expanded state. It has been found that certain
maximum specific surface area per foam volume values correlate with the ability of
the foam structure to remain in an expanded state when desorbed, or to quickly
return to an expanded state after being compressed while in a wet state. Foams

25 according to the present invention have specific surface area per foam volume values
of about 0.06 mZ/cc or less, preferably from about 0.0075 to about 0.06 mZ/cc, more
preferably from about 0.0075 to about 0.04 m2/cc, and most preferably from about
0.008 to about 0.02 m2/cc.

4.  Foam Density

30 "Foam density” (i.e., in grams of foam per cubic centimeter of foam volume in
air) is specified herein on a dry basis. The density of the foam, like capillary suction
specific surface area, can influence a number of performance and mechanical
characteristics of absorbent foams. These include the absorbent capacity for aqueous
fluids and the compression deflection characteristics.

3s Any suitable gravimetric procedure that will provide a determination of mass
of solid foam material per unit volume of foam structure can be used to measure



di stribute and partition fluid involves nechanical punping. Thus it can be
advant ageous for the acquisition/distribution foamto be squeezed to sone
degree by normal pressures experienced by the wearer during use to pronote
this additional 25 partitioning nmechanism The RTCD eXhibi%@H%QMM&B
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among many other parameters, important in determining the structural, mechanical
and performance properties of the resulting polymeric foams. In particular, the ratio
of water to oil in the emulsion varies inversely with ultimate foam density and can
influence the cell size and capillary suction specific surface area of the foam and
20 dimensions of the struts that form the foam. The emulsions used to prepare the
HIPE foams of this invention will generally have a volume to weight ratio of water
phase to oil phase in the range of from about 12:1 to about 125:1, and most typically
from about 25:1 to about 90:1. Particularly preferred foams can be made from
HIPEs having ratios of from about 30:1 to about 65:1.
25 1. Oil Phase Components
The continuous oil phase of the HIPE comprises monomers that are
polymerized to form the solid foam structure. This monomer component is
formulated to be capable of forming a copolymer having a Tg of about 35°C or
lower, and typically from about 15° to about 30°C. (The method for determining Tg
30 by Dynamic Mechanical Analysis (DMA) is described hereafter in the TEST
METHODS section.) This monomer component includes: {a) at least one
monofunctional monomer whose atactic amorphous polymer has a Tg of about 25°C
or lower (see Brandup, J.; Immergut, E.H. “Polymer Handbook", 2nd Ed., Wiley-
Interscience, New York, NY, 1975, 11I-139.); (b) at least one monofunctional
35 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 monofunctional
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the most preferred. The monofunctional monomer(s) will generally comprise 30 to
about 80%, more preferably from about 50 to about 65%, by weight of the monomer
20  component.

The monomer component utilized in the oil phase of the HIPEs also
comprises one or more monofunctional comonomers capable of imparting toughness
about equivalent to that provided by styrene to the resulting polymeric foam
structure. Tougher foams exhibit the ability to deform substantially without failure.

23 These monofunctional comonomer types can include styrene-based comonomers
{e.g., styrene and ethyl styrene) or other monomer types such as methyl methacrylate
where the related homopolymer is well known as exemplifying toughness. The
preferred monofunctional comonomer of this type is a styrene-based monomer with
styrene and ethy! styrene being the most preferred monomers of this kind. The

30 monofunctional “toughening” comonomer will normally comprise from about 5 to
about 40 %, preferably from about 15% to about 25%, most preferably from about
18% about 24%, by weight of the monomer component.

In certain cases, the "toughening” comonomer can also impart the desired
rubber-like properties to the resultant polymer. The C4-Cy7 alkyl styrenes, and in

3  particular p-n-octyistyrene, are examples of such comonomers. For such
comonomers, the amount of that can be included in the monomer component will be
that of the typical monomer and comonomer combined.



C O her Properties of Polymeric Foam 1. Cell and Hole Sizes A feature
that can be useful in defining preferred polyneric foans is the cell 5
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wat er - phase HOPBFE, will frequently be substantially spherlcaf in shape.
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20 first cross-linking agent can generally be mcluded in the oil phase of the HIPE in an

amount of from about 5% to about 25%, more preferably from about 12% to about

20%, most preferably from about 12% to about 18%, by weight of the monomer
component.

The aptional second crosslinking agent can be selected from polyfunctional

25 acrylates, methacrylates, acrylamides, methacrylamides, and mixtures thereof. These

include di-, tri-, and tetra-acrylates, as well as di-, tri-, and tetra- methacrylates, di-,

tri-, and tetra-acrylamides, as well as di-, tri-, and tetra- methacrylamides; and

mixtures of these crosslinking agents. Suitable acrylate and methacrylate crosslinking

agents can be derived from diols, triols and tetraols that include 1,10-decanediol, 1,8-

30 octanediol, 1,6-hexanediol, { 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.

(The acrylamide and methacrylamide crosslinking agents can be derived from the

equivalent diamines, triamines and tetramines). The preferred diols have at least 2,

35 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 0 to about 13%, by weight of the monomer

ing a
ceII



cellular units in the foamand by the density of the polymer, and is thus a
way of 35 quantifying the total anmount of solid surface provided by the
foam network to the extent that such a surface participates in absorbency.
WD 97/ 07832 PCTUSH /00433
16 For purpoé‘&”@?@hi s invention, capilary suction specific surtface area
I's determ ned by neasuring the anmount of capillary uptake of a | ow surface
tension liquid (e.g., ethanol) which ocaygs within a foam sanple of a known
mass and di nmensions. A detailed description of such a procedure for
determning feempegestific 5 surface area via the capillary suction nethod

Is set forth in theykEsl ikl ﬁéoh"' f ﬁéq,?? LB . er et

al), issued Februa(rv‘{/ﬁg,ﬁt %#@gyﬁeasdg‘a%lbg a glr?%at | vdeéongbﬁ%'g@;%eﬁpy

det er mi ni ng c&8Nertes § mome homegeneauslyraresslinked sucture shat sigvelopsstrength more i zed.

The foans of tefRidatly BRAtusing \ehér RO firsf OF Whe SbBomPErOsIARIEr SloRk At bLhapRabibat have
|

10 il ' | £ f t, | bout Q.2 n2/g.
Tyob cal 1y, % ndsvely; e Pconl cttssinfercyite, i Toe' 6% Gt oomeniil e FRSpratbisroe £ om
about 0.3 to disositiorsregfony r Thig brqadest transitiop regiomncam battaildrel toomedtospecific 5

S T ace ar oa (ot BiAGHenct RAASAUALs ﬁ'i‘a‘é*qﬁ‘ﬂ: e o Rl 5 el o
vol ume can begﬂ’é’gﬁﬂﬁeow Wiﬁe&ljﬂ“f?ﬁsn Yo% %W‘ﬁ%ﬁr% Il not

col | apse, or mypedfrerosslinker vill eubibitch welatively natiow tragsitiotbregione Increasibgitbel or

conpr essed;Wigh@BufitbfIhe\Rbomf @b&linkes SerlbsTo bP&hexmheimﬁﬁﬁo-?{} ioh,[JV&H iftthe 2/ )
i ssued February 7, 1995, where s&effé#’fa%c area per foamvoltne |I's di scussed

in detail witH¥ Stipg,temperatice chagedsed herein, "specific surface
area per 20 foam Tbéunajor rpeftions of ahe il phase | dfathe HIPEs owill sqeqirike chsur f ace

has been f ound s Ftisnet il Sobbionaf i G0aiin Hpebtd” 13RI Rl 7 0. 11
val ues corr el 4865 {PEIPMERS, CAIRQUORIETSpad (RSP sgents; be e‘“&S“F'@%iW?‘h an
expanded stsat énsoluble sdabaitheychre primarily golubli fin/the ofl (phaset and awt the peavdqhast at e
after being CQRrgfhth bitintially wvitBlinstiithé mémMERs ensures that HIPEs of
appropriate characteristics and stability will be realized. It is, of course, highly
preferred that the monomers, comonomers and crosslinking agents used herein be of
the type such that the resulting polymeric foam is suitably non-toxic and
20 appropriately chemically stable. These monomers, comonomers and cross-linking
agents should preferably have little or no toxicity if present at very low residual
concentrations during post-polymerization foam processing and/or use.
Another essential component of the oil phase is an emulsifier component that
permits the formation of stable HIPEs. This emulsifier component comprises a
2s  primary emulsifier and optionally a secondary emulsifier. Suitable primary emulsifiers
are those which: (1) are soluble in the oil phase of the HIPE; (2) provide a minimum
oil phase/water phase interfacial tension (IFT) of from about 1 to about 10 dyne/cm,
preferably about 2 to about 8 dyne/cm; (3) provide a critical aggregate concentration
(CAC) of about 5 wt.% or less, preferably about 3 wt.% or less; (4) form HIPEs that
30 are sufficiently stable against coalescence at the relevant drop sizes and the relevant
process conditions (e.g., HIPE formation and 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
3s  components needs to be sufficiently high to provide at least approximately monolayer
coverage to internal oil phase droplets at the preferred drop sizes, water:oil ratios,
and emulsifier levels. It is also believed that a combination of 'a high minimum oil



25 according to the present invention have specific surface area per foam
vol ume val ues of about 0.06 nR/cc or |less, preferably fromabout 0.0075 to
about 0.06 njerr]/cc, nore preferably fromabout 0.0075 to about 0. 04
n2/cc, and rably from about 0.008 to about 0.02 Foam
Density 30 rTD‘%&J?'{y&lr!fg)am density" (i.e., in grans of foam per Cﬁﬁsé}ooas
centineter of foamvolune in air) is specified herein on a dry basis. The
density of the foam |ike capillary sucttﬁn specific surface area, can

i nfluence a nunber of performance and mechanical characteristics of

absorbent T 0alfhasehié phade i nk 16w CAC! BEHates NG frkokrib? of ABtAHY I Ul ds
and t he corrprelgs.l oa} de?ﬂgf I on, characteristics. 3 suirtabl e

gravinmetric pr ‘qu P #13¢5 198 the formatipn &f‘?’&hh‘lﬁ“&fg% oI id
f oam mat eri al apmagtuwell audlhohesmés bbHalm ptesenttinventiomn TDypicallydthese pria

WO 97/ 07832 /00433
17 foam denS|t For e (6) have m:.lt g%lor sohld-r%g;[hﬂ}nc oceaur%hag%é#?%ed nor e
fully in tHe %@ﬂe"mcﬁgp abaut 386 oF '&558 (ﬁ%ﬁ%n‘!’atg' dppersiie. (mfefBletreal ) s
one met hod thanbmual;ewawphwaﬁlefwra:mﬁsddm tOpipfeciiiblycpartition ihlo! thebrate f oans
of the presen a val ues
in the Iroan e M\r{g‘%&ggg"m&%%ﬁsﬁl}? %%gﬁ%ﬂ&%ﬁﬁ?%& from
about 0.01 | tsuffisient,vetiatility wheacspreadonachydpphebie éslrfgnef eam tbsdmlmr@w to .
about 0.032 g/fofm) kch tHat ahéradiineingOtortith ingle Ftasftietio NiriikPs ss thabn

or opared bY pd? ner?ia@%hﬁow%%’?k%ﬁ?%ﬁ{@ﬁﬁ&h%ﬁfR‘ﬁﬁe”teﬁ*s*‘%e‘&*08*9 an e

rel atively hi eseribed inthe TED 'ﬁ&@m@D&WMWnI y known in the art
as hHI PE|S Pol yrrer IBs MWVS&?WH&M’\{&&E énﬁl&ﬁéfkftfﬁcang'wﬁfﬁﬁdezéﬁr A on of
such emul sion re reaf ter e
relative am)uﬂ?ag{ @*"“F&QJ %clyn (?'?foﬁmaﬁs m?ﬁmtﬂ@?’ar e,

anmong nmany ot mwlspfxmarmmmts wlmtedsﬁmn |dnglyj:st®mmesngs toff dinear runsatunated
mechani calys  Cy6-Cyp fatty acids, diglycerol monoesters of branched Cyg-Co4 fatty acids,
diglycerol monoaliphatic ethers of branched Cjg-Co4 alcohols, diglycerol
monoaliphatic ethers of linear unsaturated Cj4-Czp alcohols, diglycerol
monoaliphatic ethers of linear saturated Cy4-Cj4 alcohols, sorbitan monoesters of
linear unsaturated Cy6-Co2 fatty acids, sorbitan monoesters of branched C16-Ca4
20 fatty acids, and mixtures thereof. Preferred primary emulsifiers include diglycerol
monooleate (e.g., preferably greater than about 40%, preferably greater than about
50%, most preferably greater than about 70% diglycerol monooleate) and sorbitan
monooleate (e.g., preferably greater than about 40%, more preferably greater than
about 50%, most preferably greater than about 70% sorbitan monooleate), and
2s  diglycerol monoisostearate (e.g., preferably greater than about 40%, more preferably
greater than about 50%, most preferably greater than about 70% diglycerol
monoisostearate).
Diglycerol monoesters of linear unsaturated and branched fatty acids useful as
emulsifiers in the present invention can ‘be prepared by esterifying diglycerol with
o fatty acids, using procedures well known in the art. See, for example, the method for,
preparing polyglycerol esters disclosed in U.S. Patent 5,387,207. Diglycerol can be
obtained commercially or can be separated from polyglycerols that are high in
diglycerol.  Linear unsaturated and branched fatty acids can be obtained
commercially. The mixed ester product of the esterification reaction can be
35 fractionally distilled 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



and performance properties of the resulting polyneric foanms. In particular,

the ratio of water to oil in the enmulsion varies inversely with ultinmate
foam density and can influence the cell size and capillary suction specific
surface area of the foamand 20 dinmensions of the struts t he

foam The emW@P¥E2sed to prepare the H PE foams of this Thvention wll
generally have a volune to weight ratio of water phase to oil phase in the
range of from about 12:1 to about 125:1, aeénd nost typically from about 25:1
to about 90:1. Particularly preferred foans can be made from H PEs havi ng
rati os of fronuseddut fracliohalt distillatioti. Typidally?the polyglycerol ester feedstock, Gitlile Phase

Conponent s Theb#lg]- ﬂl?t;ug}nhae %ﬁpﬁdsﬂénr@n&gq{é hat are
pol ymeri zed to m t hé so?é‘dm oam.strictures monomer conponent is
fornul ated to DEPAAIEKPRE ofithe %W’%‘ d’p@%“%@ﬁ"hﬁ% takesoplage. JPistillsn is
35[err] C or Iomectecaaﬂitﬁem Wi%@%be&&wm]ﬁémm&%ﬂéﬂc (The

doscri bed by cabise AR fes &%@4&%& SRR 3R 5, B, T SRRl

i ncl udes: (a) eomposition ofrthe mesulydnt rroixed ester pmductecanvmmde;emwt u&n&hlshphous
pol ymer has a rbgotai UshrerRdtBgraply. OSed OV/S! PASRSS, ﬂmd NEBiied Ut ,

E.H "Pol yner ndbogk’ d W l.e I nte sci ence, Y 1975,
111-139.): (b)“b%f“%gsf”ézg’ gl 24 Blumivoesol e distohusion; of ﬁ?‘ﬁﬂﬁb‘&g"t he
toughness or tmixed restef pmdu@ecanfbetdmemmmby(@l’!ﬂaryfsupwnqml yhromatography.

crosslinki pg ag@ny.s. Pdiéht(i%7§§7 bf af), sPRAIRBRRC), Yo95ICL i onal crossli nk| ng

agent. Sel ection of artlcul es and nmount s of’ of uncti on
97/ 07832 Lihear 3‘{ unsaturated, o branched digiycerplmongshahas 433 18
nmononer (s) andﬂhaﬁwrﬂ@rﬁeq)mmrdlqndltyﬁmmaﬁdaemmdlmglmmmweﬂ) can

be inportant tgucin' G2l drgat iged aggo%ﬁgg ﬁc&gﬁn’g W, esired
conbi nati on of structur mecha andl'i_ng V\/ni ch
render such neSisphep & s@‘i’t"&ﬁ‘? & fabf eAﬁ’!WS¥ ﬁe 1993, fenise Y. h&“@&nw

The nononens coinperpented bpngferesces one or nore nononers that tend to i rrpart
rubber-1ike propertdfih nbibestess ' tinbatSarstnatBd dnd rRRHbd Bty CdctllsSean paUch
obtained commercially or prepared using methods known in the art. See, for
example, U.S. Patent 4,103,047 (Zaki et al), issued July 25, 1978 (herein
incorporated by reference), especially column 4, line 32 to column 5, line 13, The
20 mixed sorbitan ester product can be fractionally vacuum distilled to yield
compositions that are high in sorbitan monoesters. Sorbitan ester compositions can
be determined by methods well known in the art such as small molecule gel
permeation chromatography. See copending U.S. application Serial No08/514346
(Stephen A. Goldman et al), filed August 9, 1995, Case No. 5540C, which describes
25 the use of this method for polyglycerol aliphatic ethers.

When these primary emulsifiers are used in combination with certain
secondary emulsifiers, the primary emulsifier can comprise lower levels of these
emulsifying components, 1.e., as low as about 20% of these emulsifying components.
These secondary emulsifiers are at least cosoluble with the primary emulsifier in the

30 oil phase and can be included to: (1) increase the stability of the HIPE against
coalescence of the dispersed water droplets, especially at higher water-to-oil ratios
and higher HIPE formation and polymerization temperatures, (2) raise the minimum
oil phase/water phase IFT, (3) lower the CAC of the emulsifier component, or (4)
increase the concentration of interfacially active components. While not being bound

35 by theory, it is believed that the ability of the secondary emulsifier to maintain a high
oil phase/water phase IFT and low CAC for the emulsifier component extends the
range of HIPE formation and pour temperatures (e.g., to about 50°C or higher) over



nononers can produce high nol ecul ar wei ght (greater than 10,000) atactic
anor phous pol yners having Tg's of about 25[err]C or |ower. Mnoners of this
type include, for exanple, the ((Jerr]-Cerr]) alkyl acrylates such as
butyl aciyl a@ 2)2 | 10 acrylate. octyl acrylate, 2-ethyl FMI at e,
nonyl acryla isél acryl ate, dodecyl (lauryl) acrylate, 1sodecy
acrylate, tetradecyl acrylate, aryl acrylates and al karyl acryl ates such as
benzyl acrylate, nonyl phenyl acrylate, the (Clerr]-(err]) alkyl

met hacryl ates such as hexyl nmethactylate, octyl nethacrylate, nonyl

met hacryl ate, dﬁeyhsme wwsxmm&nr&tmrmmhem CGd¢dp Sikaur yl)

th | at 5 Cl t h
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rel ated honopo‘F‘?HﬂT -pleyl gatido gthyods rtrehaingCef er r ed
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styrene and et 5 Can TN Yo inmdlhe) SiFl RIPRERES fhulle s

about 5 to abdes-Ca8 ﬂtmuéfeétemofi/sqdiwmgcu%wd suchins the givatyl gggern of
pr ef er abl y 1 r ogsdmlapsiitfos¥nRueid! and4he bistridesyt edtér dffsoﬂxbﬂi SToRBEIRicGedPa@ent . I n

ubbor -1 ke priare A EHE Sl ERIRRRT" Togsd epnd %ﬁ%i%ﬁ‘ri?ﬁﬁﬂgﬁ%@r
and in 35 par¢ommereiallyorprepared mmhquz!mewenathplass e ps%femed:mdemar s.
For such conbngiRsifers Wdﬁﬂlﬁ%ﬂﬁnﬂéﬁﬂ Hﬁhoﬁﬁﬁﬁ ﬁ@th&l”fdlﬁﬁeﬂmd' SeAIbG SRERYE
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26 in the emulsifier component, it is in 2 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.
The cil 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
25 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
optional component is an oil soluble polymerization initiator of the general type well
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. Another preferred
30 optional component is an antioxidant such as a Hindered Amine Light Stabilizer
(HALS) and Hindered Phenolic Stabilizers (HPS) or any other antioxidant
compatible with the initiator system to be employed. Other optional components
include plasticizers, fillers, colorants, chain transfer agents, dissolved polymers, and
the like.

3s 2 Water Phase Components

The discontinucus water internal phase of the HIPE is generally an aqueous
solution containing one or more dissolved components. One essential dissolved
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19 The nononer conponent also contains a first (and optionally second)

pol yfunctional crosslinking agent. As with the nonofunctional nononers and
conononers, selection of the particular type and anmount of

agents is verWOPHY® ant to the eventual realization of pre?épreg}opoll’yrrerl o
foans having the 5 desired conbination of structural, nmechanical, and
fluid-handling properties. The first poly&unctional crosslinking agent can
be selected froma w de variety of nononers containing two or nore
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t he nononer capb & OB 'ed ratio of divinylbenzene to ethyl styrene
is from about 30: 7mmrdhcﬁﬁlyﬂ5qapdﬂsofmeﬂmgmﬁq/sﬁmgdntamae@lﬁ£embabout
45:55. The § NGisusi Preftfed dictiBlyt ésea‘{@hx%n&f il v/t Eﬁ’trnﬁ gﬁeﬁcﬂmequ' red
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be i ncl uded i ralkdiee earth mitalse Examples ukdldﬂEsodmmrchh:Ma,rﬁalonﬁn thlorideqsaditm 5% t 0
about 25% r b bly
T i ciinecthos s e
optional seco | al 25
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t her eof . Thes rs&erﬁﬂf Vst

tri-, and tet‘retg% acry I - té‘gte,[ g{e @r%—ﬁlgn?flﬁa ag wel |
as di-, tri- oabqut EQ%EYWRBPM?Y"% . and m xt ures of these crossl i nki ng
agents. Suitable acThel HIREsawill alsdt typicillyl Qintaist b Gsdbjmefiitatiof initiator. Such an

initiator component is generally added to the water phase of the HIPEs and can be
20 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 combining the

foregoing peroxygen compounds with reducing agents such as sodium bisulfite, L-
25 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.

30

3. Hydrophilizing Surfactants and Hydratable Saits
The polymer forming the HIPE foam structure will preferably be substantially

free of polar functional groups. This means the polymeric foam will be relatively
hydrophobic in character. These hydrophobic foams can find utility where the
3s  absorption of hydrophobic fluids is desired. Uses of this sort include those where an
oily component is mixed with water and it is desired to separate and isolate the oily



agents can be derived fromdiols, triols and tetraols that include 1,1
O-decanediol, 1,8- 30 octanediol, 1,6-hexanediol, 1,4-butanediol,
1, 3-butanediol, 1,4-but-2-enediol, ethylene glycol, diethylene glycol,

trimethylolp pentaerythritol, hydroqui none, catecholpetEsRlosissO!
triethyl ene 8"@0%918,32pol yet hyl ene glycol, sorbitol, and the Tﬁe. ?The

acryl am de and net hacryl am de crosslinking agents can be derived fromthe
equi val ent diam nes, triam nes and tetragines). The preferred diols have at
| east 2, 35 nore preferably at |east 4, nost preferably 6, carbon atons.
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agents used h .nsugh @@ diglycerol monooleate, sorbitan monooleate and diglycerol
monoisostearate. In preferred foams, the hydrophilizing surfactant is incorporated
such that residual amounts of the agent that remain in the foam structure are in the
20 range from about 0.5% to about 15%, 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. Such salts include, for example, toxicologically acceptable alkaline earth metal

25 salts. Salts of this type and their use with oil-soluble surfactants as the foam
hydrophilizing surfactant 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 salts of this type include the calcium halides such as calcium
chioride that, as previously noted, can also be employed as the water phase

30 electrolyte in the HIPE.

Hydratable inorganic salts can easily be incorporated by treating the foams
with aqueous solutions of such salts. These salt solutions can generally be used to
treat the foams after completion of, or as part of, the process of removing the
residual water phase from the just-polymerized foams. Treatment of foams with such

35 solutions preferably deposits hydratable inorganic salts such as calcium chloride in
residual amounts of at least about 0.1% by weight of the foam, and typically in the
range of from about 0.1 to about 12%.
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21 phase/water phas ES formation of a stable
HI PE havi ng the sui >eHRg By F ion of a foam
havi ng t he preferrem'oanq:rep;ameltjpxaﬂylmvolves shemq:sm‘f tll)efomerstahlmhghtlon
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pol ymeri ¢ foam structure with a tant andlor hydratable salt to deposlt any
needed hydrophilizing surfactant/hydratable salt, and 4) thereafter dewatering this
26 polymeric foam structure.

1. Formation of HIPE

The HIPE is formed by combining the oil and water phase components in the
previously specified weight ratios. The oil phase will typically contain the requisite
monomers, comonomers, crosslinkers, and emulsifiers, as well as optional
25 components such as plasticizers, antioxidants, flame retardants, and chain transfer
agents. The water phase will typically contain electrolytes and polymerization

initiators, as well as optional components such as water-soluble emulsifiers.
The HIPE can be formed from the combined oil and water phases by
subjecting these combined phases to shear agitation. Shear agitation is generally
30  applied to the extent and for a time period necessary to form a stable emulsion. Such
a process can be conducted in either batchwise or continuous fashion and is generally
carried out under conditions suitable for forming an emulsion where the water phase
droplets are dispersed to such an extent that the resulting polymeric foam will have
the requisite cell size and other structural characteristics. Suitable mixing or agitation
35 devices are those that are capable of forming an emulsion under conditions of low
shear mixing. Emulsification of the oil and water phase combination will frequently
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oil/water phase stream at a rate of about 800 sec-] or less. Tip speeds should be
20 from about 5 in/sec (13 cm/sec) to about 70 in/sec (178 cm/sec), preferably from
about 5 in/sec (13 cm/sec) to about 60 in/sec (152 cm/sec), more preferably from
about 10 in/sec (25cm/sec) to about 50 in/sec (127 cm/sec). Pin to wall gap should
be between 1.5% and 20% of the cylinder diameter, preferably between 3% and 20%
of the cylinder diameter, more preferably between 5% and 20% of the cylinder
25 diameter.
The low shear described above allows processing at moderate temperatures
(e.8., 60 to 70°C), to obtain foams that have relatively uniform cell sizes. Uniformity
of cell size is believed to be important to the ability of the foam to desorb. In
particular such uniform cell sizes are believed to allow the foams to have a desorption
30 at 30 cm of less than about 10% of the foam's free absorbent capacity. Once formed,
the stable liquid HIPE can then be withdrawn from the mixing chamber or zone. This
preferred method for forming HIPEs via a continuous process is described in greater
detail in U.S. Patent 5,149,720 {(DesMarais et al), issued September 22, 1992, which
is incorporated by reference. See also copending U.S. application Serial No.
35 08/370,694 (Thomas A. DesMarais), filed January 10, 1995, Case No. 5543 (herein
incorporated by reference), which describes an improved continuous process having a
recirculation loop for the HIPE.
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i ncrease the siabéne aboyt G5°C amed Mspﬁrdgablylshove about 80°C, for a time period rangmg
20  from about 2 to about 64 hours, more preferably from about 2 to about 48 hours.
An advantage of the more robust emulsifier systems used is that coalescence is
minimized when polymerization/curing is carried out at higher temperatures. The
HIPE can also be cured in stages such as described in U.S. patent 5,189,070
(Brownscombe et al), issued February 23, 1993, which is herein incorporated by
25 reference.

A porous water-filled open-celled HIPE foam is typ:cally obtained after
polymerization/curing in a reaction vessel, such as a tub. This polymerized HIPE
foam is typically cut or sliced into a sheet-like form, Sheets of polymerized HIPE
foam are easier to process during subsequent treating/washing and dewatering steps,

30 as well as to prepare the HIPE foam for use in absorbent articles. The polymerized
HIPE foam is typically cut/sliced to provide a cut thickness in the range of from
about 0.08 to about 2.5 cm.

3. Treati j E

The solid polymerized HIPE foam formed will generally be filled with residual

35 water phase material used to prepare the HIPE. This residual water phase material
(generally an aqueous solution of electrolyte, residual emulsifier, and polymerization
initiator) should be at least partially removed prior to further processing and use of
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20 the HIPE foam will typically require treatment with an effective amount of a suitable

hydrophilizing surfactant to rehydrophilize the foam.
4.  Foam Dewatering
After the HIPE foam has been treated/washed, it will generally be dewatered.
Dewatering can be achieved by compressing the foam (preferably in the z-direction)

25 to squeeze out residual water, by subjecting the foam and the water therein to
temperatures of from about 60° to about 200°C, or to microwave treatment, by
vacuum dewatering or by a combination of compression and thermal
drying/microwave/vacuum dewatering techniques. The dewatering step will
generally be carried out until the HIPE foam is ready for use and is as dry as

30 practicable. Frequently such compression dewatered foams will have a water
(moisture) content of from about 50 to about 500%, more preferably from about 50
to about 200%, by weight on a dry weight basis. Subsequently, the compressed
foams can be thermally dried to a moisture content of from about 5 to about 40%,
more preferably from about 5 to about 15%, on a dry weight basis.

35

11 Uses of Polymeric Foams
A In General
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salts such as the

surtable for use in articles such as diapers, sanitary napkins, tampons, incontinence
pads or garments, clothing shields, and the like.

The absorbent foams of the present invention provide good aesthetics due to

20 their soft, resilient structure and physical integrity. In sheet form, these absorbent
foams can also be relatively easy to configure for use in a variety of absorbent
articles. In contrast to fibrous absorbent components, these absorbent foams remain
largely unchanged in overall appearance and structure during use, i.e. density, shape,
thickness, etc. Since these absorbent foams are not plasticized by aqueous fluids,

25 their mechanical properties remain largely unchanged when wet.

Because the foams of the present invention rapidly acquire and distribute
aqueous fluids, they are particularly useful as the fluid acquisition/distribution
component of an absorbent core. These acquisition/distribution foams combine
relatively high capillary absorption pressures and capacity-per-weight properties that

30 allows them to acquire fluid with or without the aid of gravity, therefore keeping the
wearer’s skin dry. This high capacity (per given weight) can lead to light-weight,
efficient products.

In addition, because the absorbent foams of the present invention can give up
this acquired fluid efficiently to other absorbent components, these foams are

3s  particularly useful as the upper acquisition/distribution component in a "multi-layer"
absorbent core that additionally contains a lower fluid storage/redistribution
component, where the absorbent core is positioned between the topsheet and
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(Bernardin),issued January 5, 1993, all of which are incorporated by reference; and
absorbent foams capable of storing acquired fluids such as those disclosed in U.S.
Patent 5,268,224 (DesMarais et al.), "issued December 7, 1993; U.S. Patent
3 5,387,207 (Dyer et al), issued February 7, 1995; and copending U.S. Application
Serial No. 08/370,922 (Thomas A. DesMarais et al), filed January 10, 1995, Case
No. 5541; all of which are incorporated by reference.
There is no particular criticality with respect to the positional relationship of
the fluid acquisition/distribution foam component and the fluid storage/redistribution
3s  component within these multi-layer absorbent cores so long as these components are
in effective fluid communication with each other and so long as each component is
large enough to effectively hold and/or transport the amount of aqueous body fluid



When these foans are to be used as absorbents for aqueous fluids such as
juice spills, mlk, and the like for clean up and/or bodily fluids such as
urine, they generally require further treatnent to render the foam
relatively nor drophilic. 5 Hydrophilization of the foa ssary,
can generalIywﬂﬁnéﬂﬁbnpllshed by treating the H PE foan1mnt&bmk&mﬁﬁ2ﬁ
hydrophili zing surfactant in a manner described nore fully hereafter. These
hydrophi lizing surfactants can be any matggial that enhances the water
wettability of the polymeric foamsurface. They are well known in the art,
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renovi ng tha  element by affixing the element dtrecﬁy to the other element, and configurations
whereby the element is indirectly secured to the other element by affixing the element
to intermediate member(s) which in tum are affixed to the other element. In
preferred absorbent articles, the topsheet and the backsheet are joined directly to
each other at the periphery thereof.

25 The backsheet is typically impervious to body fluids and is preferably
manufactured from a thin plastic film, although other flexible fluid impervious
materials may also be used. As used herein, the term "flexible" refers to materials
that are compliant and will readily conform to the general shape and contours of the
human body. The backsheet prevents body fluids absorbed and contained in the

30  absorbent core from wetting clothes that contact the articles such as pants, pajamas,
undergarments, and the like. The backsheet can comprise a woven or nonwoven
material, polymeric films such as thermoplastic films of polyethylene or
polypropylene, or composite materials such as a film-coated nonwoven material.
Preferably, the backsheet is a polyethylene film having a thickness of from about

35 0.012 mm (0.5 mil) to about 0,051 mm (2.0 mils). Exemplary polyethylene films are
manufactured by Clopay Corporation of Cincinnati, Ohio, under the designation P18-
0401 and by Ethyl Corporation, Visqueen Division, of Terre Haute, Indiana, under



resi dual water phase fromthe just-polynerized foans. Treatnent of foans
with such 35 solutions preferably deposits hydratable inorganic salts such
as calciumchloride in residual amounts of at |east about 0.1% by wei ght of
the foam an ly in the range of fromabout 0.1 to a

e S st o5 s
Treatnent of these relatively hydrophobic foans with hydrophili zing
surfactants (with or without hydratable ggalts) will typically be carried
out to the extent necessary to inpart suitable hydrophilicity to the foam
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Apenured formed films are especially preferred for the topsheet because they are
pervious to body fluids and yet non-absorbent and have a reduced tendency to allow
fluids to pass back through and rewet the wearer's skin. Thus, the surface of the

20 formed film that is in contact with the body remains dry, thereby reducing body
soiling and creating a more comfortable feel for the wearer. Suitable formed films
are described in U.S. Patent 3,929,135 (Thompson), issued December 30, 1975; U.S.
Patent 4,324,246 (Mullane, et al), issued April 13, 1982; U.S. Patent 4,342,314
(Radel. et al.), issued August 3, 1982; U.S. Patent 4,463,045 (Abr et al.), issued July

25 31, 1984; and U.S. 5,006,394 (Baird), issued April 9, 1991. Each of these patents
are incorporated herein by reference. Suitable microapertured formed film topsheets
are disclosed in U.S. Patent 4,609,518 (Curro et al), issue September 2, 1986 and
U.S. Patent 4,629,643 (Curro et al), issued December 16, 1986, which are
incorporated by reference.

30 The body surface of the formed film topsheet can be hydrophilic so as to help
body fluids to transfer through the topsheet faster than if the body surface was not
hydrophilic so as to diminish the likelihood that fluid will flow off the topsheet rather
than flowing into and being absorbed by the absorbent structure. In a preferred
embodiment, surfactant is incorporated into the polymeric materials of the formed

3s  film topsheet such as is described in U.S. patent Application Serial No. 07/794,745,
“Absorbent Article Having A Nonwoven and Apertured Film Coversheet" filed on
November 19, 1991 by Aziz, et al, which is incorporated by reference.



nmononers, conononers, crosslinkers, and emulsifiers, as well as optional 25
conponents such as plasticizers, antioxidants, flane retardants, and chain
transfer agents. The water phase will typically contain electrol ytes and
pol ynerization initiators, as well as optional conponents %Hﬁ%% 33
vat er - sol ubl Q82 | ers' The H PE can be formed from the conprned oil and
wat er phases by subjecting these conbi ned phases to shear agitation. Shear
agitation is generally 30 applied to thggextent and for a time period
necessary to forma stable emul sion. Such a process can be conducted in

ei ther bat chwi adtematively) therbiody surfags bf the tapsﬂee't Ea:gﬁ\ﬁidtluyaropaﬁe b ttedting itunder

condi ti ons sui I Iy %Eﬁq Q@g@ opl ets
are dispersed %@hsﬁcﬁn gx?&}p% %:d e resW| ng polyne r| c fbamz\g\na’ll have

the requisite BepPomatedchersimbyiefrsnce: r uct ural characteristics. Suitable
m xing or agitatiom BWemmm t de@6rding h oo athe a@hdenﬁénd [ Mgigg an

grr?(;l %?grugdg; con%’i_‘}ﬁ%[?b %W%“?éﬁﬁ@ﬁ‘ﬂ#ﬂg E |§at |lo.n of tcli”he oi |

PCT/ US96/ 00433p@sitlomk/tdlatmslirewtherethhel mgshaet agll that staragededisiributionch as a

pin inpeller. {R& & i SbdoRbntBIBOMEE d&fﬁ&&ﬁ%ﬂbﬂﬁ?@o

conti nuous pro ss t.hat corgg and es t %ﬁ%te o] gﬁn wat er
phases. In sucHe£op:ispasiton S‘Pﬁﬁ‘fﬂ‘éf peAtsst toaeamire; ged

f ormed. Concur amht trgnspert| isgch dfwidr eamoﬁ)ercmgmnssmi‘g thdhecoret er ’lﬂiuasehe s al so
fornmed. The,t WacqhdsiipA/iisrituion BGEr GR'ERédMHs ﬁe@wﬁ%t@% dﬂt’ﬂf'&c ror

zone such that t qui,site wate ) pre |ously
specified are b @Wg 1 "fﬂ“&f’c’@gg&'ge té'
appl i cati on Sebe ebrmNey. mdé) ﬂ?@ﬂﬁ@dgxoﬁwhadudﬂﬂuﬂm}chﬁges o&abinthie Eontlhfsﬁdar ai s,

whi ch is incorgg B?'t &briay 5; eﬂ?%ﬁ%?rtﬁn%bls?{lggm articles m%&ﬁ@g&?ﬁéﬁ%?:ﬁ‘é“a”ber

or zone (prefera treans are g ner al

subj ected to | 8RodeEy Phichols intended iy ber placed xemnthe. fropt, of the r‘P""taﬁgﬁel | er
of suit abl as coAlditonally, ﬁnnﬂﬂvﬁhﬁﬁﬁsismﬂﬁmb%htha apqu%xﬁﬁi!&dtﬁlﬁjuoﬁﬂayuﬂ& type

S a1 SRR ol oG ot B S i SORES o ORER
chanmber wal | ( @doqdo at occurs in the  front of dlapers for ‘male wearers, and to
compensate for directional variations of the discharges. The corresponding
absorbent article regions can vary depending upon the design and fit of the absorbent
20 article.

For diaper executions, the acquisition/distribution layer of the core can be
positioned relative to an elongated topsheet and/or the storage/redistribution layer
such that the acquisition/distribution layer is of sufficient length to extend to areas
corresponding at least to about 50%, preferably 75%, of the length of the topsheet

25 and/or from about 50 to about 120% of the length of the storage/redistribution layer.
The acquisition/distribution foam layer should have a width sufficient to acquire
gushes of body fluids and to prevent direct discharge of fluid onto the
storage/redistribution layer. Generally, for diapers, the width of the
acquisition/distribution layer will be at least about S cm, preferably at least about 6

30 cm .

For purposes of determining such acquisition/distribution foam layer
positioning , the length of the absorbent article will be taken as the normal longest
longitudinal dimension of the elongated article backing sheet. This normal longest
dimension of the elongated backing sheet can be defined with respect to the article as

35 it is applied to the wearer. When worn, the opposing ends of the back sheet are
fastened together so that these joined ends form a circle around the wearer's waist.
The normal length of the backing sheet will thus be the length of the line running



15 herein as "pin to wall gap”, or 'gap') are inportant to shear rate. The
shear rate for pin inpellers is herein defined as the tip speed divided by
the pin to wall gap. For the purposes of this invention this conbination

vari abl e, sh , Shoul d be bel ow about 1000 sec-[err].pd¥edothsds V.
 GRloafe o

shear wi || e applied to the conbi ned oil/water ase streamat a
rate of about 800 sec-[err] or less. Tip speeds should be 20 fromabout 5
in/sec (13 cmsec) to about 70 in/sec (138 cnisec), preferably from about 5
in/sec (13 cmsec) to about 60 in/sec (152 cnisec), nore preferably from
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about 50[err] Gk h@h preferably 55[err]C or higher. Typically, the
at a te

H PE can be forrred erature of from about 60[err] to
The acqmsxtton/dnstnbut:on foam layer can be of any desiréd shape consistent

with comfortable fit and the sizing limitations discussed above, These shapes include,
for example, circular, rectangular, trapezoidal or oblong, e.g., hourglass-shaped, dog-
20 bone-shaped, half dog bone shaped, oval or irregularly shaped. The
acquisition/distribution foam layer can be of similar shape or differing shape than the
storage/redistribution layer. The storagefredistribution layer of the preferred
absorbent core configuration can also be of any desired shape consistent with
comfortable fit including, for example, circular, rectangular, trapezoidal or oblong,
25 e.g., hourglass-shaped, dog-bone-shaped, half dog bone shaped, oval or irregularly
shaped. The storage/redistribution layer need not be physically separated from the
acquisition/distribution layer or completely unattached from the storage/redistribution
layer.
Figures 5 and 6 show a multi-layer absorbent core configuration where the
30 fluid storage/redistribution component comprises a generally rectangﬁlarly—shaped
top layer 64 which is placed over an underlying hourglass-shaped fluid
acquisition/distribution lower foam layer 65. The fluid storage/redistribution layer
contains a fluid acquisition aperture 66 through which body fluid is discharged so as
to impinge on the subjacent acquisition/distribution lower layer 65.
35 Figure 7 shows a disposable diaper having another multi-layer absorbent core
configuration. Such a diaper comprises a topsheet, 70, a fluid-impervious backsheet,
71, and a dual layer absorbent core positioned between the topsheet and the



5 about 99[err]C, nore typically fromabout 60[err] to about 95[err]C 2.
Pol ynmeri zation/ Curing of the H PE The H PE formed will generally be

coll ected or poured into a suitable reaction vessel, container or region to
be pol ynerized or cured. In one enbodi nent, the reaction veﬁ,s }Usgmsi ses a
t ub construct W@ 9%07833| yet hyl ene from which the 10 eventual ﬁ

pol yneri zed/ cured solid foam material can be easily renoved for further
processing after polynerization/curing hag been carried out to the extent
desired. It is usually preferred that the tenperature at which the HHPE is
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H PE foamis t E!@! AN | eet-like form eets o

pol yneri zed Hi oarknl‘oare grg}n Fbﬁgq’ﬁ%g@%%| ng subsequent

treati ng/ washing and dewatering steps, 30 as well as to prepare the H PE
foam for usg i mvabs qelteviéthedst | cl es. The pol ymerized HI PE foamis typically

cut/sliced to provide a cut thlckness I n the range of from about 0.08 to
about 2.5 cm 3. Pe§suteoam The solid pol ymerized HI PE

foam formed will h&rl h nFeEi§ %7 awi@k,ﬁ?terl al
used to prepare g’ ﬂ@ori: esigﬁ wf‘{ \A@é%']_ 15?13\3?% a%m ly an
aqueous sol uti 58 el We‘{es?@gﬁiéfhg\e ssftion, of %eo?fl on
5,387,207 (Dyer et al), issued February 7, 1995, which is mcorporated by reference
20 except at 31°C rather than 37°C. The curve is a plot of the absorbent capacity of
each segment as a function of wicked height, using the distance from the top of the
water reservoir to the midpoint of each segment for the height & The capillary
absorption pressure is taken as the height of the foam that has an absorbent capacity
one-half of the foam’s free absorbent capacity.

B. Capillary Desorption Pressure
Capillary desorption pressure is a measure of the foam’s ability to hold onto

fluid as a function of various hydrostatic heads. The sample strip of suitable

30  dimensions, e.g., 40 cm long x 2.5 cm wide x 0.2 cm thick, and the test liquid

(distilled water, optionally containing a small amount of food coloring as indicator),

are equilibrated in a room at 22+ 2°C. The measurement is carried out at this same
temperature.

The foam strip is saturated in water, then positioned vertically such that the

35 lower end is immersed 1-2 mm in a reservoir of water. The water is allowed to drain

from the sample until equilibrium is reached, typically 16-24 hours. During this



initiator) should be at |east partially renoved prior to further processing
and use of WD 97/ 07832 .

PCT/ US96/ 00433 29 the foam Renoval of this original water phase naterial

wi Il usually, P) EI ed out by conpressing the foam struct Yg43e8fi8£€2€
out residual aﬁ?{a and/ or by washing the foam structure with water or

ot her aqueous washi ng sol utions. Frequently several conpressing and washing
steps, e.g, from2 to 4 cycles, will be gged. 5 After the original
wat er phase material has been renoved to the extent required, the H PE
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descri bed her sapmpfcmhtseatmbmmlcﬁhdguttbaamﬁdhﬁﬁmrbed lwsing thent ai ns
?gzlo(rjgglnt hg)glrldlﬂﬂmmﬁ“thgk&p OﬁRe foa?nﬁslegaffed ced 5%6 “%’mezﬁn ng
his washi g @it i Jhe callely desdrauGRresiess kERes the bt o6 fhe,forra btk 0. 50%
or | ess. Aft erantabsorbetroapatityodnettalfof thedbim’s iﬂ@abyci'bmtl-ﬂaﬁﬁu@roam will typi caI |y

require treatnment with an effectlve armunt of a swtable hydr ophi I'i zi ng
surfactant to rehyd B n Deflectiof ddht eri ng After the H PE

foam has been 1 r eaFREMANR comroicn maﬁfnabdwa@ uilfied Wy ofleasHHPHY | N0
o squeezerouremeutt 8L aF L aPctior in SFEte] frofd '%arﬁgﬁ?ﬁwﬁlg%ﬁb her 61 n
to tenperatur ésemtatﬂmmvuﬂbwlﬁﬁtf uring after amﬁungqmqw]oeo Térpst 6. hrkBa)owave
treat ment, by hasbeen applied to the sample. Resistance to Compression Deflection measurements
are typically made on the same sample concurrently with the measurement of Free
Absorbent Capacity as described below.
20 Jayco synthetic urine used in this method is prepared by dissolving a mixture
of 2.0 g KCl, 2.0 g NaySOy4, 0.85 g NHzHyPO,, 0.15 g (NH4),HPOy, 0.19 g
CaCly, and 0.23 g MgCl) to 1.0 liters with distilled water. The salt mixture can be
purchased from Endovations, Reading, Pa (cat No. JA-00131-000-01).
The foam samples, Jayco synthetic urine and equipment used to make
25 measurements are all equilibrated to a temperature of 31°C. All measurements are
also performed at this temperature. '
A foam sample sheet is saturated to its free absorbent capacity by soaking in a
bath of Jayco synthetic urine. After 3 minutes, a cylinder having a 1 in2 (6.5 cm?2)
circular surface area is cut out of the saturated sheet with a sharp circular die. The
3¢ cylindrical sample is soaked in synthetic urine at 31°C for a further 6 minutes. The
sample is then removed from the synthetic urine and is placed on a flat granite base
under a gauge suitable for measuring the sample thickness. The gauge is set to exert
a pressure of 0.08 psi (0.55 kPa) on the sample. Any gauge fitted with a foot having
a circular surface area of at least 1 in2 (6.5 cm2) and capable of measuring thickness
35 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).




vacuum dewat eri ng or by a conbi nati on of conpression and thernal

dryi ng/ m crowave/ vacuum dewat ering techni ques. The dewatering step wll
generally be carried out until the HPE foamis ready for use and is as dry
as 30 practicable. Frequently such conpression dewatered b3y have

a water (noi WAPEEEont ent of from about 50 to about 500% nore preferably
fromabout 50 to about 200% by weight on a dry wei ght basis. Subsequently,
the conpressed foams can be thernmally drisgd to a noisture content of from
about 5 to about 40% nore preferably fromabout 5 to about 15% on a dry

wei ght basis. 35 || After 2 68 i theQxydied thidkAesEXA) is redofdede e Fitte is thédO
97/ 07832 PCT/ US96/ 00433

30 Polynmeric fmdé%%r%% F'St fhﬁ@am%defﬂmﬁ Wgﬁt'f’ﬂpﬁﬁe‘g tﬁr%gweu eful in
absor bent coreé. 76fpSU(55kaaitfoelﬁmqwes Aaﬂlwﬂlofabsauﬂeetheamugebemsedatot i cl es.

lggzsbgg?niorcrglgjnent Sﬁlkéﬁ an gegt or \é S| nrrep;&{ we i pal nt t var | gzs
surfaces; if dfFEpsuRIpents, t °H€§G§“‘?‘ngﬁ H@‘wqo% esgmpleas follgws:s | i ds
;in packag| ng [(1-X2)N0Hx1005= Bkeddotion it thicknesar bent s; in CUShI ons; in gloves,

and for many other uses. B. Absorbent Artlcles Absor bent foans of the
present invention aPe paRecos - ressi .;. a 10 portion of the

absorbent structur eghe fodsin sard: gpr )u,i,ﬁr ipifient Dgsed 16 Ninake _
capabl o of absERLTGN g%{% el mmh*&&ﬁ  DeCoR W“M@w‘%ﬁ’i’ﬁf e
aqueous feaoal mmmmwmm&mmmmmmm@émmanmm i nent
\c/i\earer glr uzer nﬁ{tsu}éh%r?ﬁrirx;% Sﬂm@é%ﬂlﬂr Sprésurt W 3baR VLR 095’1(1’3%I ﬁ\g'tanC| uﬁe
and sani tary EHEE TS 348 Agies fogeb 482 o n OO TMRLEGAAS. and the | ke,
The absorbent foam Atfoams cylinder dbont? mma thickoandt 29cmmadidnyetenis podiched butrofisse i n
articles such getlofBshnsS It & 3mutaidd/ioRRiceABsorbAlBAYASy in Tay8 syRRE R urine,
15 then placed on top of three sheets of 9 cm diameter Whatman Grade No. 3 filter
paper (particle retention: 6 um). The role of the filter paper is to simulate the high
absorption pressures typically associated with storage components in absorbent
articles.
The foam/paper composite is immediately compressed 75% of the thickness
20 of the wet foam (1.5 mm for a 2 mm thick sample) using a rigid plate larger in area
than the foam sample. This strain is maintained for five minutes, during which time
most of the synthetic urine is partitioned out of the foam and into the filter paper.
After the five minute period, the confining plate is removed from the foam/paper
composite, and the foam is given the opportunity to imbibe air and reexpand. Two
25  minutes after removing the confining plate, the sample is separated from the paper
and its thickness measured. The extent to which the sample recovers its thickness,
expressed as a percentage of its initial thickness, is taken as a measure of the
recovery from wet compression of the sample. The average of at least three
measurements are used to determine RFWC.

30

E. Free Absorbent Capacity (FAC)

Free absorbent capacity can be quantified by measuring the amount synthetic
urine absorbed in a foam sample which has been saturated with synthetic urine. Free
Absorbent Capacity measurements are typically made on the same sample

35 concurrently with the measurement of Resistance to Compression Deflection.
The foam samples and Jayco synthetic urine are equilibrated to a temperature



pads or garments, clothing shields, and the |Iike. The absorbent foans of
the present invention provide good aesthetics due to 20 their soft,
resilient structure and physical integrity. In sheet form these absorbent
foanms can al so be relatlvely easy to configure for use in ap,

absor bent ar YQY¥832| , contrast to fibrous absorbent corrponeéé?ﬁ'I ese
absorbent foans remain | argely unchanged in overall appearance and
structure during use, i.e. density, shapqw t hi ckness, etc. Since these
absorbent foans are not plasticized by aqueous fluids, 25 their nechani cal

properties renggsye m\g@_ﬁ the foanms of the
present | nven'[riao:l‘r;:l rbagmﬁkﬂre%%gg?rgg’%& %twﬁlrngm?éﬁaqueous fluids,, they are

particularly useful FPénﬂl‘fﬂ'PEF 13 ted 10 g3,dres absorbent capagity: mHf an
absor bent cor ebathilof Jgyca sgntheticturing/ d&ﬁersldunntes)m dylindes havinpa lein? 6. 8icndp| v

o capt || ar Y GRRA WA iE B GLE O BB aARRY MRS IR W BAPSILRPS (ot

30 allomsths*rgto acquire

t herefore kéep drieal 'samplg iy, sopked inyiSyntheticgiring 48 3)°€ yfoy ﬂ dprt rv%n
wei ght) can | eaﬁum | THe damipfel 1§ fthen reimbv&d ot the eﬁmaus qurin® andl @y puma onbecause

t he absorbent f f th sent on. e hi s ,ac r ed

fluid effici enf‘ﬁ@gﬁcg? f‘?ﬁeﬁ“gﬁg‘sfr“ﬁeﬁ%' c@ﬁbl g pgﬂélg‘é‘g$8ér?’|§&3 3

particularly uﬂ@t of thessaniple anspwith acrgsoletioni dnl atilligramoon lesmcancbsyemplayedi n a
"multi-layer” gRERASIBCSH subld baladcedhreaRE Mettfd PM U8 CintiaMettler PCOXRY (Mettief

st or age/ r edi st ut i co ere t he absorbent core is positioned
bet ween t he® tob?ﬁﬁ'é‘?“qg-f? nﬁo‘a&%ﬂw

PCT/ US96/ 00433 31 bABersdetenmining the mshteoéumowyefqamamm EWwpit ipplasedes of
the present 'W&%&x@!‘ﬁné’ﬁﬂa&m&ﬁsﬂéﬁ!% oﬁ okéb!é er:oa}aﬁoqhsaimﬂere is

| t hat to the b f t
Cayer ol osest Boauseedsy fimbs b Bk rofied = BraRinbichovee e 55 feig, ToEsite)
means a | ayer isfthen nemiovéd; seaked incdistilled water farrappriokintatelys2 nndmesr,mnigquéezed her 5
away from the BQ%ane%l{‘ § 2§ befofe gltdstﬂ%%wrh <er 85th kcle

backsheet . Th| s | ower stor e/re I Stri on yer typ
posi ti oned wi t RERST tofels GPb*éﬁ‘! sidg) and; pregsed with 20,000 bé~ Pﬁ@ff%MWUl d
acqui si ti on/ di Laboritoty Press. oYley sanipte isdhen removed from the paper towels, dried in an

oven at 82°C for 20 minutes, and its dry weight recorded (Wd).
The free absorbent capacity (FAC) is the wet weight (Ww), less the dry
20 weight (Wd) divided by the dry weight (Wd), i.e., FAC = [(Ww-Wd)/Wd].

F. Dynamic Mechanical Analysis (DMA)
DMA is used to determine the Tgs of polymers including polymeric foams.
Samples of the foams are sliced into blocks 3-5 mm in thickness and washed 3-4
times in distilled water, expressing the fluid through roller nips between each
25 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:
Temperature step from ca. 85°C to -40°C in steps of 2.5°C
30 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
Autotension set in static force tracking dynamic force mode with initial static
force setat S g.
3s  The glass transition temperature is taken as the maximum point of the loss tangent
versus temperature curve.




in fluid conmunication therewith. This | ower storage/redistribution |ayer
can conprise a variety of fluid storage/redistribution conponents including
those 10 containing absorbent gelling materials such as disclosed in U S
Patent 5,061,259 (CGoldman et. al), issued Cctober 29, 1991, ’?”fgm’?

4, 654, 039 (Br‘Xﬁ B2 al), issued March 31, 1987 (reissued Apri 988 as
Re. 32,649), U S. Patent 4,666,983 (Tsubakinoto et al), issued May 19,

1987, and U.S. Patent 4,625,001 (Tsubakinmgjo et al), issued Novenber 25,
1986, all of which are incor porat ed by 15 ref erence; absorbent

macrostruct ures madqs.fr ofarhipR ) nikB R
disclosed in U S. Pate Roe u Apri| .7, 1992, and
U.S. Patent 5,324, At { ‘“E%“ﬁ'é‘&‘?ﬂ ﬂ%déé’g‘f gemning grgp pethed,; -,
are incor por at Wmﬂéﬁe?ate)ﬁﬁﬁ,%?ﬂéyﬂr@) ﬁm@l’rehtuamkllﬁﬁ axceptthatc
between two ti %g@ ﬁ“‘ﬁﬂl’g t 0, 443
(Li ndsay et al )Sﬁy%sue o?ne'rfl ﬁ?g&)l% ﬂ%atené‘h 4‘%@15@? Stﬁ dersen
et al), issued iy 515%4&1@1@ gradiel n2-ethylhexy]
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about three nmes) the CAC of the emulsnﬁer For emulsifiers having a solubility in

the oil 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 500C.
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32 that is expected to be discharged into the absorbent article. One
suitable relationship between the fluid acquisition/distribution foam

conponent an%bpgmfx%zui d storage/redistribution conponent W LRkRshdifaas
absorbent core i pl ace these conponents in a |layered contiguration. In

such a layered configuration, the fluid 5 acquisition/distribution foam
conponent conprises an upper foam | ayer wfji ch overlies a subjacent fluid
storage/redi stribution conponent in the formof a lower layer. It should be
under st ood t hav, t heggmecifivExhwpties of | ayers refer nmerely to the upper and

| ower zones of the sor ben are.not nece d to singl e
| ayers or sheets. B ‘ﬁef’ﬁ‘é‘“’?ﬁsﬁ'ﬁﬁ*efﬁ%g'ﬂes?ﬁ‘?%ﬁ%%%ﬁﬂ‘ﬁe‘iﬂ f% @1 upper
| ayer, and 10 theipeesentinvgntionor age/ r edi stri bution zone, e.g., | over | ayer,

can corrprl se several layers of the requisite type. Thus, as used herein,
the term”layer” includes the terms "?%@Nﬁ—and "flayered." The absorbent
arti-cl es tyé)lcally conpri s | Ee , a fluid pervious

topsheet jolned to, or ot hérirs ettt ksheet, and an 15
absor bent core accoA)i nw@_sent I nventi on positioned bet ween t he

backsheet and the t ﬁ: Iﬂ’ﬁ) t ody
surface of the absor t gore &?QS%”?S ;fﬁogggeb?'g %{/&,?%gﬂfsg 43%%3
backsheet by a@@s&é‘ﬁﬁé‘h? 78 Jiters of water, “Rls proyides the IW*‘“R’ Phase streare trebepsed inve used
herei n, the tecontihjmispectessior foring aFAPE@Biulsipnr at i ons wher eby an eI ement is

directly sqgured  ond e okt BB e b ity | A SIBAL agb/ect'v

to the other el enment I gg\l |rectly
secured to t hediinplbpizenesnd il %cthylistyrenc) (1H1RS ) m«ﬂdimm

rrEnbe[) ( s% whi |t cllivingibenzedne) (607.5Y, fam! @lethﬂhixbl% Brer (388 gR 1§ added P g@i}eérbed t
absorbent arti n e LI o
each ot her at ﬁ‘ﬁg&lea&ygﬂ&?lgyﬁgé ggf'ﬂdéh @ﬁ@s bi@&é@& F I>/I y

i npervi ous to ewsi Staﬂn?mdycip;rBf@mﬂ,l l)emh)‘ mmrswaprprmnaelmﬂl%
plastic filygn gﬂaoﬁsdleie, fib@ethéy ag]%ew%ﬂsaﬁw i PolyBlsCirldors9, bRk al SO

be used. As use gereln the,term"flexib refers to.materials,that are

conpl i ant and B#¥ y%%ld?ﬁ‘?”*c&ﬂ?%‘nﬁ@‘%‘é‘“g@”@?‘&f ig alFOsion, RSy OF of ¢ he
human body. Theappvedinstely.7 gynefcondrst Hao dy oilmated sritidat aggregitiomconcenttatiomofl i n

the approximately 2.8 wt%. After mixing, this combination of materials is allowed to
settle overnight. No visible residue is formed and all of the mixture is withdrawn and
20 used as the oil phase in a continuous process for forming a HIPE emulsion.

Separate streams of the oil phase (25°C) and water phase (68-70°C) are fed
to a dynamic mixing apparatus. Thorough mixing of the combined streams in the
dynamic mixing apparatus is achieved by means of a pin impeller. The pin impeller
comprises a cylindrical shaft of about 21.6 cm in length with a diameter of about 1.9

25  cm. The shaft holds 4 rows of pins, 2 rows having 17 pins and 2 rows having 16
pins, each having a diameter of 0.5 cm extending outwardly from the central axis of
the shaft to a length of 1.5 cm. The pin impeller is mounted in a cylindrical sleeve
which forms the dynamic mixing apparatus, and the pins have a clearance of 1.5 mm
from the walls of the cylindrical sleeve.

30 A minor portion of the effluent exiting the dynamic mixing apparatus is

withdrawn and enters a recirculation zone, as shown in Figure 1 of copending U.S.
application Serial No. 08/370,694, filed January 10, 1995 (T. DesMarais), which is
incorporated by reference herein. The Waukesha pump in the recirculation zone
returns the minor portion to the entry point of the oil and water phase flow streams

35  to the dynamic mixing zone.
A spiral static mixer is mounted downstream from the dynamic mixing



30 absorbent core fromwetting clothes that contact the articles such as
pants, pajamas, undergarnents, and the |like. The backsheet can conprise a
woven or nonwoven-material, polymeric filnms such as thernoplastic filnms of

pol yet hyl ene or pol ypropyl ene, or conposite materials such ?Jﬁ'tuhgécoat ed
nonwoven mat VPRI ef er abl y, the backsheet is a pol yet hylgﬁg8 m havi ng

a thickness of fromabout 35 0.012 mm (0.5 m|l|) to about 0.051 mm (2.0
mls). Exenplary polyethylene filns are ngpufactured by C opay Corporation
of Gincinnati, Chio, under the designation Pl 8- 0401 and by Ethyl

Cor por ation, Vigpphael tdprdvidetack ss‘ﬁeﬁn&h&lawaﬁncMga@ﬁmﬁadﬁdm oVilie
97/ 07832 ' pe /usgp/ 433 33

t he designati on‘“’RE’V§§§‘§8'P°‘FH8“ 8&%%88?31’%0%?5%?% e@fﬂ% &f"& d/f matte
finished to pr oshatigemixem(TAS] &ﬁﬂysﬁm&s NModelolWs412ris 44. 7Fin¢hehé$73 m};lmmﬂheet can

permt vapors tposher@e”d sife didhepdrbent core (ie., breat habl e) while
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wearer's skin. mxess at thie point iscabouto? PSE£14 kPa). The Waukesha pump speed is then
steadily decreased to a yield a recirculation rate of about 20 cc/sec, and the impeller

speed is steadily decreased to 300 RPM. The back pressure at this point is about 1.7
20 PSI(12 kPa). )
B)  Polymerization of HIP
The HIPE flowing from the static mixer at this point is collected in a round
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
25 its base and 4.75 in (12 cm) in diameter at its top and is 6.75 in (17.1 cm) high. The
HIPE-containing tubs are kept in a room maintained at 65 °C. for 18 hours to bring
about polymerization and form the foam.
C) Foam Washing and Dewatering
The cured HIPE foam is removed from the curing tubs. The foam at this
30 point has residual water phase (containing dissolved emulsifiers, electrolyte, initiator
residues, and initiator) about 40-50 times (40-50X) the weight of polymerized
monomers. The foam is sliced with a sharp reciprocating saw blade into sheets which
are 0.075 inches (0.19 cm) in thickness. These sheets are then subjected to
compression in a series of 2 porous nip rolls equipped with vacuum which gradually
as  reduce the residual water phase content of the foam to about 1 times (1X) the weight
of the polymerized material. At this point, the sheets are then resaturated with a
1.5% CaCl, solution at 60°C, are squeezed in a series of 3 porous nip rolls equipped



20 fornmed filmthat is in contact wwth the body remains dry, thereby
reduci ng body soiling and creating a nore confortable feel for the wearer.
Suitable formed filnms are described in U S. Patent 3,929, 135 (Thompson),

| ssued Decenber 30, 1975; U.S. Patent 4,324,246 (Ml I ane, ;sued
April 13, 109D 9707832 pat ent 4, 342, 314 (Radel et al.), |ss ﬁvém%{;

1982; U.S. Patent 4,463, 045 (Ahr et al.), issued July 25 31, 1984, and uU. S
5,006,394 (Baird), issued April 9, 1991.4fach of these patents are

i ncorporated herein by reference. Suitable m croapertured forrred fi I m

topsheets are winsabags @bh@v H@m@%&@ﬁ t of abGi 1% Orife iy c@wﬁ
Sept enber 2, 198 and] |§p'; ent 4,629, 643 (CurroC%ut’ |ssue cenber
16, 1986, whi dH r at ed by reference. 30 The body surface of

theforrredfllmtopsheet 2 S0, .0l . Bf fluids to
transfer through the top [ Dod g was not
hydrophilic so as tA) dlm_ﬁmmgﬂlkellhood that fluid vaI flow of f the

t opsheet rqt her t hamhidroWd Qtin? ERoARGE ) SRPPStRGRN Yerkilte

structure. ’P&P’%‘I r;,§ errtl)o di me surmgctan |s m%e(g;r oattedé)bntothe
pol yneric mat éiP 8 oy Qf YRLT- s provi ‘émé'é? asq uddBAj bed in

U. S. patent Apphmmaﬁspmcéiefor&mﬁﬁgam&éulﬁéﬁ " Absor bent AI’tIC| e Having A

Nonwoven and Apert gieg £il e g(}%ﬁ{b&gﬁ &gﬁﬁ& I}% mg@{%gﬂe;‘g%ypy Azi z,

et al., which js incorporate erenc

PCT/ US96/ 0043 $ivinylhenzene apd 61%)eth yl ethyl styeene){a912:3,8), semmereial divinybbenrenst(5¥4n be
made hydr ophi Icmnﬂbexm)a(aom )} andd 2-bth9msm haglaf(3480/8)) ivadded aciglgderdied i n

t he above ref e r e. In
sonme enbodi ma%E éccoggﬁlr?éfgs%% prde'g‘gﬁ‘%gﬁélgioeg(mhﬁ{e %@y%\‘ol 'EJ“%OE&%
acqui sition/ d.emt!bi (Gﬂnﬂsreéy%rpdws,tﬁf@bmmk)@mnw lapprgimatelic 8194i n a
speci fic posi wmothﬁinableassi%mwa@yw&p%hoés&db did) aBd 18%thdre

2caut oi t1 on! iFSVEVBE] SR, jmpest X imag. w8 el i, S o, |
ef fectivel ¥ | Gpproximately aaqhmdqnmmanMasmwugmamn cpnmpmmofs uch
fluid to ot hgprokitiél2.8 Wi%! Mher Ghikifig, this cORibnatibd)Bf materials is allowed to
settle overnight. No visible residue is formed and all of the mixture is withdrawn and
used as the oil phase in a continuous process for forming a HIPE emulsion.
Separate streams of the oil phase (25°C) and water phase (65-67°C) are fed
20 to a dynamic mixing apparatus. Thorough mixing of the combined streams in the
dynamic mixing apparatus is achieved by means of 2 pin impeller. The pin impeller
comprises 2 cylindrical shaft of about 21.6 cm in length with a diameter of about 1.9
cm. The shaft holds 4 rows of pins, 2 rows having 17 pins and 2 rows having 16
pins, each having a diameter of 0.5 cm extending outwardly from the central axis of
25  the shaft to a iength of 1.36 cm. The pin impeller is mounted in a cylindrical sleeve
which forms the dynamic mixing apparatus, and the pins have a clearance of 3 mm
from the walls of the cylindrical sleeve.
A minor portion of the effluent exiting the dynamic mixing apparatus is
withdrawn and enters a recirculation zor;e, as shown in Figure 1 of U.S. application
30 Serial No. 08/370,694, filed January 10, 1995, by T. DesMarais. The Waukesha
pump in the recirculation zone returns the minor portion to the entry point of the oil
and water phase flow streams to the dynamic mixing zone.
A spiral static mixer is mounted downstream from the dynamic mixing
apparatus to provide back pressure in the dynamic mixing apparatus and to provide
35 improved incorporation of components into the HIPE that is eventually formed. The
static mixer {TAH Industries Model 100-612) is 14.7 inches (37.3 cm) long with a
1.05 inch (2.67 cm) outside diameter.




10 acquisition/distribution |ayer can enconpass the vicinity of the point
of discharge of body fluids. These areas would include the crotch area and,
preferably for articles to be worn by nales, also the regi on where
urination discharges occur in the front of the diaper. For ggﬂ' thhe
front of the W Beht articles neans the portion of the ab %%%ﬁharticle
which is intended to be placed on the front of the wearer. 15

Addi tionally, for male wearers, it is desiygable for the
acquisition/distribution |ayer to extend to near the front wai st area of

the wearer Lo ](caffect'rt}ee&an_ e Undxéh L gt & f&ik@ﬂd'n%ﬁla)spﬁhgb skiloy 6 ﬁmdw&m?,u
occurs in the s for.. r nd, t nsat e. for

di rectional var %P#%‘ﬁls.w%?’aﬁﬁgee iasrgﬁﬁggwg%ofyﬁﬂﬁnﬁgy%@o t
article regi onsappartusds yentdise aliow air tpencaner wehilg Siling thexapparatus completely. Skheor bent
tzge 2{; lacl::n Egﬂoﬁgition.e r :af?i,es.gto a?ﬂgﬂg@'%ﬂﬂ 0 shg@&gg%/e{)r tLeOf
st or age/ r edi §t rfl‘gﬁl’?aﬁ‘ﬁ“?‘é ?de@ﬂaﬁ‘yq'ﬂ&!sbﬁﬂ@ﬁéﬁ%@r ‘f"%?ﬁgfﬁ“g‘f‘faﬁ“ﬁﬁt i on | ayer
is of sufficient | ernQuadetheapparatusiset-ap is filled, therwatapphash fiew edte iscas to 867about

50% pref er abl yoofadoy t di cut 50
[0 about 1200 B TR BRSPS e NS

t or )
acqui si ti on/ di sPESEBHR %m%&@%mﬁ%&m&%#&%%ﬁ%@q
acqui re gushes the watat\phidels then stealiity incpsassd-tota sty of 37.8icieb ovea tixhe Hérdodd ont o

th t [ redj ' | . . | 4 ' , . W dt h
ot heacgat 1 Soutlyf § ity and BEEGiL phase M5 Tafl i Xoubl 1q BL930PEE ok € i
preferably at |pesiod of pbawt 3aning The recireulatiop gatp issstendily ingreased o phowty 32 ge/sec
acqui si tion/ di siuring\the Iatterf tifiepérivde I'The Wadkieshai pighp spee ik théﬁ‘i dddfeased

i monston of 1 ﬁ*ge%f%‘&'g*aw.“% o il 28 e, A0 T g ot i engity

on

di nensi on of t hisceasrdgar409 BRM Theyback psessurg gt Hhis peint is about 1:HPREERdd8).t 0 t he
article as 3b After sdmitivhe, €t wated &6 oligshasy flow'\btés 440 ketlucdd by I Ret Bginends of

Cirole around  RaDGEMRAR {eETR Flals AR s 1eABER o BN Uke iR,
will thus be thtamectige [peded,tand the recirculatiom gate is yeuoed g7 38 xo/sec. The back
PCT/ US96/ 00433 pressure at this point is about 1.2 PSI ( 8 kPa).
B) ization of HIPE
2 The HIPE flowing from the static mixer at this point is collected in a round
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 (17.1 cm) high. The
HIPE-containing tubs are kept in a room maintained at 65 °C. for 18 hours to bring
25 about polymerization and form the foam.
C)  Foam Washing and Dewatering
The cured HIPE foam is removed from the curing tubs. The foam at this
point has residual water phase (containing dissolved emulsifiers, electrolyte, initiator
residues, and initiator) about 40-50 times (40-50X) the weight of polymerized
30 monomers. The foam is sliced with a sharp reciprocating saw blade into sheets which
are 0.075 inches (0.19 cm) in thickness. These sheets are then subjected to
compression in a series of 2 porous nip rolls equipped with vacuum which gradually
reduce the residual water phase content of the foam to about 1 times (1X) the weight
of the polymerized material. At this point, the sheets are then resaturated with a
35 1.5% CaCl, solution at 60°C., are squeezed in a series of 3 porous nip rolls equipped
with vacuum to a water phase content of about 1X. The CaCly content of the foam
is between 1 and 3 %.




35 through the back sheet froma) the point on the edge of the back sheet
at the mddle of the wearer's back waist, through the crotch, to b) the

poi nt on the opposite edge of the backing sheet at the mddle of the
wearers fron ' The size and shape of the topsheet w | y
correspond shﬁ@?@ﬁ%?ally to the back sheet. s In the¥ﬁg@a I nst ance,
the storage/redistribution |layer of the absorbent cores which generally
defines the shape of the absorbent articlg and the normal |ength of the

el ongated article topsheet will be approached by the |ongest |ongitudinal

di {renfl on(of the stw&aa@/ W%&d%ﬁhﬁﬁ‘ﬂl’aﬁ%@ red QSodi?(iﬁ to t HRYDYdessed N SONE
arti cl es e. g inconiinence artic ion Qr
n ni num cost apgaif é\ ;P%(ﬂe‘éet"?"?b@‘[ y@’?"m d be

general ly Iocamdiltitmscover onIy the genital region of the wearer and a
reasonabl e area proximate to the genital area. In this instance both the
fluid acquisition/distribution |ayer an he storage/redistribution |ayer
woutd be | odated toward the front of th icle as defined by the
topsheet suchthat _the _acquisition/distribution and 15

st or age/ r edi s{ Sampieijon Payrer s vMutbd tWic Reeyctﬂmm UFree Absotbbrg |f r BACD
two-t hirds of L{he art Fem rﬁngm;,g/er
can be of any deiir d s{@p‘e (of¢ n%gt %syyl [ h co(;'rf ortabl es.;z\t a Ed'lg,ySI 7i ng

| i m tati Ons d E=AYA R~ el A Vo, -h\/O\/ 0% TITUI .UIU\/, IVI w ol T U uUl Ar,
rectangul ar, r a®ezdi datsser ol soy, | 40.0:1 hourggass shapgels dog 208%

bone- shaped, fal Ly dqg Jhaped] Qval| or Eregtlarl shaped,. .. 1he
acqui sition/d 2 - R@Pf;amuigﬁ g.,ﬁalu i : 6 .

ng
shape than th 'Eh.e_.s.t_.n.r.a.?.eLLe.d.l.st_u..bu.L.t.pn
| ayer of the pSapple h Hols;$ize 4 3¢9 Desopnsion)Fleight y/

desi red shape]consi i ncltmdi rlg, f or @Wanpl e,

circular, recta g Po e g haur d,
dog- bone- shapg i arly shaped. Th
st or age/ r edi s rSTE ; parare:tgij;:iia
acqui sition/di i i 0f. i y_upat24bhdd from ide
storage/redi syri i i
core confi gur at+e e f
conprises a generaliy rectan ar | top Iayer 64 which is placed
over an underlylng houpﬁ?gggg ] é%mTqﬁfguma

2:  Prepared according to Example 2, above.

*: measured from desorption curve as percent capacity at 30 cm (g/g) compared
with free absorbent capacity (g/g).

bent




v

acqui sition/distribution | ower foa uid
storage/redistribution |ayer contai “ ition aperture 66
t hrough which body fluid is dischar nge on the subjacent

acqui sition/distribution | ower |ayer 65 35 Figure 7 sho
di sposabl e di %é?"‘ﬁ'sa’@i ng anot her nulti-Ilayer absorbent core %ﬁﬂ‘ﬁ’ﬂﬁ?‘éﬁt I on.
Such a di aper conprises a topsheet, 70, a fluid-inpervious backsheet, 71,
and a dual |ayer absorbent core p05|t|oned bet ween the topsheet and t he

WO 97/ 07332 PCT/ US96/ 00433
36 backsheet. Tm:adgzﬂlmingygr absorbent core conprises a nodified

hour gl ass- shape s or.agelre r| b 1on I oSl ne, bel ow a

nodi fi ed- hour gl ass s Wﬁﬁg 'E% ?ﬁ?ﬁ&ﬁ?ﬂﬁ?&)é‘ﬁ

The topsheet coﬂﬂ@%ﬂum @ubpohrmenalﬂ)gm pmm'ial ebmprsing ar hyldewphificf ﬂe)ﬁblé,l ps 74
with elastic. Afjédi SiméritFosth SREiurk FE IR mﬂ’ﬁ%&&emi

el asticized wai ﬁt band nenbers 75. Al sg?a I Xed to eacC llE’en@ o@%&a‘%&@ksheet
are two wai stshP d el enents 76. Also affixed to the backsheet are two _
parallel leg elastic gtri et I gaaffi si.de, of t he

backsheet as a dedi cat’ed a?&ggeﬁl%rg%ﬂ%{ afép %@F@?Se%@g&g ‘%f‘““{

whi ch can be used to fastfreeighs agityound t he wear er.

Mul ti -l ayer absorbentB)corag th,r&,g}gogﬁsﬁ@c{blggc;no copending U. S.
Application Seri al 8/ 521 gg ed August 30,

Gar
1995, Case No. 5547R Cher PRV E6F %@Wﬁ"f&?@%&?éf‘“ where one or nore
| ayers conprise an at¥or [eresisfapearte compression tdeﬂechenmfe&mtSImVGﬂ%lwlmn i's

V. ~ Test Methods A %&dtk@ﬁﬂﬁe@b%&fﬂ%&ﬁ i€ 800! £pd D, || a1y

absorption isotherm gyrve e t ed ,usi W cki ng Absor bent
Capacity test descri f?@ ar#eteﬁg% Ft'i%ﬁ? Gfg U.S. Patent

5, 387, 207 (Dyer et al), issued February 7, 1995, which is incorporated by

r ef er ence, xceﬁf 31[ertrﬂ1ﬂ% r at her t han 37[errr]C The curve is a
pl ot of the abs rbe h?%a i Wheseip said fosmestructueethasn of wi cked

hei ght, using the digfange_f.xomihe top of th eservoir to the
m dpoi nt of each se @ttent %f %‘flﬁgg %pr(tsgqr? fPﬁQ’Hé te:lé % ary
a capillary desorption pressure of from 8 to 20 cm;
a resistance to compression deflection of from 5 to 65% when
measured under a confining pressure of 0.74 psi;
D)  afree absorbent capacity of from 20 to 90 g/g; and
E) a recovery from wet compression of at least 75%.

3. The foam material of Claim 1 or Claim 2 which has a number average cell size
of from 20 to 200 um and a number average hole size of from 5 to 45 pm; preferably
said cell size is from 30 to 190 um and wherein said hole size is from 8 to 40 pm.

4, The foam material of Claim 1 or Claim 2 characterized in that said foam
structure has a specific surface area per foam volume of from 0.0075 to 0.04 m2/cc.

5. A polymeric foam material which is capable of acquiring and distributing
aqueous fluids, said polymeric foam material comprising a hydrophilic, flexible,
nonionic polymeric foam structure of interconnected open cells, which foam structure
has:

A)  acapacity after desorption at 28 cm of less than 10% of the foam's free

absorbent capacity;
B)  acapillary absorption pressure of from 2 to 15 cm;
C)  acapillary desorptxon pressure of ﬁ'om 8to20 cm;

(i
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absorption pressure is taken as th oam t hat has an
absorbent capacity one-half of the ﬂﬂﬂmmlﬂhmgﬂmr bent capacity. 25 B.
Capillary Desorption Pressure Capilaey desorptioen pressure is a nmeasure
of the foams ablllmﬁ\; to hold onto fluid as a function of v

hydrostatlc e sanple strip of suitable 30 dinensions, e.qg., 40 cm
long x 2.5 cmwide x 0.2 cmthick, and the test liquid (distilled water,
optionally containing a snmall amount of fgod coloring as indicator), are
equilibrated in a roomat 22[err] 2[err] The neasurenent is carried out

at this same terrpera)ure rekfané® 36" donip &s:bﬁ &ﬂ&dﬂoﬂt&‘jﬁbﬂl $2t¢165% Retitn
positioned vertically such t i.mrersed 1-2 mmin a

hat
reservoir of water. The TSP ‘?P@"H‘F 3tp5°s&f'5|° 0??3% the sanple until
equilibriumis reackdd, afyeeiabsdrbent ¢epagity dfdroms25 ®UTS gig; antli s WO 97/ 07832

PCT/ US96/ 00433 37 DI Cetiielovely/ o rﬁedioﬁeﬁewews%houl d be shiel ded,
ylinder and a

for exanpl e by usi ng a gl ass lumnumfoil, to prevent water
| oss due to evaporation The sanple is then quickly renoved and pl aced on a
non- absor bent <ur f adte fisans material of Claim $ mthith’hab a aombergaverages celf sige ofiframar di ng

the portion of | b%,ﬂl Egﬁ& i saﬁﬁ&h pi ece
IS wel ghed mssﬁqglwpﬁﬁg?g?h ri e c}éﬁﬁeb re\/\glt‘ézsgﬁfﬁ{?g&%b%or ent
capacity is calH ﬁs'é%l'ﬁ tof2d¥i-pt i on i sot herm
curve i s generated by pI ott| ng the absor bent capacity of each segrrent as a

Seqrent a a.funoy | Jbeayh NGRS vl e R ¥ SRRt 2]

di st ance from tepuisi 8t he water reservoir to the m dpoi nt of each
segnment for the hei ght [ e 6il phabbeomprsingt ary desorption pressure is taken as

}gzrﬂhgl ?Peeogbtsgsb]eg?mc; af:l ?%&%%%M%"’%WA“W s‘nﬂth &afbf ection
(RTCD) Resi stance to conpress %‘W”Be# CRRAIYTRRT ‘!%[WSb%Tq i off below\357E 081 i ng
t he lower, said monomer component comprising:

i} from 30 to 80% by weight of a substantially water-
insoluble, monofunctional monomer capable of
forming a polymer having a Tg of 25°C or less;

i) from 5 to 40% by weight of a substantially water-
mnsoluble, monofunctional comonomer capable of
imparting toughness equivalent to that provided by
styrene;

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, divinyl-alkylbenzenes,
divinylphenanthrenes, divinyl-biphenyls,
divinyldiphenyimethanes, divinylbenzyls,

divinylphenylethers, divinyldiphenylsulfides, divinyl-
furans, divinylsulfide, divinylsulfone, and mixtures
thereof; and
iv) from O 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;

s Sheet Has Been Replac
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15 anount of stain (% reduction in thickness) produced in a foam sanple
whi ch has been saturated with syntg ﬂ“m“]ﬁmlﬁlEr a confining pressure
of 0.74 psi (5. 1 kPa) has been a mn Resi stance to

Conpr essi on Defl ection measurenents*ar®e typifcafly” rrade on t npl e
concurrent |y WPOHYBRE nmeasurement of Free Absorbent Capaci ty as descri bed
bel ow. 20 Jayco synthetic urine used in this nethod is prepared by

di ssolving a mxture of 2.0 g KO, 2.0 g Na2S(err], 0.85 g
NH[ err][err]PdJerr], 0.15 g (NH[err])[err]“F—IPO[err] 0.19 g Ca(err], and

0. 23hg NgC][ err]Etg 1. ? |'H)er5&dfﬁ2|iod5%tﬂywvé W@m&é{%a&h onﬁn’%hi&?l_ls_ﬁan be
pur chase rom Endovat i ons, . e
f oam sanpl es, Jayco synt heti c @P"lﬁgﬁ alPFd"'&:HE’FBr?Eﬂt Jtﬁ%he’ﬁ sf‘ﬁgbﬁ"ag’é fo%’zm

measurenents are all equili br atable watersin-oit epulsianjand of 31[err]C. Al l

measurenents are al perfggﬂeg]a %@ﬁﬂﬁ%;ﬁlzg@gggﬁggmﬁbgwml a@};get S

saturated to its fr abs n? cap
synthetic urine. After 3 sgiuhle relegtrolyt Meeyl i nder having a 1 in2 (6.5 cnR)

circular surface arey is acwilumeito wiightiratic of watet phhss e oil phistfin theerof
circular die. H&P%l )bbjlndrl cal sanple is soaked in synthetic urine at 3
1[err]C for a further mnutes. The sanple is then renoved fromthe
synthetic urine and is placed on a flat granite base under a gauge suitable

1(‘) 05 8rrea_suzi)ng5t 8le Sarkel foarh mhatdriat ﬁﬁClaiﬁhEvﬂﬁteﬁew'thﬁﬁdm&Q})]@(ﬁb?&tea ﬂwneﬂﬁure of
: psi : e t ogt Vi

circul ar surfacéggé %gs'%gt gﬂa@é’f aféﬂf\%' F(ngjytage n’tﬁl 9 lyﬁﬁ‘@
neasuri ng t hi ck#redategnykagrydateglecyl gerylate) d tﬁ’deri) etmdenyl| es of
such gauges ar eagiiaté) dedcrylite h t& crﬁﬁeO’l okKi
nodel EG 225 ((n thS kl at%aé);‘rfﬁ &ﬁ:

Po Usoe) oonas DELRRYl, dotyLmebfer H&"é“% dodecy
recorded. A formethacrylatectetraggoyl muhwlzth@-n@gwlwmhutoqm acryirmide.cantloam
sanpl e i s subj egixagtes Ber@ofdr €Ssure of 0.74 psi (5.1 kPa) for 15 m nutes. At
the end of this tinme, the gauge is used to neasure the final sanple

t hi ckness (X2). Fromthe initial and final thickness
9. An absorbent article, preferably a diaper, especially suitable for absorbing and

retaining aqueous body fluids, said article comprising;
D a backing sheet; and
I 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
comprising the foam material of Claim 1.

10. A process for the preparation of an absorbent polymeric foam materiat
capable of acquiring and distributing aqueous fluids, which comprises the steps of’

A) forming a water-in-oil emulsion at a temperature of 50°C or higher,
under low shear mixing at less than 1000 sec-1, from:
1) an oil phase comprising: '
a) from 85 to 98% by weight of a monomer component capable of
forming a copolymer having a Tg of 35°C or lower, the
MOonomer component comprising:

i)  from 30 to 80% by weight of at least one substantially
water-insoluble monofunctional monomer capable of
forming an atactic amorphous polymer having a Tg of
25°C or lower,

T it



S neasurenents, the percent straln I nduced can be cal cul ated for the
sanple as follows: [(X -X2)/X ]xl wmrmu H Htﬂuﬂml n t hi ckness. D.
Recovery from Wet Conpression (RF | es, Jayco synthetic
urine and eq sed to make measurenents are all equi | iPQ:‘lﬁfsﬁgoﬁ%s
31l[err]C andtkgg[;z’wl’fy relative humdity. Al 10 neasurenents are also
performed at this tenperature and humdity. Thickness nmeasurenents are

performed under a pressure of about 0.08 (0.55 kPa) using a gauge such
as an Ames nodel 482 or an Ono- Sokki node EG 225. A foam cylinder about 2

mm thick and 29 nm di ameter jjp p&aﬁhfdo%%siv@@h%tat@éastfmubh
saturated to its free absorbent cy&ac:t&?i thetic urine %. t hen
pl aced on top of three sheets of lﬂ% %&n‘@%@eﬁ\ﬁ"p‘glef %l ter

paper (particle retention: 6 [errimpartinge tmaglmessf equitalent e dhat perpvided dyt o
simul ate the high absorption pres s typically associated with storage

conponents in absorbent articles f e.r C SI t diately
conpressed 75% of the thi cknB'é Eﬁmgft ggw {Tg spgpﬂ wathn t hi ck
sanple) using a rigid plate |argeinsolubler pa)yﬁhemomhcerdsdmhngaagdne selebied
strain is maintained for five mn Sthy %}U!%p

synthetic urine is partitioned oufﬂngf % 2%#1%@]0 Penf’% er %gtper
After the five mnute period, theb@BReRni ngliyned: e |t%l“‘l'@Fmve ivigybeyl

f oant paper conposite, and the foadavhglng)mmen&)e oppor t Udiiiinyl-aliey memnbg air

and reexpand. Two 25 minutes aftggs ”5@@%"% f1e confining 4 RES

sanple is separated fromthe paper a I Ckness neasure h‘ﬁ] tent
to which the sanple recovers its haney s s edivinibenzyls, ce W@Q’e
its initial thickness, is taken apheay]maﬁyr @iﬁﬁyjdlﬂﬁn I Y divirgurens,

conpressi on of the sarrpl e. The av r Basir e are
used to determ ne RFWC. 30 E. &E@gﬁlﬂg r%{)wj'ﬂfgu%fﬁ fg‘”ﬁ if%f Eﬁ@éj
absorbent capacity can be qua’htlﬁp@d’@yﬁ%% tam#@myﬂ?t‘MGﬂ-c
urine absorbed in a foam sanpl e vipidhiblé)apolfafdiohdt %gg.mw ffend VeelebRl | C

aarpl e 35 coneurrently wi th the RERSHF e, Spmss ot Potrboctiens SRIRES s on
Def |l ecti on. The foam sanpl es and Wethansylates;t hasrylamides, nemethasrydamidés, braaded t o
a tenperature mixtures thereof. and
b) from 2 to 15% by weight of an emulsifier component which is
soluble in the oil phase and which is suitable for forming a
stable water-in-oil emulsion, the emulsion component
comprising: (i) a primary emulsifier having at least 40% by
weight emuisifying components selected from the group
consisting of diglycerol monoesters of linear unsaturated Cy¢-
Cy fatty acids, diglycerol monoesters of branched Cy4-Cog
fatty acids, diglycerol monoaliphatic ethers of branched Cyg-
Ca4 alcohols, diglycerot monoaliphatic ethers of linear
unsaturated Cj4-Co2 fatty alcohols, diglycerol monoaliphatic
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WD 97/ 07532

PCT/ US96/ 00433 39 of 31[err]C. Mﬁmmm’ﬂﬂ mﬂmerformed at anbi ent
tenperature. A foam sanple sheet its free absorbent
capacity by soaking in a bath of Jayco sy mthéti ¢ urine. Aft

cyl i nder hawWQ%[“%’? n2 (6.5 cn2) circular surface area is ?’T ou the
saturated, expanded sheet with a sharp circular 5 die. The cyli ndr| cal

sanple is soaked in synthetic urine at Sﬁrr]Cfor a further 3 mnutes.
The sanple is then renoved fromthe synt ic urine and is placed on a

Fli gital Eal an(r:]e. A][ly Eal ancelahsrg edf Widelr asatRatedi 09 Ia;ushag aBrbRae A I
arger than that of the sanp are r less
can be enpl oyed. Exanpl es of @%%g%'ﬁlogﬂ% sﬁﬁm%de ?@3&?& 5383’%
Mettler PC 440 (Mettler 10 |menqestersnef @anghed (G giSaqofutty NBids, aud mixtures
determ ning the wei ght of thethw%fBP a%ﬁi&hﬁtx&ﬁ'wa dxﬁar*%mﬂkﬁaelﬁ vingleyeen 2
fine plastic nmesh screens on 5828; 0S owels. The sanpl e

i s squeezed 3 times by fi rrﬂy‘e? I r/'hbyé"eﬁ‘& \F@F‘??Wétst B9 &creen.
The sanple is then renobved, smﬁmﬂdmemuklﬁnrlmawélglwmeoofpﬁmappommw 2
m nutes, and squeezed 15 betygg 1%11 nﬂﬁ%r% %gfuﬂﬂﬂrp' aced
between 8 | ayers of disposable &Ss to ?%&? each q%‘)kmg pressed
with 20,000 [bs. of force in & 2 @abﬁrmms t hen
renoved fromthe paper towel sﬁ-o:ﬂltheyoupcmsungnfwng&ﬂmulh@jzwa@ﬁatm nut es,

and its dry weight recorded ( t%ﬂﬁ?%ﬁ% |s t he
wet weight (Wv, less the dry §IVI d% vvelg
(W), i.e., FAC = [ (W W)/ Witpen spham shastn) DVA

is used to determ ne the Tgs ﬂfamp(zll rdihhpmibu m@lmﬁmfgam;rs]ong;arrpl es

of the foans are sliced into nu ﬁpg V\ﬁéngg g

times in distilled water, expreSS| n g% f:abalh@m%Ero ﬁéﬁ er t ween
each 25 washing. The resultW’P‘HB rfalts, oheg chein %@@W%r nSHhQi'Fr The
dried foamslices are cored tolﬁc%dn@gﬁwmwemyﬂﬁum ﬁmdmtnersahs]'hese

cylinders are anal yzed using §.§§A- dynam ¢ nechani cal

anal yzer set in conpression
2) a water phase containing: (a) from 0.2 to 20% by weight of a water-

soluble electrolyte; and (b) an effective amount of a polymerization
initiator;

3) the weight ratio of the water phase to the oil phase being in the range
of from 12:1 to 125:1; and

B)  polymerizing the monomer component in the oil phase of the water-
in-oil emulsion to form a polymeric foam material.

11.  The process of Claim 10 wherein formation of said emulsion is performed at a
shear rate of less than 800 sec"1.

12. The process of Claim 11 wherein:
1) the oil phase comprises: -

a) from 90 to 97% by weight of a monomer component capable of
forming a copolymer having a Tg value from 15° to 30°C, said
monomer component comprising:

i)  from 50 to 65% by weight monomer selected from the
group consisting of C4-C14 alkyl acrylates, aryl and
alkaryl acrylates, C4-C1¢ alkyl methacrylates, C4-Cj2
alkyl styrenes, acrylamides and mixtures thereof;

i fi‘iilﬁiri"lim



parallel plates 25 mmin dianeter. Instrunent paraneters used were as
follows: Tenperature step fromec L\mmmﬂ O[err]C in steps of
2.5[err]C 30 Soak interv%!}\mﬁﬁ rature changes of 125-160
seconds Dynanic strain set at O. te 1t 0% (dsually O. ferr by 5§ SegRCY set
at 1.0 radi an¥PS%8 Aut otension set in static force tracking .dynamc
force node with initial static force set at 5 g. 35 The glass transition

tenperature is taken as the nmaxi num poi nt5 of the | oss tangent versus
tenperature curve. WO 97/ 07832

PCt / US96/ 00433 40 G | nt erma0|%Tgh§25%:g t bthéisher SHbdted 6 hedP)

interfacial Tension (IFT) is neasured at .50[enr] C by the sgﬁg{ryn drop
nmet hod described in U S. Patent 5! e,glayt ary 7,

1995, except that: (1) the nononethemaft ure used in preparl ng the oil phase
contains styrene, 5 divinyljpe nzt%}g 14 20260 and

2- et hyl hexyl acryl ate, and 1,.4 anedl ol acr t ratio
of 14:14:60:12; (2) the condht ré’i‘?’f‘& %113‘2n§19§4°’ﬂf"e¥ tsﬁn;;p "ﬁﬁ‘g‘é@ is
varied by dilution froman upper agentesdecteti ﬁmnofheggrwpahdstmimwf B4- 10

wei ght % down to a concentration Wﬂﬁfl dihe  lifmbtial Bﬁ}kﬁseseﬂ\ﬂ val%olt hat is

at | east about 10 dyne/cm greater the m nj mu
S'Wf&f ¢-herancaiol discmiaie, MEES  of

dyne/cm 10 whichever is |ess;
| FT versus log enulsifier concent théréofn | S used to determne the m n| rrum

IFT; (4) the Critical A g@(g&,?qo?e% ner%&t,?&}d(e%%ﬁér%o@ﬁ%

ext rapol ating the | ow corice ion I near por he I FT
versus | og concentraki orfhpmater ph asgcompqus j B typl cally
used to calculate surface area per nol ecul e at the i nt erface see for

le 15 S f |
T Rosen. 1989 1 pag it frptil of iy B UiltaclcRSO0BTAR: 2 BRIRGIETH hdef Burdd | O
concentration mnwsofe&bmeawbm: the tip speed: is Siasn dilnchey/sscta JOHNGHENSR%: | FT i s

taken as the Cpfefersbiyftiediplsy eedaglﬁ-&agqmiﬂgwc%gowseeoncentratl on of about
5-10 weight %1 s used. De5| rably, the

Sheet Has Been RT

T




upper enul sifier concentration used is at
| east 20 about three tines) the CAC of the enulsifier.
phase at anbi ent-tenperature of

at

having a solubility in the oil

| east about twice (nore desirably

For enmulsifiers
| ess than 5

wt.% the upper concentration limt can be reduced as |ong '5?""33
| east about tw ce the CAC of the g‘rs'r.ru;FE% Ier at

concent r at i onVPE7/8183% |
WD 97/ 07832
PCT/ US96/ 00433 41 V.
specific preparation of collapsed H PE foans of the present

50[err] C

Exanple 1 5

enul sion. 10

at

Speci fi c Exanpl es These exanples illustrate the

i nventi on.

Preparation of H PE and Foans froma R PE A)
H PE Preparation Anhydrous cal ci um iffori de (36.32 kg) and potassium
persul fate (189 g) are dissolved in 378 liters of water.
wat er phase streamto be used in a continuous process for formng a H PE
To a nononer conbi nation conprising |ow purity

di vi nyl benzene (3%6MiQi nyl benzene and 61% et hyl

commerci al di vi nyfg E&nge

acrylate (3480 g)

Tinuvin 765 (30 g3 Fhéd
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dynam ¢ m xi ng apparatus is achieved by nmeans of a pin inpeller.
i npel l er conprises a cylindrical
of about 1.9 25

di anet er
17 pins and 2 r

dynam ¢ m xi ng appar at us,
wal I's of the cylindrical

Seri al

axis of the shaft to a
is mounted in a cylindrical

The pin

shaft of about 21.6 cmin length with a

cm The shaft holds 4 rows of pins,
aving 16 pins, each having a dianeter o

ext endi ng ouﬁﬂ%gﬂ$@£%r0n1the central

cm The pin inpeller

2 rows having

Priubeiitn |

sl eeve which forns the

and the pins have a clearance of 1.5 mmfromthe
A mnor portion of the effluent

sl eeve.

as shown in Fi

i ncqQrporated by reference herein.

zone returns the mnor portion to the entry point of the oi
phase flow st«emng> 35 to the dynam c m xi ng zone.
nount ed downs@r@a® fromt he dynam ¢ m Xxi ng
pparatus to provide back pressure in the dynam c m xi ng
ovi de inproved incorporation of conponents into the H PE
formed. The static m xer

34.3 cm

PCT/ US96/ 004

appar at us anggt

that is event
is 14.7 inche
5 Th

with oil phas

t he apparatus conm
phase and 7.57 cc

recirculation is

t he apparatus set

cc/sec to reduce
is then begun in
The flow rate of
37.8 cc/sec over

DESORPTION

11

n

30
exiting the dynam c m xi ng appar at
recircul ati on zone,
No. 08/ 370, 694,

TS

is withdrawn and enters a

1 of copending U S. application

filed January 10, 1995 (T. DesMarais),

which is

The Waukesha punp in the recircul ation

A spiral
WD 97/ 07832

(TAH I ndustries Mde

and wat er

static mxer is

100-612

long with a 1.05 inch (2.67 cn) outside dianeter.
ned m xing and recircul ation apparatus set-up is filled
wat er phase at a ratio of 4 parts water to 1 part oil
The dynam c m xing apparatus is vented to allow air to escape while filling
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of about 1 mn., and the oil phase flowrate is reduced to 0.95 g/sec over
atime 15 period of about 3 min. The recirculation rate is steadily

i ncreased to about 39 cc/sec during the latter tine period. The back
pressure created by the dynamc and static mxers at this point is about 2
PSI (14 kPa). whwpdskesha punp speed is then steadily decr gsaskoésoass Yi €l d
a recirculation rate of about 20 cc/sec, and the inpeller speed is steadily
decreased to 300 RPM The back pressure at this point is about |.7 20 PSI
(12 kPa). B) Pol yneri zation of H PE The3#SPE flowing fromthe static

m xer at this point is collected in a round pol ypropyl ene tub, 17 in. (43
cm in dianeter and 7.5 in (10 cnm) high, with a concentric insert made of
Cel con plastic. The insert is 5in (12.7 ¢ in dianeter at 25 its base
and 4.75 in (12 cm i Co D A cm high.
The HI PE-containing t ‘ R ir]C. for 18

hours to bring about e S et S gt \\Ashi ng
and Dewat eri ng The cujeR Ny , , PR yiglibs. The
foamat this 30 poi njiEyse ' 3 : L N O | \ ed

ermul sifiers, el ectrol NaASSaak o ES R ut 40-50
times (40-50X) the welRyEkgliN:e i . Y gsliced with
a sharp reciprocati ngiiEes Y < e gavcs (0.19
cm in thickness. The i : Aina
series of 2 porous ni} y 35

reduce the residual i mes (I X

t he wei ght of the pol .
resaturated with a 1.8
series of 3 porous ni Eres ~ = ’ ‘ ;

PCT/ US96/ 00433 43 wi t . : ) Y IRRAVER 1 X. The
Cad 2 content of the Sl ‘ ' c PR
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A) H PE Preparation 5 Anhydr ous cal cium chl oride (36.32 kg) and
potassium persul fate (189 g) are dissolved in 378 liters of water. This
provi des the water phase streamto be used in a continuous process for
formng a H PE enul sion. To a nononmer conbi nation conpri si leRo/bu4s3 LY

di vi nyl benze®@ Y8882 di vi nyl benzene and 61% ethyl styrene) (1912.5 g),
commerci al divinyl benzene (55% 10 divinyl benzene) (607.5 g), and

2- et hyl hexyl acrylate (3480 g), is added a diglycerol nonool eate enul sifier
(360 g), and Tinuvin 765 (30 g). The diglycerol nonool eate enul sifier
(Gindsted Products; Brabrand, Denmark) conprises approximately 81%

di gl ycerol nonool eate, 1% other diglycerol nonoesters, 3% polyols, and 15%
ot her polyglycerol esters, inparts a mninumoil/water interfacial tension
val ye of 15 approximately 2.7 dyne/cm and has an oil/water critical
aggregati on concentration of approxinahily 2.8 wt[err]. After mxing, this
conbi nation of materials is allowed toddttle overnight. No visible residue
is sormed and all of the m xture is withdrawn and used as the oil phase in
a continuous process for formng a H PE enul sion. Separate streans of the
oil phase (25[err]C) and water phase (65-67[err]C) are fed 20 to a dynamc
m Xxi ng apparatus. Thorough m xi ng of the conbined streans in the dynamc

m Xi ng apparatus is achieved by nmeans of a pin inpeller. The pin inpeller
conprises a cylindrical shaft of about 21.6 cmin length with a di aneter of
about 1.9 cm The shaft holds 4 rows of pins, 2 rows having 17 pins and 2
rows: having 16 pins, each having a dianeter of 0.5 cm extendi ng outwardly
fromthe central axis of 25 the shaft to a length of 1.36 cm The pin
inmpeller is mounted in a cylindrical sleeve which forns the dynam c m xi ng
apparatus, and the pins have a-cl-ear-ance-oi---3-Amijromthe walls of the
cylindrical sleeve. A mndr pértion of the efflkuent exiting the dynamc

m Xi ng apparatus is withdrlawniand enters a recircyl ati on zone, as shown in
Figure 1 of U S. applicati Serial No. O ,694, filed January 10,
1995, by T. DesMarais. The Wapkgsha punp in recircul ation zone returns

the mnor portion to the entr int of the and wat er phase fl ow
streans to the dynam c m xi ng . A spiraf sfatic mxer is nounted
downstream from the dynam c mxi ng appar at provi de back pressure in
the dynam ¢ m xi ng appar at us ¢ o providg 35} i rrerigdﬁ ncor porati on of
conponents into the H PE that|i med. Th




static m xer (TAH Industries Mdel 100-612) is 14.7 inches (37.3 cm |ong
with a 1.05 inch (2.67 cn) outside dianeter. WO 97/ 07832
PCT/ US96/ 00433 44 The conbi ned m xing and recircul ati on apparatus set-up is
filled with OHOCSBW and water phase at a ratio of 4 parts water to 1 part
oil. The dyna ng apparatus is vented to allow air to FEIUSSE0ES | e
filling the apparatus conpletely. The flow rates during filing are 1.89
g/ sec oil phase and 7.57 cc/sec water phase.Wen 5 the apparatus is filled
recirculation is begun at about 9.5 cc/sec recirculation. Once the
apparatus set-up is filled, the water ﬁase flowrate is cut to 5.67 cc/sec
to reduce the pressure build up \/\/niléS e vent is closed. Agitation is then
begun in the dynamic mxer, with the inpeller turning at 500 RPM The fl ow
rate of the water phase is then steadily increased to a rate of 37.8 cc/sec
over a time period |0 of about I mn., and the oil phase flowrate is
redubed to 0.95 g/sec over a tinme period of about 3 mn. The recirculation
rate® is steadily increased to about 39 cc/sec during the latter tine
period. The Waukesha punp speed is then steadily decreased to a yield a
recirculation rate of about 20 cc/sec, and the inpeller speed is steadily
decreased to 400 RPM The back pressure at this point is about 1.5 PSI (10
kPa). 15 After sone tune, the water and oil phase flow rates are reduced
by half over a tinme period of about 50 sec. The inpeller RPMis reduced to
200 RPM over about the sane tine period, and the gecirculation rate is
reduced to 10Rcc/ sec. The back pressure at this pgoNot 1s about 1.2 PSI ( 8
kPa). B) Poly rition of HHPE 20 & The rovvingfromthe static
m xer at this poi nts cogl ected in\a royN gyl ene tub, 17 in. (43
cm in dianmeteryand .5 ift (10 cm high, entric i nsert nmade of
Cel con plastic. Neseyt is 5in (1R 7 in\digneter at its base and
4.75 in (2 cm A\ 5 6. N/ in (17.1 cm). high. The
'\:\ ne at 65 [err]h_‘. for 18
*o‘\n- he\ f oam
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C) Foam Washi ng and Dewat ering The cured H PE foamis renoved fromthe’?;‘f?i-m..

curi-ng tubs irs poi nt has residual water phase’ (COﬁt aini ng‘I
di ssol ved ef“"ﬂﬁ ”'Him@y!( MEM yte,,initiator res\} dues, and initi-atorysed.. .
about 40-50 t"i més {40e e wei ght of golyrrerl zed 30 nmonorrer-& ! The: ’-oﬁn_
Is sliced wwth a sharp reciprocating saw®| ade i nto sheets which-are0:Q75.
inches (0. {4 clhimddisckness. These sheets are then-subjected:t.o @ nuged..

conpression in a series of 2 porous nip rolls equipped with vacuum whi ch
gradual |y reduce the residual water phase content of the foamto ahmt 1

B e P AE e
60[ err] C., flaids, saidipelymdric foam materiabcarhprisingoa hydrophilic, fiekibi, ﬂﬁlﬁibﬁb%lyﬁéﬁt&h
F2CI L Al i e G o 7 1 1

PCT/ US96/ 00433 A Talal capacityhaftes ddsbrptibroat 30emfod isss éﬁﬁrﬁﬂﬁdtﬁgolgféﬂhé{féwnh'%o
t he processes detail ﬁgp%lﬁgg@enécapa%{t]e f oam prepared using different (high

shear) processing co ' Table 3
Sanpl e Poug) a dupmary absW;ﬁlon ﬁ?@é‘s’uf'@bf ﬁ’éth%out ft&ﬁb&hw&ﬁnt RTCD
Tenpat ure RPM Rat 165[ err]F

750" 59.g:1 C @ capilary des°fPf'9'7 pessure of fmfafba% éE‘é?'P?lﬂ 25cm; 155[err]F
301 40.0:1 p) 2a5eslstance to conﬁ)‘?eélon deﬂectlon?&f fn%%l %&ft@to about 85%%@? rlF

200 39.6:1 1. 3% Sanpl e Capacity after
ShearRate  Cell Si z@"eaﬁb‘leé ugdgpa %Oﬁﬂ'mﬂfﬂsﬁﬂfﬁ(ﬂf% B#itambsor pti on
P (PM err] NA -
(11!\/95 E) ,, 8 [freererabs()Pdé'nt éapacng of fro:%ge%out t,12 to abidu r1]23%f?é 153
24.0 19 C2 3.3% 180 sec[err] _ 29.3
16 1: Prepgred ®R& fh Mhtdeal B¥BERY § wherdRQUR foam structure has:
A) a capillary absorption pressure of from about 3 to about 15 cm;

B) a capillary desorption pressure of from about 8 to about 20 cm;

C) a resistance to compression deflection of from about 5 to about 65% when
measured under a confining pressure of 0.74 psi;

D) a free absorbent capacity of from about 20 to about 80 g/g; and

E) a recovery from wet compression of at least about 75%.

3. The foam material of claim 2 wherein said foam structure has a free absorbent
capacity of from about 25 to about 75 g/g, and a recovery from wet compression of at
least about 90%.

4. The foam material of claim 2 wherein said foam structure has a resistance to
compression deflection of from about 5 to about 50% when measured under a confining
pressure of 0.74 psi.

5. The foam material of claim 1 which has a number average cell size of from about
20 to about 200 gm and a number average hole size of from about 5 to about 45 gm.

6. The foam material of claim 5 wherein said cell size is from about 30 to about 190
#m and wherein said hole size is from about 8 to about 40 gm.
REPLACEMENT SHEET
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10 2: Prepared according to Exanple 2. above. *: neasured from _
desor ption cur city at 30 cm(g/g) conpared with free
absor bent capa IBE”@ !Ll ﬂEV\ha’g is clainmed is: 1. A pol yneric foam
mat eri al which IS uiring an;l di stributing aqueous fl uids,
said polynmeric foam material conprising hydrophilic, flexible, nonionic
pol ynmeric foam structure of interconnected open cells, which foam structure
has: A) a capacity after desorption at 30 cmof |ess than about 10% of

the foam s7ireeThB gamenateudp@fcnlarm 1 Bhereirasaid fodrh stryctaleshaga ispacific safagec of
f rom about ﬁ%f Ljon pressure of from
about 8 to géb g?ﬁgg %fré%raebsc’?'g Zékfsg%%ﬁéég‘s} °8n deflection of from
about 5 to about 85% when neasured under a confining pressure of 0.74 psi;
and E) free n paci t froma out. 125 g/g. 2.
The foam ndter i ;ﬁgi&ﬁ ngétﬁﬁ% %’eﬁ"ﬁrzﬁ wherel ?%Q?ﬂ%xf Freqtur,e}% spegific surgaoe
capi | | ary akeopetfoam voleses of fomfaboud006P5 ts about @.00@8Ec.15 cm B)  a

capillary desorption pressure of fromabout 8 to about 20 cm O a
resi stance to conpression deflection of fromabout 5 to about 65% when

measur ed ugder A ,stsmﬁerru foemhaRHAINehieH lsQ-;aEéblB%'f ac@)mng and &r@ﬁbﬂﬁ?ﬁéﬁ?‘éﬂu
capacity oh fromda ((é)'ut 20_to about 90 recover t
conpr essi ofUigF. S&id pelyaeric fagm matesial eompris %'ﬂ\%hﬂiﬁm'l'ﬁiﬂéﬂbﬁl HWIO@PQPMTLB"C

wher ei n s afdn eﬁuratﬁrercsfq,ﬁterdanheéte@obéﬁeerebmrchefsém%ﬁﬂa&g Ha@f from about 25
to about 75 g/g,.and a recovery fromwet conpression o | east about 90%

4, The foam ﬁ%t er ALRPasiItyafter desorplinsy al 28 amjof ‘eﬁééhﬁnsﬁbm f10%cofithe feam'’s

resistance to conpreggs aBsiBbhteSHpaey; of from about 5 to about 50% when
neasured under a confining pressure of 0.74 The foam material of

claim 1 which hBY a Asaplaryahsemiien pessurs o ofdramm 'aboértrﬁ tebahaut 20 cm;
C) a capillary desorption pressure of from about 8 to about 25 cm;

D) a resistance to compression deflection of from about 5 to about 65% when
measured under a confining pressure of 0.74 psi;

E) a free absorbent capacity of from about 25 to about 75 g/g; and

F) a recovery from wet compression of at least about 75%.

10.  The foam material of claim 9 wherein said foam structure has:

A) a capacity after desorption at 28 cm of less than about 10% of the foam’s
free absorbent capacity;

B) a capillary absorption pressure of from about 2 to about 15 cm:;

C) a capillary desorption pressure of from about 8 to about 20 cm;

D) a resistance to compression deflection of from about 5 to about 65% when
measured under a confining pressure of 0.74 psi;

E) a free absorbent capacity of from about 25 to about 75 g/g; and

F) a recovery from wet compression of at least about 75%.

11. The foam material of claim 9 wherein said foam structure has a free absorbent
capacity of from about 30 to about 55 g/g, and a recovery from wet compression of at
least about 90%.

12. The foam material of claim 9 wherein said foam structure has a resistance fo
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20 to about 200 [err] and a nupber average hal e size of fromabout 5 to
about 45 [err]. 6. The foam material of claim5 wherein said cell size
is from aboumﬂﬂmﬂ"imhmmm [err]. and wherein said hole size is from
about 8 to a LACEMENT SHEET 2 6 FEB 1999 47 7. The
foam materi al “of ‘cl &inf'1 Wherein said fodm structure has a specific surface -
area per foam volune of from about 0.0075 to about 0.06 nferr]/cc. 8.
The foam material of claim2 wherein said foam structure has a specific
surface ar @H“MQSSlﬁlmdﬁﬂWDu wéfrom ghoubd 4k eboutGOOOWEen measored Uhded andhfining 9.
A pol y”e”éregﬁﬂ@ Eﬁrb whi ch is capable of acquiring and distributi ng
aqueous flui sai d pol'yneric foam material conprising a hydrophilic,

fl exible, noni oni ¢ polymeric foam structure of i nt erconnect ed open cells,

whi ch f i f d t fol
than aboat 1 S00e The [ Rateralof odlm PRREh its A et 35ereBi ol oo of o st ©°°
absorpti on3Q)tceatmnt d90{uni apdnaaiumbier averagea hold si2@ ot from@bout 8 t6 apolit 45 y¥m.

desorption pressure of fromabout 8 to about 25 cm D) a resistance to
conpressi on deflection of fromabout 5 to about 65% when neasured under a

confi ni ng Pt.essThefoam laatéﬁamlclaﬂﬁha wrﬁarélh @aidajet @izB9Hrom ABRGH 80/t0dbolt 980

about 25 to _abqut 75 nd F), recoyery from wet conpression of at
| east about™ wrﬁgemgsa%ngo 3%'?739%?%“ §¥ R BEPYH 3P MRAer ei n sai d foam
structure has a capamty after desorption at 28 cmof |ess than about

10% of the ree abso nt. capacit, a capillary absorption

Y,
pressure o? fro ed mmzfet"@ ghdaim wf@ﬁemeyld)foam peiure has @especiicisyrface

pressure qrearpemoaaoua;u&etaf@hpasommta)aboumﬁmcance to conpression
defl ection of fromabout 5 to about 65% when nmeasured under a confining

pressure of 0.74 psi; E) a free absorbent capacity of fromabout 25 to
about 75 ofe); arHé foam material of claim 2 wherein said foam structure has a specific surface

area per foam volume of from about 0.008 to about 0.02 m*cc.
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F)

mat eri al
capacity of from about 30 to about 55 g/g,

wher ei n

a recovery fromwet conpression of at |east about 75% 11. W0 -%Ham

of claim9 wherein said foam structure has a free absor bents

and a recovery fromwe

conpression of at |east about 90% 12. The foam material of g8
sai d foaMUcture has a resistance to REPLACEMENT SHEGMpg
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materials, including foam-based absorbent fluid storage components,
high internal phase emulsions (HIPEs).

(54) Title: ABSOI;BENT FOAMS MADE FROM HIGH INTERNAL PHASE EMULSIONS USEFUL FOR ACQUIRING AQUEOUS

Absorbent foam materials that are capable of acquiring and distributing aqueous fluids, especialty discharged body fluids such as urine.
'l'hgse al.)smbent_foams coml.:ine relaﬁ\!ely high capillary absorption pressures and capacity-per-weight properties that allow them to acquire
fiuid, with or without the aid of gravity. These absorbent foams also give up this fluid efficiently to higher absorption pressure storage

without collapsing. These absorbent foams are made by polymerizing




