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USEFUL FCR ACQUIRING AND DISTRIBUTING AQUECUS FLUIDS 10 15 TECHNICAL FI ELD
OF THE I NVENTION This application relates to flexible, mcroporous,

open-cel | ent 20 polyneric foammaterials. This | I, 0N
particula???gggﬁg?es to absorbent foam materials nade frog?ﬁpgﬁﬁ+%?ernal
phase enul sions that are capable of acquiring and distributing aqueous
fluids, e.g., urine. BACKGROUND OF THE | NVENTI ON 25 The devel opment
of highly absorbent articles for use as disposabl e diapers, adult

I nconti nence pads and briefs, and catanenial products such as sanitary
napkins is the subject of substantial commercial interest. The ability to
provi de high performance absorbent articles such as diapers has been

contingent on the | rbent cores or
stguctures that cﬁi@%m%gﬁ@%ﬁﬁ@ﬁ@?ﬁ%%w&&mﬂw of
di scharged body f| ui USEFUR FQk ACOUIRING ANT2 DISTRIBEITINGAQUEQUS FLUIDS of
certain particul ate absorbent polyners often referred to as "hydrogels,"
"super absorbents" or "hydrocolloid" materials has been particularly
I nportant. 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,
t hat disclose the use of such 35 particul ate absorbent polyners in
absorbent articles. Indeed, the devel opnent of high performance di apers has
been the diredt consequence of thinner absorbent cores that take advantage
of the ability of these particul ate absorbent polyners to absorb | arge
guantities of discharged aqueous body fluids, typically when used in
conmbi nation with WD 96/ 21681
PCT/ US96/ 00111 2 a fibrous matrix. See, for exanple, U S. Patent 4,673,402
(Weisman et al), issued June 16, 1987 and U. S. Patent 4,935,022 (Lash et
al), issued Jwie 19, 1990, that disclose dual-1ayer core structures
conprising a fibrous matrix and particul ate absorbent polyners useful in
fashi oni ng hi gh performance di apers. 5 These particul ate absorbent
pol ymers have previously been unsurpassed in _
C F N
This application relates to flexible, microporous, open-celled absorbent
20 polymeric foam materials. This application particularly relates to absorbent foam
materials made from high internal phase emulsions that are capable of acquiring and

distributing aqueous fluids, e.g., urine.
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25 The development of highly absorbent articles for use as disposable diapers,
adult incontinence pads and briefs, and catamenial products such as sanitary napkins
is the subject of substantial commercial interest. The ability to provide high
performance absorbent articles such as diapers has been contingent on the ability to
develop relatively absorbent cores or structures that can acquire, distribute and store
%  large quantities of discharged body fluids, in particular urine. In this regard, the use
of certain particulate absorbent polymers _often referred to as "hydrogels,”
"superabsorbents” or "hydrocolloid" materials has been particularly 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
as  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



their ability to retain large volumes of fluids, such as urine. A
representative exanple of such particul ate absorbent polyners are lightly
crosslinked polyacryl ates. Like many of the other absorbent polyners, these
l'ightly crosslinked polyacrylates conprise a nmultiplicity of anionic

- (charged) Caraﬂﬁén spupPs attached to the polynmer 10 backbon hﬁmmﬁlﬁhese
charged car boxy ups that enable the polyner to absorb aqueous body
fluids as the result of osnotic forces. Absorbegcy based on capillary
forces is also inmportant in many absorbent artiCles, including diapers.
Capi |l | ary absorbents can offer superior performance in terns of the rate of
fluid acquisition and wcking, i.e. the ability to nove aqueous 15 fluid
away fromthe point of initial contact. Indeed, the dual -layer core
absor bent st ruct ur es arfibrous mittixe Ses ot mnfpldorlb&stde&t(%lspm retal), issued

capillary transport vghi §8 €989 a’im’\tfsti’ﬁedtr#§§5412hm'd)ei§s@éiuﬁﬁé'%9bi’§§0 that
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by the particul ate alfisgioe % nere m%r@ﬂ‘pf‘ﬁ“%ﬂ/ toug  matrix and pargi
core. 20 a hmbmbmbpdmmnmﬁdmﬁmcmwﬂ perfrmpncediagensg capi | | ary
fluid transport are open %&?&Mdé‘%h&eﬁp ers 'HAGE PrevicRsly deth hﬂﬂ?pis&ﬁ
pol yneric foans have yse absor bent cIe for th ur pose o
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exanple, U S. Patent oﬂsﬁﬂepﬂﬂeﬂ(ttlahmhmspplymesm(ﬁshbbmsﬁhyk@ polerylates. Like

(absorbent pad for diggRersf adoltie dbkdibent siilin rﬁ%a&
a hydrophilic polyurethane foa
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PCT/ US96/ 00111 positioned in layers or zones of the core. .
20 Other absorbent materials capable of providing capillary fluid transport are

open-celled polymeric foams. Indeed, certain types of polymeric foams have been
used in absorbent articles for the purpose of actually imbibing, wicking and/or
retaining aqueous body fluids. See, for example, U.S. Patent 3,563,243 (Lindquist),
issued February 6, 1971 (absorbent pad for diapers and the like where the primary
25  absorbent is a hydrophilic polyurethane foam sheet); U.S. Patent 4,554,297 (Dabi),
issued November 19, 1985 (body fluid absorbing cellular polymers that can be used in
diapers or catamenial products); U.S. Patent 4,740,520 (Garvey et al), issued April
26, 1988 (absorbent composite structure such as diapers, feminine care products and
the like that contain sponge absorbents made from certain types of super-wicking,
30  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
desirable wet integrity, can provide suitable fit throughout the entire period the article

35 is wom, and can minimize changes in shape during use (e.g., uncontrolled swelling,
bunching). In addition, absorbent articles containing such foam structures can be



3 easier to nanufacture on a comer ci al scal e. For exarrpl e, absorbent
di aper cores can : oot s—arre cam——
be designed to have consi derably greater i nt egrrty and unrformty t han

absor bent fi br ous webs. Such foans can al so be prepared in any desired

shape, orgu@ ?rrred into single-piece s diapers. Partipgghgbépoafaiui t abl e
absor bent foams or absorbent products such as diapers have been nmade from

Hi gh Internal Phase Emulsions (hereafter referred to as "H PE"). See, for
exanple, U S. Patent 5,260,345 (DesMarais et al), issued Novenber 9, 1993

and U.S. Patent 5,268,224 (DesMarais et al), issued Decenber 7, 1993. These
absorbent H PE foans provide desirable fluid handling properties,

including: (a) relatively good wicking and fluid distribution
characteristics teasiertamenyfacture gn Frmﬂml%lrspﬂe Eer example, sbsgrbent diaperatosss
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and to maintain rognt foams\arealse sfficienty Siexibleand soft 50 as to provide BM@B@O
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- other core co@PO(¥oirg ettal) $s3uédoRine 723994, which discloses absorbent cores having a fluid
' acquisition/distribution component that can be a hydrophilic, flexible, open-celled
foam such as a melamine-formaldehyde foam (e.g., BASOTECT made by BASF),
and a fluid storage/redistribution component that is a HIPE-based absorbent foam.
These foam-based acquisition/distribution components should allow rapid
2s  fluid acquisition, as well as efficient partitioning or distribution of fluid to other
components of the absorbent core having higher absorption pressures than the
desorption pressure of the acquisition/distribution foam. 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
30 ~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
3s  acquisition/distribution components should do so without densifying or collapsing.
Foam-based acquisition/distribution components should also readily accept fluid, with




35 acquisition/distribution conmponents should do so w thout densifying or
col | apsi ng. Foam based acqui sition/distribution conponents should al so
readily accept fluid, with WO 96/ 21681

PCT/ US96/ 0011 4 or without the aid of gravity. Foam based

acqui si tion/ dig I on conponents should further provide g nRBabdif | CS.
be soft and re§?#hﬂa% I n structure, and have good physi cal iﬁ?gérlty ?ﬁ
both wet and dry states. Accordingly, it would bg desirable to be able to
make an open-celled 5 absorbent polyneric foamhmaterial, in particular an
absorbent H PE foam that: (1) can function as an acquisition/distribution
conponent in an absorbent core; (2) allows other core conponents having

hi gher absorption pressures than the desorption pressure of the

acqui si tion/ di stri buterowithoutntheoaig o gravitn aﬁmr}lliakeﬁ acquisitiontistritution components
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defl ection of from abutilize Sorecomponentss5% when neasured under a confining
pressure of 0.74 psi; E) a free absorbent capacity of fromabout 12 to

about 125 g/g. s

The present invention relates to polymeric foam materials that are capable of
acquiring and distributing aqueous fluids, especially discharged body fluids such as
urine. These absorbent polymeric foam materials comprise a hydrophilic, flexible,
nonionic polymeric foam structure of interconnected open-cells. This foam structure

20 has:
A) the ability to vertically wick synthetic urine to a height of S cm in less than
about 120 seconds;
B) a capillary absorption pressure (i.e., height at 50% capacity) of from about
5 to about 25 cm;
15 C) a capillary desorption pressure (i.e., height at 50% capacity) of from about
8 to about 40 cm;

D) aresistance to compression deflection of from about 5 to about 85% when
measured under a confining pressure of 0.74 psi;
E) afree absorbent capacity of from about 12 to about 125 g/g.

30 Besides acquiring and distributing body fluids rapidly, the absorbent foams of
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,

35 with or without the aid of gravity. The absorbent foams of the present invention also
provide good aesthetics due to their soft, resilient structure and physical integrity. As



30 Besi des acquiring and distributing body fluids rapidly, the
absor bent foans—ofthe -presept—tAvernttorn—grve—tap—tirs—tuourd—eftrcrentty-to——
other fluid storage conmponents, including foambased fluid storage
conponents. The absorbent foans of the present invention conbine relatively
hi gh capi lw@bs2igdaSor pti on pressures and capacity-per- weipiiuseontsties
(conmpared to conventional foans) that allow themto acquire fluid, 35

with or without the aid of gravity. The absoybent foans of the present

i nvention al so provi de good aesthetics due to their soft, resilient
structure and physical integrity. As WO 96/ 21681

PCT/ US96/ 00111 5 a result, the absorbent foans of the present I nvention are
particularly attractive, for h_perfqgrmance apsorpent art,i s such as
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phase conprising: a) r BEFSent Jnyentien (furthes "158% ab?%ﬁé'f‘ ﬁ{" é&“‘ﬂ'“&oﬂ’ﬁ?ﬁsr
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:

20 A) forming a water-in-oil emulsion at a temperature of about 50°C or

higher and under low shear mixing 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

23 about 35°C or lower, the monomer component comprising:

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,

30 ii) from about 5 to about 40% by weight of at least one
substantially water-insoluble monofunctional comonomer
capable of imparting toughness about equivalent to that
provided by styrene,

iti) from about S to about 25% by weight of a first substantially

3s water-insoluble, polyfunctional crosslinking agent selected
from divinyl benzenes, trivinylbenzenes, divinyltoluenes,



conponent capable of form ng a copolymer having a Tg of 25

about 35[err]C or | ower, the nononer conponent conprising: i) from about
30 to about 80% by wei ght of at |east one substantially water-insoluble
nonof uncti onal nonomer capable of form ng an atatic anorphous pol yner
having a Tg ofw@bgiiks25[err] C or lower, 30 | porrushéuTI PbOUt
5 to about 40% by wei ght of at |east one substantially water-insoluble
monof uncti onal conononer capable of inparting tgughness about equivalent to

that provided by styrene; iii) fromabout 5 to about 25% by wei ght of a
first substantially 35 wat er - i nsol ubl e,

pol yfunctional crosslinking agent selected fromdivinyl benzenes,

triwi nyl benzenes, divinyltol uenes, WO 96/ 21681

PCT/ US96/ 00111 6 di vi nyl xyl enes, di vi $iyinyisyienesa diviayinaphthaleges, divinylaliodhenzenes,
di vi nyl phenant hr enes, di divmylblmﬂhhmléss divinylbiphenyls,

di i nyl di phenyl et hanes, d|V|nyIphenyI
di vi nyl di phenyl sul fi des, divinyl furans %‘l Vi n§Pﬂl}a§ed d| Vi n ‘F\%MM&
and m xtures thereof; and iv) fromO ‘!‘8“14

substantially wat e - i nsol ubl e, pol yf udicinylsulfide, divmgbdulﬂxb,nglmﬁsthehﬁpiﬁd

from pol yfuncti onal acryl ates, ac rggp@a
and m xtures thereof; and 10 meM] ﬁ’&h%ﬁﬁ%ﬁ ] o“imz togéé ?'mfgﬁﬁ%ly
wei ght of an emul sifier component \Ahl\‘,'ﬁe'l"!"%!ﬂflﬁtﬂ"@'ﬁ‘ fetip s’G“&nﬁ’“‘ed
which is suitable for formng a stablﬁom@owfuncﬁonﬂlacmmc@h& e attyiamides,

conmponent conprising: (i) a primary GW&%L@@&%M&EW mﬂpout 40% by
ro

wei ght emnul si fyi ng conponents sel ecte
di gl ycerol nonoestlers of | i nea®)undEom ahewtd2cio:sbgutcl o, by ryaighy of; pa semulsifier
di gl ycerol nonoesters of branched Ghmpodentiwhich] isf silibje &t itieks oil hhgsey &Rt Which is

monoal i phatic ethers of branched stﬁfta%?ellfoﬁo?mgla%able water-in-oil emulsion, the emulsion
component comprising: (i) a primary emulsifier having at least
about 40% by weight emulsifying components selected from
15 diglycerol monoesters of linear unsaturated Cjg-Cyg fatty
acids, diglycerol monoesters of branched C;¢-Ca4 fatty acids,
diglycerol monoaliphatic ethers of branched C4-C24 alcohols,
diglycerol monoaliphatic ethers of linear unsaturated C14-C22
fatty alcohols, diglycerol monoaliphatic ethers of linear
20 saturated Cj5-C14 alcohols, sorbitan monoesters of linear
unsaturated Cig-C22 fatty acids, sorbitan monoesters of
branched Cj4-Ca4 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
28 emulsifiers in a weight ratio of primary to secondary emulsifier
of from about 50:1 to about 1:4; and
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,
30 3) avolume to weight ratio of water phase to oil phase in the range of
from about 12:1 to about 125:1; and
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.
38
The process of the present invention allows the formation of these absorbent
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di gl ycerol nonoaliphatic ethers of |inear unsaturated Cerr]-Cerr] fatty
al cohol s, diglycerol nonoaliphatic—ethetrs—ef—+rmmear—20
saturated Cl2-Cl4 al cohol s, ‘sorbitan nonoesters of |inear unsaturated
Cerr]-Clerr] fatty acids, sorbitan nonoesters of branched Cerr]-(err]
fatty acids, and m xtures thereof; or (ii) the conbi natipcresIsilatry
emul si fi &¥O m g at | east 20% by wei ght of these enul sifying conponents
and certain secondary 25 7enul sifiers in a weight ratio
of primary to secondary enulsifier of fromabout 50:1 to about 1:4; and 2)
a water phase conprising an aqueous solution containing: (i) fromabout 0.2
to about 20% by weight of a water-soluble electrolyte; and (ii) an
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W) 96/ 21681 75fobigherihat are capabl e of acquiring and rapidly distributing
fluids as a result of a conbination of two factors. One is the use of |ow

shear m xi ng during H PE for 1@6 t nore robust
enul sifier systens that allo ed at

rel atively high tenpeFigurgricef thedgwaa@dm smp&spqul@ qfrthrsabsmgn@puwmﬁ_ipur
DESCRI PTI ON OF THEPEDIaitk povred hgdlﬁ‘&edttaﬁp&hﬂred.r awi ngs i s a graphical plot of

100 P g e o ?'2“58**29%"55%9?*%?@“%5 @'#Efﬁ'aidh%fﬁ% SRR B
curves of these smpfopPEfopms.f oans.

Figure 3 of the drawings is a photomlcrograph (50 X magnification) of a
section of a representative absorbent polymersic foam according to the present
invention made from HIPE having a 60:1 water-to-0il weight ratio and poured at

15 93°C, and where the monomer component consisted of a 21:14:55:10 weight ratio of
ethyl styrene (EtS):divinyl benzene (DVB):2-ethylhexyl acrylate (EHA):hexanediol
diacrylate (HDDA) and where 5.5% (by weight of the oil phase) of diglycerol
monooleate (DGMO)} and 1% of ditallow dimethyl ammonium methylsulfate
emulsifiers were used.

20 Figure 4 of the drawings is a photomicrograph (250 X magnification) of the
foam of Figure 3.

Figure S of the drawings is a graphical plot showing fluid holding (desorption
pressure) as a function of cell structure (hole size between cells) for several HIPE
foams. '

25 Figures 6 and 7 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 8 of the drawings represents a blown-apart view of the components of a
diaper structure also of multi-layer core configuration having an hourglass-shaped

30 fluid acquisition/distribution foam layer overlying a fluid storage/redistribution layer

with a modified hourglass shape.
ION OF N
L olymeric rb 0.
3s A.  General Foam Characteristics

Polymeric foams according to the present invention useful in absorbent



Figure 3 of the drawings is a photom crograph (50 X magnification) of a
section of a representative absorbent polyneric foamaccording to the
present invention nade fromH PE having a 60:1 water-to-oil weight ratio
and poured at 15 93[err]C, and where the nononmer conponent consisted of a
21:14:55: 10 wei ht ratio of ethyl styrene (EtS):divinyl benperrssnoill
(DVB) : 2- et hy | W@RRI68L .y | at e (EHA) : hexanedi ol diacryl ate (HDDA) and where
5.5% (by wei ght of the oil phase) of diglycerol gnonool eate (DAGVO) and 1% of
dital | ow di net hyl ammoni um net hyl sul fate enmul sifiers were used. 20

Figure 4 of the drawings is a photom crograph (250 X magnification) of the
foamof Figure 3. Figure 5 of the drawings is a graphi cal pl ot show ng

fl,uid hol ding (desorption pressure) as_.a function st r,ugt hol e

si ze between cells) esApd, ‘HT%E"?H!?H%W ard rlrivé W@?F Zlﬁt!‘fr'%’ the
the drawi ngs repr eseradividuat pelis ioff ¢he/ foam tatqom/wnplemduaomﬂ‘d@educemﬂlcwon with
mul ti-layer core confgy } ﬁ‘é Eelltshﬁ sﬁéﬂikﬂﬁsﬁhﬁﬁwgﬁeﬁ-‘émeﬂtfohﬁtﬁﬁu@ﬁm have

conponent overlies a s qc%ﬁl M/dl tr| butugﬁg %@ 3?%{3' ﬂ'ﬂ?

Figure 8 of the dr avm'ﬁ‘f&'é’
a diaper structure altmsfd&mlomwhywemwmthNMaw ng an

Pf’“?g' ass- Sha}oed d.?’ot f'bu' @&q%&b&mﬂy %&Lug@#ﬂfo%hiﬁwm@mn getRFlly | Réveada

ul storage/redl stri putl o ayer | ou S S

DETAI LED DESCRI PTI ON Mﬂ%ﬁ%@ '“d"'n{a%“ﬁ'ﬁ%‘! ‘%ﬂ‘é%e%@“ﬁ@?r&f mptually

A Gener al Foam Chasbmméctad] dhiree dinfensignatly branched nuebac chhegstrands: of polymgsicomaterial

i nvention useful in ?@M‘f@@ﬁ‘ hese brafithed /web Sdn BY fefeéatel to A8 dsthits.UCO lléd foams
Ive

t hose which are rel a en- ceI I ed Thi nmeans ¢ he i.ndi vi d cel,l s oI

the foamare in cénplheyvia cCAE SR O XY o |°ﬁ’d"p(!%l'f‘s
The cells in such sul:;ﬂbmcrakhphnpfd?tgm'esll = 4. Eomputposestof thasprasentinvention, a foam

intercellular openi Ngg, ks j¢Mdpebaiedt i#at 1 %W%mmwmetmmremm at
fluid 5 transfer from one ce to t e . .other Wit |nhthgeﬁgoa ?truc

These substantial |y dehl 48} ipsige pegd g@ﬁﬂ@?‘&?‘&%’f‘%
reticul ated character wt ﬂnttdﬂ:tnondtwbdnmlopuebdllsd.bﬂlempdmn@ are sufficiently

plurality of mutug) | Yhydrophilic to permit the foam to absorb aqueous fluids. The internal surfaces of the
foam structures are rendered hydrophilic by residual hydrophilizing surfactants left in
the foam structure after polymerization, or by selected post-polymerization foam
treatment proceddres, as described hereafter.

The extent to which these polymeric foams are "hydrophilic" can be
20  quantified by the "adhesion tension" value exhibited when in contact with an
absorbable test liquid. The adhesion tension exhibited by these foams can be
determined experimentally using a procedure where weight uptake of a test liquid,
e.g., synthetic urine, is measured for a sample of known dimensions and capillary
suction specific surface area. Such a procedure is described in greater detail in the
2s TEST METHODS section of copending U.S. application Serial No. 989,270 (Dyer
et al), filed December 11, 1992, which is incorporated by reference. Foams which
are useful as absorbents in the present invention are generally those which exhibit an
adhesion tension value of from about 15 to about 65 dynes/cm, more preferably from
about 20 to about 65 dynes/cm, as determined by capillary suction uptake of

30 synthetic urine having a surface tension of 65 + 5 dynes/cm.
An important aspect of these foams is their glass transition temperature (Tg).
The Tg represents the midpoint of the transition between the glassy and rubbery
states of the polymer. Foams that have a higher Tg than the temperature of use can
be very strong but will also be very rigid and potentially prone to fracture. Such
as  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,



connected, three dinensionally branched webs. The strands of polyneri c

mat eri al maki ng_up t hese br anched—webs—caf-be—teferret—to—as—struts:
pen-cel l ed foanms 10 having a typical strut-type structure are shown by
way of exanple in the photom crographs of Fi gures 3 and 4. For purposes of

t he prese%g’sﬁﬁ @ption, a foammterial is "open-celled" igcraisoddaat 80% of
the cells in the foamstructure that are at least 1 [err]min size are in

fluid conmmuni cation with at | east one adjacgnt cell. In addition to being
open-cell ed, these polyneric foans are sufficiently 15 hydrophilic to
permt the foamto absorb aqueous fluids. The internal surfaces of the foam
structures are rendered hydrophilic by residual hydrophilizing surfactants
left in the foam structure after polynerization, or by sel ected

pdst - pol yner i zat spesificallynstrengtht andrresiliance; dypically, neassnm faiskysetestiem fange of The
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di mensi ons and c | ar S emi ce ea Sucr}'!5 educe is
described in gre L %(é'f'# ‘F‘?f pﬁ ﬁ/élilﬁ—idﬁj %
U.S. applicati onmmlatmmmammbdpaser@amwwldbepwcwdmmdw!l%ofthegz
whi ch is incorpopghelegdllé h6mBpARRA s&ritdS Spetifitalp! it uﬁefb@ma&uabsafabemés in
valub of 1r o%”éﬁﬁm‘?‘%g@qrs%ﬂi%ﬁaﬁwﬁmgm' bt =§= BaonolBeers Bave IR 20
to about 65 dyne¥gmna chainidangthnoh8catbpncatpmns.| By conteast, dhe upmm Tg S0he
TpOr tant aspect (i Iecs of o ARl AN Gl a Pk Bngle Z""S%“r L Sarbon ).
The Tg repr esent ¥OM Qﬁﬁﬁﬁ&ﬁ%?‘ﬁ}s‘fﬂ’{’%’ﬁ é&@fl"l_ﬂ?‘_’ﬁ‘é‘[sv%@ f;ﬁé
rubbery states otlkyllaeryjatesyand metiaorylutes: their availability iscugrently a«gremhlarhnutbé)

Dot Ent | al 1y B one. t o, hra o o oE el Ehabtin Weich o 8ol Sy e 0 v
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pol ynmer. The desresmSb!nebsnut:cldnlwhlmnhdmedhémﬂ:sgmm(ummmbsm
PCT/ US96/ 00111 Opgdyetehipbratirt)y oﬁﬁéq:w&mm b akdr BTG, ForPbiamble) a broader

necessitates a fairly sel. ectlve ran
tell'ansnt}an region can mean an gwomplete transition at in-use temperatures. Typically,

if the transition is incomplete at the in-use temperature, the polymer will evidence

20  greater rigidity and will be less resilient. Conversely, if the transition is completed at
the in-use temperature, then the polymer will exhibit faster recovery from
compression. Accordingly, it is desirable to control the Tg and the breadth of the
transition region of the polymer to achieve the desired mechanical properties.
Generally, it is preferred that the Tg of the polymer be at least about 10°C lower than

2s  the in-use temperature. (The Tg and the width of the transition region are derived
from the loss tangent vs. temperature curve from a dynamic mechanical analysis
(DMA) measurement, as descnbed in the Test Methods sectlon hereaﬁer)

0w 1. Verical Wicking
Vertical wicking, i.e., fluid wicking in a direction opposite from gravitational
forces, of given amount of fluid within a set period of time is an especially important
performance attribute for absorbent foams herein. These foams will frequently be
utilized in absorbent articles in a manner such that fluid to be absorbed must be
35 moved within the article from a relatively lower. position to a relatively higher
position within the absorbent core of the article. Accordingly, the ability of these



nmononer types and |levels to achieve these desired properties. For foans of
the present invention, the Tg should be as | ow as possible, so long as the
foam has acceptabl e strength. Accordingly, nononers are selected as 5 nuch
as possi ble that provide correspondi ng honopol yners having lower Tg's. It
has been foundwhhghiegfie chain length of the al kyl group on thpcpesehkstie and
nmet hacryl ate conononers can be | onger than woul d be predicted fromthe Tg
of the honol ogous honopol yner series. Specificgdly, it has been found that
t he honol ogous series of alkyl acrylate or nethacryl ate honopol yners have a
m ninmum 10 Tg at a chain length of 8 carbon atons. By contrast, the

m ni mum Tg of the copolyners of the present invention occurs at a chain

| engt h of about 12 carbon ataons. (Wiile the alkyl substituted styrene
mononers can be used fP#mS e MEck fluid, againsk yaravitatiopal farces s pariquiaglyy Selexans to their

their availability i Sunciohiagas fluidséquisitonand dmw&ﬁbucoﬁpenaim%ﬁb&hﬁudéﬁss

transition region of the Iy}m;;gﬁh r
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anbi ent or body teﬁpammw oPfoainttf spetifiednize. s'haberﬁcalmaaingﬁméagrﬁadescnbed in

e Use. 1 enper S?S?res” e defil 4, PESE METHODS Werlod ot Bpehifle U " plicuifin Seria
i n-use te%er ature, p %KDWI ¢t al), &bﬁc@% gl&ad @92, (bgmn fincorpomated by
be less resilient. Ccramnaql But isfpeifbrmedr @HPC, mtmsotml eTe beadspéchatly usefulsia

tenperature, then th f
~ conpressi on. Accordlﬁag. %c“sg‘és%%ﬂg ‘fr{ngs&g ﬁf%ﬂkﬁfts O?“Ejg¥rﬁsenbln‘e'%%‘toﬂ
of the transition egvilipreferably xemsically wick syntheticning£6% %8 @E@i‘?‘@é GRIRNQMQre than
properties. General | yabos 1205sepomds e V6rd préferably, vhe peeferfed! foam absorbents sftha ipresent
| east about 10[err] C g4 aygkq W%%? t\Ui‘Ek :@sgﬁﬁh&@rﬂhﬁ{:%‘ HhSa no %e%na&%uk%
width of the transition region are 0sS tan
tenperature curve frd@?@d&wﬂdm@m%ly'%m“ﬁm t ¥\sepo surerrent as
described in the Test Methods ecti Capillsty Abkdrotion and DesorpfiGifPhesst

Cror T 12, P00 Wkl o) f W b s v e

wicking, i.e., fluudmvnw:nnutmmkwbmnwrﬁo apillaryiabsarptinpressure
forces, of given anouefersio the abikity of theifoanhitoswick figidivedically. ([SeeP. K.(Elmtu:;ceandH

espeC|aIIy i nportant pe €n

These foans w || fre&?eﬁ%?utﬁl ze‘gw 5%20?%&%?%&?, cﬁgg'[sﬁﬁ a rranner
such that fluid to b rielsgviercAmS) 5; frhepten 24 h Eor, thei Rurposes ohihg
relatively | ower. apospreseatiniention, thé edpillay} abshmptjdnepresmﬁe ofiinterest is tHierhytifostatic head

absorbent core of the3LEChE vertcGy didkEd Huid D& ls' 0¥ of the! #E&Sfbsorbent 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 present invention, this is typically the inflection point on the capillary

2s  absorption curve.

Figure 1 depicts the absorption curves for four foams identified as P61,

P170, P180 and P194 which correspond to HIPEs poured at 161°F (72°C), 170°F

(77°C), 180°F (82°C) and 194°F (90°C), respectively. The absorption pressures

were determined from these absorption curves and are summarized in Table 1 below:

30
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particularly relevant to their functioning as fluid acquisition and

di stribution conponents in absorbent articles. Vertical wcking is

det er m nedvdysarggSUri ng the tine taken for a col ored testpdigisbborte: 9- -
synthetic urine) in a reservoir to wick a vertical distance of 5 cmthrough
5 a test strip of foamof specified size. Jhe vertical w cking procedure
is described in greater detail in the TEST METHODS section of copending

U S. application Serial No. 989,270 (Dyer et al), filed Decenber 11, 1992,
(herein incorporated by reference), but is perforned at 31[err]C, instead
of 37C. To be especially useful in absorbent articles for absorbing urine,
the foam absorbents of the present invent d8¥€20 will preferably vertically
W ck synthetic urine (65 5 dynes/cm) 5 cmin no nore than about 120

seconds. Mre preferably, the ppgfsf, m a SREJQ :IoﬁP?JssJ rgsent
invention will vertically w ' ' e than
about 70 seconds, and nost preferabl6®n no nofe than alfut 50 seg¢onds. 2.

Capillary Absorption and Degorptionjfgepssures f5 12 Anot her ifnpor t ant

property of useful absorbenf—foanms gccorarmgt lon is
their capillary absorption 18 | | refers
to the ability of the foam o w ck 1949Fd vertifkally. [Sge P. K atterjee

and H. V. Nguyen in "Absorbency,” Textile Science and Technol ogy, Vol. 7;
P. K Chatterjee, Ed.; Elsevier: Arnsterdam_1985; Chapter 2.] For the
purposes of the 20 pPépamiculanimportange to throability of therab fopmscaf the pessent e of
: nt g_r est i 355 (t)s/e hwdiitﬁﬁ:;tatﬁmbtibﬁ&ﬁ useful iinid-fcqhisition and Bﬁﬁibhu?d_f\&ﬁifﬁﬂeﬁtb i tHeir
oading I s o Ol.. I [ S { Lty ungder equlll briumcondltlons
at 3l[err]C. Thek?f}dghr sdf%??@iné%gﬁ&s ?@@ﬁﬁ%’e %’Bg%pﬁfg?ﬁ ﬁ%sgtf’ ‘f‘f"[}gﬁ“s
(e.g., syntheti cabilityrfe)hald onei fpid ah various ihydnostaticy heads ian euilibrium ¢onditions fabans
of the present i a2WNtFoithe ptp6ses of thi Predaiit invehtith, thelchiliry @BsoRstion présurk BF
capillary 25 ab le et RO depicts. rptian rves for
four foans ident Fh?t?rgsg 'g;@e&y%r%gaﬂgi}%u &éﬁ@ﬁo&%}%%ﬁ%ﬁmﬁ 8@%0"5 ©
H PEs pour ed 1t e phsprbent qapaity upderequilitrivmecantiionsat[237C.] &} fllugienédcin Figure
(82[err] C) and 194{foerfodrhs of te) present fveitions khis isTGEicﬂ@Sﬁi_’eﬁhﬂ&ﬂmP?Sﬁﬁ 6h Qe VET €
determ ned from mﬂ%@gg&%ﬁwﬂecurves and are summarized in Table 1
bel ow. 30 ) )
Figure 2 depicts the desorption curves of the same four foams identified as
P161, P170, P180 and P194 which correspond to HIPEs poured at 161°F (72°C),
s 170°F (77°C), 180°F (82°C) and 194°F (90°C), respectively. The desorption
pressures were determined from these desorption curves and are summarized in Table

2 below:
Table 2
20
Pour Temperature Desorption Pressure {(cm)
161°F 31
170°F , 27
180°F 24
194°F 19

The capillary desorption pressure is important relative to the absorption

pressure of other absorbent components, especially those intended for fluid storage.

If the fluid acquisition component of the absorbent article holds the acquired fluid too

2s  tenaciously, this will inhibit the ability of these other components to partition fluid
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PCT/ US96/ 00111 11 Table 1 Pour Tenperature Absorption, Pressure (cn
161[err]F 8 170[err]F 12 180[err]F
8 194[err]F 8 O particular inportance to the ability
of the absorbeagpeteee of the present 5 invention to functigtressvns ul
fluid acquisition and distribution conponents is their capillary desorption
pressure. Capillary desorption pressure refers o0 the foanms ability to
hold onto fluid at various hydrostatic heads at equilibriumconditions at
22[err] C. For the purposes of the present invention, the capi | lary
desorption pressure of interest is the hydrostatic head (i.e., height) at
which the fluid loading is 50% of the 10 free absorbent capaC|ty under
equi | i bri um condi ti od¥axt Thisccan gquse|the,aqquisition compaRent rqremairy g b

present invention, tlnum that thepdbserbént sirticte isnmbreciusceptible ito lealiing! NThe Ridims | ofrthie

N .
foams. | denti fied as Bt 19?%8“’39%&6%%%Wi%%ﬁﬁﬁﬁoﬁmﬁaﬁﬁsé%
poured at 161F (72C) componentsoean; effectively;dey, oytcfi.e. des Thisgestgreg the

194F (90[err]Q), rsesmepicityafﬁwfoﬁhﬁ Wlﬁﬁﬁeﬁﬂmﬂwwftétheeﬁﬁmdﬁémm

f th d t I
20" Pour Temper at ur e 1adeded G 848 Sk oy St did qh E&W togbibe) fet
31 170F to the skin o thqwgggpcomparauvely dry. The da agk z_ghqve ,shqvps how

19 The capillary desempbmpwaﬂﬂmrdﬁnstea by Eplection vif appropriate’ processing onditions (e.g.,
absorption pressure %&T@péor bent conponents, especially those
ora e

intended for fluid s he fluid acquisition conponent of the
absorbent articl e®hol ds t ﬁ@edbwb@é@ﬂ&ﬁﬁ'hﬁdﬁem‘ invention ‘can be readily desorbed by

other components of the absorbent core that store such fluids, including those
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
15 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
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),
20 issued June 23, 1994, both of which are incorporated by reference). Indeed, these
absorbent foams can be readily desorbed by other absorbent polymeric foanis that
store the acquired fluid, such as those disclosed in, for example, U.S. Patent
5,268,224 (DesMarais et al), issued December 7, 1993, copending U.S. application
Serial No. 989,270 (Dyer et al), filed December 1992, and copending U.S.
3s  Application Serial No. 08/370922 (Thomas A. DesMarais et al), filed
Jan.10,1993 Case No. 5541, all of which are incorporated by reference.
Accordingly, the absorbent foams of the present invention function very well in
multiple "gush" situations to move the acquxred fluid rapidly to other fluid storage

components of the absorbent structure.
30 Capillary absorption pressures can be measured using a vertical wicking
absorbent capacity test as described in greater detail in the TEST METHODS section
of copending U.S. application Serial No. 989,270 (Dyer et al), filed December 1992,
* which is incorporated by reference, except at 31°C rather than 37°C. Data from the
vertical wicking absorbent capacity test provides the curve from which the capillary

3s  absorption pressure is determined.

Capillary desorption pressure can be measured using the procedure described




25 tenaciously, this will inhibit the ability of these other conponents to

partition fluid WD 96/ 21681

PCT/ US96/ 00111 12 away. This can cause the acquisition conponent to renain
so heavily Ioaded with fluid that the absorbent article is nore susceptible
to | eaki ngy, g§i0ans of the present invention have desorpti-mmmnssures

| ow enough so tﬁat fluid storage conponents can effectively dry out (i.
desorb) these foans. This restores the s cgpacity of the foamto accept
further fluid "gushes" (either fromthe wearer or from squeeze out fromthe
storage conponents) and keeps the | ayer (eg., topsheet) next to the skin of
the wearer conparatively dry. The data in Table 2 above shows how this

property can be adjusted b selectlon of _appropri ate processi ng_conditions
(e.g., pour tenpdRdbeTEP %@TH DS sectign, o Toeaerate the datafor ardesarption: eupne;a
i nvention can be fbmdarhpie@ﬁthediwhywat&ammmmah&tm allbweddosdesdrd ntilc or e

t hat st h f t
ge?l [ flgo:nit erjfal S Hﬂiﬂ mgé ar eg{’il sc{ (@S‘ggmlﬁ% @gﬁwgvf&bh@a%h?%ﬁfrﬁ%n
5,061, 259 ( Col dmpﬂwww%mmsg stalleb&arrio 3 whictpthe fvid lpading isn39
(Brandt et al)s immhweemaﬁmﬂawmuammmuumml%s as 15 Re

and U'S. patent 4. cos Sl e HARE R ot pre S el vl bl

al| of which are SoserBtion prsumes,9f fio S 1q,abqyt| 35 &sl desorption
mancr ost uct ures rme&uésommsaoaibawwm ghhidu Mfoiﬁshh%se

di scl osed i n, for t ( GbSilt ) e 1,.S5U ril
7, 1992, and U.S. caiigy’ ﬁﬁ"’ﬁ?i %%ﬁ'?%&tgf'&gt a?{s §8 |ss#e u‘?@ % 994,
both of whi chiar ¢lesqrptonpressures of WE?&Q@%‘@? cﬂlndeed t hese absorbent foans
can be readily desorbed by 30t heRes ; ms that store the

acquired fluid, such L ; f‘f

5. 268, 224 (Deslvar ais e E‘F‘}J |ssue‘5&§gé‘%‘n #thgég%cop% ng%‘?@wt
appl i cation Seri dnvegion isgheirstrengtivas detenmingd)by their resistencetpisompnession defleetion
copendi ng U. S, ZE(RTm)I | Tied RPGDSéxhibited blp th@?daﬁﬁ(l&?e?n is a(ﬁ]ihﬁﬂii%fﬁne psighé ai s

(ratef glr)encfeI | 220\(])?3"#2‘? gigﬁ'eﬁ%soé\gen?ys?&a Ck“Fgfof:le presen nVe eoé‘ﬁ}'ﬁg’ >

function very welmo tﬂvsm injtyme detgrmined by ¢ a)athe Palymen compasitioneblthg sonditions) uij d
rapidly to other unker GuitidhO the) o NWaN) Gidlymepized [{fora BXatiphs NtheS boriplbteficds of

polymerization obtained, specifically with respect to crosskinking); and c) the extent
to which the polyiner is plasticized by residual material, e.g., emulsifiers, left in the

20 foam structure after processing. '

To be useful as fluid acquisition/distribution components in absorbent cores of
absorbent articles such as diapers, the foams of the present invention must be suitably
resistant to deformation or compression by forces encountered when such absorbent
materials are engaged in the absorptioh and retention of fluids. This is particularly

2s  important as fluids are partitioned, either due to a sorption pressure gradient or
squeeze out, from the acquisition/distribution components and into other fluid
storage components in the absorbent core. Indeed, the acquisition/distribution foams
of the present invention provide a balance of capillary desorption pressure and foam
strength to avoid undesirable collapse during partitioning.

30 If the capillary desorption pressure of the foam is greater than its RTCD
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

35 acquiring additional fluid gushes.

If the foams are too strong, however, they will look and feel stiff, leading to




30 Capi |l l ary absorption pressures can be neasured using a verti cal
w cki ng absorbent capacity test as described in greater detail in the TEST
METHODS section of copending U S. application Serial No. 989,270 (Dyer et

al), filed Decenber 1992, which is incorporated by reference, except at

3l[err]C rath %‘8?@ 37[err]C. Data fromthe vertical w cki ngcpipssianat
capacity test pr &s the curve from which the capillary 35 absorption

pressure is determned. Capillary desorption prggsure can be neasured using
t he procedure descri bed WO 96/21681

PCT/ US96/ 00111 13 in the TEST METHODS section. To generate the data for a
desorption curve, a foamsanple is saturated with water, hung vertically
and then allowed to desorb until equilibriumis reached. The fluid_ |oading
is then plotted as a Poghagstheticso Alse, opetmecianism: by, which foamscof she,presant jvensionrcan
i.e., the hydrostati iseitile aindWpartifior iid linvoives anetharical Spumping>0%Tls ithean be

free absorbent capaci B%nt@oﬁs[%ﬂhma@@ﬁﬂ% ﬂkﬁmﬁ%n?ﬁﬂ fo bes%g%)égc! foosﬁﬂﬁ%g%&y

foans according to t e I nven ave ca
pressures of from abc;mme Rressunes gxperiencerd by m@r rims vRectornsomets this additipnal
of about 8 to about 4firtiiiGhingMechanisnr | y preferred absorbent foanms have

capillary absorption pressur |
10 desorptlon pressures o %@%ﬁ@@%ﬁ%@&c%@”} ﬁﬁﬁé@é‘?anceﬂ’fn&gu
Conpr essi on Def | ect i @yantified hyodetermining-the amount of steain, prodused;ina samply ot saturated

foams of the present tbﬂﬂ@tﬁldlmetiubhﬁnrcoﬁmi iy pressufesfor al specifiet peritd ofvirné. The

t t
oo horein i ot 32@%*?&*@%%4%@;%*&5%9%%@%% fiedle i TEST
density and structur METHORS segtign. rﬁe@mmﬁﬂmebspﬂaeymr acgviting and distribyting fluids
determined by: a) thear@tHoyéwhich @REIDIS b lrbsistinc®lo tdifpréssion defletion sadhthatvd Edtifining

obtai ned. " speci {1 cal Iv‘&% & P@é@sﬁi f&?@“@sﬁc@ﬁk &jﬁ%?wﬂlfﬁ%ﬁ%hﬁ&# %F%m
whi ch the pol yner is $3¥msempression ofithe foamestrctures  Rreferably the gtrain pragdueeds yndes such

left in the 20 foamcohditiGdsiwill w‘he:he Ping6 GFom Bsbut BOtoDgbolis 65%) most preferalily from
acqui sition/dist rl but 'b&ﬂ sct?, s I n absorbent cores of absorbent
articles such as di apers oans_of the present [ nventlon nmust be
suitably resistant to def or mat fon oRegoyesy.fromWet e88ION-s encount er ed when

such absor bent Recovery from wet compression (RFWC) relates to the tendency or
propensity of a piece of wet foam material to quickly return to its original dimensions
after being deformed or compressed under forces encountered in manufacture or use,
20  without having a reservoir of free fluid to draw from during re-expansion. Many high
capillary pressure foams, such as those described in U.S. Patent 5,268,224
(DesMarais et al.), issued December 7, 1993, and in copending U.S. application
Serial No. 989,270 (Dyer et al), filed December 11, 1992, will not readily reexpand.
It has also been found that re-expansion is even more difficult for an
2s  acquisition/distribution foam when it is in competition for fluid with a higher sorption
pressure component, such as is typically encountered in absorbent cores.

A suitable procedure for determining recovery from wet compression is set
forth in the TEST METHODS section. Such a procedure in general involves
compression of a foam sample that has previously been saturated to its free absorbent

30  capacity with synthetic urine while positioned on top of a high capillary absorption
pressure material. Samples are maintained under a strain of 75% compression at a
constant temperature (31°C) for a period of five minutes, then are released from
compression. After two minutes of competing for the fluid with the higher sorption
pressure material (the sample having had the opportunity to re-expand), the sample is

3s  separated and its thickness measured. The extent to which the sample recovers its
thickness is taken as a measure of the recc;\}ery from wet compression of the sample.




materials are engaged in the absorption and retention of fluids. This is
particularly 25 inportant. as flui-ds—are—paiiitonet—etirer—doeto 4
sorption pressure gradient or squeeze out, fromthe

acqui sition/distribution conponents and into other fluid st orage conponents
in the abﬁ@ﬁﬂ@ﬂ& core. |ndeed, the acquisition/distributipggrssgmsmiof the
present invention provide a balance of capillary desorption pressure and
foam strength to avoid undesirable coIIapsq during partitioning. 30

If the capillary desorption pressure of thefoamis greater than its RTCD
and/or its re-expansion strength (i.e., expansion pressure at a particular
% conpression), it will tend to coll apse upon desorption and thus | eave the
foamin a saturated, densified state. In this state, the

acqui si tion/ di stri butPrsferred absarbent forsms oftthe tpsesentcinvention will gsukirally exbibitea t er
skin for the weafe%ved {o #QélistlabdBub60% Gpméqunmp&ﬂw:m;@é withiifid middites of

additional fluid pq? M thefoams a to !serai;lgnﬂich &eve{foa}nhm&eml;l
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pressures experienced by the to pronote this addltlonal 5
partitioni ng nmechani smmmel Gﬂambrﬁehﬁféﬁhy%dﬁlfﬁaiﬂi

present invention can be |f det i n m)unt ,pf ra|
produced in a salfyfHogss § Mﬁf%@ g %“Eﬁ?“?éﬁ?ﬁ%nhﬁm@‘
pressure for 1 spnmnitloéﬁbspﬂmdd:ynﬂmc urine) whivh agivéndivarmh sample wil) absgrivinto ithi s
particular type QJI]yfa?&h ﬁﬁrﬁh’ﬂﬁ‘ﬂo’?%lﬂatﬁit&'ial i thb S4m Es’fhelﬂnams

section. Foans use

RnicH e
are those which E%Pﬁ?'ﬂ{yt‘“ﬁﬁ"?&g‘é‘f’% a8 rgl?P%ﬁan 1“?&6{“ 8, iy u![ d:

confini ng pr essufree atisofbedticapadity( a‘dbk&p)cnﬂlmﬁﬂam sbsotbenti articlés foypbwms/
fromabout 5 to ﬁ‘ﬂﬁu M&Qﬁ'ﬂ’fo oP kthe rﬁeﬁ@m‘:&ﬁ‘i@h%ﬁmw %i;ﬁi:ﬁfb!’ the

about | 66% maki PPBaBpdiA g o Bith 125 8, BERfrabl rom Aot 20GAbout 406 08 PSt 1 o
Wet Conpr essi on preferably frodrabout 4%to abonp7% gig, ofi synkhalis uriné ptteg'aMmﬁdIy: foam
tendency or material. The procedure for determining the free absorbent capacity of the foam is
' described hereafter in the TEST METHODS section.
C. ies of P ic
20 1. Cell and Hole Sizes

A feature that can be useful in defining preferred polymeric foams is the cell
structure. Foam cells, and especially cells that are formed by polymerizing a
monomer-containing oil phase that surrounds relatively monomer-free water-phase
droplets, will frequently be substantially spherical in shape. These spherical cells are

25 connected to each other by openings, which are referred to hereafter as holes
between cells. Both the size or "diameter” of such spherical cells and the diameter of
the openings (holes) between the cells are commonly used for characterizing foams in
general. Since the cells, and holes between the cells, in a given sampie of polymeric
foam will not necessarily be of approximately the same size; average cell and hole

30  sizes, i.e., average cell and hole diameters, will often be specified.

Cell and hole sizes are parameters that can impact 2 number of important
mechanical and performance features of the foams according to the present invention,
including the fluid wicking properties of these foams, as well as the capillary pressure
that is developed within the foam structure. A number of techniques are available for

3s  determining the average cell and hole sizes of foams. The most useful technique
involves a simple measurement based on the scanning electron photomicrograph of a



propensity of a piece of wet foammaterial to quickly return to its

origi nal dinensions after being deforned or conpressed under forces
encountered in manufacture or use, 20 wthout having a reservoir of free
fluid to draw from during re-expansion. Many high capillary pressure foans,
such as those ;&ﬁkﬁed in U S. Patent 5,268,224 (DeshMarais ejcrusosnonssued
Decenber 7, 19935, I n copending U S. application Serial No. 989, 270
(Dyer et al), filed Decenber 11, 1992, will notjgeadily reexpand. It has

al so been found that re-expansion is even nore difficult for an 25
acquisition/distribution foamwhen it is in conpetition for fluid wth a

hi gher sorption pressure conponent, such as is typically encountered in
absorbent cores. A suitable procedure for determning recoverﬁ#‘rom wet
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preferably, such pre
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of the fully expandedh!tm"&‘r&ﬁb eo lapsing: whesr being desorbed opd @mcrp@m‘fhe
conpression. 5. Frm:msaﬁo‘ﬁawoﬁeyasﬁmbhﬂkmmmm (the Moler sizé between
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(synthetic urine) whidverage holesize ingreasesq the) desqrption pressuseidecrensss in essentially;a dip
structure per unit nefashionf solid materi aI in the sanple. The foans which
are . . .

2 Capillary Suction Specific Area

"Capillary suction specific surface area” is a measure of the test-liquid-

20  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
quantifying the total amount of solid surface provided by the foam network to the
extent that such a surface participates in absorbency.

25 For purposes of this invention, capillary suction specific surface area is
determined by measuring the amount of capillary uptake of a low surface tension
liquid (e.g., ethanol) which occurs within a foam sample of a known mass and
dimensions. A detailed description of such a procedure for determining foam specific
surface area via the capillary suction method is set forth in the TEST METHODS

30  section of copending U.S. patent application Serial No 989,270 (Dyer et al.), filed
December 11, 1992, which is incorporated by reference. Any reasonable alternative
method for determining capillary suction specific surface area can also be utilized.

The foams of the present invention useful as absorbents are those that have a

capillary suction specific surface area of at least about 0.2 mzlg. Typically, the

3s  capillary suction specific surface area is in the range from about 0.3 to about 4 mzlg,
preferably from about 0.3 to about 2.5 mzlg. most preferably from about 0.3 to about



especially useful in absorbent articles such as diapers will at |east neet

a m ni num f r ee _ahsor bent —capaci-ty—Fo—pe—espectatty—tsefuo—rn—absorbent
articles for absorbing urine, the absorbent foans of the present invention
shoul d have a free capacity of 15 from about 12 to about 125 g/g
preferabl‘yf fgabout 20 to about 90 g/g, and nost pref epeipugssionmn about 45
to about g g/ g, of synthetic urine per gramof dry foammaterial. The
procedure for determ ning the free absorbenty capacity of the foamis

descri bed hereafter in the TEST METHODS section. C. O her Properties of
Pol ynmeri ¢ Foam 20 1. Cell and Hole Sizes A feature that
can be useful in defining preferred polyneric foans is the cell structure.
Foam cel l's, and §plgg;i ally cells that are forned by pol ynerizing a

nmonomner - cont ai ni i’8 phase that surrounds rel atively nononer-free

wat er - phase droplets, wlI3.fredurface ArdapecEdapt Molumal | y spherical in shape.

These spherical cells e i: , ich
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[err]m Such a sPY{ can be used to deternine average cell and hol e sizes
by an image anal ysis procedlur e FohinDénsiy's 5 useful as absorbents for

aqueous fluids in accafdipeGein ik, i Gralts OF it geP Ui denfimblet bF foam volume in

air) is specified herein on a dry basis. The density of the foam, like capillary suction

20 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.

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

2s  foam density. For example, an ASTM gravimetric procedure described more fully in

the TEST METHODS section of copending U.S. application Serial No. 989,270

~ (Dyer et al), filed December 11, 1992 (herein incorporated by reference) is one

method that can be employed for density determination. Polymeric foams of the

present invention usefil as absorbents have dry basis density values in the range of

3 from about 0.0079 to about 0.077 g/cc, preferably from about 0.011 to about 0.028
g/cc, and most preferably from about 0.013 to about 0.022 g/cc

II. Pn ion of Po i Fr E
A In General
3s Polymeric foams according to the present invention can be prepared by

polymerization of certain water-in-0il emulsions having a relatively high ratio of



preferably have a nunber average cell size of fromabout 20 to about 200
[err]m and typically fromabout 30 to about 130 [err]m and a nunber
average hole size of fromabout 5 to about 30 [err]m and typically from
about 8 to about 25 [err]m The rel ationship between the fluid hol ding

ability and c cture for these 10 H PE foanms is sho ' ' e 5.
%5?2215 Whcriusersdi

Figure 5 represe pl ot of desorption pressures versus the nunber
average hole size for a series of H PE foans. Aﬁ stated above, the
desorption pressure of the foanms of the present invention is one of the key
factors that prevent these foans from col |l apsi ng when bei ng desorbed or
dewat ered. The plot in Figure 5 shows how one aspect of the foam structure
(the hole size between 15 cells) inpacts this inportant feature. |ndeed,
as shown by this pl owatenphasaao wilrihese conunonfye kiayireinsthe arti ascHERES s Polyiweric foam
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mass and di mensi ans. fo_knv_swfﬁii!invbmiemwﬂlg!n:emlly hn\'eaurol_nmtpmidadu_ﬁeofwnterphasgto
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2ppl i catfon Seral NPUEESA7E eyt 6L, Eicplak feirred:arms san Be madl from FIPES,
i s incorporated by rbévingxaties of from abeat4f hid aboat 7%t.nati ve nmet hod for

determ ning capillary suction gpecig ea can also be utilized.
The foans of the gresent H,]vent l,on "useru asfa SO ts are those that have
a capillary sucti®n speci {1t SOBWRQLS oy, paasg ol the COANPREEs) menpmers - fhat, are
Typically, the 35 cpplyinkdzed U daro thes palid foam stmétaree Fhiso monomer chmporenyds
from about 0.3 to abgyfmufhtedl @' be & QF Forating/ a 'co ing- & T ofoaday 380
u Edpabl %ﬁo%wgn{ or

g[c%r [J]Sgg/ Oggig. pref e[o%)elr,yan]:i rt)(r)pqqm?l? ?I%;[n agog’t lt5Q to et s 1r determining Tg

by Dynamic Mechanical Analysis (DMA) is described hereafter in the TEST
20 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, EH. "Polymer Handbook", 2nd Ed., Wiley-
Interscience, New York, NY, 1975, III-139.); (b) at least one monofunctional
comonomer to improve the toughness or tear resistance of the foam; (c) a first
25 polyfunctional crosslinking agent; and (d) optionally a second polyfunctional
crosslinking agent. Selection of particular types and amounts of monofunctional
monomer(s) and comonomer(s) and polyfunctional cross-linking agent(s) can be
important to the realization of absorbent HIPE foams having the desired combination
of structure, mechanical, and fluid handling properties which render such materials
3 suitable for use in the invention herein.

The monomer component comprises one or more monomers that tend to
impart rubber-like properties to the resulting polymeric foam structure. Such
monomers can produce high molecular weight (greater than 10,000) atactic
amorphous polymers having Tg's of about 25°C or lower. Monomers of this type

3s  include, for example, the (C4-Cj4) alkyl acrylates such as butyl acrylate, hexyl
acrylate, octyl acrylate, 2-ethylhexyl acrylate, nonyl acrylate, decyl acrylate, dodecyl



17 1.5 nferr]/g. 3. Surface Area per Foam Vol ume Specific surface area
per foam volu ' ures that—
will not collapse, or remain in a collapsed state, when desorbed, s e.g.,
dried or conpressed while in a wet state. See copending U S. application
Seri al Now(%%é 1680 (Dyer et al), filed Decenber 11, 1992 fdhais8isbin

I ncor porate y reference) where specific area per foam voI une is d| scussed
in detail with regard to collapsed foans. Ag used herein, "specific surface
area per foamvolunme"” refers to the capillary suction specific surface area
of the foamstructure tines its foamdensity in the 10 expanded state. It
has been found that certain maxi num specific surface area per foam vol une
val ues correlate with the ability of the foamstructure to remain in an

expanded state mﬁwaesc@rlﬁedmmk acrylatec iketradecyl aerylatey anyl escylates and lkend
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most preferably rylage, isodecyl methacrylate) Jodecyl ayryl) meﬁ\acrylatmmdwls. ty
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perfornmance and Ffthase monomensaisodecy aceylate; and 2-etiwihexyl nerylate are
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foam structure ceempenented to neasure 25 foamdensity. For exanple, an
ASTM gravi metric proCTHs! rfioriéffef MdoRipdne® MWRilized li/ the) cith phatéof HﬁTﬁﬁfﬁ gRstion

Decenber 11 fggzt’%ﬁ'@%'agﬁ%?@sr?e” a{‘@%ﬁiqoé?%ﬁé%ﬁa@ﬁm RIS can
be enpl oyed for akautieqpivalent torithat: provideddiyy stimene te othesresitingh polymerie foam
D PR T b e sy iy ot s
(o abou: 0 028 gibee M areniak, bl i inias it Hifhone
g/cc Il. Prepar a(e»&nstmenm istyreng)sersotiner seanpmetypes such as methyl metharylate
Pol ymeric foans %Cﬁrﬂlbrﬁlaieﬂ hdifopolyRRf i wel U@BwhOd3 GRmpliKing! Bhgmess. DThe
preferred monofunctional comonomer of this type is a styrene-based monomer with
styrene and ethyl styrene being the most preferred monomers of this kind. The
20  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-C}2 alkyl styrenes, and in
2s  particular p-n-octylstyrene, 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.
The monomer component also contains a first (and optionally second)
polyfunctional crosslinking agent. As with the monofunctional monomers and
3 comonomers, selection of the particular type and amount of crosslinking agents is
very important to the eventual realization of preferred polymeric foams having the
desired combination of structural, mechanical, and fluid-handling properties.
The first polyfunctional crosslinking agent can be selected from a wide variety
of monomers containing two or more activated viny! groups, such as divinylbenzenes,
3s  trivinybenzenes, divinyltoluenes, divinylxylenes, divinylnaphthalenes
divinylalkylbenzenes, divinylphenanthrenes, divinylbiphenyls,




pol ymeri zation of certain water-in-oil enulsions having a relatively high
rati o of W96/ 21681
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"H PEs. Polyneric foammaterials which result fromthe polynerization of
such emul si onsygbérkff erred to hereafter as "H PE foans." Theoraissésora
anounts of the water and oil phases used to formthe H PEs are, 5 anong
many ot her paraneters, inportant in determ ni nggthe structural, nechani cal
and performance properties of the resulting polyneric foanms. In particular,
the ratio of water to oil in the emulsion varies inversely with ultimte
foam density and can infl uence the cell size and capillary suction specific
surface area of the foam and nsions, of the struts that formthe foam
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conbi nati on of strucf ot tetra-acrylates. ag well g iy trhgand, yipes dic,
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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-
20  octanediol, 1,6-hexanediol, 1,4-butanediol, 1,3-butanediol, 1,4-but-2-enediol,
ethylene glycol, diethylene glycol, trimethylolpropane, pentaerythritol, hydroquinone,
catechol, resorcinol, triethylene glycol, polyethylene giycol, 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,
23  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
component.
Without being bound by theory, it is believed this second crosslinking agent
30  generates a more homogeneously crosslinked structure that develops strength more
efficiently than using either the first or the second crosslinker alone at comparable
levels. The second crosslinker also has the effect of broadening the glass-to-rubber
transition region. This broader transition region can be tailored to meet specific
strength and resilience requirements at in-use temperatures by controlling the relative
35 amount of the two crosslinker types employed. Thus, a foam containing only the first
type of crosslinker will exhibit a relatively narrow transition region. Increasing the



30 suitable for use in the invention herein. The nononmer conponent

conpri ses one or nore nonopers that tendtod-npari—rdbber—HHke—properti es——

to the resulting polyneric foam structure. Such nononers can produce high
nol ecul ar wei ght (greater than 10,000) atactic anorphous pol ynmers havi ng

Tg's of abbﬁag‘(%?&err]c or |lower. Mnoners of this type 33pciiisdsioids for
exanple, t err]-Clerr]) alkyl acrylates such as butyl acrylate, hexyl

acrylate, octyl acrylate, 2-ethylhexyl acryjpte, nonyl acrylate, decyl
acryl ate, dodecyl W96/ 21681

PCT/ US96/ 00111 19 (lauryl) acryl ate, isodecyl acrylate, tetradecyl
acrylate, aryl acrylates and al karyl acrylates such as benzyl acrylate,
nonyl phenyl acrylate, the (C6-Cl16) al kyl nmethacryl ates such as hexyl
met hacryl ate, octeyiounicafithe segpid erosslinkey |ser|mﬂqdm5£aﬂs tragsition region) evemif thee
I sodecyl net hacr wemabRransiios eﬁhﬂnﬂﬁm;w&ate tetradecyl 5

nmet hacrylate, (Cerr]+&le | styr [o Ist rene
dcryl am des such as N égyﬁ% ?fafﬁf g‘e?’f"z‘g &3’2‘ H'HEF prg the
conbi nati ons of m pedomonongis, chmonomers and-erosslinkingiagents. dtumuﬂlthat
dodecyl acryl at e yge3é ﬁoﬁﬁ&ih@ﬁdmﬂﬁfﬂhﬂwmﬂr& ﬁ:wrﬁfbﬁiﬁ

water-
nonof uncti onal npNQ (s) enerald y COnpr,Se. t 0_abo 809 e
preferably from M@Fk P%M‘gg %'gﬂ/"l éﬁl @5 h‘f (5'f "ﬁlﬂ?g?h? % rgg““
conponent. The ni¥isenef sudrrwhsmal!uuwnmwlubh haomﬂqomwcsoﬂh&hmpm
al so conpri ses OREprApridte charabteMitids @hd @fability waemi&ed:auaw,%f yNg

pol ymor i foam < PRI it it iy Wi it i il %ﬁ;‘g:e E%?lhtbmo?

subst anti al | ytowi tthﬂ)t}YPef Mrﬂ!ﬂt e resulting polywetin foaronis| noawtoxicyasd can

monomer Lybes suctoln B bl ThEie BeHh cohicimer |l Mhoss iing 'C"
wel | known as exéﬁfﬂ X{eg g@‘?yi"%ﬁé’ T Jocoxle %Jmaﬁmgogl relidlal
cononomer of thi soncppteanogsdmmh amprocessing apd/prusee and et hyl

styr]f:ne ?el ngl t hte TDS AnBthes @éritil comiponst SF the oil' h&eh&ﬂdm&ﬁﬁez&%&m on%matt c
Lo about 40 of pPERas-ie ol o H%@s”%& e FRIRORg:FANSE, 3 1 o
about 18% about prisrytemulsifiegiand optionally amwmime&ltabhpm emulsifiers e s,
the "tougheni ng" afediBRAMEEN: C@YarksdRible P e loil phfise GF Bie'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
20 (CAC) of about 5 wt.% or less, preferably about 3 wt.% or less; (4) form HIPEs that
are sufficiently stable against coalescence at the relevant drop sizes and the relevant
process conditions (e.g., HIPE formation and 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
25 not being bound by theory, it is believed that the concentration of interfacially active
components needs to be sufficiently high to provide at least approximately monolayer
coverage to internal oil 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
phase/water phase IFT and low CAC facilitates the formation of a stable HIPE
30 having the suitably-large drop sizes for the formation of a foam having the preferred
average cell and hole sizes of the present invention. Typically, these primary
emulsifiers: (6) have melt and/or solid-to-liquid crystalline phase-transition
temperatures of about 30°C or less; (7) are water dispersible; and (8) are substantially
water insoluble or at least do not appreciably partition into the water phase under the
3s  conditions of use. It is preferred that the primary emulsifier provide sufficient
wettability when spread on a hydrophobic surface (e.g., the polymeric foam) such



rubber-1like properties to the resultant polyner. The Clerr]-Clerr] alkyl
styrenes, and in 25 particular p-n-octylstyrene, are exanples of such
conmononers. For such conmonomers, the anount of that can be included in the
nononer conponent will be that of the typical nonomer and conononer

conbi ned. The Mgy conmponent also contains a first (and opiyRssiceir1
second) pol yfunctional crosslinking agent. As with the nonofunctional
nononers and 30 conononers, selection of the Egrtlcular type and anount of
crosslinking agents is very inportant to the eventual realization of
preferred polyneric foans having the desired conbination of structural,
mechani cal, and fluid-handling properties. The first polyfunctional
crossllnklng agent can be selected froma w de variety of nonomers

containing two or nothet the jadvaneing \qomtact gnglepfor sypthiticy diriae \is nigssh thane (neeferably
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20 Diglycerol monoesters of linear unsaturated and branched fatty acids useful as
emulsifiers in the present invention can be prepared by esterifying diglycerol with
fatty acids, using procedures well known in the art. See, for example, the method for
preparing polyglycerol esters disclosed in copending U.S. application Serial No.
989,270 (Dyer et al), filed December 11, 1992, which is incorporated by reference.

2s  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
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.

s3c  Products Inc.; Rochester, N.Y.) continuous 14 inch centrifugal molecular still can be
used for fractional distillation. Typically, the polyglycerol ester feedstock, while
being heated, is first metered through a degasser unit and then to the heated
evaporator cone of the still, where the vacuum distillation takes place. Distillate is
collected on the bell jar surface, which can be heated to facilitate distillate removal.
3s  Distillate and residue are continuously removed by transfer pumps. The fatty acid
composition of the resultant mixed ester product can be determined using high



m xtures of these crosslinking agents. Suitable acryl ate and net hacryl ate
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di et hyl enewgloysfeky tri methyl ol propane, pentaerythritol, hygiegsssonic,
catechol, resorcinol, triethylene glycol, polyethylene glycol, sorbitol,
and the like. (The acrylam de and nethacrylggni de crosslinking agents can be
derived fromthe equival ent diamnes, triamnes and tetram nes). The
preferred diols have at least 2, 25 nore preferably at |east 4, nost

preferably 6, carbon atoms This second cross- |inking agent can generally
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essential that 5 these nononers, Cconmonanmers ) agents be
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permeation chromatography. See copending U.S. application Serial No. 08/370920
20 (Stephen A. Goldman et al), filedian.10,1995, Case No. 5540 (herein
incorporated by reference), which describes 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
2s  emulsifying components, i.e., as low as about 20% of these emulsifying components.
These secondary emulsifiers are at least cosoluble with the primary emulsifier in the
oil phase and can be included to: (1) increase the stability of the HIPE against
coalescence of the dispersed water droplets, especially at higher water-to-oil ratios
and higher HIPE formation and pdlymerization'temperatures, (2) raise the minimum
30  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
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
3s  which a stable high water:oil ratio HIPE can be made that has the large drop sizes
suitable for the formation of polymeric foams having the preferred average cell and




agents should preferably have little or no toxicity if present at very |ow
resi dual concentrations duri.ng. post-pol yneri zat icea—feam processi ng and/ or
use. Anot her essential conponent of the oil phase is an emulsifier
conponent that 15 permts the formation of stable HI PEs. This enulsifier
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emul sifier. Surtable primary enulsifiers are those which: (1) are soluble

in the oil phase of the HIPE (2) provide a m njgyrum oil phase/water phase
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about 2 to about 8 dyne/cm (3) provide a critical aggregate concentration
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2 The oil phase used to form the HIPEs comprises from about 85 to about 98%
by weight monomer component and from about 2 to about 15% by weight emulsifier
component. Preferably, the oil phase will comprise from about 90 to about 97% by
weight monomer component and from about 3 to about 10% by weight emulsifier
component. The oil phase also can contain other optional components. One such

2s  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
optional component is an antioxidant such as a Hindered Amine Light Stabilizer
(HALS) and Hindered Phenolic Stabilizers' (HPS) or any other antioxidant

30 compatible with the initiator system to be employed. Other optional components
include plasticizers, fillers, colorants, chain transfer agents, dissolved polymers, and
the like.

2. Wat m
The discontinuous water internal phase of the HIPE is generaily an aqueous

35 solution containing one or more dissolved components. One essential dissolved

component of the water phase is a water-soluble electrolyte. The dissolved
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about 70% di gl ycerol nongql eate) and sorbitan 15 nonool eate (e.g
preferably greatdgctiolte minimizes theotendeneyofsthe raqnopiess. gomenomers %craemkerm%
nost preferbly ohepirerprintasily abeuum&’@&fmr&mm:mawﬂmqimae Iﬁd.iilllﬁhvﬁﬁml

o eat Zfsﬁﬁiﬁataﬁoﬁﬁ?'%&oﬁ%ﬁkﬁkﬁ‘?é E‘?W“'?Mhan af e BB o8 Blsdbis 30 )
nonoi sost ear at e) the nil/water interfagys hasesdrgplets; Smb@!fﬂ!#'&!led
and br anched ;atmmﬁmbnummm.smmmﬁ ibnich&emnsmbw«pn&w can

3& }orﬁﬁg\r/\gdl lrjlyt ﬁéeélgé%df% or exanp t‘P\%"I‘%g‘%"?&” ngreparl ng W

pol ygl ycer ol est oams ganbe copend| ng U S. application Serial No.
989, 270 (Dyer et al) Aﬁyaedroﬁwamédhpaﬂ@@zommgmtatww hadé esh b

reference. 25 ] C at ed
from pol ygl ycero s t a are Ecxgﬁt?sbirgn&ngcﬁgﬁﬂﬂaﬂeég%o%aglgfsgl}a@cg%g#
branched fat ty awataescluble balidesy e.8i, shlaridasnditrates and sylfatayof afkali metals.and alkslingiuct
of the esterifi cﬁﬂmaﬂeacmaﬁ@leea:&lm sodiuin an&ideycdmﬁ:h dh!deiae,usuaﬁﬁn wilfate/ M

one or nore time t al on h.dn

di gl ycerol nonoe qbifer‘rpél:’lé"a %@ﬁ%%ﬁf?@‘% “#qg&f&'g“f%c
Rochester, N.Y. )mm#wn nwmwzﬁhpnbﬁr@mwbag the yater phesel of the. HIPES used
for fractional Gnd édnceitiation inf Y range oﬁﬁérh%aﬁlwmkdmmlzmb?w d»fw:k

whi | e bei ng eat er a . d ser an

t he heated evaporaFokﬁS%nyo(ﬁ %@bgg 4’?"%%4!‘8 Tﬁgg@mﬁ%ﬂﬂtl Itgt%

t akes place. Di stO% buweightofshe waterpsen the bel| jar surface, which can be
heated to facilitate ThHeSHIFHsaWill di® &pithlly ééntain [ I&dtérﬁhﬁo:ﬁﬂihaE&SI Skith &9 €

Com o 1 gy b e i e o Lo
PCT/ US96/ 00111 4any conventional water-soluble free radical initiator. These include peroxygen

0 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-
ascorbic acid or ferrous salts.

28 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.

3.  Hydrophilizing Surfactants and Hydratable Salts
30 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
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

35 component, such as in the case of marine oil spills.
When these foams are to be used as absorbents for aqueous fluids such as



23 resolution gas chromat ography. See copending U.S. application Serial No.
989, 270 (Dyer et al), filed-Decenber 11, 1992, which is incorporated by
ref erence. Pol yglycerol and pol yglycerol ester distribution of the
resultant m xed ester product can be determ ned by capillary supercritical

chr omat ogr aphywowgigeprending U.S. 5 application Serial No. $8Pwusemeibyer
et al), filed Decenber 11, 1992, which is incorporated by reference. Linear

saturated, linear unsaturated, or branched diglygerol nonoaliphatic ethers
can al so be prepared and their conposition determ ned using procedures well
known in the art. See also copending U S. application Serial No. 08/ 370920
10 (Stephen A. Goldman et al), filed Jan. 10, 1995 Case No. 5540, which is
i ncorporated by reference. _Sorbitan nonoesters of |inear unsaturated and

branched fatty acids g $illsomilk, sndcthe dikerforcsloan|up and/as bedily Buids sychdps uonphey
known in the art. See gerepallyerequite Rarthés. tﬁeattﬁhiteotrelﬁeﬂﬂﬁ fodm réldtibely mioreahydrophilic.
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20 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 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

25 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 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

30 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
solutions preferably deposits hydratable inorganic saits 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%.

35 Treatment of these relatively hydrophobic foams with hydrophilizing
surfactants (with or without hydratable salts) will typically be camied out to the



35 which a stable high water:oil ratio H PE can be made that has the |arge

drop sizes suitable-for theforrati-en—eot—potyrert+e—foans—havnrg—tie—
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preferred optional corrponeht [ iﬂmmmmﬁm&lant such as a Hindered Am ne

Li ght Stabil izer 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 optionat
components such as plasticizers, antioxidants, flame retardants, and chain transfer
agents. The water phase will typically contain electrolytes and polymerization

2s  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
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 generaily

30 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
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

3s  involve the use of a mixing or agitation device such as a pin impeller.

One preferred method of forming such HIPEs involves a continuous process



(HALS) and Hi ndered Phenolic Stabilizers (HPS) or any other antioxidant 30
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One particular advantage of the more robust emulsifier systems used in these
HIPEs is that the mixing conditions during HIPE formation and pouring can be
carried out at more elevated temperatures of about 50°C or higher, preferably 60°C

20 or higher. Typically, the HIPE can be formed at a temperature of from about 60°

about 99°C, more typically from about 65° to about 95°C.
2.  Polymenzation/Curing of the HIPE
The HIPE formed will generally be collected or poured into a suitable
reaction vessel, container or region to be polymerized or cured. In one embodiment,

23 the reaction vessel comprises a tub constructed of polyethylene from which the
eventually polymerized/cured solid foam material can be easily removed for further
processing after polymerization/curing has been carried out to the extent desired. It
is usually preferred that the temperature at which the HIPE is poured into the vessel
be approximately the same as the polymerization/curing temperature.

3 Suitable polymerization/curing conditions will vary depending upon the
monomer and other makeup of the oil and water phases of the emulsion (especially
the emulsifier systems used), and the type and amounts of polymerization initiators
used. Frequently, however, suitable polymerization/curing conditions will involve
maintaining the HIPE at elevated temperatures above about 50°C, more preferably

3s  above about 65°C, and most preferably above about 80°C, for a time period ranging
from about 2 to about 64 hours, more preferably from about 2 to about 48 hours. An



f oregoi ng peroxygen conpounds with reducing agents such as sodi um
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In this manner | 1,71 surfactants can be adsorbed by the preferred
H PE foams in an%ﬂ{gagtﬂfhgﬂ{]gsfg'r render| ng the surfaces thereof
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LSRR R iienbes sl gt
monool eat e and oﬁggneyaib!raal aquenvsisolution:of electrolyte; rpmbnbmddﬂmmspolymm-on
hydrophi l'i zi ng siitiafee) shiohidi te dt st purfidlySemoved prior to further processing and use of
the foam. Removal of this original water phase material will usually be carried out by
compressing the foam structure to squeeze out residual liquid and/or by washing the

20 foam structure with water or other aqueous washing solutions. Frequently several
compressing and washing steps, e.g., from 2 to 4 cycles, will be used.

After the original water phase material has been removed to the extent
required, the HIPE foam, if needed, can be treated, e.g., by continued washing, with
an aqueous solution of a suitable hydrophilizing surfactant and/or hydratable salt.

' 25 Hydrophilizing surfactants and hydratable salts that can be employed have been

previously described. As noted, treatment of the HIPE foam with the hydrophilizing

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

hydrophilizing surfactant/hydratable salt has been incorporated and until the foam
exhibits the desired adhesion tension value for any test liquid of choice.

30 For certain absorbent uses, removal of most of the residual electrolyte (i.e.,
hydratable salts) from the foam can be desirable. For example, removal of these salts
is particularly important when the foam is to be used in an absorbent core (as
described hereafter) that also has a fluid storage component that contains absorbent
gelling materials. In these circumstances, the level of these residual hydratable salts

3s  in the foam is reduced as much as possible during this washing step, typically to
about 2% or less, preferably to about 0.5% or less. Afier the removal of these salts,




such that residual amounts of the agent that remain in the foam structure
are in the range from about 0-.5%to about 15% preferably from about 0.5 to
about 6% by weight of the foam 20 Anot her material that is
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preferably hygy, (?%}ﬁﬂc or deliquescent, water soluble inorgai&ai@bborarSuch
salts include, Tor exanple, toxicologically acceptable alkaline earth netal
salts. Salts of this type and their use with oidy sol uble surfactants as the
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depositing sufficient amounts of cal CI um chl oride, even after the polyneric

foams have been dewafgr edysg 10 B.
Processing Conditions for

Polymeric foams according to the present invention are broadly useful in
20 absorbent cores of disposable diapers, as well as other absorbent articles. These
foams can also be employed as environmental waste oil sorbents; as absorbent
components in bandages or dressings; to apply paint to various surfaces; in dust mop
heads; in wet mop heads; in dispensers of fluids ; in packaging, in shoes as
odor/moisture sorbents; in cushions; in gloves, and for many other uses.
2 B.  Absorbent Articles
Absorbent foams of the present invention are particularly useful as at least a
portion of the absorbent structures (e.g., absorbent cores) for various absorbent
articles. By "absorbent article” herein is meant a consumer product that is capable of
absorbing significant quantities of urine, or other fluids like aqueous fecal matter
3 (runny bowel movements), discharged by an incontinent wearer or user of the article.
Examples of such absorbent articles include disposable diapers, incontinence
garments, catamenials such as tampons and sanitary napkins, disposabie training
pants, bed pads, and the like. The absorbent foam structures herein are particularly
suitable for use in articles such as diapers, sanitary napkins, tampons, incontinence
3s  pads or garments, clothing shields, and the like.
The absorbent foams of the present invention provide good aesthetics due to



Foam preparation typically involves the steps of: 1) formng a stable high

I nternal phase emil si on (HLPE) . 22— pel-ypftrr-pgfetHtng—tht-s—stabte—enul sion -

under conditions suitable for forni ng a solid polyneric foam structure; 3)
optionally washing the solid polynmeric foamstructure to renove the
original @4Rydey@y water 15 phase fromthe polyneric foapcghysogioriie and, if
necessary treating the polyneric foamstructure with a hydrophili zing
surfactant and/or hydratable salt to deposikfj any needed hydrophilizing
surfactant/hydratable salt, and 4) thereafter dewatering this polyneric

foam structure. 1. Formati on of H PE 20 The HIPE is forned by
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formed. The two mc@bﬁx astthe uppersequisition/distribution spmponentinfy "muiti-layer” or

zone such that tdbsorbéUccsret thaveddditiohdllyOicontliRfSe RED fluid storage/redistribution

component, where the absorbent core is positioned between the topsheet and

backsheet to form the absorbent article. For purposes of the present invention, an

20 “upper” layer of a multi-layer absorbent core is a layer that is relatively closer to the

body of the wearer, e.g., the layer closest to the article topsheet. The term "lower”

layer conversely means a layer of a multi-layer absorbent core that is relatively further

away from the body of the wearer, e.g., the layer closest to the article backsheet.

This lower fluid storage/redistribution layer is typically positioned within the

2s  absorbent core so as to underlie the (upper) fluid acquisition/distribution layer and be

in fluid communication therewith. This lower storage/redistribution layer can

comprise a variety of fluid storage/redistribution components including those

containing absorbent gelling materials such as disclosed in U.S. Patent 5,061,259

(Goldman et. al), issued October 29, 1991, U.S. Patent 4,654,039 (Brandt et al),

30 issued March 31, 1987 (reissued April 19, 1988 as Re. 32,649), US. 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 are incorporated by

reference; absorbent macrostructures made from these absorbent gelling materials

such as those disclosed in U.S. Patent 5,102,597 (Roe et al), issued April 7, 1992,

3s and U.S. Patent 5,324,561 (Rezai et al), issued June 23, 1994, both of which are

incorporated by reference); absorbent gelling materials laminated between two tissue



5 ratios previously specified are achieved. In the m xi ng chanber or zone,
the conbi ned streans are generally subjected to | ow shear agitation

provi ded, for exanple, by a pin inpeller of suitable configuration and

di mrensions. Shear will typically be applied to the conbi ned oil/water phase
stream at a rate of about 4000 sec[err] or |ess, preferably about 3000 10
sec[err] or | es¥O%RMBIforned, the stable |iquid H PE can t henPEEUSISPORYE an
fromthe mxing chanber or zone. This preferred2nethod for forming H PEs
via a continuous process is described in greater detail in U S. Patent
5,149,720 (DesMarais et al), issued Septenber 22, 1992, which is
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h t d (5 {
brocese LQS."LSO?&L%&} ‘Sof#‘maﬁs AR ABYSL ol S84 S Patge

of *the nore robust ed4l159F8 @ang)ystuedDeventir 29, 119!?;515181-1’1?&5 4(851)069 (Packard et al),
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60 to about 99[ err] QBermatdin), jspiedApry 23,1901 ab.suPat&ﬁ[Sd)w;IGSBQOiﬂwl)t isiie expri) 23,

2. Pol yneri zati on{dgyl i 'l'j'g aﬁ,{;% 135052 W@E 31 r-;regbgyl | ¢r.sOPapdnt| 3, YadPRs
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I"&."react on Vé&sse on r or re nt0-
be pol ynerized or cuskedienberg %rﬁ ¥hpistied cHrptembsr e'glgg'aéi“?cﬁgvé’ sg 76,66
conpri ses a tub cons(Benskdin),issued fdnusry iy 1098; dlrofmhdhlnhnmh@omdﬁwmfdrgnce and

pol ymeri zed/ cureq, so, I

processi ng afterq(fooliﬂrrgrrbl zat | on%r?ﬁégﬁﬁggg g carr| eg o%?th%%r?&aaex?ﬂer?s
desired. It is usual Paensr $268.324)(DesMarais, et aldypespesk Deeember {1993, sppending-U.S.
poured into the VeSSquthtloﬁISﬁﬁﬂNdmsmno (ther a&lf}.%ﬁbd Debenberll 1992, and copending

pol ymeri zation/curin |ta / u g
conditions wll var yﬁdsteE)}'[e}}ri"g{"'i“ri‘H'r ﬁm%&é%w—aﬂg*ﬁ '%%L%%Qt ﬁéh!)epl
and wat er phases of Jahd0el95s m%éﬁﬂcpﬁpf‘yh@heemwgw @@!ﬂ“ﬁﬁm .used),

and the type andisnounts 'nier@isln,ormﬂiciht crivicalityiwitharespet tasthél posticngliseutibyship of

IR o', O TR e ol

. above about 65[ er r ] CCompagentydthinthesedn RAbSrbent 1501ee Sglang r‘F}'E” F‘BFPQE“E‘FH@
period rangi ng from inkeflettive fluid ednﬁnﬁni&ﬁoiﬂmim&eacmmha andesocdlonghhs/edch compbeent is2
to about 48 hours. Agese enough to effectively hold and/or transport the amount of aqueous body fuid
20  that is expected to be discharged into the absorbent article. One suitable relationship

between the fluid acquisition/distribution foam component and the fluid

storage/redistribution component within the absorbent core is to place these

components in a layered configuration. In such a layered configuration, the fluid

acquisition/distribution foam component comprises an upper foam layer which

2s  overlies a subjacent fluid storage/redistribution component in the form of a lower

layer. It should be understood that these two types of layers refer merely to the

upper and lower zones of the absorbent core and are not necessarily limited to single

layers or sheets. Both the fluid acquisition/distribution zone, e.g., upper layer, and

the fluid storage/redistribution zone, ¢.g., lower layer, can comprise several layers of

30 the requisite type. Thus, as used herein, the term "layer” includes the terms "layers”

and "layered." .

The absorbent articles typically comprise a fluid impervious backsheet, a fluid
pervious topsheet joined to, or otherwise associated with the backsheet, and an
absorbent core according to the present invention positioned between the backsheet

33 and the topsheet. The topsheet is positioned adjacent the body surface of the
absorbent core. The topsheet is preferably joined 1o the backsheet by attachment



WD 96/ 21681

PCT/ US96/ 0 sed is—™
t hat coal escence is mnimzed when polynerization/curing is carried out at
hi gher tenperatures. The H PES can al so be cured in stages such as

descri bed .6'9&1 patent 5,189,070 (Brownsconbe et al), igsSysdefitf uary 23,
1993, whic ere| n incorporated by 5 reference. A porous water-filled
open-cel | ed HI PE foamis typically obtainedsgfter polymerization/curing in
a reaction vessel, such as a tub. This polynerized HPE foamis typically
cut or sliced |nto a sheet-like form Sheets of polynerized H PE foam are
easier to process during subsequent treating/washing and dewatering steps,
10 as well as to prepare the H PE foamfor use in absorbent articles. The

pol ymeri zed H PE Mmeaassuch ay thase | wejl lgmwnsm thecart: o Asreped dherein, the term Gicined’s i n
the range of fronencbmpdssés. ghﬁfm otelly arilelement is direCely is@@irddhfd) thieOothb"E
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~ conpressing the f@&h?@ﬂ!!éml@?bﬂ?ﬂm‘%ze out residual |iquid and/or by
washi ng the 20 foam Fiie uﬁélddli&tvm@p.wlyeimﬁiwaishw body eMiids ARG s Nereferably

Co 4 cycies, il MAeREF ' S0 phsey den ian, ok @%t%é@ﬁw%éé’u”%éen
removed to thé exuatenialy mayjalse be used: s sed berein, the termctfleyible? sefessdo tmaserialsd
eg., by conti nuedm&c |.amiﬁa»ﬁnram CorifoMmPtd fthe @Bne?dl sRapelénd 3bAtBurs of the

hydrophilizing s ratab 11 &inD

surfactants and ‘k& tbé’gP'ea@%fl %k% L%E@n@ﬂ'&é&"%@ﬁ% "SP‘E\W BIlst y

descri bed. As notabsorbent sgrefeom m:mrc&othesnﬁathm suchchs Pp0te.| pajamag,
surfact ant/ hydr atiag a&i thel Hlie. CPRE bkt S&ﬁr\i/oveﬂ'ﬁrldonivaﬁen

desi red anoun{,_ of oph | ZJ n urf tant dr en
i ncor por at ed #nd 'ﬁ*{%ﬁl M‘F@ o a@%‘ﬁi‘ﬂfh ¥al ue

for any test ||qm0dvmsrym| oec@oposue matenaﬂomcbastaaiﬁhn-aw& bemvoves ougterial.
removal of nDSt GirefefaBly! ﬁﬁﬂ&ﬁ&he@dﬁq waﬁer{e'ﬂlﬁ. . ﬂﬁéldi\bﬁ Sfofrésh Jabbito M

parti oularly i ﬁﬁ?‘&[ﬁmﬁmﬁ R SR wp 3l el Erereigy RV SimBRE (oo
descri bed her eaf treanufactused by ClopaysCorpormtion of CincinnatjcObionynderthe designation R18:i ns
absorbent = 20 0401 and by Ethyl Corporation, Visqueen Division, of Terre Haute, Indiana, under
the designation XP-39385. The backsheet is preferably embossed and/or matte
finished to provide a more clothlike appearance. Further, the backsheet can permit
vapors to escape from the absorbent core (i.e., breathable) while still preventing body
fluids from passing through the backsheet.
25 The topsheet is compliant, soft feeling, and non-irritating to the wearer's skin.
Further, the topsheet is fluid pervious permitting body fluids to readily penetrate
through its thickness. A suitable topsheet can be manufactured from a wide range of
materials such as woven and nonwoven materials; polymeric materials such as
apertured formed thermoplastic films, apertured plastic films, and hydroformed
30 thermoplastic films; porous foams; reticulated foams; reticulated thermoplastic films;
and thermoplastic scrims. Suitable woven and nonwoven materials can be comprised
of natural fibers (e.g., wood or cotton fibers), synthetic fibers (e.g., polymeric fibers
such as polyester, polypropylene, or polyethylene fibers) or from a combination of
natural and synthetic fibers.
3s Preferred topsheets for use in absorbent articles of the present invention are
selected from high loft nonwoven topsheets and apertured formed film topsheets.




selling materials. In these circunstances, the |level of these residual
hydratable salts 35 in the foamis reduced as nmuch as possible during this
washi ng step, typically to about 2% or |ess, preferably to about 0.5% or

| ess. After the renoval of these salts, WD 96/ 21681

PCT/ US96/ 00111“,%6? f@,H PE foamw || typically require treat mpgygusbdiodran
~effective anount a suitable hydrophilizing surfactant to rehydrophilize
. the foam 4. Foam Dewat eri ng After the H PE fgam has been
treated/washed, it will generally be dewat ered. Dewat eri ng can be

achi eved by conpressing the foam (preferably in the z-direction) to squeeze
out residual water, by subjecting the foamand the water therein to

t enper at ures of from about 60 to about 200C, or to mcrowave treatnent, by
vacuum dewat ering or- Hyperused formed: fils aps eapsﬁpllyeersfemdz{ardthsnepm because they are
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about 5 to about 40%
dry wei ght basis. || Patenty4324,346 iMullane; et alpo issuedpApril 13; 1082;cUA. ﬂatﬂﬂyﬁéﬂ?él‘*

foams according to tflmtie.lea;em),mﬁueerzt'.\gesi3.awtzzbuc&ui’aummsmw{msn%@é .ssuedJuly

absorbent cores of di l e r |

These foanms can al so ?@ %Bﬂﬁ?@ﬁxﬁﬁ@t%@%ﬁm §ﬁes§§§m
absorbent conponentes iare ienrpergted hercinchycreferange ; Suitab lemictpapestured former-filmsgpsheets
surfaces; in dust nopahedisiiosed in VS, Pitdht 3589518 (Ourtd 804l)) Ssué seﬁteﬁbwziamlaﬂd

packag!noj |1 shoes 23,89l cigy'eis R ! Ty o T A S

" the present inventi oningorpopated byrefesencs. useful as at | east a portion of the

absorbent structures (e.g The%B&f’&hﬁB& of @i $6rinell Fm YSpsh F?mw s0 as to help

arti ol es. By " absopbeq Abliss b wafifl ShoBuba” i hed? sl RS v R Sorthdd as'
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
film topsheet such as is described in U.S. patent Application Serial No. 07/794,745,

20 "Absorbent Article Having A Nonwoven and Apertured Film Coversheet" filed on
November 19, 1991 by Aziz, et al., which is incorporated by reference. Alternatively,
the body surface of the topsheet can be made hydrophilic by treating it with a
surfactant such as is described in the above referenced U.S. 4,950,254, incorporated
herein by reference.

25 In some embodiments according to the present invention, the
acquisition/distribution layer of the absorbent core will be placed in a specific
positional relationship with respect to the topsheet and the storage/redistribution
layer of the absorbent core. More particularly, the acquisition/distribution layer of
the core is positioned so that it is effectively located to acquire discharged body fluid

30 and transport such fluid to other regions of the core. Thus the
acquisition/distribution layer can encompass 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 males, also the region where urination discharges occur in the front of the
diaper. For a diaper, the front of the absorbent articles means the portion of the

3s  absorbent article which is intended to be placed on the front of the wearer.
Additionally, for male wearers, it is desirable for the acquisition/distribution layer to



absorbing significant quantities of urine, or other fluids |ike aqueous
fecal matter—30_(runny bowel—verertsi-—drscharged—by—anmTncontTent
wearer or user of the article. Exanples of such absorbent articles include
di sposabl e di apers, incontinence garnents, catanenials such as tanmpons and
sanitary Qyapighiiges di sposable training pants, bed pads, argignit8storiee: The
absorbent foam structures herein are particularly suitable for use in
articles such as diapers, sanitary napkins,3stanpons, incontinence 35 pads
or garnments, clothing shields, and the |like. The absorbent foans of the
present invention provide good aesthetics due to W96/ 21681

PCT/ US96/ 00111 31 their soft, resilient structure and physical integrity

In sheet form these absorbent foanms can al so be relatively eas
configure for usextmﬁtywﬂm@mmm%ﬁsww&qe@wwwmm retaavely
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wet. Because khe foaFer diapérhéxepiitions; Néhe | a0y ﬂﬁmﬂdistﬁ&modlu CofUghe CofeBan be

acau i i onf di ot P famile e %lste#?ed%étsor%'é't Ftor&?#tﬁ%nﬁwﬂn
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i ght - wei ght ,10 ef The jagquisi smbtslonlfnaradwen ﬂ“l thave, aswidth, suffigient r tocsnquir® ans
of the present i gishes i 6 body flilids abkP tbd prévents divestU idisokhrge Wifd RIS ioptocthé Y t O

ot her absor bent { hege foa are. pargicularly useful,as t
upper acqui mho%f’%ggf?%%““gﬂ j OnM}P f?ﬁJI 'f'pﬁr% etﬁ @Brbofgntﬁ%ore
that additi onal | gequisition/distritution layer will hecatJeast abput 6@91.9mfuwy|ablcnsmhpurr@nt

where the absorbggt core is positioned between the topsheet and backsheet

tapLg;nttgseﬁngrgeRE artlcle ﬁﬁs ﬁurﬁoses @I thgm @@ Q%Hggve o aceﬁg
closer to the bomﬂt!ﬂmﬂmeth gty of the gbsorhenteamelyenll b taken s the mahlonm e
topsheet. The t eroﬁgmimamdnambf tHealstigaret \ariohe beicking |sheet” This dorfildl fohgds@y €1
absorbent core t m}enéngn Bthé‘uoX&téﬁ ga%ﬂxwgl{eet can be defined with respect to the article as
it is applied to the wearer. When worn, the opposing ends of the back sheet are
20 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
through the back sheet from a) the point on the edge of the back sheet at the middie
of the wearer's back waist, through the crotch, to b) the point on the opposite edge of
the backing sheet at the middle of the wearer’s front waist. The size and shape of the
2s  topsheet will generally correspond substantially to the back sheet.

In the usual instance, the storage/redistribution layer of the absorbent cores
which generally defines the shape of the absorbent article and the normal length of
the elongated article topsheet will be approached by the longest longitudinal
dimension of the storage/redistribution layer of the core. However, in some articles

30 (e.g., adult incontinence articles) where bulk reduction or minimum cost are
important, the storage/redistribution layer would be generally located to cover only
the genital region of the wearer and a reasonable area proximate to the genital area.
In this instance both the fluid acquisition/distribution layer and the
storage/redistribution layer would be located toward the front of the article as defined

35 by the topsheet such that the acquisition/distribution and storage/redistribution layers
would typically be found in the front two-thirds of the article length.




away fromthe body of the wearer, e.g., the layer closest to the article
backsheet. This lower fluid storage/redistribution layer is typically
positioned within the 25 absorbent core so as to underlie the (upper)
fluid acquisition/distribution |ayer and be in fluid conmunication

therewi th. Thigg gStorage/redistribution |ayer can conpri serdseébiret ¥
of fluid storage/redistribution conponents including those containing
absorbent gelling materials such as discl osed |r} U.S. Patent 5,061, 259
(CGoldman et. al), issued Cctober 29, 1991, U. S Igatent 4,654,039 (Brandt et
~al), 30 issued March 31, 1987 (reissued April 19, 1988 as Re. 32,649), U.S.
Pat ent 4,666,983 (Tsubakinmto et al), issued May 19, 1987, and U.S. Patent
4,625,001 (Tsubakinoto et al), issued Novenber 25, 1986, all of which are

i ncorporated by refer enc e The bepisision(distribution foan layercsan e of aryr desirechshape consistent

absor bent gelling mat Mth%bﬁf&ﬁﬁi&ﬁindiﬁ@iﬁn timitht@sis distudsed aboveaF1REE sha esmclude,
5,102, 597 (Roe et aI)f I ssued ﬁ%l’”

S. Pat.ent 5
(Rezai et al), issued™ ey ! f“%ﬁ?‘éﬂ%f’@%’%f d%pﬁ”éﬁw 0g-
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gg/ |21681 h t’h acq uasmonldnstnbunon foam Iayerctan b? of similar sha d

ayers such as those at en |n s
i ssued April 7, 1981, storag r?;lﬁgstmuoa lﬂ’)’f 01‘5' (ﬂé’B‘@F’g%‘ﬁ’Q‘&“"&P ayqrsg éﬁ'ﬁd
21, 1984, U.S. Pat ent absortest so® (:cmﬁsngmnon can also Chec ofiisny d@éredlslwe consistent with
Patent 4, 851, 069 ( Pac kemforable ait Jinchidiigy! Zﬁxcukg Bal or oblong,

{pos0, 260 (oborn) LE%ﬁﬁwgs*%ysh%%f 1%0@* s*rag%emﬂff BOS savl Ay

i ssued April 23, 1991shapeds. ThastomgeSedioihsion lmmnptmwymﬂwmﬁomme
1991; U.S. Patent 5, 1g&uilionfdiiibtition la yéﬂﬂrléoﬁlg eﬁe@%ﬁt&éh&l ﬁEﬁW&oﬂg&@lsﬁﬁﬁnm

(Kel | enberger et al),,lSsued Septenber 22, 1 and U. S. Patent
(Bernardin),issued Jah‘!ﬁfry 5, 1993, all of whi ch are |ncorporat ed by
reference; and 10 absor bEigurdscaand Eabublaemti-hymmbsogbmqmermﬁ@nﬁmwmme

%Z tggse (;“ S‘igggw i nﬂHgSsto %kuﬂuﬁ&?c&ﬁﬂor{ege rﬁb§a en&lall A -shaped
2y 111 ed Decenbel 1P 1885 “F wARH it Jisesd o8 Ay B, beph gl
08/ 370922 (Thomas Acquistismidisstibution lower, foamllmr éan Tlmcﬂmqagaselmmnon layer
5541, all of which argomtiiaok RaidcHlsition m&mu wmcnbodyiﬂiie i dibcharked so
particul ar crltlcallt wth re mtothegﬁ "}ffh'ﬁ?“ﬁ elaﬁlo%ghlp of the
fluid acquisition/di st? Wﬂﬂqeé’ﬂﬁﬁ% zg an
st orage/ redi stribution Figure 8 shows a dlsposable diaper having another multi-layer absorbent core
20 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
backsheet. The dual layer absorbent core comprises a modified hourglass-shaped,
fluid storage/redistribution layer 72 positioned below a modified-hourglass shaped
fluid acquisition/distribution foam layer, 73. The topsheet contains two substantially
zs  parallel barrier leg cuff strips 74 with clastic. Affixed to the diaper backsheet are two
rectangular elasticized waistband members 75. Also affixed to each end of the
backsheet are two waistshield elements 76. Also affixed to the backsheet are two
paraliel leg elastic strips 77. A sheet 78 is affixed to the outside of the backsheet as a
dedicated fastening surface for two pieces 79 of Y-tape which can be used to fasten
30 the diaper around the wearer.
Muiti-layer absorbent cores can also be made according to copending U.S.
Application Serial No. 087370900  (Gary Dean LaVon et al), filed
10 Jan.1995Case No. 8547 (herein incorporated by reference), where one or more
layers comprise an absorbent foam according to the present invention.
35



conponent within these nulti-Ilayer absorbent cores so | ong as these
conponent s | | | ' ' '

as each conponent is |arge enough to effectively hold and/or transport the
anount of aqueous body fluid 20 that is expected to be discharged into the
absor bent waydelagdgf: One suitable relationship between the fdpdisdenorns
acquisition/distribution foam conponent and the fluid
storage/redlstrlbutlon conponent within thegyabsorbent core is to place

t hese conponents in a |layered configuration. In such a |ayered
configuration, the fluid acquisition/distribution foam conponent conprises
an upper foam |l ayer which 25 overlies a subjacent fluid
storage/redistrifution conponent in the formof a lower layer. It should be
under st ood t hat vﬁesélﬁﬁkﬂﬁy$§s of Iayers refer merely to the upper and

| ower zones of the abA&orb i thsaf] Pees necessarily limted to single

| ayers or sheets. Bot flid, | ._upper
I azer and the fluid Qt %ﬂﬁa&%&tﬂﬁ E@ﬁﬁ%?@m %B‘&eﬁ%ﬁgﬁw h
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articles typical t flut ey vi ous
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absor bent core rbept capacity: of fupstion,of M*Pﬁbbﬂm Heing, thehe
backsheet 35 ar\iisthm ﬁowﬂi&aep ofﬁbwaped&ﬁmr tbahmﬁipbhoaﬁécﬁdt@i‘eaﬂforttﬁ!%
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t he backsheet b
PCT/ US96/ 001191 ﬁ'm@&m&gnq-mw thefoamls feepmbsorbhent eapacity: . As used

herein, the term"joiled" CapllaiDeoR Dipstugielr at | ons whereby an elenent is

dhrectiy seeured o t‘gﬁ’ ﬁh?. 5&&“@‘@“&%5 AR SRS i Blhy b

secured to the dukd 19§ varieus: hydsostatic headsre nThes sample |smepfn§mee
menber (s) which dnmﬁswxﬁ, ags -mfémx %xQ.3 hﬁ ®idesi 02! anakitk, dnd me&éﬁr

cach ofher at® {1 %er&iﬁﬁfﬁ"%wfs HEal Gl & Tood FoiflR At h%@v.’f-o
to body fluids ameqqua'ed@mwl Med2d 36 (Fheneasurement is canrigs] oustat this same
al t hough ot her frempeérhdufe.f| uid i npervious 10 materials may al so be used. As

used herein, the ter el axishipSs sirifafidSin WatdFAhEh pasifioned vertically such that the
lower end is immersed 1-2 mm in a reservoir of water. The water is allowed to drain
20 from the sample until equilibrium is reached, typically 16-24 hours. During this
procedure, the sample and reservoir should be shielded, for example by using a glass
cylinder and aluminum foil, to prevent water loss due to evaporation. The sample is
then quickly removed and placed on a non-absorbent surface where it is cut into 2.5
cm segments after discarding the portion of the sample that was immersed in the
2s  reservoir. Each piece is weighed, washed with water, dried and then reweighed. The
absorbent capacity is calculated for each piece.

A capillary desorption isotherm curve is generated by plotting the absorbent
capacity of each segment as a function of height. The curve is a plot of the absorbent
capacity of each segment as a function of height that the test fluid desorbed, using the

%  distance from the top of the water reservoir to the midpoint of each segment for the
height . The capillary desorption pressure is taken as the height of the foam that has
an absorbent capacity one-half of the foam’s free absorbent capacity.

C.  Resistance to Compression Deflection (RTCD)

Resistance to compression deflection can be quantified by measuring the

35 amount of strain (% reduction in thickness) produced in a foam sample which has
been saturated with synthetic urine, after a confining pressure of 0.74 psi (5.1 kPa)




that are compliant and will readily conformto the general shape and
contours of the human bady _The backsheet prevents body fluids absorbed and
contained in the absorbent core fromwetting clothes that contact the
articles such as pants, pajamas, undergarnents, and the |ike. The backsheet

can conpri se or nonwoven 15 material, polyneric fil r?éb%o

t her nopl asti cavwl%lf pol yet hyl ene or pol ypropyl ene, or corrp%%l; e e
materials such as a fil mcoated nonwoven materigl. Preferably, the
backsheet is a polyethylene filmhaving a thickhess of fromabout 0.012 mm
(0.5 ml) to about 0.051 mm (2.0 mls). Exenplary polyethylene filns are
manuf actured by C opay Corporation of G ncinnati, OChio, under the

desi gnati on P18- 20 0401 and by Ethyl Corporation, Visqueen Division, of
Terre Haute, |ndi ana,hashebnrapplied tdele spmplei ResixPaced8 CompidssonDeflection measarements

preferably enmbossed ad?ﬂ/tﬂica infale bh the Riatd &ﬁpﬁr&\i&ﬁﬁnﬁy mQhEMHn‘feﬁhome
appear ance. Further, ‘hﬁg backsheet can%iggﬁql vapors to escape fromthe

absorbent core (i.e., QW.or eventing body fluids from
_ passi ng t hrough the backsHayo.syfthetic urine usddin this methedtis preparedrby diasulvings® hixture

feeling, and non-igrigedh K§§ 4.?@;&3@4'@? mﬁf ﬂ%ﬁw%hﬁ%ﬂﬁ@tum
fluid adrl | .
i cknoss. A sur tabl oAk Q238 Macks b itres with Sitiied sty The T phupss can be

materi al s such as woymnchased froomEndovations] ReadingsPa (satl Nord A-00185000-D8). s such as
apertured formed thernopl i | Sdifpl ﬁﬁféouﬁﬁﬂleﬂé 3ink Cankti el Ysed to make
hydr of ormed 30 thermﬁfﬂ gﬁ;m:g%r ogﬂs) oans; reti ﬁgi glf oargres;
reticul ated ther nopl th.are EASFOIR &, temperagis phd 1 g Al Ipfaskriments, are
and nonwoven nat end al alsoqerfotmedcalniis tempéranfre.nat ural fibers (e.g., wood or
cotton fibers), synthetic £j -sHeet i bSts I
pol ypropyl ene, or pole/ae};t he/ gﬁ??ﬁ%@r‘s . é)s}r%(a rg__{ndg g?ﬁ‘%ﬁ%ﬁa& E’?s?‘%ﬁggfn\g
" synthetic fibers. 35 bathof Jayen synthefic yfipe, (After unutgs, 3 cyhinder i%'é‘&r‘b (6.5 cm
articles of the preseaitculansurface area iv aut ®at af the dattratedh sheeg lwithad sharpociroalaedie. The
t opsheets and apertur | 4 T :
PCT/ US96/ 00111 34 Apeé?gﬁt%g%%e'é %ﬁ%’p : e'ﬁ‘%%'é'é%ﬁvglﬁsé S‘?’g‘?f“r"r*‘%'dﬁ Fore S:m
t opsheet because theyS2aPie i3 thepremaved the synthet §"%¥ﬁd‘4é’tpl?ﬁﬁ oniafiat granyte base
have a reduced t endenmyet ogaige suitsbleforimedsoringethe sanpid thickness.g The galige ésiset td éxert
15 by S o, 4 PRSI UGN bl Wi s SRl i
y Yy a circular s\erace area o? gt least ¥ in2 (6.5 cm?) and capable of measuring thickness
to 0.001 in (0.025 mm) can be employed. Examples of such gauges are an Ames
20  model 482 (Ames Co.; Waltham, MA) or an Ono-Sokki model EG-225 (Ono-Sokki
Co., Ltd.; Japan).
After 2 to 3 min., the expanded thickness (X1) is recorded. A force is then
applied to the foot so that the saturated foam sample is subjected to a pressure of
0.74 psi (5.1 kPa) for 15 minutes. At the end of this time, the gauge is used to
2s measure the final sample thickness (X2). From the initial and final thickness
measurements, the percent strain induced can be calculated for the sample as follows:
{(X1-X2)/X1]x100 = % reduction in thickness.
D.  Recovery from Wet Compression (RFWC)
The foam samples, Jayco synthetic urine and equipment used to make
30 measurements are all equilibrated at 31°C and 50% relative humidity. All
measurements are also performed at this temperature and humidity. Thickness
measurements are performed under a pressure of about 0.08 psi (0.55 kPa) using a
gauge such as an Ames model 482 or an Ono-Sokki model EG-225.
A foam cylinder about 2 mm thick and 29 mm diameter is punched out of a
3s  sheet of foam. It is saturated to its free absorbent capacity in Jayco synthetic urine,
then placed on top of three sheets of 9 cm diameter Whatman Grade No. 3 filter



S soiling and creating a nore confortable feel for the wearer. Suitable
formed fi.l —t
Decenber 30, 1975; U.S. Patent 4 324 246 (I\/UI I ane et al.), issued April
13, 1982; U. S Patent 4,342,314 (Radel. et al.), issued August 3, 1982;

U S Pate , 045 (Ahr et al.), issued July 31, 1984, @ﬁﬁs%

5, 006, 394 alr , Issued April 9, 1991. Each of these pa{’en are

i ncorporated herein by reference. Suitable ggcroapertured formed film
topsheets are disclosed in U S. Patent 4,609,518 (Curro et al), issue
Septenber 2, 1986 and U.S. Patent 4,629,643 (Curro et al), issued Decenber
16, 1986, which are incorporated by reference. The body surface of the
formed filmtopsheet can be hydrophilic so as to help 15 body fluids to
transfer through peper (puticle eetentions 6 am)t [Ehe role dfities filomt\paperrié scdmulate the high
hydrophilic so a { i V4pRd: he
t opsheet rat her ?ﬁ?ptﬁn%&ﬁséﬁfs&]@ncﬁl%ﬁ%%ﬁﬁ%@a\g@g%tgi bgo'it%ﬁghz’i%s}gr ben]?‘=|It
structure. In a %8rred enbodi nent, surfactant is incorporated into the
pol ymeric materials ofThe Iﬁnrri/papeedo:ﬁpdsne fscipmiediatelys compressed 35%axfahé thickness

uU. S t ent | ! tﬁ}tghmﬁ
Havi ngaAe&0n\f\volg\l[/)ewﬁ{r’ig fgﬁisﬁbdﬁ%‘ roa z@étrhg eet Q?;T £te%%érqﬁ§ra199l
by Aziz, et al. Magitﬂmt’ %1?‘&5“ i3 maintained.for fiv °RF?‘*§%§?‘“% 6“

body surface of tntustbbﬂnhyndteﬁnaund:as pastitioieddout @ifiithe ﬁ:aiuyaxﬂrmtdmdjltettpmth a

surfactant such agef wwf,ﬁmgéﬁbg hﬁea&)ﬁxﬁgrﬂéﬁﬁfﬁﬁ{i&ﬁﬁm the

I ncor por at ed here| n by refe rg sorre odlqr‘]ent’sqfifordl ng
to the present oM « 49t ?%'s&‘ﬁﬂlﬂé? ?PR?FFP heita
absorbent corme vwmimténeaﬁdraemdwngtﬂm copfiring platep tei Sampllab separated ﬁomhhp pupdrh

respect to the t ]?,gg Orad ektefito
absor bent core. rggggr |c'f'I 1"%& ﬁg acquhsi!thlagﬁ{edtﬂ@? E%&{I on Iayer c’)f
the core is posi ﬁmadwfmsso s ipitialthic takenas B ngasurs ofthe récovery

di schar ged body ﬁlom\det%mpmdonbfthawlé 'Bhuiveragéufdledsnhmt:ﬁummngnm of

the core. e?ﬁﬁ'rl gﬁw n/d| strl bution | ayer can enconpass the
vicinity of the pol nt 0 ¢ G | ds. These areas woul d

i ncl ude the dfotch arEa angi® \'*"’*‘ it ¥t icles to be worn by nmal es,
al so the regi on wher eFteelabwrbmubamqhean@ea;umnﬂed by méakheing thexdmauint synthetic

of “The 35 absor i oxbiEd b # e emp ST, BEA) “t““t’ﬁ‘ééﬁﬁ ohle, B of

the wearer. Addi fPERTEEty amrwmuvm@rgn ypical ¢ 200 e ppamer, sample
acqui sition/dist cbﬂmtrently witlythe nieasurement of Resistance to Compress:on Deflection.
20 The foam samples and Jayco synthetic urine are equilibrated to a temperature

of 31°C. Measurements are performed at ambient 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?)
circular surface area is cut out of the saturated, expanded sheet with a sharp circular

2s die. The cylindrical sample is soaked in synthetic urine at 31°C for a further 3
minutes. The sample is then removed from the synthetic urine and is placed on a
digital balance. Any balance fitted with a weighing pan having an area larger than
that of the sample and with a resolution of 1 milligram or less can be employed.
Examples of such balances are the Mettler PM 480 and Mettler PC 440 (Mettler

3 Instrument Corp; Hightstown NJ).

After determining the weight of the wet foam sample (Ww), it is placed
between 2 fine plastic mesh screens on top of 4 disposable paper towels. The sample
is squeezed 3 times by firmly rolling a plastic roller over the top screen. The sample
is then removed, soaked in distilled water for approximately 2 minutes, and squeezed

3s  between mesh screens as before. It is then placed between 8 layers of disposabie
paper towels (4 on each side) and pressed with 20,000 Ibs. of force in a Carver
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PCT/ US96/ 00111 35 extend-to-near-the front wai st area of the wearer to
effectively acquire the relatively high fluid |l oad that occurs in the front
of diapers for male wearers, and to conpensate for directional variations

of the dischar correspondl ng absorbent article regi 0”%&&&9&6&5&&
dependi ng upongﬁﬁe 3e3| gn and fit of the absorbent article.

di aper executions, the acquisition/distribution B)ayer of the core can be
~positioned relative to an el ongated topsheet ané or the
storage/redistribution | ayer such that the acquisition/distribution |ayer
Is of sufficient length to extend to areas correspondi ng at | east to about
50% preferably 75% of the length of the topsheet and/or from about 50 to

about 120% of the | enfebwrasery Pressst Bieaympleciaithen remavaedoirom shespapen towelsydded in an
acqw si tion/distribut pesn st 8290 for 26 mirufalard ifs rdédi\dﬁl(w(i cient to

acquire gushes of body flu en c scha nt o
the storage/redistributij on'i.ﬁj )%sb”&eﬁ%?@?bf ﬁf Srﬂé tR&V \[th‘
of the acqui sition/di weighti{Wd d%ﬁhq/\ﬁlvlweis!l d) e&sFAﬁﬁdﬁW“ﬁ“@MWd]

preferably at | eas§ about $ cmMpDvRmic rAnalvEiO MMA) Of determ ning such

ac U|S|t|on/d|str|but|on heof

abgor bent article wll {)%‘ff ?gx?étgaﬁ@%ﬁ” ’?ﬁ&éﬁg’f&f‘gﬂ%‘ %lp%gf)@menc foams.
di mensi on of the el ongamﬂﬁ of the foamsyareslicegl intncoblocks 3rs gnm dn thicknessnandswashed 3-4
di mensi on of the el ongmesdn REstilied) vatel S ekpresding Dtie ORiifid MRdugh irbller OGP Bbtween leléh

article as it is applle to e ar Qs of the
back sheet are 20 Pg’f\@d .{- gﬁﬁ&ﬁéﬁ“m‘ 8@" dgﬁﬁggﬂ gﬂ'Fo‘ﬁ?aé

circle around the lv\eamrogfﬂdaoyteld aeylindess 2hmnt nerdgmmﬁ These ciylindersrage ssalyaed using
will thus be the | engh'kh@ém&h@s RSA4I Hﬁﬂﬂﬁ@ﬁe&lﬁﬁ:@ﬂ&hﬂ s&df leompPRSsior MmBde dsing

the point on the edge h K she e 0 the wear er.s. back
wai st, through the crB tl ﬁffs% Bw%mg&@mgé ‘S'FPé”s
backi ng sheet at the m dd|*§ewmmmcasssm4m-smmscze and shape

of the 25 topsheet will gsmrtazuvmseme& dra&ﬂbataafdsloﬁhtsnsmsé&m:zback
sheet. In the usual insta th 0 J4.ed ayer of the

- absorbent cores wif ch gengm %@f ﬁggqfh/quh?&e‘%#l?ﬁg)gbsorbent article

and the normal |ength of tFrequsncnsstatchio rmdiangkesondpsheet will be approached

by the |ongest |ongitudi najufétenios sél'in ﬁtn&ﬁ%ﬁ?&kﬁﬂﬁ#ﬁaﬁﬁbﬁ*&dxﬁbﬂé%bﬂw&aﬁc
of the core. However, in Sf“‘ffn‘%{)%tl |es 30 - (e.g., adult incontinence

articles) where bul k reduc i ni mum cost are inportant, the
storage/ redi stri buti ofhe glass transivion tempesatwreris,taken pothetresimum point of thel lpss; tpugent
genital region of 25 hevaa@iemp aadr@umasonabl e area pr OXI mate to t he geni't al
area. In this instance bot&th ( , fep s 34,54 DUt | ayer and
the Interfacial Tmslon (ll-'l') is measured at 50°C by the spinning drop method
described in copending U.S. application Serial No. 989,270 (Dyer et al), filed
December 11, 1992 (herein incorporated by reference), except that: (1) the monomer
23 mixture used in preparing the oil phase contains styrene, divinylbenzene (55%
technical grade), 2-ethythexylacrylate, and 1,4-butanediol dimethacrylate in a weight
ratio of 14:14.:60:12; (2) the concentration of emulsifier in the oil phase is varied by
dilution from an upper concentration of generally about 5-10 weight % down to a
concentration where the IFT increases to a value that is at least about 10 dyne/cm
30  greater than the minimum IFT, or about 18 dyne/cm, whichever is less; (3) a smooth
~ line drawn through a plot of IFT versus log emulsifier concentration is used to
determine the minimum IFT, (4) the Critical Aggregation Concentration (CAC) is
determined by extrapolating the low-concentration, generally linear portion of the
IFT versus log concentration plot (i.e., the portion of the curve typically used to
3s  calculate surface area per molecule at the interface, see for example Surfactants and
Interfacial Phenomena, Second Edition, Milton J. Rosen, 1989, Pages 64-69) to




storage/redistribution | ayer would be |ocated toward the front of the

article as defined 35 by the-topsheet—sueh—that-—the
acqui sition/distribution and storage/redistribution |ayers would typically
be found in the front two-thirds of the article |ength. W96/ 21681

PCT/ US96/ & The acquisition/distribution foan1|ayer‘ﬁﬁﬁ?gﬁ f any
desired sﬁgé%k€§n3|stent with confortable fit and the S|£1ng |n1ﬁat|ons

di scussed above. These shapes include, for gxanple, circular, rectangular,
trapezoi dal or oblong, e.g., hourgl ass-shaped, dog- bone-shaped, hal f dog
bone shaped, oval or irregularly shaped. The 5 acquisition/distribution
foam | ayer can be of simlar shape or differing shape than the
storage/redistribution | ayer. The storage/redistribution |ayer of the
prfeferred absor bbigherc soaceptratianguthet emnisifien concentristionofona rthis d estrapelitesih dipe
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(g~ bone- ahaped. FRUREE epoouRoD ot 3110 WHEH: % BoWed, | Desitsly fheueper The
storage/ redi stri emulsifier congentration sisedois abmmbsufcmw(mpdleanbly ftrieast stoat
acqur si } ' 03/ digst Eﬂf%&? theCRC &&h&&ﬁﬂhﬁére'l%r Hﬂa&fﬁ@ﬁflﬁﬁr\ ranBluBﬁi mtheonE)
cor e dont | gur at | B AL wRSAdemperiireCat e 3 St Pledhepsoeristion it a1
conprises a geneberdducedonstiong)as this opnedntrption is 5till at legst abaut dwice 4he\GACHof]the

pl aced over an upggkify¥ 43060Ur 9l ass-shaped fluid acquisition/distribution
| ower foam |l ayer 65. The fluid storage/redistribution |ayer cohtains a

fl'uid acquisition aperture 66 through which body fluid is discharged so as
to i npi nge onet h¥. subfpecifictExamples si ti on/ di stri but ion | ower | ayer 65. Figure

8 shows a disposabl e ¢héapekadipltd MEstANOTHe drdtidh offhl HIPE Yofm< O
configuration. Such di aper Cerprl ses a opshee? 70, oa fﬂﬁl d-1 nper vi ous

backsheet, 71, aft%foF"& eq% ‘éPBEB'?‘bent core positioned between the
t opsheet and t he Elssmp parhtion o Fdam fagres HIPE or bent core conprises a

nodi fi ed hourgl ass- shg ed ge/ r edi stribution layer 72 positioned
bel ow a nodi fi ed- hourgl ass s uj d I ti,on/ di,stribu
| ayer, 73. TH# topshegf‘hy@[ﬁﬂs&gf‘)@“’c téggﬂ‘g “PW%"“’BMP\%@? ?#grél'é‘? | eg
cuff strips 74 wilissohwedas 378 literbfof wated This proovides theowatér phiselstream 2o be vsed in a

o et o SHRES LR BB TOR dgpadh 20 211 x50, (0 caeh end of

backsheet are two combmatlon comprising styrene ( g>§ wnﬁbenzene 55%

technical grade (1600 g), 2-ethylhexylacrylate (4800 g) is added high purity

20 diglycerol monooleate (480 g) and Tinuvin 765  [bis(1,2,2,5,5-
pentamethylpiperidinyl)sebacate] antioxidant (40 g). '

This diglycerol monooleate emulsifier is prepared following the general

procedure for preparing polyglycerol esters described in copending U.S. application

Serial No. 989,270 (Dyer et al), filed December 11, 1992. A polyglycerol

2s  composition comprising approximately 97% or greater diglycerol and 3% or less

triglycerol (Solvay Performance Chemicals; Greenwich, Conn.) is esterified with fatty

acids having a fatty acid composition comprising approximately 71% C18:1, 4%

C18:2, 9% Cl6:1, 5% C16:0, and 11% other fatty acids (Emersol-233LL;

Emery/Henkel) in a weight ratio of approximately 60:40, using sodium hydroxide as

30 a catalyst at about 225°C under conditions of mechanical agitation, nitrogen

sparging, and gradually increasing vacuum, with subsequent phosphoric acid

neutralization, cooling to about 85°C, and settling to reduce the level of unreacted

polyglycerols. The polyglycerol ester reaction product is first fractionally distilled

through two CMS-15A centrifugal molecular stills connected in series to reduce the

35  levels of unreacted polyglycerols and fatty acids and then redistilled through the stills

to yield distillation fractions high in diglycerol monoesters. Typical conditions for the




parallel leg elastic strips 77. A sheet 78 is affixed to the outside of the
backsheet as a dedicated fastening-surface for two pieces 79 of Y-tape

whi ch can be used to fasten 30 the diaper around the wearer. Milti-I|ayer
absorbent cores can al so be made according to copending U. S. Application
Serial No. 08/ (Gary Dean LaVvon et al), filed 10 J Snofrise
No. 5547 (hereﬁg’q?'gg‘grporat ed by reference), where one or m)rg Iziilyers‘Qil
conpri se an absorbent foam according to the preggnt i nvention. 35 WO

96/ 21681 PCT/ US96/ 00111
37 1V. Test Met hods A. Capill ary Absorption Pressure A capillary
absorption isothermcurve is generated using the Vertical Wcking Absorbent
Capacity test described in the TEST METHODS section of copending s U S
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Description Pressure Lo fkfagﬁ’ﬁ(gegﬁﬁ)?i ﬁeE 5@9&7’8 sio? R@BHQ'H% hi%
foam's ability to hol polygiycerdl| estess. asThe mglmadammﬂwmmumans a
heads. The sanpl e st rinfpifim Séil tph ﬂeﬁvzﬁér Clﬂt%rfadi’ﬂ tenﬁ&h Gillub 0TI app: r&uﬁ

wide x 0.2 cmthick, and,the dIStI ed wat er

containing a snall a ﬁ/t'cmoiI ‘#E‘Fd M P FEPe '3? B oL, ppprg E’Peﬁbﬁét

in a roomat 22 [ agr]AfR¢ranixing, tmmcmmmﬂlowsdwmwmma Ghumw
tenperature. The foanjhdrawn aid 2%H W SHeS lﬁsé"&ttﬁé emhﬁiﬁ&ﬂ%‘hﬁnhé’ﬂﬁ@m’l’. (About

water: The water i oY BRERMRSY R, M@ﬁdt e sanpl o unt ] 1 equl | bri um
i s reached, typi caI |y 16- 2Sepheate streamsiof the oil iphase (23562 dud water plase (103174°Cyrate fed
reservoir shoul d be s@i £bgfthic hiding éFaRnA. b’!’hdl‘&iéﬁ&n&u@'éﬁtﬁe Gdﬁtblﬂaﬂtréﬁg in the
al um num foll, to prey et ki apparatus is achived 6 Sedis oF'k pin Wipeiar ™ A this scale of
operation, an appropriate pin impeller comprises a cylindrical shaft of about 21.6 cm
in length with a diameter of about 1.9 cm. The shaft holds 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 1.6 cm. The pin
20  impeller is mounted in a cylindrical sleeve which forms the dynamic mixing apparatus,
and the pins have a clearance of 0.8 mm from the walls of the cylindrical sieeve.

A spiral static mixer is mounted downstream from the dynamic mixing
apparatus to provide back pressure in the dynamic mixer and to provide improved
incorporation of components into the emulsion that is eventually formed. Such a

2s  static mixer is 14.0 inches (35.6 cm) long with a 0.5 inch (1.3 cm) outside diameter.
The static mixer is a TAH Industries Model 070-821, modified by cutting off 2.4
inches (6.1 cm).

The combined mixing apparatus set-up is filled with oil phase and water phase
at a ratio of 2 parts water to 1 part oil. The dynamic mixing apparatus is vented to

30 allow air to escape while filling the apparatus completely. The flow rates during
filling are 3.78 g/sec oil phase and 7.56 cc/sec water phase.

Once the apparatus set-up is filled, agitation is begun in the dynamic mixer,
with the impeller tuming at 1200 RPM. The flow rate of the water phase is then
steadily increased to a rate of 44.1 cc/sec in a time period of about 30 sec. and the oil

3s  phase flow rate is reduced to 1.25 g/sec over a time period of about 1 min. The back
pressure created by the dynamic and static mixers at this point is 5.0 PSI (35 kPa).



t hen qui ckly renoved and pl aced on a non-absorbent surface where it is cut
into 2.5 cm segaBats—atter—di-searar-rg—thre—portonreof—the—seampte—that was
imersed in the 25 reservoir. Each piece is weighed, washed with water
dried and then rewei ghed. The absorbent capacity is calculated for each
pi ece. A | yy desorption isothermcurve is generatedp ﬁkﬁﬁ ng the
absorbentqﬁg%%%?{y of each segnent as a function of helght g&?ve Is a
pl ot ofthe absorbent capacity of each segnggt as a function of height that
the test fluid desorbed, using the 30 distance fromthe top of the water
reservoir to the m dpoint of each segnent for the height h. The capillary
desorption pressure is taken as the height of the foamthat has an
absorbent capacity one-half of the foamlis free absorbent capacity. C
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granite base undppordudaipaoliseduipped With Vacuiipivtiich BEadbdlly redites thelrbsidisn®aer The
gauge Is set to ]?Iﬁgé tontent of the foam to about 2 times 12X) the weight of the polymerized
monomers. At this point, the sheets are then resaturated with a 0.75% CaCly

20  solution at 60°C, are squeezed in a series of 3 porous nip rolls equipped with vacuum
to a water phase content of about 4X. The CaCly content of the foam is between 2
and 5 %.

The HIPE foam is then dried in air for about 16 hours. Such drying reduces
the moisture content to about 4-10 % by weight of polymerized material.

2s  Example 2. Preparation of Foam from a HIPE

A)  HIPE Preparation

Anhydrous calcium chloride (36.32 kg) and potassium persulfate (189 g) are
dissolved in 378 liters of water. This provides the water phase stream to be used in a
continuous process for forming a HIPE emulsion.

30 To a monomer combination comprising styrene (600 g) technical grade
divinylbenzene (700 g), 2-ethylhexylacrylate (3100 g), and 1.4 butanediol
dimethacrylate (600 g) is added diglycerol monooleate (250 g), 2-octyldodecyl
diglycerol ether (50 g) and Tinuvin 765 (41 g) antioxidant (30 g).

The diglycerol monooleate emulsifier is the same as that used in Example 1.

3s  The 2-octyldodecyl diglycerol ether coemulsifier is prepared as follows: 2-
Octyldodecyl glycidyl ether is prepared using the aliphatic glycidyl ether method



a pressure of 0.08 psi (0.55 kPa) on the sanple. Any gauge fitted with a
foot having a circular surface.area of at least | in2 (6.5 cnR) and capabl e
of neasuring thickness to 0.001 in (0.025 MM can be enpl oyed. Exanpl es of
such gauges are an Anres 20 nodel 482 (Ames Co.; Waltham MA) or an

Ono- Sokki nod (Ono- Sokki Co., Ltd.; Japan). After Zi&,éﬁ],%ﬁ“ t he
. expanded thi c%%é@lﬁi) Is recorded. A force is then applied to the foot so

that the saturated foamsanple is subjected to g4pressure of 0.74 psi (5.1
kPa) for 15 minutes. At the end of this tine, the gauge is used to 25
measure the final sanple thickness (X2). Fromthe initial and fina

t hi ckness neasurenents, the percent strain induced can be cal cul ated for
the sanple as follows: [(X1-X2)/X ]x100 = % reduction in thickness

Recovery from Vet Co ibed dn Y% spplication,Seris! N&aw_héswbhen A.

grﬁ ne ?ncci: qu. gg;nt Lead-daah&aklz. tﬁﬁd 19Y5F Tase Not 5549, aﬁildhlnshﬁ@wila:ad by
err an brelative | 5123 r s rfor.

at this tenperature dﬁ{f’ﬁ? :ﬁl" #ﬁf‘% §s suregaerﬁ't'g‘g‘}eg %r&g' Bt of

under a pressure of aqboml@kggf%smytdodwd ﬂ,gla&hgul!gfblms)mdgbm 10,80

nodel 482 or an On0- Sedilsic cHRlE. Eﬁe?%ﬁe Bxatheérintbats :ﬁbm&: AiRnird 1t6 'about

and 29 mm di anet er hed out ura
toits free absorben'?ocozgpé'ﬁ §§§HQ’EH§§J&?’}§£ fgg'é’ ’h‘g‘b‘ﬁ
of three sheets of 9mdm&mmmt‘aomm@uée u@edmlmemmatmgz
PCT/ US96/ 00111 39 paﬁﬁitel(ﬁi‘lién'ﬁh&l il RRdted for aﬁodt(isrlidﬁat abb@x 65°Ce Allertsbﬁmm

filter paper is to si Iatet e h absorption press

5001 ab e wi t h st or Jb sismb I, o4 prEABEIEL Rl WEMEd tebd Bl Hohed g%fw
conposite is imresth at¥°g, mﬂe&ﬂedtwmtofdmmdtﬁmﬂ%@slbe msafofmtvlé °-2 86
e T 0am sampl &, | Thi ot L R Ml it ther.
time nost o;mt he syntHeHF anr{a ﬁf’?o‘ﬂ ethoxi (‘f{?f')ulw WF&E ﬁ%ﬂmlg
the filter paper. Aftappraximatély 1400 o mmmﬂﬂhmm¢dﬂ°§ghﬁ1fatm3 hours
removed from the foargndaPSiro quso@dmﬁfgmmwgaumﬁmabom 185°C,

oppOr U L0 1 Doy o el e s ot B P b
: The resultant mixture is stirred for about 4 hours at about 185°C under nitrogen and
then allowed to cool without mixing. A glycerine layer settles to the bottom and is
removed by siphoning. Volatiles are distilled from the remaining material by heating
to about 150°C at about 2 mm Hg, yielding approximately 1.3 kg of product.

20 Approximately 700 g of the product is dissolved into an excess of mixed hexanes.
This hexane phase is multiply extracted with 90:10 (v:v) methanol:water. The
methanol:water extracts are combined and the solvent is removed using a rotary
evaporator. The resulting residue is heated to about 70°C and filtered through a
glass microfiber filter, yiclding approximately 380 g of 2-octyldodecyl diglycerol

25 ether emulsifier. The product is analyzed by gel permeation chromatography and
found to be about 82% diglycerol monoaliphatic ether and about 5% triglycerol
dialiphatic ether. It imparts a minimum oil phase/water phase interfacial tension value
of approximately 3.9 dyne/cm and has a cn'tical aggregation concentration of
approximately 0.5 wt%.

30 After mixing, this combination of materials is allowed to settle overnight. No
visible residue was formed and all of the mix was withdrawn and used as the oil phase
in a continuous process for forming a HTIPE emulsion.

At an aqueous phase temperature of 85°-90°C and an oil phase temperature
of 23°C, separate streams of the oil phase and water phase are fed to a dynamic

35 mixing apparatus. Thorough mixing of the combined streams in the dynamic mixing
apparatus is achieved by means of a pin impeller, as in Example 1. As in Example 1,



and its thickness nmeasured. The extent to which the sanple recovers its

thi ckness, expressed-as—a—percenptage—of—t+ts—thrtrat—thtckmess s takenas— —

a nmeasure of the recovery fromwet conpression of the sanple. The average
of at |east three neasurenents are used to determ ne RFWC. 15

Free Abso%pgmg‘ﬁpam ty (FAC) Free absorbent capacity canp éﬁ?ﬂdmtlif'Ed by
a

measuring the anobunt synthetic urine absorbed in a foams I ch has
been saturated with synthetic urine. Free or bent CapaC|ty measur enent s
are typically nade on the sane sanple concurrently with the nmeasurenent of
Resi stance to Conpression Deflection. 20 The foam sanpl es and Jayco
synthetic urine are equilibrated to a tenperature of 31[err]C. Measurenents
are perfornmed at anbient te erature. A foam sanple sheet is saturated to
its free absor bespiratsipicmixg ﬂsgmnugdmmmmemmcmmmmm ne.

Surface area s ﬂ"’“”SL"t‘""ﬂ T ole 3 PRl tf ition
circular 25 di eM Hdgr'eﬁ'f !.g 'gb'f'@ ?PPI"F? ‘?fﬁi’ﬂéf’l @“@N‘Hﬁ%t
31C for a furt hephaemdwmtmphsshst smplcﬁmmmmmnrmcoﬂf r'ﬂmdyhmynxxtet ic
Wel ghi ng. pan hayLPanas i veie Lol wd Sepd SRR 0 spparies cchhi

resgl ut |goﬁ of 1 h?%l qa“ §|d“ %%QQ%MQ% Ch’éﬁch

bal ances are the Mett thmmw—upmﬂlmmwmﬂwmwtma%mm
(W, 111’ pl acautrrepbaus s e YhacRs o, Agkieh ¥ Shen thgdf SiE | ©
di sposabl e paper G mix “Fﬁﬂt'%‘h E"‘ &Bag{?ﬁnige@?wf'gﬁﬂf?h?WT ng a
plastic roll es ophasetsnbettsm:adﬂzmmsedwe manﬁs‘és ce/secinver a time\petiod eftabloatdl i n
distilled water ffindRf M mﬂke/ﬂaw%&%mcwﬁ, O8N 3ARL dvea nﬂ@&)&ﬁ@d‘of‘es“

screens as befor i.s the ced betwee I SPOS
towel s (4 on eacwé gpg a‘éﬁj H%G“FS%“ 7f£F€§°1
WO 96/ 21681 speed is mstantly reduced to 1200 RPM and then steadxly reduced over a penod of l

PCT/ US96/ 00111 49ud—m€lim)’1'ﬁ’é ﬁ‘a%ﬁ f%m% ; &ﬁd"&!ﬁé’nﬁx&&rﬂt e
RSP

paper towels, drled | V. r 20 mnut nd lL,ts

wei ght recordéd P 2&&@% ?)oi-hf gedl is thep: %PM@M
(Wv), less the d8§0 REM;Mer@Wodiof/l dwnbﬁhhacldptymgme(bwghpdynmc ahd\C =
- [ (W) /W] . static mixers at this point is about 2.2 PSI (15 kPa). The resuitant HIPE has a water-

to-oil ratio of about 45:1.
B) izati lsi '
20 The formed emulsion flowing from the static mixer at this point is collected in
round polypropylene tubs, as in Example 1. The emulsion-containing tubs are léept in
a room maintained at 82°C. for 4 hours to bring about polymerization of the emulsion
in the containers to thereby form polymeric foam.
C)  Eoam Washing and Dewatering
23 After curing is complete, the wet cured foam is removed from the curing tubs.
The foam at this point contains about 40-50 times the weight of polymerized material
(40-50X) of the residual water phase containing dissolved emulsifiers, electrolyte,
initiator residues, and initiator. 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
3 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 3 times
(3X) 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 with vacuum to a water phase content of about 1X. The CaCly
3s  content of the foam is between 2 and § %.
The foam is then dried in air for about 16 hours. Such drying reduces the




5 ' F. Dynam ¢ Mechani cal Anal ysis(DVA) DVA is used to determ ne
the Tgs of polyners includi ng—poelyeric foans. Sanples of the foans are

sliced into blocks 3-5 nmin thickness and washed 3-4 tines in distilled
wat er, expressing the fluid through roller nips between each washi ng. The

resultingfoam“;}.]k 812 € allowed to dry in air. The dried fo sh&dop1110
- are cored to yie %&g cylinders 25 mmin dianeter. These cyling’[&s are m

anal yzed using a Rheonetrics RSA-11 dynam c mecQ‘g\ni cal analyzer set in
conpressi on node using parallel plates 25 mmin dianmeter. |nstrunent
paranmeters used were as follows: Tenperature step fromca. 85[err]Cto
~-40[err]Cin steps of 2.5[err]C Soak intervals between tenperature changes
of -125-160 seconds 15 Dynam c strain set at 0.1%to 1.0% (usually
0.7% Frequency set amommmmmmwmmwms:fmmmm| c force
tracking dynam c for Cpxg 3 fpp ce set at 5 g. The gl ass

k e mum poi nt of the |oss tangent 20
versus tenperature curve Tension (I FT) Method (Spinning

Drop) Interfacial Tension Mh?’d)‘ommmee(ﬂﬁﬁb[kc) posassime: persulfate (igl3 kg)
drop nethod descri bedare/3isSEI& 378 lildrs-of witét! Thi(proVidesdhe Wites bhasestitarh 16 be used

xoopt that! (1) ?ﬂe%?@wzgwwie#"mzﬁ*ﬁg BRBRR Tng the ofl  phase
contains styrene, divinyl bEmzermsokdsy, combination| comprisiap, distilled divinylbenzene (40%
of 14714, 6b: 13, (2) 1 ot by o 150 £)0and
\?ar ied by dilution fr g& gﬁ‘aﬂ %lr t@g{m n of’&&g gféﬂ Pa'B%'&DF 'eléfso 8.
wei ght % down to ae codnbﬂtosmtedrtaudvenqutm mmuntnmwfa@@(ﬁ) ghand Tidwsin 765
gt ! /east %OUL 10 dy nﬁfti%ﬁidﬁ& B gpt e!‘he% 3 &B\eﬁﬁh&léﬂﬁnehﬁ-ﬁﬁep r(GﬁBMdf Produ
versus | og emulsifier® Sssnlﬁf&w Pl PR iges SRS TR T4 A Sl RPRFRIeA |1r§other
(4) the Critical AggrdghycerohmGuresterst Mtpolyulycmls‘.) andsl 1%eothenpalyglicerpl esters, imparts
versus | og concent 'r2¥“‘ “"‘ﬂm o MaRbiR! el ot Wt WIS of apprdiately 24
lsed to 35 Ccal cuithy e e 3bd basaerhion spgPeAon SonEnAge of i puitely Sy wi%, The
exanpl e Surfactants adnhydmsmtedc tallowPidimesiyt nammeniumn ehethy) tsulfate sl |obtained. from
Rosen, 1989, Pages 64wRd/Shérex Chemical Co. It imparts a minimum oil phase/water phase interfacial
tension value of approximately 2.5 dyne/cm and has a critical aggregation
concentration of approximately 0.065 wt%. After mixing, this combination of
20 materials is allowed to settle overnight. Only a small visible residue was formed and
nearly all of the mix was withdrawn and used as the oil phase in a continuous process
for forming a HIPE emulsion.
At an aqueous phase temperature of 85°-90°C and an oil phase temperature
of 20°C, separate streams of the oil phase and water phase are fed to a dynamic
25  mixing apparatus. Thorough mixing of the combined streams in the dynamic mixing
apparatus is achieved by means of a pin impeller, as in Example 1. As in Example 1,
spiral static mixer is also mounted downstream from the dynamic mixing apparatus to
provide back pressure and improved incorporation of components into the emulsion
that is eventually formed. The combined mixing apparatus set-up is filled with oil
30  phase and water phase at a ratio of 2 parts water to 1 part 0il. The dynamic mixing
apparatus is vented to allow air to escape while filling the apparatus completely. The
flow rates during filling are 3.78 g/sec oil phase and 7.6 cc/sec water phase.
Once the apparatus set-up is filled, the water phase flow rate is cut by 25% to
reduce the pressure build up while the vent is closed. Agitation is then begun in the
3s  dynamic mixer, with the impeller turning at 1200 RPM. The flow rate of the water
phase is then steadily increased to a rate of 37.8 cc/sec over a time period of about 1
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this extrapolated line corresponding to the minimnumIFT is taken as the
CAC. Cenerally, an upper emulsifier concentration of about 5-10 weight %is

used. Desi he upper enulsifier concentration used i M t about
tw ce (rmré'a%lééll‘?gbly at least about 5 three tines) the &éﬁ’% tﬂg

enul sifier. For emulsifiers having a sol ubiJ.,i ty in the oil phase at anbient
tenperature of less than 5 W% the upper concentration [imt can be
reduced as long as this concentration is still at |east about twi ce the CAC

of the enulsifier at 50[err]C. 10 V. Speci fi ¢ Exanpl es These exanpl es
illustrate the specific preparation of collapsed H PE foanms according the

present inventi ominutsardthe oil plase fawzraieds reducetbton?.63 @fsec ovprnEtimge perivd PE
Prepalr ?téon(é% aboutsnﬁmmﬂrm&a segme&hea f ﬁ%ﬁ&ﬁgﬁaﬁ@mﬁ&t@mghm
persulrate rs or, wat e ] e
wat er phase stre B’B%“‘fx’sglﬁi/&ﬂ 'gn%oﬁ'f Wcé&uéyr %85@3?%
enul si on. To a novesracperiod oifiabeuti2ominutespnd ﬁnrbgclspmmdrpnsmoabgytzs PSI (16

di vi nyl benzeng 5E%tqﬁbmsﬁﬁ&mmwa1m&-ﬁ)mn%n@m&b@wi acryate (4800 g)
I s added hi gh purlty ﬁg di cer pnoal.eate (480 g) and Ti nuvi n
ent’ ettty T -

765 [bis(1, 2, 2,5, 5- . - Fsebacate] antioxidant (40 g).
This diglycer ol rmnoo'l‘lwioandmmdslm 2 $tatie mixen a3 \this gointis cojleated irl

procedure for pramapa Wﬁws winmﬁ@rea e @mul3RA-doftaffga ey
SR sy i s
di gl ycerol ane B%tbewmwrstqtgﬂyb;efouhpo&nena@merfor mance Cheni cal s;

G eenwi ch, Conn.) is eptery fag ds having a fatty aC|d
conposi tion conpri si R?ﬁp 49% C18: 9%

C16:0, and 11% ot her [@“'Em%y%ﬂwé%c‘?mgé" ¥ i ght
rati o of approxi Tbe foam asduﬂmlnmnnglsawtﬁmﬂﬂymthm oﬁpolymmudlmkeful at
ot ool er(rj] Cr;adual I Cw‘ﬂc?gﬂs]@ Q’]:nva %ﬁﬁim d:&s%i\le@rég;[um ho ric acid
ot ral 1 zat | ghe GBI 5O Ak o Ut doarh i slcs PR N, ptp fesipiten 0%@“1 vel
of unreacted pol bladesinter shests whiich mb;ﬁg()ymhea)(o k2§tcm) me!adtmssn Theseisheetsiage
first fractional {ign Q&bﬁﬁéd'té%hhfe%ﬂhnh%n%%;ﬁ%ﬁioﬂi ifidgpeld Hith Vebiim
stills connect edw*ur?:h Sg%rdhﬁls reé)uceelg:I duapwater phase content of the foam to about 3 times

(3X) the weight of the polymerized material. At this point, the sheets are then

20 resaturated with a 1.5% CaCly 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 4 %.
The foam is then dried in air for about 16 hours. Such drying reduces the
moisture content to about 3-12 % by weight of polymerized material.

2s
WHAT IS CLAIMED IS:



35 levels of unreacted polyglycerols and fatty acids and then redistilled

through the stills to yield distillation fractions high in diglycerol

nonoesters. Typical conditions for the WD 96/ 21681

PCT/ US96/ 00111 42 final distillation pass are a feed rate of about 15

| b/ hr, a degas um of about 21-26 mcrons, a bell jar vi.egmg;‘% bout

6-12 m crons, gﬁ#ggé%?errperature of about 170[err]C, and a residue 1

tenperature of about 180[err]C. Distillation factions high in diglycerol

nonoesters are conbined, yielding a reaction prggduct (as determ ned by 5
supercritical fluid chromatography) conprising approxi mtely 50% di gl ycer ol

- nonool eat e, 27% ot hwhatds Qlaimeipl nonoesters, 20% pol yl ycerols, and 3% ot her

polyglycerol esters; Thﬁpagﬁghémrﬁazg# wﬁ{cR &g#bg%@gf, ﬁ%‘%ﬂa%&wm a@fef,&é

a mnimum oi | phase/ wat e se | nter appr oxi

1.0 dyne/ cm and hasiluidse (said; palymeric, feaym  maserial Srommpreing 3 dwdrophilie b 6‘)!‘??7&{"31“3“‘:
0.9 wt% 10 After polymeng, fodhatruaaet ofdnterzomsoed open atlispoiathctesizabintthat the foam
overni ght. The supegp ﬂ“ is wthdrawn and used in the oil phase as the
emul sifier in form ng the T PE. (About, 20 g .of a sticky resjdue is

di scarded.) Separate stNaarFBeB‘P"‘WH%VHF‘F“'WM%SYPM%W']‘G? adyeightiaf 2Fm imlgssghan
(70-74[err]C) are fed to a T2ON prefecably lessnlianl0psecaidss. Thor ough mi xi ng of the

conbined streams in th g%ﬁ’ O&W?gglw@@m 3 5 2532;{1-8&% %.,{T?fi

of a pininpeller. At t an appropri |rrpel
conprises a cylindrical shaﬁf'll of about 21.6 cmin length with a dianeter of
about 1.9 cm The shaf tChol dlgapillafyodésomption pressure? of i 8§ & BOCpréféraply fionh 8do 25,
rows having 16 pins, each hgying a dianmeter of 0.5.cm extending outwardly
fromthe central axis of thé’shaft to a length of 1.6 _cm_The pin 20

i npel ler is mounted in B) cya resigiancedp campression deflection of fram e ﬁﬁ&%%ﬁ?ﬂgs
apparatus, and the pins havﬁﬁ"/&hﬁﬁfﬁﬁfeﬁb@fﬁ'&nSmWo[mdiﬁeasmmuﬁd@facbhﬁimg
cylindri cal sleeve: A spi r &tdg r%‘géir i s mounted downstream fromthe
dynam ¢ m xi ng appar at us t 8 5 ressure in the dynam c m xer and
to provide inproved i ncB po% @qabaorbmt@meﬁﬁqn il%tQ)U@themHYsﬁ’%:*ﬂm?o-l@ﬂ
- eventually fornmed. Such a fefdbBifidin 83 1€75, gg; 14. 0 i nches (35 6 cm |ong

~with a 0.5inch (1.3 ¢ ougﬁﬁp@m; ' °
| ndustries Mddel 070-8 4 fr ceghm-l;gs%gifo?é{.l Pzrsldé'ﬁ Srbféignﬁl{ Ic%s.”?ﬁ"é
conbi ned m xi ng appar at us set-up is f| lled with oil phase and water phase
2. The foam material of Claim 1 characterized in that it has a number average
cell size of from 20 to 200, preferably from 30 to 130, um and a number average hole

size of from 5 to 30, preferably from 8 to 25, um.

3. The foam material of any of Claims 1 to 2 characterized in that said foam
structure has a specific surface area per foam volume of from 0.01 to 0.06, preferably
from 0.01 to 0.04 m2/cc.

4. The foam materia! of any of Claims 1 to 3 characterized in that it is made
from a polymerized water-in-oil emulsion having:
1) an oil phase comprising:
a) from 85 to 98%, preferably from90 to 97%, by weight of a monomer
component capable of forming a copolymer having a Tg value of 35°C or
lower, preferably from 15° to 30°C, 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;

* c L N 1] *



at aratio of 2 parts water to 1 part oil. The dynam c m xi ng apparatus is
vented to 30 allew-ar—te—eseape—whtte—f+HTng—tie—apparatus——ctonpl et el y.
The flow rates during filling are 3.78 g/sec oil phase and 7.56 cc/sec
wat er phase Once the apparatus set-up is filled, agitation is begun in the
dynam ¢ m &yﬁth the inpeller turning at 1200 RPM Thepdpmsubebdie of the
wat er phase 1s then steadily increased to a rate of 44.1 cc/sec in a tine
period of about 30 sec. and the oil 35 phase flowrate is reduced to 1.25
g/ sec over a tinme period of about 1 mn. The back pressure created by the
dynami c and static mxers at this point is 5.0 PSI (35 kPa). WO 96/ 21681
PfCT/6 3392{3 (I\J/I0111 43 The l(rjrpﬁ) | er fromecb 4o%!tieweightcoita bybsthatidliyasser-insblubig peed
o] over a perio eases to
1.8 PSI (12 kPa) and rem%ga%gﬁgﬁ an‘f0 %Ww%%@wﬁéﬁég S'ﬁﬁﬁéé @ﬁas a
water-to-oil ratio of abogquiwdent to that provided hyestyrens: i on/ Curi ng of H PE 5

The HI (PE frﬁ)m t hedstatl C m)XGI’ﬁ-bﬁ §Qbl BSY% Bl right rdfuildimomgtmmyenﬁe,tub

17 in (43 c in dianeter, an centric insert
made of Cel con plastic. TH 'f’g’ %‘W’é&égﬂ %ngg sme%teaofg 'téergrz?f‘ Pits
base and 4.75 in (12 cm icwsmlmeﬁrdmylbqrgen%p tantnylbgazmess divinyltoluenes; m)

][n gh. TEe HI PE- cont ai ni ggd kelpt divity mpmmml nt aldmggﬂtywiﬂiqug] C

or 18 hours to cure an I OV Merd ¢

Washi ng and Dewat eri ng Thgwgﬂ"ﬁ“%&"%{oam"g‘k}?&w‘ %’V‘B{‘ﬂd\pﬁ%’yﬁﬁ‘?“esfhe
foam at this point has rediviylbenzist er ;dimwwhmm ngdivingldiphenylsulfides,

;erml si Els §r§8 X;el ?ﬁtml yt ﬁtd i tfaxaﬁ@awrnysﬁlﬁa@am@l}mfdﬂ&l iﬂd&ﬁ&ﬁx}esiimwfﬁla 38d

i mes e weig p foam.is slice
with a sharp reciprocati nﬁ'?savﬁ?f%;% %ﬁ?og}é)l‘i‘@ﬁ‘g ﬂ‘bﬁtab“l"g iWffes
(0.19 c¢cm in thickness. Thedebl&kmfenanmltmu&msjmteﬁlmdd’mmﬂ&smom ina
series of 2 porous nip robdmisRg! iof RRAAM &,Qng sMhahacoyiael) ad iggsgces

t he resi dual water phase coEtené E Rf‘s am Lo apout 2 thmes (

wei ght of the polynerized f'?‘?&g > the sheets are then
resaturated with a 0.73% @mqu&,mfmﬂvmmtmﬂoﬁﬂhywugmdqu@anﬁﬁﬂn a

series of 3 porous nip dofipofert GitidhB Soltbie'in the Wit dnd'Whigh iP SABBICRRT Nt
of about 4X. The Cad [%nﬁncont nt of.m.o&'emﬁamls bet ween 2 and

g a stable water sion; and

2) a water phase comprising from 0.2 to 20%, preferably from | to 10%,
by weight of a water-soluble electrolyte, preferably calcium chloride;

3) a volume to weight ratio of water phase to oil phase in the range of

from 35:1 to 90:1, preferably from 45:1 to 75:1.
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The HIPE foamis then dried in air for about 16 hours. Such drying reduces
the noi sture content to about 4-10 % by wei ght of polynerized nmaterial. 25
Exanpl e 2: Preparation of Foamfroma H PE A) H PE Preparation Anhydrous
cal ciumchloride (36.32 kg) and potassium persulfate (189 g) are dissol ved
in 378 liters of water. This provides the water phase streamjGhgcpigd i n
a conti nuous dW%E@EH?#(Jr formng a H PE enul sion. 30 0 a nonomner

conbi nati on conprising styrene (600 g) technical grade divinyl benzene (700
9), 2-ethylhexylacrylate (3100 g), and 1,4 bujpanediol dinethacrylate (600
g) is added diglycerol nonooleate (250 g), 2-octyldodecyl diglycerol ether

(50 g) and Tinuvin &5 ( | 3arde 8 ERbAmerebmsomat ©
emul sifier is the sgma agﬂ?E}mﬁﬂL iiloﬁ@merg&p I e t.en% "%g% octynlldodegyl

di gl ycerol ether co&f@P8¥Fier is prepared as follows: 2- Cctyl dodecyl
glycidyl ether is prepared usi)ng tfnmnébnplﬁ&%hyghghludgﬂonmmmme growp

96121681 4.alkyl acrylates. %“l ,1¢: a4
described in copending U S. ac% e aﬁé@%;&?:m@ % 20 bﬁ'ﬁ QF’ a4,
y

Gol dman et al), filed Jan. 10.
reference.. Approximately SGOmmsﬁpreoﬁl orohydrin is added to a stirred

m xture of about 1.5 kg of 2- ﬁgtylﬁﬁﬁﬁfgg?%\lww ogg,on&ggrcmed fmm the

| ndustries) and about 10 g of orid A ter he resq_g{
exot herm heats the reaction nisouRcansisgngpbstyreneyet ®tr ed

under nitrogen for an additi ol aﬁmtlz%bmmmgmmwleMOut 190 ¢
of sodi um hydr oxi de predlulr)ute tm%ﬁﬁ %)ﬂy%%%f%ﬁiag&d%&&lﬂdnﬁqgmtﬁhw
0

t hen added and reacted f abou urs-at
separating the aqueous | &ipar thetgraup,consistiog P%&-é’&“?’é‘ ‘é‘t“%ﬁé’& ethylens lycol

~ times, heated to about 1Qiméthdceylate,d,6-heaneiial diactylate)and mixtures therdofy, and
~distilled in the range of about 185[err] 210[err]C and <1 mmHg to yield

approximately 1.1 kg of 2 octyldodec dyl et her OXI te
of sodi um net hoxi de & 25%1b¢ °'i“¥ Qfg@%'&hél 5"%?&%% gﬂ "Pﬁﬁb(é gf
anhygr ouslgg{ceri ge seleCted ﬁaﬁmd gfaagebﬁwutmg of buayicuetylate, Mml;geoctﬂlacm&ri-c
at about err t qgo&gy';‘, I
15 the 2-octyl dodecﬂﬁ%%ﬁHﬁq‘[ &%%&ﬁ%ggg;i ik w"&%e%'? a [daSt’y
about 2 hours. The r %th%l jacrylate, dlﬁ&@

~ 185[err] C under nit rtﬂﬂﬁihrﬁitd. nonyl methacrylate, decyl methacrylate. isodecyl methacrylate, dodecyl

methacrylate, tetradecyl methacrylate, p-n-octylstyrene, N-octadecyl acrylamide, and
mixtures thereof.

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

I) . abacking sheet; and _

II) an absorbent core associated with said backing sheet such that said
absorbent core is positioned between said backing sheet and the fluid discharge
region of the wearer of the article, said absorbent core characterized in that it
comprises the foam material of any of Claims 1 to 6.

8. The absorbent article of Claim 7 characterized in that said absorbent core
comprises: (1) a fluid-handling layer comprising the foam material positioned in said
fluid discharge region; and (2) a fluid storage/redistribution layer in fluid
communication with said fluid-handling layer.
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then allowed to cool without m xing. A glycerine |ayer settles to the
bottom and is renpyed by siphoning—\Vel-atid-es~are—ei-st+++et—F+romt he

remai ning material by heating to about 150[err]C at about 2 mm Hg, vyielding
approximately 1.3 kg of product. 20 Approximately 700 g of the product is
di ssol ved jnt excess of m xed hexanes. This hexane ph ' tiply
extracted \L’(ﬁt’?(zlggl 10 (v-v) nethanol :water. The net hanol :mgﬁ‘gpkng?p#icts are
conbi ned and the solvent is renoved using a rotary evaporator. The
resulting residue is heated to about 70[er§£C and filtered through a gl ass
m crofiber filter, yielding approxi mtely 0 g of 2-octyl dodecyl

di gl ycerol 25 efher gnghserl bRl BHP CiauleSus? B by esgp%tion
chr omat ogr aphy and f.ound f(‘)’?é? aggufabg‘g%%iiqu'e%}erplaa%gﬁ?gl F';s) alt.sleg €t her and
about 5% tri gl yc'BFUHNEAt fGnadal. SuC Siaperartigie P€s a nini num oi |

phase/ wat er phase i ntldr f acirelativelynligjuishimpetvions backingshesti matel y 3.9 dyne/cm
and has a critical aqgy egalreRivehORfuiRperibhsiBpshberappr oxi mately 0.5 w % 30
After mxing, this ¢ i nation of naterl aqs%é}lesa?fil ovveaianto setile oyernight.
No visible residue f orfteAbsorhent FoFe BPst KR Saig hackipg, Wheet 3¢ 8y as
the oil phase in a caopsheetpsaid mbsoreent corer chiatacterined in tHaPlt eomprisesothe fdaman

aqueous phase tenper ghyrs, of @qﬁr}‘-p%‘ﬁand an oil phase tenperature of
23[err] C, separate streans of "the 0|T phase and water phase are fed to a
dynami c 35 m xing apparatus. Thorough m xi ng of the conbined streans in

t he dynam c m xi iy approcessfor the preparador df dn/abswrbers polymerip foam mperidl eapables i n
Exanple 1. As in EX s : : : . : .
PCT/ US96/ 00111 45 spl rgg:??%ﬁdca‘%%f'g?’Qﬁabf'ssg""r’r%&vrﬂcg?@gm§hrf,esa S om the
dynani ¢ mi xi ng app&?at g Br WYriE-aiemulsipn at g temperptune of, J&E or higher,

I ncor poration of conpoprefirably irt the tringecfifiom about 1662 to sbony 09710, ahd ynderriowd.
The conbi ned m xi ng ap P&H&)ﬁ%ﬁm‘“p Is filled wth oil phase and water
phase at a ratio of 2 ﬁp)lger%ts dter to |, part oil. The dynamic mxing s
apparatus i s vented tolhl| 8hothphase comprisii8e while filling the apparatus
conpletely. The flow ratesagur fiom 83 ol 98%6, preferaBly fonyooac 93%3, bplweight afid 7. 56

cc/sec water phase. Once the a - 9’3”@ | f’"ﬁg‘ t ,y\?ﬂr nhase
flowrate is cut by 25%to redﬁ@gla eogom?gé?gr SH-* u g\%ﬁpﬁoe gfaylne ? S
closed. Agitation is then begufi8i 9of 3% @ydawse rreR@bly fipdnlnte Bffel ther

turning at 1800 RPM The fl ow mdhemeéfcoimponenntmniprisihg: phase is then steadily
increased to a rate of 37.8 CC{)SeCﬁ-SPﬁeroﬁt §d IR atGt h@ﬁ, b?lfwémtbrt‘ag'lenst one
substantially water-insoluble monofunctional monomer
capable of forming an atactic amorphous polymer
having a Tg of 25°C or lower; ’
ii) from 5 to 40% by weight of at least one substantially
water-insoluble monofunctional comonomer capable of
imparting iouglm&ss about equivalent to that provided

by styrene,
iii) from 5 to 25% by weight of a first
substantially water-insoluble, polyfunctional

crosslinking agent selected from the group consisting of
divinyl benzenes, trivinyl benzenes, divinyl toluenes,

divinylxylenes, divinylnaphthalenes
divinylalkylbenzenes, divinylphenanthrenes,
divinyibiphenyls, divinyldiphenylmethanes,
divinylbenzyls, divinylphenylethers,

divinyldiphenylsulfides, divinylfurans, divinylsulfide,
divinyl sulfone, and mixtures thereof. and
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m nute and the oil phase flowrate is reduced to 0.84 g/sec over a tine
period of about 2 m nutes._\Vhen the water phase flow rate reaches 37.8
cc/sec, the inpeller speed is instantly reduced to 1200 RPM and t hen
steadily reduced over a period of 1 min to 900 RPM The back pressure

. created by the 1 and static mxers at this 15 point is PSI
" (16 kPa). The ?‘&%%qéﬁ speed is then reduced steadily to aboutp%?%% over
. a period of 1 mnute. The back pressure created by the dynam c and static

mxers at this point is about 2.2 PSI (15 kPa)sy The resul tant H PE has a
water- to-oil ratio of about 45:1. B) Pol ymerT zati on of the Enul sion 20

The formed emul sion flowng fromt W; Skdinl 6 81 1584 tWEiEl.\tsopris@éonhssubstantially
coliected in round pol ypropyl ene tubs, as In 'EFanp

. _Jh .y
enul si on-contai ning tubs are kept in a“REEMsAYPSt aPﬁ@é"ﬂP“@Z["éPﬁ'@“’f%r agent
hours to bring about polynerization of seléptedefromsthengroup tchmsisting) tofli polyfisnctional
t hereby form polyneric foam C) Foam, ' Nlet faﬁﬁ&s,ztﬁethacrylanﬁdes.

After curing is conplete, the wet cured oarﬁls%]_véa iromthe curilng
tubs. The foamat this point contains %‘Qﬁe?n‘?ffﬁ’s t he wei ght of

pol ymeri zed material (40-50X) bpf ifiom Raei k&l prefatably fpomaSectoc 06.abynweight of an
di ssol ved emul sifiers, electrolyt gmuisitet icgﬁ'g(meg %ﬁﬂ;‘ﬂeﬁ’soﬁﬂﬂ inNink | gﬁne Theé
foamis sliced with a sharp reci p;gg&%g‘g‘ég % ade i nto sheets ﬂﬁ ,arﬁ
0.075 inches (0.19 cm in thicknes¥ le egg“‘&ﬁés © WatrEAn-Ol SeEeRthe o
conpression in a series of 2 porowmulsion carhponentqoomprsthgiv (1) & qurimany vemulsifier
gradual |y reduce the residual wat : ‘iane% :

times (3X) the weight of the pol y%‘_é‘rnl @%ﬁ?@%?’& AE tE?é E:)Bioﬁ\??ﬁ%ﬂﬁgs@?&ed
sheets are then resaturated with d4rom B, goup sousisting of diglycersh manpgsters of linear
squeezed in a series of 3 porous mngturated SCpgCGhp fatty \aridh diglycerol moneestoss of

s SO em O mmot L The, CoBalcrical i Gl oaiii s
reduces t he VO 96/ 21681 of branched Cj4-C24 alcohols, diglycerol monoaliphatic ethers
PCT/ US96/ 00111 46 noi sture cont entoft lineaboutisatdraidd 6gyCoreifatht aldohpls| \dighyderodd
byl sus AT cht o {50 5 AAIEC B el s 615G bl
sorbitan monoesters of linear unsaturated C;6-C22 ds,
' sorbitan monoesters of branched Cy4-C24 fatty acids, and
mixtures thereof: or (ii) a combination of a primary emulsifier
having at least about 20% by weight of said emulsifying
components and a secondary emulsifier in a weight ratio of
primary to secondary emulsifier in a weight ratio of primary to
secondary emulsifier of from about 50:1 to about 1:4, said
secondary emulsifier being selected from the group consisting
of long chain Cjp-Cyo dialiphatic, short chain Cj-C4
dialiphatic quaternary ammonium salts, long chain C2-Cq2
dialkoyl(alkenoyl)-2-hydroxyethyl, short chain C(-C4
dialiphatic quaternary ammonium salts, long chain C12-Co2
dialiphatic imidazolinium quaternary ammonium salts, short
chain C}-C4 dialiphatic, long chain Cy2-C22 monoaliphatic
benzyl quaternary ammonium salts, and mixtures thereof; and
2) awater phase containing: (a) from 0.2 to 20%, preferably from 1 to
10%, by weight of a water-soluble electrolyte, preferably calcium
chloride; 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, preferably from 35:1 to 90:1, most
preferably from 45:1 to 75:1; and
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5 are dissolved in 378 liters of water. This provides the water phase
streamto be used—i+rA—a—continvous—process—for—formmg—aHPEenut sion. Toa—
nononer conbi nation conprising distilled divinyl benzene (40% di vi nyl benzene
and 60% et hyl styrene) (1750 g), 2-ethyl hexylacrylate (2750 g), and 1,4

hexanedi ol ate (500 g) is added diglycerol nonoole , 10
g&ﬂ 1 ai?r 19
ta

di hydr ogenat e | ow di net hyl ammoni um net hyl sul fate (50 g) and Ti nuvin
765 antioxidant (25 g). The diglycerol nonool eate enulsifier (Gindsted
Products; Brabrand, Denmark) conprises apprgxi mately 82% di gl ycerol

nonool eate, 1% ot her di gl ycerol nonoesters, 7% polyglycerols, and 11% ot her
pol yglycerol esterdB) i Wmﬁz&gnhmﬁ:maidom?metmbm pRBRSET théwatek-arbifl

t ensi on val ue of appro '"mﬂ& 4 : has a criti cal
aggregati on concentrat ?gon 0 tég%&?’%ﬁ?g%;ﬁ?ﬁﬁ%? The di hydr ogenat ed

tallow dinethyl amonium nethyl sulfate i s obtai ned from Wtco/ Sherex
Chem cal Co. It inparThe probese oM CEIM 0 chdtadi€r268 irfthatib 8siprises @é fithebtep B8NS ON

val ue of appr oxi 5 C ha cr cal regat|on .
concentration of H%piagﬁn%%%{@ﬁ%c_ @8@%@?0 ?e#}éﬁa%iﬁgi“ﬁﬁgatﬁ%lm&?ﬁ on
of 20 materi al sfaam materaldisformedsthatiis eapable phcguiring and distnbusing|anuepps flgids
residue was forned and nearly all of the mx was wi thdrawn and used as the

oil phase in a conti u roc for,,fqQrm H RE, emyl si on. At _an
aqueous phase teﬁ%er g?%r irog: ”8?@3[’5&4]%%%%5% o ﬁ’abﬁﬂn‘gé“?“é’ﬁﬁgfg?‘ﬁ?'ﬁmof
20[ err] C, separatempaseans of the oil phase and water phase are fed to a
dynanic 25 nixing apparatiys. T S0'68165% by Weight nidhomes Selichadront iR Sup N

t he dynami ¢ m xi ng apparat us .i s ac}hé‘leﬁedeﬁgﬂ TEANS of 120 ko eller, .as in
Exampie 1. As in Exanple 15O"SFM84" S4-4is 3ylates, atyl A M@Hylﬂﬁﬁmgﬂ eam
fromthe dynanmi c ni xi ng appps atkyk methaprylatasd €45Gk alkyk styranes. caveylamigeso ot

i ncor poration of conponentgixtrésthérase enul sion that is eventually forned.

The conbi ned m xi ng appar at,us t - s, filled with oil 30 hase, and, wat er
phase at a ratio of 2 part® \/\/atsiq’“tLig o 6%%’9%%&&%’“% °’Fﬁ°§§?§“ the
apparatus is vented to al |grenméonsistingofstypeneydthyl etyfene hindhmixgures theneofi at us
conpl etely. The flow rat esjylur ifhgn 12 {dz’mbﬁ@ggﬁ‘.jamﬁgéﬁgmpﬁd phase and 7.6

flow rate i out by 255t JomALBdhEy wrabe i widesert Eioeipine ert soBre | <
cl osed. Agitation is frémrthégroup donsisting f3,4-biytacediol dimethacrylate.tdthyléne glyepk! | er
turning at 1200 RPM dihethatrgdte] #/6cheRdnellioFdid@iifte, MaFhRiube thérét, St eadily
increased to a rate of 37.8 ccisec over a tine period of about 1
13.  The process of Claim 12 characterized in that monomer (i) is selected from
the group consisting of butyl acrylate, hexyl acrylate, octyl acrylate, 2-ethylhexyl
acrylate, nonyl acrylate, decyl acrylate, dodecyl acrylate, isodecyl acrylate, tetradecyl
acrylate, benzyl acrylate, nonylphenyl acrylate, hexyl methacrylate, octyl
methacrylate, nonyl methacrylate, decyl methacrytate, isodecyl methacrylate, dodecyl
methacrylate, tetradecyl methacrylate, p-n-octylstyrene, and mixtures thereof.

14.  The process of any of Claims 10 to 13 characterized in that said primary
emulsifier comprises at least 70% emulsifying components selected from the group
consisting of diglycerol monooleate, diglycerol monoisostearate, sorbitan
monooleate, and mixtures thereof.

15.  The process of any of Claims 10 to 14 characterized in that said secondary
emulsifier is selected from the group consisting of ditallow dimethyl ammonium
chloride, bistridecyl dimethyl ammonium chloride, ditallow dimethyl ammonium
methylsulfate, ditallowoyl-2-hydroxyethyl dimethyl ammonium chloride, methyl-1-
tallow amido ethyl-2-tallow imidazolinium methylsulfate, methyl-1-oleyl amido ethyl-
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WD 96/ 21681

PCT/ US96/ 00111 47 m nute and the oil phase flowrate is reduced to 0.63

g/ sec over a tinme period of about 3 minutes. The back pressure created by

the dynami c and static mxers at this point is about 3 PSI (21 kPa). The

i npel ler speed_is steadily reduced to 800 RPM over a period OW“

m nut es and thgv%%‘a}“dressure drops to about 2.3 PSI (16 5 kPa). e

resultant HI PE has a water-to-oil ratio of about 60:1. B) Pol yneri zati on

of the Enulsion The fornmed enmulsion flowing frgpthe static mxer at this

~point is collected in round pol ypropyl ene tubs,” as in Exanple 1. The

- emul si on-contai ni ng &%@1 fifazOfrRbm it Isﬁﬂ‘ﬁmdﬂﬁétﬂ}l%legﬁljbéi&yl&?l{nﬁfnﬁr&m&{dezand
hours to bring about Iym}:-'her tion of the emulsion to in the containers to

t hereby form ponrrerF'B“‘FG% ee? Foam Washi ng and Dewatering After curing

is conplete, the wet cured foamis renoved fromthe curing tubs. The foam

t "t hi t t t
(50- 60%) point contal i abm@ gx‘%@esﬁ%f CERS1S Bl i hab Gl WRlohddty effleiiel ¥

ase cong ai ni enul s) f
electrolyte, 15 init# B%‘l @5€goupapmis15mg( nglﬁ‘ﬂ ﬂ@eﬁ'gh g‘ﬂﬁﬁ% g
a sharp reciprocati ngnﬂbwdﬁmﬂhglmﬁmmmmlsulﬁte;h are 0.050 |nches (0. 127
cm in thickness. These sheets are then subjected to conpression in a
series of 2 porous nip rolls equipped with vacuum whi ch gradually reduce
t he residual water phase content of the foamto about 3 tinmes (3X) the
wei ght of the polynerized material. At this point, the sheets are then 20
resaturated with a 1.5% CaCl[err] solution at 60[err]C, are squeezed in a
series of 3 porous nip rolls equipped with vacuumto a water phase content
of about 1X. The CaC[err] content of the foamis between 1 and 4 % The
foamis then dried in air for about 16 hours. Such drying reduces the
noi sture content to about 3-12 % by wei ght of polynerized material. 25 WHAT
IS CLAIMED | S: WD 96/ 21681
PCT/ US96/ 00111 48 What is Clainmed is: 1. A polyneric foam material which
is capable of acquiring and distributing aqueous

e
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fluids, said polyneric foam material conprising a hydrophilic, flexible,
noni oni ¢ pol yneric f )
characterized in that the foamstructure has: A) the ability to vertically
wi ck synthetic urine to a height of 5 cmin less than 120, preferably |ess
than 70, secW0derié®l) a capillary absorption pressure of fromb5 to 25,
preferably from5 to 15, cm C) a capillary desorption preBCHUsso11f r om 8

. to 40, prefrably from8 to 25, cm D) a resistance to conpression

. deflection of from5 to 85% preferably from5 to 65% nost preferably from
' 5 to 50% when neasured under a confining pressure of 5.1 kPa; E) a free

. absorbent capacity of from12 to 125, preferably from 35 to 90, nost
preferably from45 to 75, g/g; F) a rdd6very fromwet conpression of at

| east 60% preferably at |east 75% 2. The foam material of Caim1l
characterized in that it has a nunber average cell size of from20 to 200,
preferably from30 to 130, [err]mand a nunber average hole size of from5
to 30. preferably from8 to 25, [err]m 3. The foam material of any of
Claims | to 2 characterized in that said foam structure has a specific
surface area per foamvolunme of from0.01 to 0.06, preferably fromO0.01 to
0.04 nferr]/cc. 4. The foammaterial of any of Cains 1 to 3
characterized in that it is made froma polynerized water-in-oil emulsion
havi ng: 1) an oil phase conprising: a) from85 to 9§ preferably fronmB0
to 97% by weight of a nonomer conponent capable of forgnng a copol yner
having a Tg value of 35[err]C or lower, preferably fronfi15[err] to

30[err]C, said nononer conponent conprising: i) fro 80 to 80% by wei ght
of a substantially water-insoluble, nmonofunctional non(gter capabl e of

form ng a polymer having a Tg of 25[err]C or |ess; DP6/ 21681

PCT/ US96/ 00111

Height, cm
Fig. 1
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49 ii) from5 to 40% by wei ght of a substantlally mater-lnsoluble

nmonof uncti onal... c , ' equi-vatrent—to—
t hat provi ded by styrene i) fron15 to 2596 by wei ght of a first
substantially water- insoluble, polyfunctional crosslinking agent selected

fromthe ?ﬁ@ﬁﬁzﬁggsisting of divinyl benzenes. tr'V'”ylbe”féﬂﬁﬁmmmru

divinylto i vinyl xyl enes, di vi nyl napht hal enes
di vi nyl al kyl benzenes, divi nyl phenant hrenes, di vi nyl bi phenyl s,
di vi nyl di phenyl net hanes, di vi nyl benzyl s, di vi nyl phenyl et her s,

di vi nyl di phenyl sul fides. divinylfurans, divinylsulfide, divinylsulfone, and
m xtures thereof, and iv) fromO to 15% by wei ght of a second
substantially water- insoluble, polyfueg;'onal crosslinki ng agent sel ected
ffomthe group consisting of polyfuncti | acryl ates, nethacryl ates,
acryl am des, nethactyl am des, and m xtures thereof; b) from2 to 15%
preferably from3 to 10% by weight of an enulsifier conponent which is
soluble in the oil phase and which is suitable for form ng a stable

water-in-oil emulsion; and 2) a water phase conmprising fromO0.2 to 20%
preferably froml to 10% by weight of a water-soluble electrolyte,
preferably cal ciumchloride; 3) a volune to weight ratio of water phase

to oil phase in the range of from35:1 to 90:1, preferably from45:1 to
75: 1. W96/ 21681

PCT/ US96/ 00111 so 5. The foammaterial of Claim4 characterized in that
sai d nononer conponent conprises: i) from50 to 65% by wei ght nononer
selected fromthe group consisting of CJerr]-Clerr] al kyl acrylates. aryl
and al karyl acrylates, CJerr]- Cerr] alkyl methacrylates, Cerr]-Cerr]

al kyl styrenes, acrylam des and m xtures thereof; ii) (Jfrom 15 to 25% by
wei ght conononer selected fromthe group consi sting .g;rene, et hyl
styrene and m xtures ghereof;

-
Q.

Height (cm)
Fig. 2
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1) from12 to 20% by wei ght divinyl benzene; and iv) fromO to 13% by
wei ght of said se A St

of 1, 4-butanediol dinmethacryl ate ethylene glycol dinethacrylate,

1, 6- hexanedi ol diacrylate, and m xtures thereof. 6. The foam material of
Claimb5 ch ed in that said nononer (i) is selected group
consi sting o?g%f{ acryl ate, hexyl acrylate, octyl acrylaf%@ag%hgﬁﬁylhexyl
acryl ate. nonyl acrylate, decyl acryl ate, dodecyl acrylate, isodecyl
acrylate, tetradecyl acrylate, benzyl acrylate, nonyl phenyl acrylate, hexyl
nmet hacryl ate. octyl nethacrylate, nony éget hacryl ate, decyl nethacrylate,

| sodecyl nethacryl ate, dodecyl nethacr { tetradecyl nethacryl ate,

p-n-octyl styrene. N-octadecyl acrylam de, and m xtures thereof. 7. An
absorbent article especially suitable for absorbing and retaining aqueous
body fluids, said article conpr|5|ng 1) a backing sheet; and 11) an

absorbent core assoCiga ai d absor bent
core i s positioned bg

region of the wearer

that it conprises thd The
absorbent article of g ent core
conprises: (1) a fl uime rial
positioned in said f e

storage/redi stributi ¢

fluid-handling | ayer g¥j

PCT/ US96/ 00111 51 9. [Fuuakiiita A S ’ , grbody fl uids
di scharged by an i nc SR I : S S onprising: 1)

arelatively |iquid-ig
| i qui d- pervi ous tops
backi ng sheet and sali




of acquiring and distributing agqueous fluids, which conprises the steps of:
A) forming a water—rmoi—eftt-sion—at—a—t-erperature—of 50C or hi gher

preferably in the range of from about 60 to about 99C, and under | ow shear
m xing from 1) an oil phase conprising: a) from85 to 98% preferably
from90 to WOosdiye\ei ght of a nononmer conponent capable of formng a
copolynmer having a Tg of 35[err]C or |ower, preferably frorRCIB[Se¢Ro11L O
30[err]C, the nonomer conponent conprising: i) from about 30 to about 80%
by wei ght of at |east one substantially water-insoluble nonofunctional
nmononer capable of form ng an atactic anorphous pol yner having a Tg of
. 25[err]Cor lower; ii) from5 to 40% bd/@ei ght of at |east one
t substantially water-insoluble nonofunctional conpbnoner capabl e of inparting
. toughness about equivalent to that provided by styrene; iii) from 5 to
25% by weight of a first substantially wat er - i nsol ubl e, pol yfuncti onal
crosslinki ng agent selected fromthe group consisting of divinyl benzenes,
trivinyl benzenes, divinyl toluenes, divinylxylenes.

di vi nyl napht hal enes di vi nyl al kyl benzenes, di vi nyl phenant hr enes,
di vi nyl bi phenyl s, di vi nyl di phenyl net hanes, di-risyl benzyl s,
di vi nyl phenyl et hers, divinyl di phenyl sul fides, divinylfurans,

di vinyl sul fide, divinyl sulfone, and m xtures thereoff and WO 96/ 21681
PCT/ US96/ 00111 52 iv) fromO to 15% by wei ght of a sfcond substantially

wat er -i nsol ubl e, pol yfunctional crosslinking agent sel ected fromthe group
consi sting of polyfunctional
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acryl ates, nethacryl ates, acrylam des, nethacryl am des, and m xtures

t hereof, and b) from 2 to 15% —preterabty—fH-om3—to—t0% Dby wei ght-of—am
enul sifier conponent which is soluble in the oil phase and which is
suitable for formng a stable water-in-oil enulsion, the enul sion conponent
conpri si NGy, @ Primary emulsifier having at |east 40% '
enuIS|fy|ngn&§#ponents sel ected fromthe group conS|st|ngh¥?n§?nggerol
nonoesters of |inear unsaturated Cl16-C22 fatty acids, diglycerol nonoesters
of branched Clerr]-Clerr] fatty acids d| cherol nnnoaliphatic et hers of
branched Cerr]-Cerr] al cohols, dlglyc nonoal i phatic ethers of I|inear
unsaturated Cerr]-Cerr] fatty al cohols, dlglycerol nonoal i phatic ethers
of linear saturated Cl12-Cl4 al cohol s, sorbitan monoesters of |inear
ufsaturated Cerr]-Clerr] fatty acids, sorbitan nonoesters of branched
C16-C24 fatty acids, and m xtures thereof; or (ii) a conmbination of a
pr,imary emul sifier having at |east about 20% by wei ght of said enulsifying
conponents and a secondary enmulsifier in a weight ratio of primary to
secondary emulsifier in a weight ratio of primary to secondary enulsifier
of from about 50:1 to abgut I.4,._sald._secandary..emulsLier ing sel ected
fromthe group consisting of kong chain CJerr]-Cerr] d[allp atic, short
chain (Jerr]-Cerr] dla|lphathC guat ernary ammoni um sal{s, | ¢ng chai n
Cerr]-Cerr] dlalkoyl(alkenoyl) 2- hydr oxyet hyl , short§ chaijn
Clerr]-Cerr] dialiphatig¢ quaternary annDnlun1saIts | ohg chain Cl2-C22

di aliphatic imdazoliniu rnary anmmoni um salts, ain
Cerr]-Clerr] dialiphatic, lofpgXxhain CJerr]-Clerr] pal i phati ¢ benzyl
guat ernary anmoni um salts, an ixxtures thereof; a water phase
containing: (a) from0.2 to 2 referably from|l 1?@6 by wei ght of a
wat er-sol ubl e el ectrolyte, preferably calciumchlofide;{and (b) an

ef fective anount of a pol yneri i initi e wei ght ratio of
the water phase to the oil phase beyng in the range of from12:1 to 125: 1,
preferably from35:1 to 90:1 to 75:1; and

Fig. 7
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PCT/ US96/ 00111 53 B}——polynerizing-the nononercanponent in the oil phase

of the water-in-oil enmulsion to forma polyneric foammterial. 11. The
process of Claim 10 characterized in that it conprises the further step of
dewat eri ng {wdsRfgy "™eri c foam material of step B) to an extent such that a
polyneric foammaterial is formed that is capabl e of acqui PEFHES%ea11

di stributing aqueous fluids. 12. The process of Claim24 characterized in
that sai d nonomer conponent conprises: i) fromb50 to 65% by wei ght
nmononer selected fromthe group consisting of Clerr]-Clerr] alkyl
acrylates. aryl and al karyl acrylates, C6- (err] alkyl nethacryl ates,
Cerr]-Cerr] alkyl styrenes. acrylaniqgi and m xtures thereof, ii) from
15.to0 25% by wei ght conobnoner sel ected 6m the group consi sting of
styrene, ethyl styrene and m xtures thereof; iii) from12 to 20% by

wet ght di vi nyl benzene; and iv) fromO to 13% by wei ght of said second
crosslinking agent selected fromthe group consisting of 1,4-butanediol

di nret hactyl ate, ethyl ene glycol dinethacrylate, 1,6-hexanediol diacrylate
and m xtures thereof 13. The process of Claim 12 characterized in that
nmonomer (i) is selected fromthe group consisting of butyl acrylate, hexyl
acrylate, octyl acrylate, 2-ethy|hex¥] acrylate, nonyl acrylate, decyl
acryl ate, dodecyl acrylate, isodecylnsacrylate, tetrdecyl acrylate, benzyl
acryl ate, nonylgphenyl acryfate. hexyl\ net hacryl ate tyl nethacryl ate,

nonyl net hacryl yqt g et hacryl at isa¢ecyl get hgdct yl at e. dodecyl
nmet hacryl ate, tetyad \ et hacryl at e, \p- Xt yl g¢he, and m xtures
t her eof 14. Th \t O g¢haracterized in that
said primrt enufsifi 0 e 1 fyi ng conponents

ol nm¥hool eate, diglycerol

r\gs t\her eof 15. The
N\ttt said secondgyy

u/o dTtal | ow di meth

N chl ori de, ditallowép

- h\Wyr oxyet hyl dineth}k

\%

NDNOI SOSt ear ahe,
process of any \Q
emul sifier is sg
ammoni um chl of\
di met hyl amp
anmoni um chlfo
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tall ow am do ethyl-2-tall ow |n|dazol|n|un1nethylsulfate net hyl - k-olieykp copy -
anmdo ethyl.-— \\) 96/ 21681
PCt / US96/ 00111 54 2-ol eyl |n1dazol|n|un1nethylsulfate dlnethyl st earyl
benzyl ammoni um chl oride, and m xtures thereof. 16. s
15 characterized in that said secondary enuIS|f|er
group consi sti ' TRORE
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Absorbent foams materials that are capable of % %
acquiring and distributing aquecus fluids, especially ¢ AR "‘\»
discharged body fluids such as urine. These ab-
sorbent foams combine relatively high capillary ab-
sorption pressures and capacity-per-weight properties
that allow them to acquire fluid, with or without the
aid of gravity. These absorbent foams also give up
this fluid efficiently to higher absomption pressure
storage materials, including foam-based absorbent
fluid storage components, without collapsing. These
absorbent foams are made by polymerizing high in-
ternal phase emulsions (HIPEs).




