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General field of the invention 15 The present invention relates to
hygi eni ¢ absorbent articles, such as di sposabl e baby di apers,
training pants, adult incontinence articles, femnine hygi ene

articles and the like, which conprise fluid distribution nmenbers exhibiting
an . nproved performance for distributing liquid within such articles. 20

Background | ' o . field of disposable _
absor bent a‘?‘ﬁggqlg%Egn&tdAg{rllg T wggﬁ%g?éﬁ DE’I@%&WHQN rPQIQBE&HES f1uid
distribution properties are. E B-S\ EHRAKION a| s becane nore and
nore relevant with the introduction of highly absorbent mat eri al s,

al so call ed  Absorbent Celling Materials or superabsorbent materials or 25
shortly sﬁperabsorber, whi ch do provide a good neans for storing aqueous
fluids such as urine, but do not enhance fluid transport, and even
reduction of fluid transport can occur, when sub-optinmal designs

and/ or suboptimal materials are enpl oyed, and phenonena often referred
'to as "gel - bl ocki ng" take place. For exanple, in structures where the
superabsorbent is honogeneously m xed with 30 cellulose fibers, a certain
critical ,concentration, which is strongly dependi ng on t he choi ce of

t he supe?@bsorbent material, should not be exceeded in order to not
deteriorate efficacy of the absorbent core. As a conseguence, a
vast nunber of absorbent core designs have appeared

General field of the invention
15 The present invention relates to hygienic absorbent articles, such as
disposable baby diapers, training pants, adult incontinence articles, feminine
hygiene articles and the like, which comprise fluid distribution members exhibiting
an improved performance for distributing liquid within such articles.

20 ‘Background / Prior art
in the general field of disposable absorbent articles and structures, materials

exhibiting specific fluid distribution properties are well known. Such materials
became more and more relevant with the introduction of highly absorbent
materials, also calied Absorbent Gelling Materials or superabsorbent materials or

25 shortly superabsorber, which do provide a good means for storing aqueous fluids
such as urine, but do not enhance fiuid transport, and even reduction of fluid
transport can occur, when sub-optimal designs and/or suboptimal materials are
employed, and phenomena often referred to as "gel-blocking” take place. For
example, in structures where the superabsorbent is homogeneously mixed with

30 cellulose fibers, a certain critical concentration, which is strongly depending on
the choice of the superabsorbent material, should not be exceeded in order to
not deteriorate efficacy of the absorbent core.

As a consequence, a vast number of absorbent core designs have appeared
35 with a separated functionality , such as by comprising not only liquid storage
regions or materials, but also regions with specialized properties for enhanced



35 with a separated functionality, such as by conprising not only |iquid

st or age regions or materials, but also regi ons with specialized
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acquisition and/or distribution of the fluid. Oten, one region -

a| med at enhanci ng acquisition and distribution at the sane tine.

Initially, the requirenents for a distribgtion material were not very high,
and 5 standard paper tissue materials such as used as wapsheets in the
cores and described for exanple in US-A-3.952.J45 (Duncan), were
appl i ed to afe@isition angforadistbutien of thedfluids Oftepuoneregias aiewraﬂoemhamuﬁo 0

343 941 (Rei gtdlditioh aH@d?stn?utlon %ﬁhééﬁnﬁﬁﬁmé” arer). 10 Furt her
devel opnents can be exenpl | y EP-A- 0.397.110 (Latiner)
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specific sup 5??3%8 terials. Furt her approac es a| rre
mprowngth r{gn BPerti es of cellul ose fi ber based naterlals
such as US-A-3.575.174 or US-A-4.781.710, whereby 20 parts of the
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such treatnents are US-A-5.117.540 (V\al ton) or US-A-4.440.597
(vells).

Further approaches aimed at improving the wicking properties of cellulose
fiber based materials, such as US-A-3.575.174 or US-A-4.781.710, whereby
20 parts of the structure are compressed to a higher density, thus creating smaller
pores for increased wicking height for example along "wicking lines" or in closed
mesh patterns.

As some of these materials did exhibit an undesired hard feel, methods for

25 post formation treatments were well known to improve softness. "Post formation

treatment" refers to the fact that - instead of or in addition to increasing softness

during the making or formation of the tissue - the tissue is treated mechanically in

a separate process step after forming and drying of the tissue, often just prior to

further processing such as combining the fissue with other materials to form an

30 absorbent core or article. Examples for such treatments are US-A-5.117.540
(Walton) or US-A-4.440.597 (Wells).

Other attempts to impact on the pore size of distribution materials is

described in US-A-5.244.482 (Hassenboehler), aiming at reducing maximum

35 pore size by stretching a fibrous structure comprising meltable fibers in one
direction and "freezing” the deformation by heat curing.



QO her attenpts to inpact on the pore size of distribution materials is
described in US-A-5.244.482 (Hassenboehler), aimng at reduci ng nmaxi mum 35
pore size bW@e¥488THi ng a fibrous structure conprising neltalAoT/dSo86500i n

one direction and "freezing" the deformation by heat curing.

3 Al so, special material conposites were devel oped, aimng at a
allowing to tailor the pore size and $ore size distribution. Exanples
for such inprovenents are described in greater detail in

US- A-5.549.589 (Honey et al.) or in PCT 5 application W 97/38654 (Seger
et al.). Both aimessentially at providing a resilient structure by
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for distribut,i Lal s vel oped,. spch that porous 20 materials were
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di stribution, high surface area synthetic fibers were applied in absorbent
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such as et AheiSEsaR| $pasiali Pegifermatiasy sneehanigal ireaiment s, there
" ST TiereOMO ek ophnssiman ¢ ety ihertase,
Imra]t eri al ;JS Aﬂéx ’%F@ﬁcﬁéﬁ'" I\{gﬁggﬁqwgst o?/i nggl I qui ds, and havepat yt he sane
time the ability to avoi d localized saturation, by spreading the
stored fluid t hyaygi widh ¢o TipPéveithe functionality of the absorbent articles, more
specific requirements for distribution materials developed, such that porous
20 materials were investigated in more depth. In order to improve the longitudinal
fiuid distribution, high surface area synthetic fibers were applied in absorbent
structures, such as described in US Statuary Invention Registration H1511.
Another class of materials are foamed structures, such as cellulosic foams such
as commercially available by Spontex SA. France.
25
Other polymeric foams for being used in absorbent articles were disciosed in
US-A-5.268.224 (DesMarais), namely High Internal Phase polymerized materials,
which can be used for storing liquids, and have at the same time the ability to
avoid localized saturation, by spreading the stored fluid throughout the material.
30
However, all these investigations so far aimed at improving the wicking
properties of the distribution materials such as flux, wicking height and wicking
times, but failed to recognize the importance of the dewatering mechanism of the
distribution materials by the liquid storage materials, especially when such
35 materials are not fully saturated, such as can be relevant in absorbent articles
between multiple loadings.



30 However, all these investigations so far ainmed at inproving the

w cki ng properties of the distribution materials such as flux, w cking
hei ght and Wa$9/43875 times, but failed to recognize the i ¥perisog)§RsPf

t he dewat eri ng nechani sm of the distribution materials by the |1 quid-
storage materials, especially when such 35 materials are not fully
saturated, such as can be relevant in abs@rbent articles bet ween
mul ti pl e | oadi ngs. _ 4
Obj ects of the invention Henceforth, it is an object of the
présent invention to provide inproved absorbent articles having an

i nproved dewat ering functionalityobeds of fHnlembn © nenbers, especially

under |ow saturgtio nditions.. . I's another object of the
present i nvent i ﬁ',‘c?%ﬁg'r gvlsd@"i fbiest of tQSsBW@HE inventiop, {q é’%‘@é%dquvﬁdng
mat eri al s whahsorbémtoarticlesuhdving ba improsed rdexvhtefing fghcticnality of distrutiohbent
article even | I : degree of saturation. 10
It is a ﬁrt%‘%ﬁ%’%"%@’?ﬁ@% goswe%%‘\(u?ént\'/ﬁ%@@os’ provi de such articles
further conprising liquid storage materials having a good capillary
Srmmry o e dnother bt of (T8 YrEsent iavention, to provide, mproved absarbent
fluid distr ﬂJI)‘F'I%S (Fomprising, materialg whigh rﬂrl@waﬁ‘}‘éﬂ? 10 g f?"?ﬁ‘iﬂ?dgﬁv of any
even at subsabsorbentarticle evendeing satusatedrtd adbivadr rhederate degreeGfisaturation.
Sor pti oqgAbsorpti on Hei ght at 50% of its capacity at 0 cm, which is
hi gher than the Capillary Soprtion Desorption 20 Height at 50%of its
capacity at 0 dhi%o# farther,pbjest of theprasentinvention dairtovide sushrarticles funther

with this dicsmprising #guidesterige Mmdtbiigls Hdvind @ good capillaHs sofpfien dbsbfgtiet | on
menber has gbéjforr é|lty at 50% of its saturation, which Is at | east
nore than abo g preferably nore than 18 % even nore 25 preferably

nore than 25 % or even nore than 35% of the perneability at 100 %
sat ur at 4gn. . Summary
' The present invention is an absorbent article containing a fluid distribution
member, which has a relatively high permeability even at subsaturation
conditions, and which has a lower Capillary Sorption Absorption Height at 50% of
~ its capacity at 0 cm , which is higher than the Capillary Soprtion Desorption
20 Height at 50% of its capacity at 0 cm of a fluid storage member in liquid
communication with this distribution member in this article.

Thus, the distribution member has a permeability at 50% of its saturation, which
is at least more than about 14%, preferably more than 18 %, even more

25 preferably more than 25 % or even more than 35% of the permeability at 100 %
saturation.

Thus, the first fluid storage member has as CSAH 50 of more than about 15 cm,
preferably of more than about 23 cm, even more preferably of more than about

30 27 cm, or even more than about 30 cm, and most preferably more than about 47
cm. -

in a further preferred executions, the absorbent article comprises a fluid
distribution member which has a permeability at 30 % of its saturation k(30)

35 which is more than about 3% of k(100), preferably more than about 5%, more
preferably even more than about 10% of k(100).



Thus, the first fluid storage nenber has as CSAH 50 of nore than about 15
cm pre%%rggggéé of nmore than about 23 cm even nore preferably of nore
t han about 3 ﬁ] or even nore than about 30 cm and nostPGIVESISDED y
nore than about 47 cm In a further preferred executions, the
absorbent article conprises a fluid distribution nmenber which has a
perneability at 30 % of its saturation k(38) 35 which is nore.than about
3% of k(100), preferably nore than about 5% nore preferably even nore
t han about 10% of k(100).

5 I(r; f#]r hheré&r eferred enbodi nents, the fluid distribution nenber
has a CSDH 50N further prefamedrembadiments, the fuld distibytion Fepraber bas eaGSPH &8s
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f oam whi &h .M. expand upon wetting, and which - further can re-.
col | apse. upon loosing liquid. In a particularly preferred execution, the
di stribution 10 rrer‘r:ﬁrer conpri ses a hydrophilic, flexible polyneric foam
structure of N @ SPecHic prafaifed (axecyiienm- thel fidid distribulion empmbesreosprises ame
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its maxi mum capacity (CSAH 50) of at lea In a further
aspect of the invention, the absorbent article having such distribution 20
menber can bdndesfartheedxeyution; thec hbssrbean adtivle diae at leastetwRiliglid’ SHIrags -

wher eby sai d gk | Al [ | nat | capabil] i

than sai g "eoRhe WhERKYbolf Rl HifEbe tebiofE st Hadly oS os @ utn 1 e
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basi s capaci rggiohs idemperitear mattriaf @kKibiting a Capillary Sorption Absorption Height at
50% of its maximum capacity (CSAH 50) of at least about 40 cm.

In a further aspect of the invention, the absorbent article having such distribution

20 member can be described by a crotch region and one or more waist regions,
whereby said crotch region has a lower ultimate fluid storage capabiiity than said
one or more waist regions together, which can be described by having less than
0.9 times the average ultimate fluid storage basis capacity of the absorbent core,
more preferably even less than 0.5 times the average ultimate fluid storage basis

25 capacity of the absorbent core, even more preferably less than 0.3 times the
average ultimate fluid storage basis capacity of the absorbent core.

In a further aspect, the absorbent article has a crotch region having a sectional
ultimate fluid storage capacity of less than 49% of the total core ultimate fiuid
30 storage capacity, preferably less than 41 % of the total core ultimate fluid storage
capacity, even more preferably iess than 23 % the total core ultimate fluid
storage capacity. |

In an even further aspect of the present invention, the absorbent article has an
35 ultimate liquid storage materiai providing at least 80 % of the tota! ultimate

storage capacity of the absorbent core, preferably more than 90 % of the total

ultimate storage capacity of the absorbent core. .



nore preferably even less than 0.5 tinmes the average ultimate fluid storage
basis 25 capacity of the absorbent core, even nore preferably |ess than
0.3 tinmes thw099/45878verage ultimate fluid storage. basi s capa®csessdode
absor bent core. In a further aspect, the absorbent article has a
crotch region having a sectional ultimate fluid storage capacity of -

| ess than 49% of the total core ultimate fl@&id 30 storage capacity,
preferably | ess than 41 % of the total core ultimate fluid storage _
capacity, even nore preferably less than 23 %the total core ultimate fluid
storage capacity. In an even further aspect of the present invention,

t y
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of the absor b@f]i/hggnoéch region are contain essentially no uitimate storage capacity.

6 _ 5§ In an even further aspect. of the present invention, the
absorbent art ti ittle liquid absorbent capacity in the

cle h ver o
crotch region, Y 853?‘5@?/!0&?94"6%@?'35‘2% Bave igss than 50%;ofisqid witimath stersigen
are contain esap@ityabbsﬁim&fdrhﬁﬁﬂﬁr&hﬂh@gagmé_ - the flont half of the! arids,
capaci 1y posi o merernfbo% P s Whimal8 bk CapRB hOSHANSR 5 e feathadiof: ne
article, the aiielerdrven more pfetsblys dhel abisoibent artide cany bave fess than 33%
posi ti onetd i nof §&id"fivhattibiorslfe capacity poStioREH fordilr i ORI SHE th
e b s Essek I ot ot 1 St s
of the arti cl ppsitinoedrin thetieanh8iv ef the artitld. ul ti nat e st orage capacity are
positioned in the rear half of the article.

Brief description of drawings 15 _ Figures 1 to 4 show different executions
of the perneability test set up. Briefdeseriotion of drawings2> rel ate to a

si nplifieth t eBlgurds §us asshbvrdifefert @katatidnd of tHEPRIMAEabIfG testfidel tipCRigures 1 1
and 3 rel ate o h@tﬁgqéur emerllf|| Feéﬁﬂl}e t rangpl arlflr ;ﬁertrreabl | i tly, a
Figures 2 &n t9 & HER! ‘?‘g IgHtSR2 BN 4 (plate to a general test. Figures
_ 1 and 3 relate to the measurement of the transplanar permeability, and Figures 2
and 4 to the in-plane permeability.
Fig.5 - Shows the Capillary Sorption test stand (Capsorption)
20 Figj6 - Shows a diaper as example for an absorbent article

Detailed description
As used herein, the term "fluid handling member” refers to the components of

the absorbent article that typically provide at least the fluid handling functionality.

25 An absorbent article can comprise one or more of the various fluid handling
members, such as one or more fluid acquisition member, one or more fluid
distribution members and / or one or more fluid storage members. Each of these
members can comprise on or more sub-elements, which can be homogeneous or
not, i.e. each member-can be made from one material or from several materials.

30 For example, such members can be layers, optionally consisting of sub-layers,
and or optionally having different composition, or density, or thickness.

Each of these members can have a specialized functionality, such primarily

providing acquisition functionality or primarily providing fiuid storage functionality.

35 Alternatively, members can have multiple functionality, such as the very first

“celiulose only” diapers wherein the celiulose fluff performed acquisition,
distribution and ultimate storage functionality at the same time. |



Fig.5 - Shows the Capillary Sorption test stand (Capsorption) 20 Fig.6 -

Shows a di aper as exanple for an absorbent article Detail ed
descri pti onW0-99/45875  As ysed herein, the term"fluid handl i RGT/HEMSP40
refers to the conponents of t he absorbent article that typically

provide at least the fluid handling functionality. 26 An absor bent
article can conprise one or nore of the vatious fluid handl i ng

menbers, such as one or nore fluid acquisition nenber, one or nore fluid
distribution nmenbers and / or one or nore fluid storage nenbers. Each of

t hese menbers can conprise on or nore sub-elenents, which can be
homogeneous or The "stofage abserbesddnembet cfefersriobibenakiorbentnmember(s) of the or

from sever al ap8éBEnBESre tREt funtfbn PrAEMPIO @gﬁ%t%rg gRpe _%b§6!‘be9@q]did%¥er s,

optionally consisting of sub-layers, optionally having
di fferent conposition, or density, or thickness. Each of these

nenber s dan havA ‘“fluith eistdbutiord nfemiben’ dnathiet meaainghofpthienpreésent invention is a
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such as t he Tusctionglity: regardiess whetherdbedneybedalsodias sproe sithen fluid sandlingse

fluff perforfpgtigsaig.sition, distribution and ultimate storage
functionality at the same tine.
7 The "storage absorbent nenber” refers to the absorbent

menmber (sH0 of t ha *fluid acciisitior evémben’ eefeinsifo parts tor ahe @mbisorrent gote) whith amd el y
store absorhb NI " o el .Qﬁﬁ! '+ LI the nmeani ng
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requirenents as laid out for the fluid distribution functionality,
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0 . "fluid.acqui sition. er". .refers t arts .or
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liquid & itthusainkhkslinghéha'fuidobandiing imémber(s)”. As sucgly theedbsarbenthcotehe
term "absor Ffrmal ?E{ﬂcf{ fl%ﬁt =Ll e
that are pr Pﬁgfﬁapg cf‘oeeg géﬂ%’%ﬁ‘ t(t)'lri\?ft ul tz%rgf)?é]%ﬂg?t to F]dethglr%t%lgg e, aﬁ‘ﬁélé,
though“in- certain instances the topsheet could be considered, for example, to
provide specific fluid acquisition performance.

20 An absorbent core can be divided into “regions” of the core, wherein such
“regionS” can perform the functionality of one or more of the members as outlined
above. Thus, an acquisition region can comprise an acquisition member (and
also comprise other members), it can consist of an acquisition member (and
nothing else), which can consist of an acquisition material. Or, an

25 acquisition/distribution region can comprise both an acquisition member and an
distribution member.

As used herein, the term "absorbent articies" refers to devices which absorb

and contain body exudates, and, more specifically, refers to devices which are

30 placed against or in proximity to the body of the wearer to absorb and contain the

various exudates discharged from the body. As used herein, the term "body

fluids" includes but is not limited to urine, menses, vaginal discharges, sweat and
feces.

35 The term "disposable" is used herein to describe absorbent articles which are
not intended to be laundered or otherwise restored or reused as an absorbent
article (i.e., they are intended to be discarded after use and, preferably, to be



15 thus including the "fluid handling nmenber(s)". As such, the absorbent
core typically does not include the topsheet or backsheet of the
absor bent arWP8p/ss7s t hough in certain instances the topsmuwwiuiobe
consi dered, for exanple, to provi de specific fluid ach|S|t|on
performance. 20 An absorbent core can be divided into "regions" of
the core, wherein such "regions" can Berformthe functionality of one
or nore of the nmenbers as outlined above. Thus, an acquisition region
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consi st of anmappef)sition material. O, an 25 acquisition/distribution
regi on can conprise both an acquisition menber and an di stribution

menber . As used herein, the term "absorbent articles" refers to
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t hi ck f the membe
¥ i monsi JIIELT SYRR K HRTE TR tamtorey ot i5yRe: a yeerimensisrAbedensionhe

menber, dére or article. The X-Y dinmension usually corresponds to the
lﬁg ngtsgd her ei n t%"'u@%gpﬁée%? IrogH:et 3%&) 'laygr' tr% érbaen r@s&rbgrﬁr i tl!?%lng'hB%g
primary dimension is X- , i.e., along its length and width. It should be understood
that the term layer is not necessarily limited to single layers or sheets of material.
Thus the layer can comprise laminates or combinations of several sheets or
20  webs of the requisite type of materials. Accordingly, the term "layer" includes the
terms "layers” and "layered”,

For purposes of this invention, the term “upper” should be understood to

refers to absorbent members, such as layers, that are nearest to the wearer of

25 the absorbent article, and typically face the topsheet of an absorbent article;

conversely, the term "lower" refers to absorbent members that are furthermost
away from the wearer of the absorbent article and typically face the backsheet.

All percentages, ratios and proportions used herein are calculated by weight
30 unless otherwise specified.

Absorbent Articles - general description
An absorbent article generally comprises:

- an absorbent core or core structure (which comprises the improved fluid
35 distribution members according to the present invention, and which may
consist of sub-structures);



sections of the absorbent nenber. Thereby, the region(s) or zone(s) can be
t wo- di nensi onal (front / back) or can be three-dinensional (like an
acqui si tion WOAAS7S having - ‘even if it were in the for mPREI/USIBASED -
a three-di nensional extension). 15 As use herein, the term :
"l ayer" refers to an absorbent nmenber whose primary dinmension is X-Y,
i.e., along its length and width. It shoul d9be under st ood that the
termlayer is not necessarily limted to single | ayers or sheets of

material. " - _ Jayer ecan. conprise |am nates or conbi nations of
several sheets o}%d%%g‘ﬂgu%g’ﬁsﬁ'gepequi site type of materials. Accordingly,
the term"l ayer” aif_lwmmpsmiq@ backsheetrns "l ayers" and "l ayered".

For purposes af bkisnaliyither feathfeR 1@ dRsutBRAEme Y ladiictfifif st 00d 0

refers to absorb??t ers, suc ayers, t are nearest to the wearer
of 25 +the absorbent article, and typically face the topsheet of an

Tonhers Lhat G gl o LRy B e e of e ASs e afble
article and t%&aﬁ%pﬁé@w%@@a@ﬁg%ﬁet : Al'l percentages, ratios

and proportions used herein are cal cul ated by weight 30 unless otherw se

speci fi ed. p&r@ | ; ral; CI kBt 0 nt
article generall i/l'ﬁgo%?é r e%‘:%gﬂd?bﬁfh gﬁg’gﬂgdﬁﬁtgﬁﬁﬁuﬁ'gﬁ ﬁo@é@rqeeds@rg&egﬁ%r W
(whi ch conpri ?Eé 'FHQHBﬁ?f?&PéWaFT"B‘P pulled out exgepl in Hig iside mamsls whereiortheng
t obt_hte pr te&enela'sﬁuwtéﬂdn,itsa@(hmddi cuhditian) with portion§ @ Messtr@éture being cut-away
sub-structureg),

- a fluid per\?}% e tc(l)egg‘xes&o;w the construgtipn af dhe diaper 29,20 with dhe pertion °fqthe-
optional |y fufianer 20cwhighefacesiaway deom dhelwearet,sther outien surface 882, dacing the
Figure 6 i s avigWah A¥ishidwd indfigBreBPHRY Yiapeb 29 denbrisds é%oﬁgs%gﬁﬂkséé&\b&' e
of thelnvent?gn wglcéglsadjﬁfer. o . The diaper 20 1s shown |n
Figure 6 in i £€ PiEIraBlY COMRIiSHIG & figuids pervioys tepshgethZ4, a liquidippervious
i nduced ctint r backsiveep 26! jetheduwitie tive popsheet 124, aindearpabsdrbenhedss B8 tgtsitioned
between the topsheet 24 and the backsheet 26; elasticized side panels 30;
elasticized leg cuffs 32; an elastic waist feature 34; and a closure system
comprising a dual tension fastening system generally muitiply designated as 36.
The dual tension fastening system 36 preferably comprises a primary fastening
20 system 38 and a waist closure system 40, The primary fastening system 38
preferably comprises a pair of securement members 42 and a landing member
44. The waist closure system 40 is shown in Figure 6 to preferably comprise a
pair of first attachment components 46 and a second attachment component 48,
The diaper 20 also preferably comprises a positioning patch 50 located subjacent
25 each first attachment component 46.

The diaper 20 is shown in Figure 6 to have an outer surface 52 (facing the
viewer in Figure 6), an inner surface 54 opposed to the outer surface 52, a first
waist region 56, a second waist region 58 opposed to the first waist region 56,

30 and a periphery 60 which is defined by the outer edges of the diaper 20 in which
the longitudinal edges are designated .62 and the end edges are designated 64.

The inner surface 54 of the diaper 20 comprises that portion of the diaper 20
which is positioned adjacent to the wearer's body during use (i.e. the inner
surface 54 generally is formed by at least a portion of the topsheet 24 and other

35 components joined to the topsheet 24). The outer surface 52 comprises that
portion of the diaper 20 which is positioned away from the wearer's body (i.e. the

" outer surface 52 generally is formed by at least a portion of the backsheet 26 and



10 elastic is left inits relaxed condition) with portions of the

structure being cut-away to nore clearly show the construction of the
di aper 20 awe %845875t he portion of the di aper 20 whi ch FCw/usss@seg from
the wearer, the outer surface 52, facing the viewer. As shown in -
Figure 6, the diaper 20 conprises a contai nment assenbly 22

preferably conprising a |liquid pervious ttPpsheet 24, a liquid inpervious 15
backsheet 26 joined with the topsheet 24, and an absorbent core 28
posi tioned bet ween the topsheet 24 and_the bdcksheet 26; elasticized

si de panel s 8§Her componanis;joingd, h|e cksheet 28). The frsbwaist region 66rand thee
34; and a cl eatdrd weistcragion 58 eftEpd] &emecﬁ:vélwlfrdmnmeomd Bi 64 SFYtheem

Jyetem 3t S‘#b&hﬁﬁ%v%‘%ﬁ@% 186cAoailPeling 96,0138 didiilr 25° The et Bhiohscpach
wai st cl osur eomwpgsera aentrafiregioni Gthand faapaie 0if isifes panelmvdich typlcalfproampmlel y
conpri sessa B bufeh 1SR r@gﬁéﬂs Hﬁﬁgewélsfl?eﬁaﬁ% ar Héﬁﬂb;}% ?‘éxttoned in fhig

The wai st cl ?sure syst em 'S shown I.n ferably conprise a

pair of firsirsimaistiiegion 36 am Aesigrated 7;91w%ﬁ §'&5m neéfcwrfbﬁtsqsa
48. Thesgido 88 ard dekmatde72r While togprotsescesspns thdt dhe rpmu@abﬂbudéo

i aper 20. 15 Béﬁ%"%m&?e@c?f’%ﬁ? 9268{ b8 HeER el B9 B0 imar images oSt
viewner in Fi the ethey. The sidenpanelarizapesitaneg b $iel seeonchwaistregion & e baz a
first 10 Wela%hcélg%ﬂanéﬁbe iR tﬁé%@ﬁbl%&hc eﬁ% %s’iﬁrz@ﬁ%&@ﬁaﬁ&s@@? {F

0% the. a apclatig) Seqfins o dhecider Wk tndeand aryle Srecibosrsraliice 5 ang

t he end edgelatenat centrelimsatédothe dlapermtheﬂengmmaomréi)ﬁonf(ytm&aoﬁonpmr 20

conprises thah, H’@O%éiﬂg &gﬂn{ageasdifo@fregt&ﬁ\ parall\ﬁ’ﬁ& bhd fbn&ﬂ?&ﬁ\hpg%ﬁ

to the wearer § gener

is formed byaad th@@@alaﬂl iop 44 @rectind qrdbméss)zhe!aacﬁaﬁnﬁdrasswe @Wtﬂﬁents

j oi ned t15t hextepgmgetAfoudrh the thickmedsesf thi ididset 293, conpri ses t hat
portion of the diaper 20 which is positioned away fromthe wearer's body

(i.e. the outer surface 52 generally is fornmed by at | east a portion
of the backsheeFigRee &shows a specific of the diaper 20 in which the topsheet 24 and the

10 ot NBACKLHERP B Mhavd @n@ﬁfi ah8 vﬁanh Bﬁ’ﬁé@i’?@ﬁé &Rerally f?@rg&f ‘Eﬁéq Mf
the end odgethesabsorbeniors 28. Th tonstiest 84 g thacbac e bl

the di ap2@ 28dgdsief thei atisorisgrit@ose R8.ththereby tarmpthesgeripheen60 af thecdiaper 28. and
a pair of si ?ﬁe%ﬁﬁhgrm BB ik GOTMEIG O, B othBEWBHIind BbGERbr the

portions of t regrons

wai st regi ondiapen2. déei perinhety £9 WP@?%@%l'w“ﬁdﬁ@f &dpas B2cane doaendhi st
edges 64.

25 While each elasticized leg cuff 32 may be configured so as to be similar to
any of the leg bands, side flaps, barrier cuifs, or elastic cuffs described above, it
is preferred that each elasticized leg cuff 32 comprise at least an inner barrier
cuff 84 comprising a barrier flap 85 and a spacing elastic member 86 such as
described in the above-referenced US Patent 4,909,803. In a preferred

30 embodiment, the elasticized leg cuff 32 additionally comprises an elastic
gasketing cuff 104 with one or more elastic strands 105, positioned outboard of
the barrier cuff 84 such as described in the above-references US Patent
4,695,278,

35 " The diaper 20 may further comprise an elastic waist feature 34 that provides
improved fit and containment. The elastic waist feature 34 at least extends
longitudinally outwardly from at least one of the waist edges 83 of the absorbent



region 58 are designated 72. Wiile it is not necessary that the pairs of

si de panel s or each side panel be identical, they are preferably

m rror i nagB WMs8Tsf the other. The side panels 72 posi tRQIES8i05040 he
second wai st region 58 can be 10 elastically extensible in the |ateral
direction (i.e. elasticized side panels 30). (The | ateral direction (x
direction or width) is defined as the direttion parallel to the

| at er al centrellne 66 of the diaper 20; the Iong|tud| nal directlon (y

direction or n%th% bﬁ ge? i ned dlretlon %@F to. the

| ongi t udi nal %ﬁtztse’lnl degst. the centrg) regian x? ggnqr@ y ifim Et b8 RogtiPryef

t EI ctness) ?&he@nipédge@m thecdiaper20i Thud Stheealhsticl waistt featurg 184t b6mprises

t hi ckness o er [

i aper 20 1 n DA SV °f6§§h@epe5@t Al pRHERRING FAIn8 ABE ddok 83 4 e
and wi dt h di rahssrbent cpracttito jhe angeedge H4 ohtheedigper 20 andds amienda@rto beor e
28. .The tgpshﬂﬁéed?édﬁeéniﬂ% wééﬂés-awls%@ssaa@ é]ﬁid@l%daﬂe'&n@allfélﬁﬁsinﬁed he .

absor bent core ere ormt e

The peri pher G588 10 MAHB WO KaBtA aISldp RGeS O POSHOReddh 1 FR walbtregingh
of the carapene ROositidhed jrethepdeoondGlaistrggiorses t he | ongi t udi nal edges 62
and the end edges 64. 25 Wi |l e each elasticized |eg cuff 32 may
be configured so as to be simlar to the | eg bands, side flaps,
barrier cuffs, orhecelasticized waist twwbaﬁ Bétl"ﬁaﬁéﬁ@c wajst feature 34ay spmpdisetat

each el aqpi C'ﬁcﬁﬂoﬂl 8ftHelo sﬁé’em pérﬁoﬁtof ltr@'ééck%heleﬂﬂe rthbﬂﬁés gfeferab[y séérf
84 conprising_a barri &r @B a and % el ast{) E‘ﬁ
described in ﬁ%h%?ﬂ) steeteped r%@"% §°’WPﬁ'sé{‘9pP8fE

enbodi nent, trhembeadbi mgtmhddegem#e‘n 3@ mﬂdheetdmuah;l kanksheet26 amdeﬂesénent
gasketing cuf ' f ' rFHS o

out board of rf‘e*%téhzv rs ir:ﬁla’g'reacbuei[ﬂ3 éggf%s%gg Hé:fst escrllgéﬁ?ﬁ}?ﬁ‘ee% B8,
above-references US Patent 4,695,278. 35 The di aper 20 may

further dénpri seThig ael wel ae other cofpanehts ofithehdiaper @avé diiven in morgédedaitch

| ‘ghg?‘gﬂd?ﬁ!ﬁ NEES 8000 ot ihForRkaba HRINHES Blerdhoe 5t on 53 of the
11
2o?gr2§nitn atapabéntidipecentral region 68 and generally forns at |east a

T R R T e X
from t he20ai dtritatingetosiBectedrkeds skm and capable of absorbing and retaining liquids such
as urine and other certain body exudates. As shown in Figure 8, the absorbent
core has a garment surface (“lower” or “bottom” part), a body surface, side
edges, and waist edges. The absorbent core may - in addition to the fluid
distribution member according to the present invention - comprise a wide variety
25 of liquid-absorbent or liquid handling materials commonly used in disposable
diapers and other absorbent articles such as - but not limited to - comminuted
wood pulp which is generally referred to as airfelt; meitblown polymers including
coform; chemically stiffened, modified or cross-linked cellulosic fibers; tissue
~ including tissue wraps and tissue laminates.
30
General examples for absorbent structures are described in U.S. Patent
4,610,678 entitled "High-Density Absorbent Structures” issued to Weisman et al.
on September 9, 1986; U.S. Patent 4,673,402 entitled "Absorbent Articies With
Dual-Layered Cores" issued to Weisman et al. on June 18, 1987; U.S. Patent
35 4,888,231 entitled "Absorbent Core Having A Dusting Layer" issued to Angstadt
on December 19, 1989; EP-A-0 640 330 of Bewick-Sonntag et al.; US 5 180 622
(Berg et al.); US 5 102 597 (Roe et al.); US 5 387 207 (l.aVon). Such and similar



absorbent core 28 to the end edge 64 of the diaper 20 and is intended to be
5 placed adjacent the wearer's waist. Disposable diapers are generally
construct ed wo 9945805 as to have two el astic wai'st features, on&nmmgmmggaed
in the first waist region and one positioned in the second wai st

regi on. The el asticized wai st band 35 of the elastic wai st
feature 34 may conprise a 10 portion of ti2e topsheet 24, a portion of the
backsheet 26 that has preferably been nmechani cal Iy stretched and a

bi -lam nate material conprising an el astoneric menber 76 positioned
between the tsipichses mighhrhe Bdortedeta beccampatiklei witlrihe requirgments optlined

posi tioned bejaefforlisikg R88H adthaRBssivent 6ARY 2. menber 76. 15 Thi's
as wel | as other conponéents of the diaper are given in nore detail in

WO 93(16669 which is incorporated herein by reference. Absor bent core
The absorbent cdite shsorbkntecoreneanl bg aowpitiysicbree, strumbdne; nawblite canobe &0

Tritating | ondfRA Bf Somhllabiflefe B! WARSONNA B LRI oF LG or

| i qui ds such
Figure 6/ thén@@sguﬁémactures Esch phidhe sjructeres @ruususc%rt(otmr@aeaan dirave an

"bottont par t@sseﬁtlélﬂdﬁrv@-blfrﬁéﬁéienéilé‘ﬂensmn (eég% adageroosta tieediméhsional
absor bent, cor may - in addition to the fl di stribution nmenber

according to ge present invention - conprlse a wide variety 25 of
| i qui d-absorbent or liquid handling materials conmonly used in di sposable

di apers qu BREnSEERBbnitibgkes such as - but not limted to -

comm nut e ally referr tg as airfelt;

mel t bl own pol ymﬁ%ﬁqrﬁﬂ @osapent hvg'@afqﬁrﬁfleéwéﬁfr&aw@éjiqnwmwm AEtnd the or
cross-| : nked lowét ah%smhé bbdy torsbl #Ssan essentiaCdeslynJeituss of thestdartielrd to
tissue lamn ar e
described i nacﬂ‘a%r ﬂ%a'fe@ﬁ?ns of the%%{)%b?ggﬁb??@%{aeﬁ?abgﬂﬁ}%é#%‘i
Structures" iwhithextendvasosndthe respective body mp@@!ﬂﬁrrﬂ' e rgspecthe zanes. oftheent
4, 673, 4035entdhsbRfbnt PGS %Oénﬁ%ihé dRZhYY reglons r\‘é’%ﬂi §ip'réferredsteued

to Wei sman et t ent| | ed
oser bont catsbadihe, ZORSEn U Siingsise, B8, Aricles aag dsnasally Arranged ghther o
19, 1989; EP-wediet40ci33Nanthepeextekd Jfora ajamdinglpositidd 67 189 vwaiter) from(tBer g

et al.): US RdfdR pelledife RysUpwards Doth #thePdntdrMAR bacRUsHthg Whater | ar
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20 Generally, such articles have a length dimension exceeding their width
dimension, whereby the article is worn such that the axis of the length dimension
is aligned with the height direction of the wearer when standing, whilst the width
direction of the article is aligned with a line extending from left to right of the
wearer.

25

Because of the anatomy of the human wearer, the space between the legs of
the wearer generally confines the space available for the article in this region. For
good fit, an absorbent article should be designed such that it fits well in the crotch
region. If the width of the article is excessively wide relative to the crotch width of

30 * the wearer, the article may be deformed, which might results in deteriorated
performance, and reduced wearers comfort .

The point, where the article has its smallest width to fit best between the legs

of the wearer then coincides with the point on the wearer, where the distance

35 between the legs is the narrowest, and is - for the scope of the present invention
- referred to as the "crotch point”.



structures m ght be adopted to be conpatible with the requirenents outlined

bel ow f or be‘%ﬁ? used as the absorbent core 28. The absorbent core
can be a uni g/ﬁ%ﬁe structure, or it can be a 5 conbi nat iR§T/E¥F9808048r al
absorbent structures, which in turn can consi st of one or nor e )

sub-structures. Each of the structures or sub-structures can have an
essentially two-di nensional extension (i. eldpe a | ayer) or a

t hr ee- di nensi onal shape. 10 Regions of absorbent articles
General |l y, absorbent hygienic articles are intended for being worn around
t he | oner end of the body torso. It is an essential design feature of
these articles t'g the crotchopeint tafcan @gticie ds orott olevidws! from dtse shape,ditscarabge s

occur (" di sChpetefmineiynplating the artivlicifla HeRBKoAIHRUATLARE GRFREEL (6 o230y
openi ngs. The._r ective, zones of the 15 abs rgent article coverin h

di schar ge reépgﬁ%%a?r?f%rapﬁ’égﬁoﬁtapﬁqu&% Paaf gn placing,an extansiblg i '
Thu?] dﬁr.j ﬁghlaj’eund h@hear_lfe'gsl ies aarfigugeneight |gonfigurationd The thsint i? th@aeglrﬁéle
such that t : 110 r r e
crotch bet vec eeonaing & b B U iereibh Ut e, fifiehf B SpimecCfS badne
wearer. 20 crotch %’ﬁgr‘)&ltﬁ?,a@d@hﬁw cposequently calso | of therahlareest core being
exceedi ng t hedffixerd Within this arfibigensi on, whereby the article is worn such that
the axis of the |ength di mension is aligned with the height direction
of the wearer when standing, whilst the width direction of the article
i s alignd@ withWhilstrtbisearotsidpaint fof dine lacticle tiw ofteqtin thé riddle of therafichs (in25

B f ot omyaf . t | f
the wear er ggs”mfa RaTdifeption)In[ T ot HEBEESarin! e HRRCR BRLVERY el e, tisting.
regi on. For Panrto article whichyissintended ta be wernsindhiedrond isesmajiardthandhe

that it fits baekl(or read et Obither in its [PGHP BimérsidMeorividtih, 6f bbthe oR'duiaks i S

i vel | ' h tch dt f 30 ..th )
:);;:;ai |S|e vtrans1 z \gég%eégbﬁ&é’ gwt,‘rﬂ&homt %ﬁsﬁgvﬁepgr}p&%gpgp%g%ﬁﬁeelrmdéleeof the
per f or mahee, absarben corel ingpartinularoungrothe absorbent core Thaopplaced lovigttudirizig

article has iceptred®ithhsthe\hdicle. to fit best between the |egs of the
wearer then coincides with the point on the wearer, where the distance 35

between the legs is the narrowest, and is - for the scope of the present
i nventi on Thediretaherdgion isshe bred suredwriding e crotch point, so as to cover the

respective body openings, respectively discharge regions. Unless otherwise

20 mentioned, this region extends over a length of 50% of the total core length
(which, in tum is defined as the distance between the front and rear waist edges
of the core, which might be approximated by straight lines perpendicular to the
longitudinal center line). If the crotch point is positioned in the middle of the
article, then the crotch region starts (when counting from the front core edge) at

25 25% of total length and extends up to 75% of the total core length. Or, the front
and the rear quarter of the length of the absorbent core do not belong to the
crotch region, the rest does.

The crotch region length being 50% of the total absorbent core length has

30 been derived for baby diapers, where it has been confirmed that this is a suitable

means to describe the fluid handling phenomena. If the present invention is

applied in articles having drastically different dimensions, it might become

necessary to reduce these 50% (as in the case for Severe Incontinence articles)

or to increase this ratio (as in the case for Ultra Light or Light Incontinence

35 articles). In more general terms, this crotch region of the article should not extend
much beyond the discharge region of the wearer.



13 If the crotch point of an article is not obvious fromits
shape, it can be determ ned by placing the article on a wearer of the
i ntended us™O /45875 (e.g. a toddl er) preferably in a sPGFUSISPS040
position, and then placing an extensible fil anment 5 around the legs in a
figure eight configuration. The point in the article corresponding to
the point of intersection of the filament ¥4 deened to be the crotch
point of the article and consequently also of the absorbent core being
affixed within this article. 10 VWi | st this crotch point of the
article is often in the mddle of the article (in | ongi t udi nal
direction) this If $hexatotor qriinstaisi positidnedceffset fram che midipointedfl theaarticieathe he
part of the |G ' LSy | il -l ar
Phan the  broleiisBoli Sl overd SRO6GF tiehon atfil iodeh 1 bhgRianal chgenaml
wi dth, or bothewenersotageenly distrigpted batween (frntcand Hackoibwt Rreeertiepaliviced
to-be poskti qifigsted tb MiGisBfdgBte of the 15 absorbent core, in particular
when t he absorbent core is not placed |ongitudinally centred within
thearticle. The crotch region is the area surroundi ng the
crotch point, sdAssint examply farhaen article having@ total tereylepgtinph§90 mm, and

respecti vel ' r eqi. . . r M 0 i , | .
ool on ot endEVH &' dBrcoif inicths TRitngd cdntiied the (TBith 2GR Wmé@%h,
inturn i s ddromd@5mm pwayifiam i fMeBt 6eas upHe F75Jnm away ﬁ'@mﬂ‘aﬂi edg es

of the cape, iMHechrotdopbinkdies B P BEstcoards thd fybrit dore@ edlgpe(ipe beingu260 t o

L he o o B Hor 4 Epts S, RS PEET SRS om0 st
counting fromthe front core edge) at 25 25%of total |ength and extends
up to 75% of the total core length. O, the front and the rear quarter
of the length of the absorbent core,.do,not be to.th crotgh .
region, the restin@sngral terms, Yor an‘ﬁ%gﬁpﬂm ?%83‘9&?’?&{&?%05!99'@@3‘6% BPmith_e
total abggr befingat @ distaace Lhgawdy fromethedrint\cofe édge, mdya drotglezone Yamtie i t

has been confirned that this s a suitable | neaps to describe the fluid
handl i ng pherfikezathe frontrdas efsald cratchzeng will 26905'{']0%&3% %a's{%’cﬁrt i cles

having drastically different dinensions, it mght becone necessary to
reduce these 50% (as in the case for S ver,,?"I rlrccgr}t,_: ence articles) or
to increase this ratio (as in t he-fesa & Lear (it 5Cyht or Li ght

I ncontinence 35 articles). In nore general terms, this crotch region of
\tNggr 2:? ' g shoytd enxoémgl)éttﬁgdabsorbenquacrﬁclgeéé?lnge 6asl) SSP8F 36r bERYWo by e
toddlers (i.e. of about 12 to 18 kg baby weight) whereby the size of the article in
the trade is generally referred to as MAXI size. Then the article has to be able to
receive and retain both fecal materials and urine, whereas for the context of the
present invention the crotch region has to be capable to primarily receive urine
25 loadings.

The total area and size of the crotch region is - of course - also depending on
the respective width of the absorbent core, i.e. if the core is narrower in the
crotch region than outside the crotch region, the crotch region has a smaller area

30 (surface) than the remaining area of the absorbent core.

_ Whilst it can be contemplated, that the boundaries between crotch region
and the rest of the article can also be curvilinear, they are approximated within
the present description to be straight lines, perpendicular to the longitudinal axis

35 of the article.



14 If the crotch point is positioned offset fromthe m d-point
of the article, the crotch region still covers 50% of the total
article | entHOP945875 ongi t udi nal direction), however, noPCEVEH05040

di stributed between front and back, but proportionally 5 adjusted to this
of f-set. As an exanple for an article having a total core length
of 500 mm and havi ng a crotch point T®hi ch is positioned centered, the
crotch region vviII ext end from 125 mm away fromthe front edge up to

375 nm away fro rpnt 0 c N 5 ofqfsSet
towards the fro tcgda?eg"’?l '%]f”ﬁ'é?r EQ@FJ %ty %%%y qﬁ%cfoolr%ﬁb tﬁ)
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and retain both, fecal rraterl al s and urine, whereas for the context of the
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urine f2510| oadi Ilmsorder to be abIeTimecbntp@h'e eabsartaemi aiticiesofort haryingoend wsegi on
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t han out si deberaaswtahieme@grem the crotch region has a snmaller area 30

(surface) than the remai n| ng area of the absorbent core. Wi | st
It can be conte | at ed, t he boundari,es between crotch r and
the rest of the'® F P?‘%F‘é’% &’éﬁssﬁr%@péﬁ??nqngrﬁ&p'cﬁHé?gﬁﬂéo%gg%fvﬁﬁ%@m

within 15 thisgrous senamibest of rnn'nneric_amngefreweﬁ’oytmf lbading, comppsition ofithe t o
the lTongitudimal \a\ary Widel§ 'frdf Snidildr Babies (new-born babies) to toddlers on one '

side, but also for exampie among various individual babies.

Another user group may be larger children, still suffering from a certain form
20 of incontinence.

Also, incontinent adults can use such articies, again with a wide range of
loading conditions, generally referred to as light incontinence ranging up to
severe incontinence.

25

Whilst the man skilled in the art will readily be able to transfer the teaching to
‘other sizes for further discussion, focus will be put on the toddler sized babies.
For such user, urine loadings of up to 75 ml per voiding, with on an average of
four voidings per wearing period resulting in a total loading of 300 ml, and voiding

30 rates of 15 mifsec have been found to be sufficiently representative.

Henceforth, such articles being able to cope with such requirements should
have the capability of picking up such amounts of urine, which will be referred to
for the further discussion as "design capacity”.

35

These amounts of fluids have to be absorbed by materials which can

ultimately store the bodily fluids, or at least the aqueous parts of these, such that



15 The "crotch region"” is further confined by the width of the
core in this respective region, and the "crotch region area" by the
surface as WONESHEr i ned by the crotch reegion | ength arRET/HS98/05040
respective w dth. 5 As a conplenentary elenment to the crotch

regi on, the absorbent core also conprises at |east one but nostly two
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absorbent core outside the crotch region. Design Capacity and
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ultimately store queou srp
such that  the present mvent:on are descnbed without attemptmg to artificially separate

such functions. Nonetheless, the ultimate storage capacity can be determined for
the total absorbent core, for regions thereof, for absorbent structures, or even
20 sub-structures, but also for materials as being used in any of the previous.

As discussed in the above for varying the dimensions of the article, one
skilled in the art will be able to readily adopt the appropriate design capacities for
other intended user groups.

25

Materials fof being used in absorbent cores
The absorbent core for the present invention can comprise fibrous materials

to form fibrous web or fibrous matrices.
30
Fibers useful in the present invention include those that are naturally
occurring fibers (modified or unmodified), as well as synthetically made fibers.
Examples of suitable unmodified/modified naturally occurring fibers include
cotton, 'Esparto grass, bagasse, kemp, flax, silk, wool, wood pulp, chemically
35 modified wood pulp, jute, rayon, ethyl cellulose, and cellulose acetate. Suitable
synthetic fibers can be made from polyvinyl chloride, polyvinyl fluoride,
polytetrafluoroethylene, polyvinylidene chloride, polyacrylics such as ORLON®,
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20 Suitable wood pulp fibers can be obtained from many well-known chemical
processes such as - but not limited to - the Kraft and sulfite processes. A further
suitable type of fibers is chemically stiffened cellulose. As tised herein, the term
"chemically stiffened celluiosic fibers" means cellulosic fibers that have been
stiffened by chemical means to increase the stiffness of the fibers under both dry

25 and aqueous conditions. Such means can include the addition of a chemical
stiffening agent that, for example, coats and/or impregnates the fibers. Such
means can also include the stiffening of the fibers by altering the chemical
structure, e.g., by crosslinking polymer chains.

30 - Polymeric stiffening agents that can coat or impregnate the celluiosic fibers
include: cationic modified starches having nitrogen-containing groups (e.g.,
amino groups) such as those available from National Starch and Chemical Corp.,
Bridgewater, NJ, USA; latexes; wet strength resins such as polyamide-
epichlorohydrin resin (e.g., Kymene® 557H, Hercules, Inc. Wilmington,

35 Delaware, USA), polyacrylamide resins described, for example, in U.S. Patent
3,556,932 (Coscia et al), issued January 19, 1971, commercially available
polyacrylamides marketed by American Cyanamid Co., Stamford, CT, USA,
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the chem caIAu%ust_ﬁMg@z_ur e, e.g., by crosslinking polyner chains. 30
Pol ymeric stiffening agents that can coat or inpregnate the cellulosic

fibers I ncl ude: cationic nodified starches havi ng nitrogen-contai ni ng
groups @8.g., Incurrently preferred stiffened fibers, chemical processing includes intrafiber

crosslinking with crosslinking agents while such fibers are in a relatively
dehydrated, defibrated (i.e., individualised), twisted, curled condition. Suitable
chemical stiffening agents are typically monomeric crossiinking agents including,
especially C2-Cg polycarboxylic acids such as citric acid. Preferably, such

25 stiffened fibers are twisted and curledas descibed in more details in U.S. Patent
4,898,642.

These chemically stiffened cellulosic fibers have certain properties that make

them particularly useful in certain absorbent structures according to the present

30 invention, relative to unstiffened cellulosic fibers. In addition to being hydrophilic,
these stiffened fibers have unique combinations of stiffness and resiliency.

In addition to or alternatively synthetic or thermopiastic fibers can comprised

in the absorbent structures, such as being made from any thermaplastic polymer

35 that can be melted at temperatures that will not extensively damage the fibers.
Preferably, the melting point of this thermoplastic material will be less than about
180°C, and preferably between about 75°C and about 175°C. In any event, the
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20 the thermoplastic fiber. Suitable surfactants include nonionic surfactants such as
Brij®@ 76 manufactured by IClI Americas, Inc. of Wilmington, Delaware, and
various surfactants soid under Pegosperse® trademark by Glyco Chemical, Inc.
of Greenwich, Connecticut. Besides nonionic surfactants, anionic surfactants can
also be used. These surfactants can be applied to the thermoplastic fibers at
25 levels of, for example, from about 0.2 to about 1 gram per square of centimetre of
thermoplastic fiber.

25

Suitable thermoplastic fibers can be made from a single polymer

(monocomponent fibers), or can be made from more than one polymer (e.g.,

30 Dbicomponent fibers). For example, "bicomponent fibers" can refer to

thermoplastic fibers that comprise a core fiber made from one polymer that is

encased within a thermoplastic sheath made from a different polymer. The

polymer comprising the sheath often meits at a different, typically lower,

temperature than the polymer comprising the core. As a resuit, these

35 bicomponent fibers provide thermal bonding due to melting of the sheath

polymer, while retaining the desirable strength characteristics of the core
polymer.
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(caliper) of the fibers. The diameter of these thermoplastic fibers is typically

25 defined in terms of either denier (grams per 9000 meters) or decitex (grams per
10,000 meters dtex). Depending on the specific arrangement within the structure,
suitable thermoplastic fibers can have a decitex in the range from well below 1
decitex, such as 0.4 decitex to about 20 dtex.

30 Said fibrous materials may be used in an individualised form when the
absorbent article is being produced, and an airlaid fibrous structure is formed on
the line. Said fibers may also be used as a preformed fibrous web or tissue.
These structures are then delivered to the production of the article essentially in
endless or very long form (e.g. on a roll, spool) and will then be cut to the

35 appropriate size. This can be done on each of such materials individually before
these are combined with other materials to form the absorbent core, of when the
core itself is cut and said materials are co-extensive with the core.
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dependi ng upon 1 FVIVAL R Brbhdly "R RR rcugrCiRLe: 24 ot e i

for these fibRfosess\Gancae|ysed: fpdrm suchy M’Fﬁsﬂ‘?ccqmﬁ'@ﬂy kaqun qairdaigh h
from about O. 65§Uésamund€r5ha§mateyw preferably fromabout 0.4 to

about 3.0 cmlong. The properties, including nelt

20 A molten polymer can be extruded into fibers which then can be formed
directly into a web (i.e. omitting the process step of making individual fibers which
then are formed into a web in a separate process step). The resuiting structures
are commonly referred to as non-wovens of the meltblown type or - if fibers are
significantly more drawn - spunbonded webs.

25 Further, webs can also be formed by combining one or more of the other
formation technologies.

In order to give certain strength and integrity properties to the web structures,

these are generally bonded. The most broadly used technologies are (a)

30 chemical bonding or (b} thermo bonding by melting a part of the web such. For

the latter, the fibers can be compressed, resuiting in distinct bonding points,

which, for example for nonwoven materials, can cover a significant portion of the

total area, values of 20% are not uncommon. Or - particularly useful for

structures where low densities are desired - “air-through” bonding can be applied,

35 where parts of the polymers e.g. the sheath material of a BiCo-fibers are molten
by means of heated air passing through the (often air-laid) web.
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Serial No. 08/563,866 (DesMarais et al.), fled November 25, 1995 (hereafter
referred to as ™866 application"), the disclosure of which is hereby incorporated
20 by reference; copending U.S. Patent Application Serial No. 08/542,497, filed
October 13, 1995 (Dyer et al); U.S. Patent 5,387,207 (Dyer et al.), issued
February 7, 1995; and U.S. Patent 5,260,345 (DesMarais et al.), issued
November 9, 1993; the disclosure of each of which is hereby incorporated by
reference.
25
Polymeric foams useful in the present invention are those which are relatively
open-celled. This means the individual cells of the foam are in complete,
unobstructed communication with adjoining cells. The cells in such substantially
open-celled foam structures have intercellular openings or "windows" that are
30 large enough to permit ready fluid transfer from one cell to the other within the
foam structure.

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

35 mutually connected, three dimensionally branched webs. The strands of
polymeric material making up these branched webs can be referred to as "struts.”

As used herein, a foam material is "open-celled” if at least 80% of the cells in the



20 A nol ten polynmer can be extruded into fibers which then can be

f or med “directly into a web (i.e. omtting the process step of mnaking
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non-wovens of the neltblown type or - if fibers are significantly nore
drawn - spunbonded webs. 25 Furt her ,23webs can al so be formed by

conbi ning one or nore of the other formation technol ogi es.
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resulting in distinct bonding points ich, for exanple for nonwoven
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possi bl e exanpl es - additional surfactant to render hydrophobic
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polymeric foam is m a collapsed, or unexpanded state. Aiternatively, such foams

can be non-collapsible foams, such as those described copending U.S. Patent
Application Serial No. 08/542,497 and U.S. Patent 5,260,345.
20
Superabsorbent polymers or hydrogels
Optionally, and often preferably, the absorbent structures according to the
present invention can comprise superabsorbent polymers, or hydrogels. The
hydrogel-forming absorbent polymers useful in the present invention include a
25 variety of substantially water-insoluble, but water-swellable polymers capable of
absorbing large quantities of liquids. Such polymer materials are also commontly
referred to as "hydrocolloids", or "superabsorbent" materials. These hydroge!-
forming absorbent polymers preferably have a multiplicity of anionic, functional
groups, such as sulfonic acid, and more typically carboxy, groups. Examples of
30 polymers suitable for use herein include those which are prepared from
polymerisable, unsaturated, acid-containing monomers.

Some non-acid monomers can also be included, usually in minor amounts, in

. preparing the hydrogel-forming absorbent polymers herein. Such non-acid
35 monomers can include, for example, the water-soluble or water-dispersible esters
‘of the acid-containing monomers, as well as monomers that contain no
carboxylic or suifonic acid groups at all. Examples for such well known materials



Hl PE-derived foans which provide both the requisite distribution and
st or age properties for use herein are described in copending U S
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i st onaltepoBse ﬁeéﬂéa?adﬁevd 1o apsfie i SR O pyaraivepe g
up t hese bmuibmthlmﬂnamyxlanhée rcépelymeds t slightly" reetwotls crossilinked\polysears lafr ei n,
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f oa o e, ore
f I ui d conm$Hobty ingwork cragsiimkest ppb’&ﬁrsoﬂfepaﬂlaﬂte'ﬂﬁm@hsﬁd polyacryhc acpch
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Specified Mo B ch ke B g g e BB

render ed hydiBodtatent 3,661,859, eSi Ratenth¢176H63,i YiSgPatentad 0831756, d§:S.i n

the foam stpaiehty,668089! and U.SPPAKHEE 724478, or by selected _
post - pol yneri zation foam treatnent procedures. 10 The pol yneric

foans can be prepared in the formof collapsed (i.e. unexpanded) ,
pol yneri c foaldosthpteferrpdn polymsac matetidisafprease fih umakinge ¥painogei-formiagd

absorb such i dSareSefightiP" nétidRP! GosSIMREAT pBfmters: oF3h&RhIyPRL k"
polyacrylic acids and starch derivatives thereof. Most preferably, the hydrogel-
20 forming particles comprise from about 50 to about 95%, preferably about 75%,
neutralised, slightly network crosslinked, polyacrylic acid (i.e. poly (sodium
acrylatefacrylic acid)).

As described above, the hydrogel-forming absorbent polymers are preferably
25 slightly network crosslinked. Network crosslinking serves to render the polymer
substantially water-insoluble and, in part, determines the absorptive capacity and
extractable polymer content characteristics of the precursor particles and the
resultant macrostructures. Processes for network crosslinking the polymers and
typical network crosslinking agents are described in greater detail in the herein

30 Dbefore-referenced U.S. Patent 4,076,663, and in DE-A-4020780 (Dahmen).

The superabsorbent mateﬁéls can be used in particulate form or in fibrous
form and may also be combined other elements to form preformed structures.

35 Whilst the individual elements have been disclosed separately, and
absorbent structure or substructure can be made by comblnmg one or more of
these eslements.
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1978, andSn U S. Patent 4,062,817 (Westerman), issued Decenber 13, 1977.

Hydr ogel - f or & 8hE6BenPatikiEar s suitable for the present invention 5
cont ai n car boxy oups.. These. o[ rs include hydrol d )
star ch-acryl oni t/gﬁi?reﬁavmg c%,sgqxt?e %g‘g%%&?ﬁgta&'c%%P%gasfq’ga%f?emﬂq’?@emate”a's'
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pol ymers of used in such members.

Improved distribution member
The requirements for the distribution members can be determined by either
25 looking at the member or at the materials contained in said member. Henceforth,
the requirements as laid out in the present description have to be satisfied for
either the tota! member or for the respective materials therein.

Hence_forth, distribution members or materials useful for such members
30 according to the present invention can be described by the following important
parameter:

First, the permeability at full saturation (k100) of the member or material.
Conventional distribution materials have this permeability balanced so as to find

35 the optimum between having little resistance to the fluid flow (i.e. high
permeability) and sufficient capillary pressure so as to provide wicking properties,

such as results from smaller pore sizes (i.e. lower permeability).
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absorbent st gHRlriGHh.Or Substructure can be made by conbining one or nore of
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Wthout intending a limting effect, the follow ng describes suitable

conbi nat1%ns.  Thirdly) thBaCapillanar SéhptienaPsessuest namelyrethe( Sap)llany XSatption h
cellulosic opablfon pressure, such as measured in the Capillary Sorption Test as
described hereinafter. This parameter describes the ability of the materials or
members to release liquids, to satisfy their role as a distribution element in an
- absorbent article.
20 ' |
Additionally and often preferably, the distribution materials may satisfy the
requirement of high fluid flux rates in the vertical wicking flux test as described
herein after. Preferably, the materials provide at a wicking height of 15 cm a flux
of at least 0.045 g/cm?/sec, preferably more than 0.06 g/cm%sec, and even more
25 preferably more than 0.10 g/cm?%/sec.

With careful selection of materials satisfying the right balance of the these
parameter, important benefits can be realized for the absorbent structures and/or
respective articles.

30
First, the liquid distribution materials are readily dewatered after they have
been loaded such as with a urine gush. This is relevant so as to allow these
materials to be ready for receiving a subsequent loading as it often occurs in real
use.
35

Second, these materials allow a more even liquid distribution of liquids, even
at loads which are relatively small compared to the design capacity. This is even



fibers. The basic principle is well established and known, however, upon
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descri bed byth f ol | owi ng..l MQr f,ant . para L. . Fi , e
perneability at #"?I P e&’&?ﬁﬁﬁbﬁ cﬂ% fn&dﬁ?te_g?'st Re 'ﬂgh@ﬁs o"‘%’en&%eﬁ"é{ﬁ"r %S’ tl'w
Convent i onal peirmeabiiity tests andesdrited areimaftel.s perneability bal anced so as
to find 35 the optimum between having little resistance to the fluid flow

br ovi de. v cki ng Wt wisting to B&bdun 55 Festerd) it Sbefiarecs habfe sl
(i.e. | OW\BF [pernmeability k{S) has a dependency from the degree of saturation, which for
"o < nan 1 A A s bl ot bt o
nerr]), prefByadmicsnef fluids im poraus mediagby J.Bear, Han’a publ. Dover Pu Ilcatlons
inc., New York, 1988, esp. pages 461ff, 491ff):
k{S} = k{100} * {S5°%}

20 wherein k denotes the permeability in units of Darcy, and SDP represents the
dimensionless exponent or Saturation Dependency Parameter describing the
sub-proportional behavior. S denotes the degree of saturation, ranging from 0 to
1, wherein the value of 1 corresponds to full saturation (i.e. 100% saturation)
under zero external and/or capillary pressure).

25

Conventional design criteria for distribution materials focused on high values
for permeability at saturation (k100), which of course could lead to structures
having little or no wicking capability, thus being suitable as acquisition material,
wherein essentially the “free flow regime” should be controlled, but not for

30 distribution materials. Such materials would have very poor transport properties
under wicking conditions, such as transporting against gravity. Such extreme
properties are found in conventional acquisition materials, though distribution
material such as described in European Patent Application EP-A-0. 809.991
provide a combination of a wicking ability and free flow control - but still under full

35 saturation conditions.
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of saturation of Wi%f?'% rggordieg 4o g‘% PERsent fyenpgn exhibi g paereahility (10Mmf| d
be for a |ineat least neDatcypprdfetabbeat lzasti2|Darey Nfighdri valuedfdr the permeabili he °
saturation. : T | ' S o na e
Capi | ary sor Ve an eVanidsd regéEq “BRlldrto 6 i arigpll Hbf 4 Aergived
Capi | | ary Sor peilefig aggbisds achievedauithautivialating thenfurther requiiemends asdaidrout
descri bes § nehafdin.! Iy pafticlls, Fiseidis!iavitly a permeBbIRPOF réte’ PR Darkfl4rds.
to satisfy th8|r rol e @%Sf’q &:Q%[rlbut on elenent 1 n an absor bent
article. 20 ©venmorean 1Py Darey can be YeResuiablg.er abl y, the distribution
materials may satisfy the requi rement of high fluid flux rates in the
vertical w ckingakl S i : ] t I r he
materials proyi dég aét% abg\n'ssiﬁ??‘nﬂgﬁ?f% h?t?"g%tloffa acﬁgég# Pﬁ@g ]%F th%ﬁ%’? H%E%'éf‘tetr
0.045 g/ cnf er A¢sbes systermp arﬂﬁyarﬁsmgshéubmrgao@peﬂ[ hehaviasecif the QR avereor e
2f5 pr efﬂT abeguarotoe ; pﬁé,atahiﬂmehfa rﬁ{aﬁgﬂ{\&@ﬂd exist. hCoq[VﬁnWﬁd? dIgHiBltibn PRAtERAISON
of materials : | e.ri al apce a e these - aramnef er

i npor t ant ben%?'lsftﬁz %ﬁﬂgﬂg %”5’5?’3286'°P8fg?ﬁ%‘"85s%1°9e?ﬁ CQFr%FEQ@%EY &DP
respective ar having yal@s of 3 or more.Frorssucht s valuigthiedpetimeabilibuat S0rensettaratiah s
are readily dgweiigr €259 bethd PRYmBaNfty at 106%%&@&%91}3%5 Bxs%sgﬁg %giggyfb][r' ne

gush. This is_relevant  so mat er i to or

| th .
recei ving a stAseMNgLARd F&?&%?‘Ht@%ﬁn"gﬂ!ﬁt"?‘gﬁ’%gdﬁGF%’“??F%"%&W”C""L use. 35

Second, ttfese materials allow a nore even liquid distribution of |iquids,

even at | Oaﬁén&&ghﬁh, aferla® hdorEinyg 18 W pres@iPAVERtidPhdvEa SBP JBiue of

capacity. This is ev
27 less than 3, preferably less than 2.75, even more preferably less than 2.5, and

values of less than 2 are even better. Such values correspond to a permeability
at 50% saturation of more than 14% of the permeability at 100% saturation,
20 preferably more than about 18%, even more preferably more than about 25% ,
and values of more than 35% are even better. Such values correspond to a
permeability at 30% saturation of more than about 3.5% of the permeability at
100% saturation, preferably more than about 5%, even more preferably more
than about 10 %.
25
The simplified permeability test as laid out hereinafter can measure the
“trans-planar” permeability, i.e. the permeability in the thickness dimension of the
sample as determined, and - with a modified sample cell - also the “in-plane”
permeability. For a number of materials, such as isotropically foamed foams, the
30 trans-planar and the in-plane permeability will be essentially identical. This
Simplified Permeability Test provides a simple test set up to measure
permeability for two special conditions: Either the permeability can be measured
for a wide range of porous materials (such as non-wovens made of synthetic
fibres, or cellulosic structures) at 100% saturation, or for materials, which reach
35 different degrees of saturation with a proportional change in caliper without being
filled with air (respectively the outside vapour phase) for which the permeability at
varying degrees of saturation can readily be measured at various thicknesses.



nore inportant for designs which aimat maintaining an inproved fit on the
wearer by avoiding high liquid accunmulation in certain regions of the
article, bWO99/4587% at her aimfor an even distribution of thePCTS898058400r ed.
5 Thirdly, if the materials also satisfy the high flux requirenents;,
the liquid can be wel|l and quickly distributed even agai nst gravity.
Thi s becones particularly rel evant, 29 the ultimte storage of the
fluid is intended to be distant to the | oading zone or area. These
materials are therefore especially useful in core designs such as
described in PCT Application US 97/05046 filed on March 27, - 1997. 10

The per meabi | i tBoroéxdrplenthiecdéstribedr collapbibie foaras dadhibiivarthitkbgss be caliper,
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denotes the degree of saturation, ranging fromO to 1, wherein the
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controlled, but not for 30 distribution materials. Such materials would
have veng poor A _rfamséxorrﬁpdﬂmerg&;hﬁémetnt éoﬂlﬂiéefnatéﬁéﬂﬁrtﬁ rienenwetrré aasordg@ib as
L anspor ) nnadRhdst s ol Dol 5 Heape el S AorablmbabRE T .,
as descri bedeflectsithe fact thatttbe distpbution matariap-or- membess sbould not retadvthee a
conbi nati on yiifrapis iw@ fifeS! bt SR 1bF B fimBthaPR! reqlired W'trafépdrt he TRS
full 35 saturation copdlitjons. i
to the approprate storage material of member.
20
A suitable parameter to describe this property is the Capillary Sorption
Desorption pressure, as determined via the member's ability to receive and to
release fiuid at varying capillary pressures, herein determined in units of water
column height (“capillary height”), which are generally encountered when the
25 member is positioned in an absorbent article. The Capillary Sorption Absorbent
Capacity test (also referred to herein as the Capsorption test) measures the
amount of test fluid per gram of an absorbent member or material that is taken up
or released when the material or member is placed at varying heights on a
capillary sorption apparatus. The Capillary Sorption Absorbent Capacity test is
30 described in greater detail in the Test Methods section below, yielding the
Capillary Sorption Desorption Height at which the material has released 50% of
the amount of fluid at 0 cm sorption height (CSDH 50).

Materials useful in the context of the present invention should have a CSDH
35 50 of less than 150 cm, preferably less than 100cm, even more preferably less
than 75 cm or even less than 50 cm.



28 Materials according to the present invention exhibit a

per nmeabi Iit%&loog of at least 1 Darcy, preferably at |east 2 Darcy
H gher val "B the perneability provi de an even |RSHUSMBMNI049d
resistance to the fluid transport, and are preferred as long as this

I's achieved without violating the further requirenents as laid out 5
herein. In particular, materials having a9erneability of nore than 8 Darcy
or even nore than 100 Darcy can be very suitable. As can
be seen fromthe equation, a higher value for the SDP paraneter

descri bes systens with a stronger sub-proportional behavior - if the SDP
were 10 equal H@aféﬁe!s particlaaly vesfut fornbaipgl usediifer thecpresanti iowantion are

di stribution hyarephikd, flexible polgiieiiifbarh stiuchtEs SFIREIESMEAE@BBEnRENAYI Or .
such as can be descri bed bypSgP havi ng val ues of 3 or Er%’r‘teé.%h%or such
a value, the perneability at 50% saturation Is only 12.5% of the

per neabi-| Bty at Frosuchdoamaj thermetimaricallstrengtheofathilfodm dam be such theRCepon N9
and di stri butdj f rold QL G L oad ' I il D
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correspond tqe%ﬁ,p&&r@gbl I Ié{% at 50;%) satlurg%#onﬁgf nor e tt gn A%’0
the perneabil i/ 2 897 drpyebevtdhe sypcture.alse Khuresthe ameunt of iquid held
even nor &0pr é1 plage! 3t therpointhafliquic insuls%n this regasd,ctheastrermtiofof tins fodrheuls 35% -
are even bet gds ¢ \Y Oé!% I b L4 0%
saturation of " r@ﬂﬁgn@éﬁﬁyﬁgégﬁﬁgf I-Eeeapa rtr%eagﬁrﬁ$f Egﬁt}ha the %55;3 wil
saturation, PPEFRIEMNNGN e aausris igwids arssemaned biothe sietaoercamponant of the
L han ab]?;Jt 1@obé. Capillary pressurbie contrlied hléfbirpgfiﬁﬁ@iw by Epidstﬁﬁg f@émh:%ill%ii&t
ereinafter : . ns-pl apar". perneabil. . e,
per meabi | ty?‘?ﬂicﬁﬁgﬁdﬁf&r{jégsseéy it ﬁ’éﬁé?%ﬁr%f Peihunit BOIU"Eeinp téea@./g}hd%l‘:@?{f?i%’d,
and - wi % abioliq icombinatinre ofertosslink siensity and-forametensity, whichreedri Ibe v.
For a number enpreEBee ek Urbssihl dendty b8P LA Ys deARBd HepdiBfier "fheYype
trans- pl anar P&st@ﬁ( | n-ﬁ‘légﬂe (?ermeabl |1t le Ib he_ essenptially identical.
Thi s Si ﬁg PEUSbaNTRe 'WOF\*HE?Np‘r%\ﬁa% ednflyentiah t est set” up to
measur e perneability for two special conditions: Either the
perneability capgﬁ., : ] of,.p L I al
(such as Qon-w)vg ééggﬁ‘g}é{) g?ﬁ{%_er{e?%maa)@ ﬁﬁs%f\ggﬁhoérrecél{l?ﬂfe@b%ﬁ-c%ugd,
Struct ur® ) dheq Fo @aFH?'&tﬁUgﬁt,a"é'?uﬁf gﬂpeﬁ‘eﬁﬁﬁﬁ afpgm #Helres hewespteraelular ent
g_eglr egs _OI hSQPEﬂiGQS@ﬂ"debV\.&" mammetla.fg;_eaéamﬂlgmrtgego.alrﬁmitcf@)bu?em;uﬁ1 t_r@ﬁ%féh or f8mng
illed w C i our phase) for i C e
per meabi | i tyag% c(efl f‘é{?’%art |¥ﬁ‘8}(ﬁfé'§ﬁ83§5'§fsq@8¥‘§$at lon can readily be neasured
at various thicknesses.
These substantially open-celled foam structures will generally have a
25 reficulated character with the individua! cells being defined by a plurality of
mutually connected, three dimensionally branched webs. The strands of
polymeric material making up these branched webs can be referred to as "struts.”
For purposes of the present invention, a foam material is "open-celled" if at least
80% of the cells in the foam structure that are at least 1 um in size are in fluid

30  communication with at least one adjacent cell.

In addition to being open-celled, these polymeric foams are sufficiently
hydrophilic to permit the foam to absorb aqueous liquids. The internal surfaces _
of the foam structures are rendered hydrophilic by residual hydrophilizing

35 surfactants and/or salts left in the foam structure after polymerization, or by
selected post-polymerization foam treatment procedures, as described hereafter.



29 For exanpl e the described coll apsible foans exhibit a

t hi ckness or cali whi ch i s dependent on the degree of fluid | oad
or saturati MP,S’W“Es t hey have a certain thickness at satRETH$98M8504Qhi ch
i s being reduced upon renoval of fluid, as 5 the foampores are of such a
size, that they coll apse upon renoval of liquid from them Conversely,
a certain caliper can be set to define a gdrtain degree of | oadi ng.
Thus, such materials the Sinplified Pernmeability Test can be readily
applied to determ ne the dependency of the perneability on the saturation.
10 The General Perneability Test as described hereinafter is useful
for det er mThiengxtemé the puhridlenthesef polymerisr feams| arg thydroghiliclt gcant ben
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requi renedt ideterhiee enﬁiesatany asingea spracedurdi whiete® weight tupeaker of entest
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retain the capillanqsuqlsoncapetcef@ swiagetarass Suslt a proceduse is Hescribes infgreates
required.to H%Péiisi?aofﬁe 'T%sf N‘[ﬁtﬁods sectidh o). Spﬁb"a%*it' be 55397 @G‘? Iréstaéllﬁ

member. 20 araneter to .des ope
G ar o soissuegFeb. 7, 108 opbich i inspHRaraled by-iererenes,iHaeas WhichyAre
ability 10 r asalisttibativh tnaterials of theqmregerit invehtion afergemamamdséaﬁmm exhibit

A .
(" capi |1 ary %@?éﬁ?g%%%@%“a@'uﬁzht?aa‘*% %‘*éé]‘%éaatt& SRS Whndlom, more,
i s positi one@refgrably frararakout Zﬁttpcalaout 2 dynesianar gs Jdeterminedabyoeaniliary

CapaCl ty tes“suéﬁ’éﬁ@pt'éﬁé% %9|‘i'thbﬁc Dﬂﬁé'h&vﬁ? 4 SerficPepisiin 6M64 2 dyriEaH! es
anmount of test fluid per gramof an absorbent nenber or mat eri al

that is taken up or rel eased when the material or nenber is placed at
varyi ng #&i ght s Aprimportant aspgut lof thesesioapts isitheip glasattransifidre tetaperature(Tg).

Sor pt Ab t h
Tost Nt hods (8074 repBEAE dng fTl dé*ﬁf SftheFafitoitedbdt ﬁ%oﬁﬁf%%ﬁ%es%é% o
Hei ght at whiStaies nfetnﬁam@vmr ﬁag ahbave gch;siaﬁr Tg thartw@ tﬁmmﬁtttse M§Rd

at 0 cm sor pbaﬁrb&eegmtrd@sabt &4h also be veWitrigfd ahé puteﬁu&uyi pronectochastard. of

br of or Sifgt | SUERTREE A5 IRt Bnd oo s s,y Be bty fesigpt jhoh Toed ot

even | es@ théemperatures colder than the Tg of the polymer. The desired combination of
mechanical properties, specifically strength and resilience, typically necessitates
a fairly selective range of monomer types and levels to achieve these desired
properties.

25 For distribution foams useful for the present invention, the Tg shouild be as
low as possible, so long as the foam has acceptable strength. Accordingly,
monomers are selected as much as possible that provide corresponding
homopolymers having lower Tg's.

30 The shape of the glass transition region of the polymer can also be
important, i.e., whether it is narrow or broad as a function of temperature. This
glass transition region shape is particularly relevant where the in-use
temperature (usually ambient or body temperature) of the polymer is at or near
the Tg. For example, a broader transition region can mean transition is

35 incomplete at in-use temperatures. Typically, if the transition is incomplete at the
in-use temperature, the polymer will evidence greater rigidity and will be less
resilient. Conversely, if the transition is completed at the in-use temperature,



30 Materials particularly useful for being used for the present

I nvention are hydrophilic, flexible polyneric foam structures of

i nt er connecY&PIUPTA- cel | s. 5 For such foans, the nmepbBuisesso40
strength of the foam can be such that, upon giving up its liquid, the
foam col | apses under the capillary pressures involved. The col | apse

process reduces the effective foam capaci38' by a substantial factor
related to the density of the foam as is described hereinafter. The
col | apse, if Iatlv n ormthrou ut the structure, also
reduces the RFRIRE p@? 'T‘?‘th ’ﬂ'&?h apter reﬁow&:fgorgthrweﬁgpﬁt Aﬂcofq“éﬂlet Is
insult. In tdesirableyto dontrdldhe Tgearat theddrertith bbihestrarsition regidresfthislpolyriée

[ h
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Honsi by, ana Vo JeneRinlse Surveionn a diaic mechanis) A8aYSH (CMA) Beasurment,
density per amdescnbledna Wi S. Rafant &b, [5c563, 129 KsmneTéteH)qued Oct. 8,01996.)
crossli nker and ot her conpnoners can al so be influential.

Pol yneric foans useful herein are those which are relatively open-celled.
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I nt ercelJul ale enings or "w ndows" that are |arge enou to permt
ready | I1C?UI 0° R’aa{ﬂ@fatﬁrpfrom one cell to the other wwthin the foam
structure. These substantially open-celled foam structures will
general | y have Foaras useiul farl the qtesentrineendioniatehabledoiwidk aqdeails bq«hlds tba ng
defined by %x@ﬁlﬁééﬂt' ﬁéigﬁtf again ttH@dei‘é'él SVREE ngd’attlafﬂﬁeagé aI-'J
branched webs rc teria I ng up hese
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surfaces m stryctures are ren al
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after p@Oynmstotdtiboem, mordpreferablys at lezist dbput 20 o, \stilirmaret preferablyrat least

treat ment PrAgRAPERMm. Fypiaff PIrofiredcdisfiblfibn foams will have a capillary collapse
pressure of from about 15 cm to about 50 cm, more preferably from about 20 cm
to about 45 cm, still more preferably from about 25 to about 40 cm.

25 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 connected to each other by openings, which are referred to

30 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 sample of polymeric foam will not necessarily be of -
approximately the same size; average cell and hole sizes, i.e., average cell and

35 hole diameters, will often be specified.



31 The extent to which these polyneric foans are "hydrophilic"
can be quantified by the "adhesion tension" value exhibited when in
contact wi tWO®4/45875 absorbable test |iquid. The adhesi on t ercl/uspsmsdobi t ed
by these foans can be 5 determ ned experinentally using a procedure where

wei ght uptake of a test liquid, e g., synthetic urine, is neasured for
a sanpl e of known di nensi ons and capidd ary suction specific surface
area. Such a procedure is described in greater detail in the Test

Met hods secti on of Pat ent No. 5, 387, 20 | ssued Feb.
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strength and _res ence, 1ypica necessi tates a fairly seleCtive
range of non@ﬁﬁFaL9HE§F@mHD?@V8I K- achi eve these desired properties.
25 For distribution foans useful for the present invention, the Tg
shoul d be as | ow as possible, so long as the foam has acceptabl e
strength. Accor dCagma;y suctiommpesifics saface drea’t isd aameasore af thestasbliquidhat

provide corr ‘”a?:? bfégsurfacie Q%?BP'HY%B&#%)G H%\A’O?WCCJ&IEIF to3®e test TiBGid.

shape of éhe ass transition_region o
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20 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

25 Methods section of U.S. Patent No. 5,387,207 supra. Any reasonable alternative
method for determining capillary suction specific surface area can also be
utilized.

Distribution foams useful for the present invention will preferably have a
30 capillary suction épeciﬁc surface area of at least about 0.01- m2/mi, more
preferably at Ieast about 0.03 m2/mi. Typically, the capillary suction specific
surface area is in the range from about 0.01 to about 0.20 m2/ml, preferably from
about 0.03 to about 0.10 m2/ml, most preferably from about 0.04 to about 0.08
m2/mi.
35



35 inconplete at in-use tenperatures. Typically, if the transition is

I nconpl ete at the I n-use tenperature, the polynmer wll evidence
greater ri gWEﬂgtgﬁfs%?ﬁd will be less resilient. Conversel yPCT/PS38(pg040
transition is conpleted at the in-use tenperature,

32 then the polymer will exhibit f ?ter recovery from conpression.
Accordingly, it is ’ desirable to con the Tg and the breadth of the
transition region of t he pol yner to achi eve the desired nechani cal
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20 from about 13 mg/cm?® to about 48 mg/cm’.

and

Foams useful for the present invention can be obtained 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

25 comprises the steps of:
A) forming a water-in-oil emulsion at a specified temperature and under
specified shear mixing from:
1)  an oil phase comprising:
a) from about 85 to about 98% by weight of a monomer
30 component capable of forming a copolymer having a Tg of
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

35 a Tg of about 25°C or lower;



30 hereafter as holes between cells. Both the size or "dianeter" of such
spheri cal cells and the dianeter of the openings (holes) between the
cell s are cOMEIPKSBTS used for characterizing foans i n genepcu/usssiosee t he
cells, and hol es between the cells, in a given sanple of polyneric
foamw || not necessarily be of approxi mately the same size, average
cell and hole sizes, i.e., average cell and535 hol e di aneters, mﬁll often
be specifi ed.
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the total amount of solid;gurf Y @% e
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known nass and | ((ZII rrgn5| ons'%eﬁ’%af\q%rﬁgﬁgo%ﬁﬁ%}eg tHg%og a gPocedure
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nmethod is set forth in the g o%ént WHISH 68l SoRftsié Wrth@fonppﬁas?%rﬂntvhm is
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capi | | ar yZDSUCt i on specific SHIZ Eetf‘%fr 33"3'99 A s%awg “?aqer'l?f?i ?%{S’QHI‘I' "the

emuision component comprising: (i) a primary emulsifier
having at feast about 40% by weight emulsifying components
selected from diglycerol monoesters of linear unsaturated
C15-C22 fatty acids, diglycerol monoesters of branched C1g-

Co4 fatty acids, diglycerol monoaliphatic ethers of branched
25 C16-C24 alcohols, diglycerol monoaliphatic ethers of linear
unsaturated C45-C22 fatty alcohols, diglycerol monoaliphatic
ethers of linear saturated C42-Cq4 alcohols, sorbitan
monoesters of linear unsaturated C4g-Coo fatty acids,
sorbitan monoesters of branched C4g-C24 fatty acids, and

30 mixtures thereof; or (i) the combination a primary emulsifier
having at least 20% by weight of these emulsifying
components and certain secondary emulsifiers in a weight
ratio of primary to secondary emulsifier of from about 50:1 to
about 1:4; and



Di stribution foans useful for the present invention will preferably have a
capillary suction specific surface area of at |east about 0.01
r’r{ err]/ni, 98/45875  preferably at |east about 0.03 n2/nmi. PEITUSESMNIPI0 t he

capillary suction specific surface area is in the range from about
0.01 to about 0.20 n2/m, preferably from about 0.03 to about 0.10
nferr]/m, nost preferably from about 0.03to0 about O. 08 nferr]/n.
35 Foam
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in the g@t Met hods sectlon of U S. Patent No. 5,387,207 supra is one
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anount of an oil phase and a relatively great'er anount of a water

phase. This process
Polymeric foams useful for the present invention can be prepared by

polymerization of certain water-in-0il emulsions having a relatively high ratio of
20 water phase to oil phase commonly known in the art as "HIPEs”". Polymeric foam'
materials which result from the polymerization of such emulsions are referred to
hereafter as "HIPE foams". A detailed description of the general preparation of
such HIPEs is given in U.S. Patent No. 5,563,179 and U.S. Patent No.
5,387,207, infra.
25
The relative amounts of the water and oil phases used to form the HIPEs are,
among many other parameters, important in determining the structural,
mechanical and performance properties of the resulting polymeric foams. In
particular, the ratio of water to oil ("W:O ratio") in the emulsion varies inversely
30 with ultimate foam density and can influence the celi size and capillary suction
specific surface area of the foam and dimensions of the struts that form the foam.
The emulsions used to prepare the HIPE foams useful for this invention will
generally have a volume to weight ratio of water phase to oil phase in the range
of from about 12:1 to about 125:1, and most typically from about 15:1 to about
35 90:1. Particularly preferred foams can be made from HIPEs having ratios of from
about 20:1 to about 75:1.



25 conprises the steps of: A) formng a water-in-oil emulsion

at a specif W(g”t/&g;)erat ure and under speci fi ed shear

m xi ng from 3 1) an oil phase conpri sing: PCT/US98/05040

a) fromabout 85 to about 98% by weight of a nonomer 30

conponent capable of form ng a copol ynmer gﬁvi ng a Tg of

about 35[err]C or | ower, the nononmer conp Yent conpri si ng:

i) fromabout 30 to about 80% by wei ght of at |east one

substantial ly water-insol ubl e nonofunctional nononer

capabl e of form_ng an atactic anmorphous polynmer having 35

a Tg of about 25 ne maioroportioneef the oil phase of the HIPEs will comprise monomers,
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g! vi ny: tbfanz@tﬁﬁlity_twmvbéwé?l&@a?nﬁgis, of clourseﬁthigr\ly preferred that the monomers,

d: x: % afksleggﬁnzo‘gﬁ'g@rgﬁr@' ﬁ@@%ﬁ@ﬂ%@w e ;negggegg-uaerg{rluege of the type such that the

di vi nyl bilBhefgs@iing polymerigi foamis suiteblyarorstoxit andppprpriately chemically stable.

di vi nyl phenymeidagers e | ' SinBinW I

di vinyl sul fidg d v?%&rgésﬂ?é}’ﬁ*r?‘é"&ﬁ%%"i%’ﬂ’?%é’“?i?ér%%‘%ﬁtggﬁﬁa'd preferably have
iv) fromo t !?oaht"%é%'%ty fenrgrentopt yepe dowresisyal sencantrgtions during post-
wat er - i nsol ulplolymegridagibn feampretesyimg ahd/dtiuze. agent sel ected 15

from pol yfuncti onal acryl ates, nethacryl ates, acryl am des,

met hacryl - am des, and m xtures thereof; and b) from
about 2 % aboulnetwr essenkial gempsment ofthe eil phase is an emulsifier component that

conponent whipefmits i fattationoft &bl Hipbss enﬂé‘%ﬁimoﬁiﬁa{ Egmfgnent comprises a

suitable for formng a.stable water-in-oil enu , )

enul si on conﬁhﬁgﬂ g%‘bﬁ"ﬁ%ﬁ @gd Qﬂ'?nﬁﬂibr?nﬁﬁﬁo siemusifier, such as those
havi ng at | egpumepated idQWB8bpatent ot 5c387,207 yrfray conponent s

sel ected fromdi gl ycerol nonoesters of |inear unsaturated

Jerr]- Cé&rr] fzﬁ‘t y .aci ds, diglycerol nonoesters of branched Cl16-
eoil 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 98% by weight monomer component and from about 3 to about 10% by
weight emulsifier component. The oil phase also can contain other optional

25 components. One such optional component is an oil soluble polymerization -
initiator of the general type well known to those skilled in the art, such as
described in U.S. Patent No. 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

30 Phendlic Stabilizers (HPS) or any other antioxidant compatible with the initiator
system to be employed. Other optional components include plasticizers, fillers,
colorants, chain transfer agents, dissolved polymers, and the like.

The discontinuous water internal phase of the HIPE is generally an aqueous

35 solution containing one or more dissolved components such as those
enumerated in U.S. Patent- No. 5,387,207 infra. One essential dissolved
component of the water phase is a water-soluble electrolyte. The dissolved



C24 fatty acids, diglycerol nonoaliphatic ethers of branched 25

Cl16- C24 al cohol s, di gI ycerol nonoaliphatic ethers of I|inear

unsat ur at ed WPt atty al cohol's, diglycerol nonoaliphatic PCT/US98/05040
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description of the general preparation of
The initiator can be present at up to about 20 mole percent based on the
20 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.

25 The polymer forming the HIPE foam structure will preferably be substantially
free of polar functional groups. This means the polymeric foam will be reiatively
hydrophobic in character. These hydrophobic foams can find utility where the
absorption of hydrophobic liquids is desired. Uses of this sort inciude those
where an oily component is mixed with water and it is desired to separate and

30 isolate the oily component, such as in the case of marine oil spills.

When these foams are to be used as absorbents for aqueous liquids such as
juice spiils, milk, and the like for clean up and/or bodily liquids such as urine, they
generally require further treatment to render the foam relatively more hydrophilic.

35  Hydrophilization of the foam, if necessary, can generally be accomplished by



such HHPEs is given in U S. Patent No. 5,563,179 and U. S. Patent No.
5,387,207, infra. 25 The rel ati ve amobunts of the water and oil
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Hydratable inorganic salts can easily be incorporated by treating the foams
20  with aqueous solutions of such salts. These salt solutions can generally be used
to treat the foams after completion of, or as part of, the process of removing the
residual water phase from the just-polymerized foams. Treatment of foams with
such solutions preferably deposits hydratable inorganic salts such as calcium
chloride in residual amounts of at least about 0.1% by weight of the foam, and

25 typically in the range of from about 0.1 to about 12%.

Treatment of these relatively hydrophobic foams with hydrophilizing
surfactants (with or without hydratable salts) will typically be carried out to the
extent necessary to impart suitable hydrophilicity to the foam. Some foams of

30 the preferred HIPE type, however, are suitably hydrophilic as prepared, and can
have incorporated therein sufficient amounts of hydratable salts, thus requiring
no additional treatment with hydrophilizing surfactants or hydratable salts. In
particular, such preferred HIPE foams include those wheré certain oil phase
emuisifiers previously described and calcium chloride are used in the HIPE. In

35 those instances, the internal polymerized foam surfaces will be suitably
hydrophilic, and will include residual water-phase liquid containing or depositing
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properties, which have to be matched by the absorption properties of the
absorbent storage members or materials.

Thus, the storage absorbent members suitable for the present invention

25 exhibit high capillary suction capacities. For purposes of the present disclosure,

this high suction capacity is measured in terms of the member's ability to uptake

fluid at certain capillary heights, which are generally encountered when the

member is positioned in an absorbent article. The Capillary Somtion Absorbent

Capacity test (also referred to herein as the Capsorption test) measures the

30 amount of test fiuid per gram of absorbent storage member that is taken up when

the storage member is placed at varying heights on a capillary sorption

apparatus. The Capillary Sorption Absorbent Capacity test is described in
greater detail in the Test Methods section below.

35 In one aspect, the high capillary suction capacity storage absorbent member
suitable for the present invention has a capiliary sorption absorbent capacity
(CSAC) at a height of 35 cm of at least about 15 g/g, preferably at least about



sodium bi sulfite, L-ascorbic acid or ferrous salts. The initiator
can be present at up to about 20 nol e percent based on the 20 total noles
of pol yneri XdPU4SEPhoners present in the oil phase. Mre  PCT/PSgs050400! v,
the initiator is present in an amount of from about 0.001 to about 10 )
nol e percent based on the total noles of polymnerizable nmonomers in the oil
phase. 25 The pol ymer form ng thed4M PE foam structure will
preferably be substantially free of polar functional groups. This

nmeans t he pol ic foa 1|1 .he rel atjyel ) hydr aphqgbi ¢c. i n char acter.
Thane hydr ool e, srerarahiviatisads @ntit 36 gl st et orérerdh 8t leBstaba 22
hydr ophobi ¢ pigyuTypically, dbese stbrags ebsofbernttimembets wilichavieat dapillary sorptigmer e
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ol nt o ¢ na’ BpGieht ARKER) W bindiBhCSr 38m of inf BolTS bfh RPBB0AN o 4, O
When these f B1f tPISaly, fiom abedt 18 it ABeWE 50 049, Stl| merectypicaly froms sbeutas

juice spigls20/gko abodt 40g/d.i ke for clean up and/or bodily |iquids such as
urine, they generally require further treatment to render the foam

relatively nore hydrophilic. 35 Hydrophilization of the foam if
necessary, can lreranathery abpectc dbeigh heapillayy suction capacity storage absorbent
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A pretr Tt bpoll oyl
wet t abi a ra/Q. s 6rs re,
and can in%:ll Let : ?zf ; f rqgl ; o noni (')ni G ta e,
sch as | CAGaEUpRiehr 8 28 1 sl B g B abolh 4bfer RS Hricdil”
Anot her mat efroat about 11 g/g tgpakeut! 36 gige stith orate dypicallydram @bputS gégatn about
structure issé%/g‘ a hydratabl e, and preferably hygroscopic or deliquescent,
wat er sol ubl e i'norganic salt. Such salts include, for exanple,

toxicol ogically acceptable al kaline earth netal salts. Salts of this
type andld heir Irsstilvahbther laspett, ltthe high éapillangtsuiction thpacity stordgesabsorbent

5552 711 ( COmiRne s e GpR ey ob B dleddiolt bl plereyBbie O
least about 9 g/g, more preferably at least about 12 g/g, still more preferably at
least about 15 g/g. Typically, these storage absorbent members will have a
capillary sorption absorbent capacity at a height of 80 cm of from about 6 g/g to
20 about 35 g/g, more typically from about 9 g/g to about 30 g/g, stilt more typically
from about 12 g/g to about 25 g/g.

In yet another aspect, the high capillary suction capacity storage absorbent
member has a CSAC at a height of 100 cm of at least about 5 g/g, preferably at
25 least about 7 g/g, more preferably at least about 10 g/g, still more preferably at
least about 14 g/g. Typically, these storage absorbent members will have a
capillary sorption absorbent capacity at a height of 100 cm of from about 5 g/g to
about 30 g/g, more typicalily from about 7 g/g to about 25 g/g, still more typically
from about 10 g/g to about 20 g/g.
30
Though not a requirement, particularly preferred storage absorbent members
will have an initial effective uptake rate at 200 cm of at least about 3 g/g/hr, more
preferably at least about 4 g/g/hr, and most preferably at least about 8 g/g/hr.
Typically, the effective uptake rate at 200 cm will be from about 3 to about 15
35 g/g/hr, more typically from about 4 to about 12 g/g/hr, still more typically from
about 8 to about 12 g/g/hr.



15 incorporated by reference. Preferred salts of this type include the
cal ci um hal i des such as cal ciumchloride that, as previously noted,
can al so b& W58 Ped as the water phase el ectrol yte i RPCTAE%S{IoH0
Hydr at abl e i norganic salts can easily be incorporated by treating the foans
20 w th aqueous solutions of such salts. These salt solutions can

general ly be used to treat the foarf? after conpletion of, or as part
of, the process of renoving the resi dual water phase fromthe
just-polynerized foans. Treatnent of foans with such sol utions

preferably deposits hydratable inorganic salts such as cal cium
chloride in resiVhilgthe abovesmitimam capiflaryasictionocapaditiesvare importanthte theam
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In 35 tRosecapasty(@8AC) aha heightrof85 pl ofratieastdtionhtO o/or preferablyi 4t lebst
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under cdfdi trrefesakyiat deass about Sog/gi mpre prefarabipatyieast abduwtalR glg; stitl mere 3)

ori ginal * "PrEfenly clledt dtout 1S BRE (R) LRSATE oY B HEMn} B 1ODXA df R least

i f necessar ﬁbou?%-gfér Qé?v}%mj"\f %?ﬁﬁtmtfgfiﬂéﬁ peg awﬁm#aﬁ about 10 '

hydr ophi | i zighg, stillmharet preferablg/atleddl aboht/ 84 gfgabl e salt to deposit any needed

hydr ophi l'i zi ng surfactant/hydratable salt, and 4) thereafter

dewatering this polymeric foam structure. The procedure is . descri bed
more f u|2F}y in B ¥et angthpt way, tosdespribgostorage absorbent members suitable for the

invention is that the high capillary suction storage absorbent member needs to
have a high medium absorption pressure The medium absorption pressure of
material is defined as the pressure for which the material has a capillary
absorption efficiency of 50 % and is measured in the capillary absorption test

25 described in the test method section, by determining the height at which the
material will achieve 50% of it's maximum absorption capacity in this test, and is
referred to as CSAH 50.

Preferred storage absorbent members suitable for the present invention are
30 high capillary suction capacity storage absorbent members having a capillary
sorption absorbent capacity at a height of 0 cm of at least about 15 g/g.
preferably at least about 20 g/g, more preferably at least about 25g/g, most
preferably at least about 35 g/g and having a medium capillary absorption height
CSAH 50 of at least 35 cm, preferably at least 45 cm, more preferably at least 60

35 cm, most preferably at ieast 80 cm.



In order to use respective materials in absorbent structures, these
materials 15 can be conbined with other elenents so as to creating an
Fl ui d handl'wWpg9/45875 nenber, which conprises naterial s accor diPCg/S98/030¢0

description as laid out in the above. St or age Absorbent Menber -
requirenents 20 As described in the above the distribution nenbers
exhi bit certain desorption properti e43 which have to be matched by the
absorption properties of the absorbent storage nmenbers or materials.

Thu_s, t he storage e for t pr esent i nvention 25
exhi bi t hi ghMajatis b eg¥ t he present

di scl osure, 'hSt is i N?EH capaci"ty I's nmeasured in terns of the
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greater det ahigh wapilaryTestptidst labserbant t capadityl owds ussed h&mzmnmghspect :
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en ntion has I sofben

for the present 1nve as a capillary sorption a t capacity
(CSAC) at a Hwigweptanzsomticsy absorhent:capasly (measyjed pywiheytahygrogel-i east
about ?0 tf)clurmin% polym?r ifbpretsent in the member or any other optiofhal ma’terialt 18%9, t
nmore prefera at_] east abou , re.pre . abou
A o o SoMtalied, i Jhe S8 &Pefie) anBbliiant TREMARLC SAER U alhegiiies

capi | | ary sobpndiog agents, elsgor aatrecegnized yhait materisily having Bighsuriacef rom
about 15 g/ g atdadRA hdVL Gbthike capacitie¥ 8t LR/ Rghl SudtioRé E . 4bg to

about 50 g/g, sti r 'gz cal Jomapout 5 O.( ?gtéta out 40 g/g.
' another SGERSNIGRRS. T ol Mehigh Syitkcs ares saprgisdparal ot

absor pg
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menber c&h hbeth ef (BeNGllewiry functbhs:0f) &@apiltanf pathwaaeet liquid uo tke other

preretalY ngbsortBie, it 80%mdi Yhlord RS, BREAF (iR aduifiinal GiorBE ! 15
’ capacity. Thus, while the high surface area materials may be described in
terms of their surface area per weight or volume, Applicants herein
alternatively use capillary sorption absorbent capacity to describe the high
20 surface area material because capillary sorption absorbent capacity is a
performance parameter that generally will provide the absorbent members
for the present invention with the requisite suction capabilities to provide
improved absorbent articies. It will be recognized that certain high surface
area materials, e.g. glass microfibers, will themselves not exhibit particularly
25 high capillary sorption absorbent capacity at all heights, especially very high
heights (e.g., 100 cm and higher). Nonetheless, such materials may
provide the desired capillary pathway of liquid to the hydrogel-forming
absorbent polymer or other absorbents to provide the requisite capillary
sorption absorbent capacities, even at relatively high heights.
30 .
Any material having sufficient capillary sorption absorbent capacity
will be useful in the storage absorbent members of the present invention. In
this regard, the term “high surface area material” refers to any material that
itself (i.e., as measured without the osmotic absorbent or any other optional
35 material that makes up the storage absorbent member) exhibits one or
more of the following capillary sorption absorbent capacities: (I) A capillary



10 at |east about 19 g/g. Typically, these storage absorbent nenbers wll

have a CSAC at a height of 50 cmof fromabout 8 g/g to about 40 g/g,
nmore typi caWg99/45875 from about 11 g/g to about 35 g/ g, stil lpcrusssnsodo
typically fromabout 15 g/g to about 30 g/g. 15 In still another
aspect, the high capillary suction capacity storage absorbent menber
has a CSAC at a height of 80 cmof at |ea%#4 about 6 gig, preferably at

| east about 9 g/g, m)re preferably at |east about 12 g/g, still nore
preferably at ast

t th t b bent
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f abI
ahieas) will be
from about 3% g/gapmferamy atleagt gbout 2 gég,embreppradérablyf atdeastoabout 4 ¢/g, about

4112 o/ g/ hr, S%*"‘\‘f‘wﬁf?ep%fe‘%'g% ]e\ésfégg@‘tsg@pabout 8 to about 12 g/g/hr.

he above m ni num illary suction capacities are
i nportant to the storage absorbent nenbers of the present invention,
these metders wil lin @ineoembodimenitetiss aigly sutfacel Gltea Ghateriabs4Rbe | fibrolve a

cmin e capesfiel RRBR 4 Abh slrtade Bha st W pREREY 18 A ¢ ©
preferred asﬁ&‘ﬂde tehdi %@Qﬁé{’gﬁb @bsfthrgmtma@mwhsnvmmbmed with the other
absorbent such as hydrogel-forming absorbent polymer or other osmotic
absorbent. Alternatively, and in a particularly preferred embodiment, the
20  high surface area material will be an open-celled, hydrophilic polymeric
foam (hereafter referred to as “high surface area polymeric foams” or more
generally as "polymeric foams”). These materials are described in detail
below.

25 High Surface Area Fibers

High surface area fibers useful in the present invention include those
that are naturally occurring (modified or unmodified), as well as synthetically
made fibers. The high surface area fibers have surface areas much greater
than fibers typically used in absorbent articles, such as wood pulp fibers.

30 The high surface area fibers used in the present invention will desirably be
hydrophilic. As used herein, the term "hydrophilic" describes fibers, or
surfaces of fibers, that are wettable by aqueous liquids (e.g., aqueous body
liquids) deposited on these fibers. Hydrophilicity and wettability are typically
defined in terms of contact angle and the surface tension of the liquids and

35 solids involved. This is discussed in detail in the American Chemical



concurrently exhibit the required g/g uptake at |east two suction heights
di scussed above. That is, for exanple, preferred storage absorbent nenbets
wi Il have 2woomasses of the follow ng properties: (i) a capil IpOTyUSSsDB4p0ON
absorbent 10 capacity (CSAC) at a height of 35 cmof at |east about 10

g/ g, preferably at |east about 13 g/g, nore preferably at |east about
20 g/ g, still nore preferably at |east 45 about 22 g/g; (ii) a CSAC at a
hei ght of .50 cm of at |east about 8 g/g, preferably at | east about 11

g/ g, nore preferabl t | east _aboyt 15 q/ ill jore ferably,, at

| east about 1%’%?%;3{@%9?90%3@% §Pnt§°ﬁgf'§!ﬁ' W‘?ﬁ%{;{grﬁﬂﬁ’?&‘i'ﬂesr‘%sgd%ut 6
9;9, 1t5. | Frefwmyrtﬁt Gmtcwtwgel&p,Ambee, qmgsaffecalofpfwer,lieaitdﬁﬂout 12
g/ g, sti e eferably. ; Vv a

hei ght of lggfecme&edaﬁ'l éa@(ﬂ% ('-3'-ah§€'§b9m§f§’§“ ree%gég{’é %ﬂrﬁ?céqigﬁg out 7
g/ g, nore prdietwash jhextiquidand thedber,1ar its surfageg is less thamB0s qrvdientiel y at
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30 hi gh capidhasagtestoctatarallydyydcophobit fibergare wedirkmemn. renber s havi ng a

capillary sorption absorbent capacity at a height of 0 cmof at |east
about 15 g/g, preferably at |east about 20 gl_g, nore preferably at
| east about 25g/ gHighssurface apafibeepusettl hergin WilhSavescapiilayasdction,i ng a
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Hi gh Surface Area Materials The storage absorbent nenbers

useful for the present inventio .. .
P ‘ﬁig surfgce area %bers useful herein include glass microfibers such

20 as, for example, glass wool available from Evanite Fiber Corp. (Corvallis,
OR). Glass microfibers useful herein will typically have fiber diameters of
not more than about 0.8 pum, more typically from about 0.1 um to about 0.7

um. These microfibers will have surface areas of at least about 2 m2/g,
preferably at least about 3 m2/g. Typically, the surface area of glass

25 microfibers wili be from about 2 mzlg to about 15 m2/g. Representative
glass microfibers for use herein are those available from Evanite Fiber
Corp. as type 104 glass fibers, which have a nominal fiber diameter of
about 0.5 um. These glass microfibers have a calculated surface area of

about 3.1 m2/g.
30
Another type of high surface area fibers useful herein are fibrillated
cellulose acetate fibers. These fibers (referred to herein as "fibrets") have
high surface areas relative to cellulose-derived fibers commonly empioyed
in the absorbent article art. Such fibrets have regions of very small
35 diameters, such that their particle size width is typically from about 0.5 to
about 5 um. These fibrets typically have aggregate surface areas of about



preferably conprise a high surface area material. It is this high surface
5 area material that provides, either itself or in conbination with other
el enments suwho ssBysdr ogel - formi ng absorbent pol ymer, the nenfey, dﬁbkﬂo

hi gh capillary sorption absorbent capacity. As discussed hereln

surface area materials are described, at least in one regard, in terns of
their capillary sorption absorbent capacige (measured w thout hydrogel - 10
form ng polyner if present in the nenber or any other optional material
contained in the actual storage absorbent menber, such as adhesives,
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generally wi byrptemweram absorbent menber s for the present i nvention

with the requisite suction capabilities to provide - i nproved absor bent

articles,. It will be,r nrzed hat certain high surface area
material 9 e.g. g"‘a@%d'ﬁ? ? m%@r erg,the Wsﬁe@rw&ﬂ&cm@)m&tsﬂﬁr cularly
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hi gh he| ﬁ Any material having sufficient capillary
sorption absgﬂ |)|t capacity wi |l be useful in the storage absorbent
menbers of the present invention. In this regard, the term "high

surface area natepj f t [ as
neasur ed w t pout lti@( rdlﬁtﬁﬁgb%gr e%t?ﬁ%[a% Euﬁ?ﬁé At {bér’s.ﬁfﬁh%%d trr‘rgxiatt erial

that nmakes uPPgRA ep gosebent materal ﬁl@?t%snaﬁf@ ghsorbent will; ¢ of
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are each formed prior to being combined to form the storage absorbent
member. In other words, the high surface area fibers are not formed
subsequent to mixing with the other absorbent (e.g., hydrogel-forming
absorbent polymer), nor is the other absorbent formed after combination
25 with the high surface area fibers. Combining of the discrete respective
components ensures that the high surface area fibers will have the desired
morphology and, more importantly, the desired surface area.

High Surface Area Poiymeric Foams

30 The high surface area polymeric foams usefut herein are described
in some respects below in terms of their physical properties. To measure
certain of these properties, it is necessary to perform analysis on the foam
in sheet form. Thus, insofar as a foam is used in particulate form and is
prepared from a previously formed sheet, physical property measurements

35 will be conducted on the sheet foam (i.e., prior to forming particulates).
Where the foam is formed in situ into particles (or beads) during the



100 cm preferably at |east about 3 g/g, still nore preferably at | east
about 4 g/g, and still More preferably at | east about 6 g/g, at a
hei ght of ﬂ’)@%/#iw%l 1) A capillary sorption absor bentPCTa[sag0i0y0 at a
hei ght of 35 cm of at | east 5 about 5 g/ g, preferably at |east about '8
g/ g, nore preferably at |east about 12 g/g; (I'll) A capillary
sorption absorbent capacity at a hei ght #7 50 cm of at | east about 4
g/ g, preferably at |east about 7 g/g, nore preferably at | east about

9 g/0; (IV) or bent,. c [ .a_hei ght of 140

cm of at al@‘:?’f'@%t%%ﬁfiﬁgf e%% gf%’%ﬁ% a&? (ﬁne é)fg&hfahgc /
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5 g/g; or (\ﬁ'cakrﬁg such méﬁéﬁr‘en‘n@m‘s sorption absorbent capacity at a hei ght of

200 cm of at |eaSt about 1 g/g, preferably at |east about 2 g/g, nore
preferabl y at | east about 3 g/g, still nore preferably at | east about
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in detail in
20 such relatively open-celled foam structures have intercellular openings or

"windows" that are large enough to permit ready liquid transfer from one cell to
the other within the foam structure.

These relatively open-celled foam structures will generally have a

25 reficulated character with the individual cells being defined by a plurality of

mutually connected, three dimensionally branched webs. The strands of

polymeric materiai making up these branched webs can be referred to as

“struts.” For purposes of the present invention, a most preferred foam

material will have at least about 80% of the cells in the foam structure that

30 are atleast 1 pm in size in liquid communication with at least one adjacent
cell. :

In addition to being open-celled, these polymeric foams are sufficiently
hydrophilic to permit the foam to absorb aqueous liquids. The internal

35 surfaces of the foam structures are rendered hydrophilic by residual
hydrophilizing surfactants left in the foam structure after polymerization, or



45 Soci ety publication entitled Contact Angle, Wettability and

Adhesi on, edited by Robert F. Gould (Copyright 1964). A fiber, or
surface of wofslass?s is said to be wetted by a liquid (|p@rm593,05040
hydrophilic) when either the contact angle between the liquid and the
fiber, or its surface, is less than 90, or when the 5 liquid tends to
spread spont aneously across the surface(ﬁsthe fiber, both condi tions
normal |y co-existing. Conversely, a fiber or surface is consi dered
to be hydrophobic if the contact angle is greater than 90[err] and t he
liquid does PHe %ﬁ%&% BRlYRREERHAN, foar Jwaatmest preqeduEesfag desenbad

The hydr ophi hereattear acter of the fibers useful herein may be inherent in
the 10 fibers, or the fibers may be naturally hydrophobic fibers that are
treated to render them hydrophilic. Materials and nethods for

provi di ng hydr ophe |éxient to wbichr theserpalymasic Joatmisyarey thysisophilic’ camdyes are
wel | know. uantrf' by the "5 réﬁférféfcﬁm"%ﬁ?e Ekmﬁ WhehYh cBRfat Withldr] have

capillary SUGET O eci | sur c eas in the sanp range as the
Eﬁﬁrorp

pol ymeric fo3P%OrRa '@rtP§€ ngign gxh ' iedethess lBAMS FaMNce area
fibers are cbameérﬂfnéd&éxpmmentaliy esing @fprrdewWMhéfeWgﬁiEprtakefcﬁ@ ar ea.
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OR). d ass wmmeIQﬂwnuMmsmmcsmmm Mapmed@rerset ers of

not nor e hagesdriped §réaﬁérr hﬁiall”ﬁhf the Yl@s@%éthoﬁ&oéécﬁ%ubf Q8. [Fi’dtéi\fn t 0
about 0.7 i bers ave surface ar

fooat about BIETIUN gra. FoamSwhieh et yseti high Shifags aresatdiats i the "
Typi cal |y, tpreseot irnveatian eae ddengrallys ttitise wihioto Bkhibit sawiddhebionf temsiorbout 2

merr]/g to \?&lﬂ?tofjﬂ%nma%ﬁ 11? t0 g%BDFESFHrﬁHsY@n, more %&é@oﬂ%%ﬂ aBBLe for

use herein are those pe 104
gl ass fibers2 W\?EQUMGV@% ?ﬁif’eﬁei"@é?e%bhﬁ@t)l@?f}’(ﬁbsorptw'hmmbe@ [err]m

These gl¥gss wiime RaViRG lassutRice téngion ofbBLES dyhed/ame area of about 3.1
mMerr]/g. 30 Anot her type of high surface area fibers useful
herein are fibrillated cellul ose acetate fibers. These fibers
(referred to heFhe polymeric ﬂoamssuseﬂhldwein are predérablyr prepared inthe forat i ve to
cel I ul ose-degj ¥ € icle
Plorieed 6, rr fagms Qi uae SoRER vl e

gs

oo hacie M, ae? ysqo}bﬁ%a @ng expand Wheppthe STpuRt )

These fi2fr et absorbed ddviersithy eomggredgmmllew ipressuraphmsscarffiniigpptessure to

below the expansion pressure (described below) of the foam. These

collapsed polymeric foams are usually obtained by expressing the water

phase from the polymerized HIPE foam through compressive forces, and/or

thermal drying and/or vacuum dewatering. After compression, and/or

25 thermal drying/vacuum dewatering, these polymeric foams are in a
collapsed, or unexpanded state.

The cellular structure of a representative collapsed HIPE foam from

which water has been expressed by compression is shown in the

30 photomicrograph of Figs. 3 and 4 of U.S. Patent No. 5,650,222, discussed
above. As shown in these figures, the cellutar structure of the foam is
distorted, especially when compared to the expanded HIPE foam structures
shown in Figs. 1 and 2 of the 222 patent. As can also be seen in Figs. 3

and 4 of the '222 patent, the voids or pores (dark areas) in the collapsed

35 foam structure have been flattened or elongated. (It is noted that the foams
depicted in the '222 patent are in sheet form; as discussed below, while
foams in sheet forms are useful herein, in a preferred embodiment, the



46 20 nm2/g. Representative fibrets useful as the high surface area

materi al s herein are avail abl e from Hoechst Cel anese Corp.

(Charl ot t e, WMN@y/45835 cel lul ose acetate Fibrets. For a dePer/ss$/5040

di scussion of fibrets, including t heir physical properties and

met hods for their preparation, see "Cellulose 5 Acetate Fibrets: A
Fibrillated Pulp Wth H gh Surface Area",48®nith, J. E., Tappi
Journal, Dec. 1988, p. 237; and U S. Patent No.b5, 486,410 (G oeger et

al .) issued an. 1996 di_scl e of ch_of whigch is incorporated
by reference OI?Q? éY'li be E[bpértlchate PRI, d:ﬂ.'PO?F"P tﬂ'&ci“rfai ‘Bé?g?tiﬁﬁ@@% Il ed
artisan wi | | derivashfdare (inhits expamded state) tisdfel sereirl Is depictediin Kiggres!8 or bency

t b

o e e LA TR o ekl 0SS A,
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Eat en:jI NG 5fo’5&9s 3%?e§¢ﬂbeﬁ ih&ﬁ@r@&é@@ll|ﬁ|do)1péhdm§1n§s.1§atéﬁt-ﬂ Iu:a\tiont .

egar dl ess o ure an rs e
Fber s and +RRMAE NP s g HisFe, orioBH 0T A tylard o e Shut i
be discrete %@BQNaPQLYMEBlC FoAMAVIATERIALSS N(P8AS Gased_her)eand cokmendingn 20

“discrete” ngaIsphfiit A %llEhﬂBnSSé iaf é.pr ea fflgﬁrﬁla?d?\d th@ggtggr T.apsorbents

r| or t orbent

are each for stO‘ra
O e O e OMBaIS st a7 hiod ASS CRBENE MATERAL S F o PISTRIRO e A Eals
subs equa@t tlaomos"r(e&ﬂ; Caseh e ohhthe dibclosinendf éaﬁ:fgof whicirio gedorperatédng

absorbent p ot her absorbent forned after conbination 25
wi th the hi ;&y@%%egggqgeréa fi bers Combi ni ng of the discrete respective

conponents ensures that the high surface area fibers will have the desired
nor phol ogy and Fdﬂbﬂﬁng rBH?ﬁﬂréQéle andisr ﬂ'ﬁhfaﬁf‘arﬁkl{;fvééﬁurﬁr Séwatenn thed gh

Sur f A P I

S ace A L et ey reoxpAnt kD oL G eaeE IR, . o1
t hei r pAPsi cSurppisimgly, t ithese Tpolyeeearic efoams eemalal ninofthishesallgpseger oi es, it
IS necessar yyrdy Bﬁﬂé@r%?ﬂr%rﬁf tfH?\tPQﬁo&%’@f‘hmehgq Ny s st leEQf L egh,us

i nsof ar asafo mi.s froma

previously ¥38fed sHiet abifysptath eﬁﬁoﬁ&lYWeﬁ%a&ﬁ@ﬁeﬁ?s f%’!')‘a‘ﬂ/\n i this
conduct ed orcollapsedienexpardad stats is Believedte beadud feocapilldry Fodcas eand in

er e the T G4yt Hd Elphln bk adibispd KRnkP e T bebhndd Au'e
20 used herein, "capillary pressures” refers to the pressure differential across
the liquid/air interface due to the curvature of meniscus within the narrow
confines of the pores in the foam. [See Chatterjee, "Absorbency," Textile

Science and Technology, Vol. 7, 1985, p. 36.]

25 After compression, and/or thermal drying/ivacuum dewatering to a
practicable extent, these polymeric foams have residual water that includes
both the water of hydration associated with the hygroscopic, hydrated salt
incorporated therein, as well as free water absorbed within the foam. This
residual water (assisted by the hydrated salts) is believed to exert capillary

30 pressures on the resulting collapsed foam structure. Collapsed polymeric
foams of the present invention can have residual water contents of at least
about 4%, typically from about 4 to about 40%, by weight of the foam when
stored at ambient conditions of 72°F (22°C) and 50% relative humidity.
Preferred collapsed polymeric foams have residual water contents of from

35 about 5 to about 30% by weight of the foam.



47 pol yneri zation process, a simlar foam (in terns of chem cal

conposition, cell size, WO ratio, etc.) can be forned into sheets
for the purp@e9/eds7s maki ng such neasurenents. 5 PEBOssRHEHACE
area polymeric foanms useful in the high capillary suction st orage

absor bent nenbers of the present invention are known in the art.
Particularly preferred foans are those obt& ned by pol ynerizing a high

i nt er nal phase water-in-oil enulsion, such as those described in U S
Pat ent No. , 387,207 .and, U. S. Patent No. 5,650,222, O her
particularly pr éi‘PY&?Tm%Pf g‘efﬁ *%Pm eir glass transition, temperatireai | in

co- peBdi ng U Hhe Mgt represints itbatmidpoidtrofahe transitidip between the igldse¢ dvi ch _,
1998 T. ' . i " Hi I . C FOAM
MATERI XLS" (Dﬁggﬁ%gsgta%s %If)th%néiélgfg’-e |5'end| @yﬁﬁg?ﬂggﬁeﬁth'g%y %ﬂi i on
Serial No. , tempesatyes efiuse capdwe weryTstrangshut willsalee bl rigidi andpotentially

" ABSORBENS I\/A}E acfdre DI ldhh %@ oy OC%?:S 15

t he di scl osurﬁ g%%g h o{? V\ﬁdﬁh IS LJi'\lg'g‘gr pora%?@%&@%ﬁim er‘éle%t;0
(Specific ! eeﬁPa?@?‘? State Y40 Wetted Mt@oaqq?%eh"({‘l' seridepthandbed a-efhendi ng
appl i cati ons theepolymer afies bavingcbeéen storedimting eoliapssd statédboprolorig@dy meri c

moans many ofbor e nare; desired, EPRRataRC B Fieetad EbinR SakBiteaily. o0 °

comuni cat i orftiENgth 2Adoresiligpceetyricaliy, aeeessitates, apfairly selective anange| of

open- cel Hed fmemamét fypes whddelsly @ abhielvE Bhédd AssiRRPHIOPBHicY. "W ndows”
that are large enough to permt ready liquid transfer fromone cell to
the other within the foam structure. These rel atively open-celled

f oam st ruct ur es Rerfpamerusedullip the\preseriSnventior; thatTgishtuidaae as lowtds t he
e o menc RSP 38,0t B ol feSpanie B SRAREC ]
maki ng up thé%@pﬁf‘%ﬂ"@ﬁediﬁ@wg"lﬁ% HenpEeEs 25g selpcied as muchtas, passibleor
pur poses 16f ithat progislentorreBspanding) homopoliners i bweraTy's. It hasibeehal Wil |
'eact 1 [orr ofid that dH6 TensiCIch "ot tné EhL UHOR U el Achinte” Faftacen:
cel | . methagrylatel comanomers ganbe anget dhar would bepredicted:-from theans ar e
?ﬁf fic It ent | Y Tg of thbygin@élb'gb?§ hﬁﬁh lyﬁnért ddires! OgpRdificalls ﬂg&sagétﬁpgﬁnbihqg! ds.
byer :agi SLQ? t??’a:i thé lﬁron%ﬁggsogs sériéas of’ ngylsacgryulCaiéJ 5?%e6“:\§crrya e?oro?nopOYyn'r:grg e
20 have a minimum Tg at a chain length of 8 carbon atoms. By contrast, the
minimum Tg of the copolymers of the present invention occurs at a chain
length of about 12 carbon atoms. (While the alkyl substituted styrene
monomers can be used in place of the alkyl acrylates and methacrylates,
their availability is currently extremely limited).
25
The shape of the glass transition region of the polymer can also be
important, i.e., whether it is narrow or broad as a function of temperature.
This glass transition region shape is particularly relevant where the in-use
temperature (usually ambient or body temperature) of the polymer is at or
30 near the Tg. For example, a broader transition region can mean an
incomplete transition at in-use temperatures. Typically, if the transition is
incomplete at the in-use temperature, the polymer will evidence 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
35 compression when wetted with aqueous liquids. 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



hydrophi l i zing surfactants left in the foamstructure after polynerization,
or 48 by sel ected
post - pol ynerW@A&s/4Ei5 f oam tr eat nent procedures, as described pcTUSes/sseid er .
The extent to which these polyneric foams are "hydrophilic" can be 5 :
gquantified by the "adhesion tension"” value exhibited when in contact with
an absorbabl e test |iquid. The adhesi®h tension exhibited by these

f oans can be determ ned experlnentally u5|ng a procedure where wei ght

t ak f t [ d,f
Shrmle of kndif T Bt ghe HetvingE 1,z Ceast ahop IS uawen dBan: thesin-ve.c
area. Such a termpesature iThalTg m\slcmebwmuthmfgtrmatranszﬂem aegiomatddefieed
Met hods sect i oheloss tB tvs temér%%?e Dufve 'ft%frﬁaa CRaM: %Ecﬁnggfcé?

useful high sur aqe ar ea esen I'nven
general |y t hdnalyss {AM&) Hn%a&uraweaa r%d%‘-if-‘-ftb@ﬁ’slndhe Test Methads sectionef about

15 to abo8t a3.Slyrgedtads. 5185@2R2Ef erably from about 20 to about 65
dynes/cm as determ ned by capll ary absorption of synthetic 15 urine
having a surface tension of 65 5 dynes/cm ' The pol yneric foams

useful herei n ahile techighlsyrface prea thateriaibén general havechbencdésaﬂbeahrfl . €.,

ded d
Sbsorb such’ |'EAY P r";}f,ﬁfaﬁn’é# SeiptioH HRof OB nglity, the higtf SHIRHE ared]
combi ned capif9 %éﬂ‘?”?) €§@§r'é5 'u@ef%'hfmﬁv nRfspris seseribed in tenms| ofvtheie
expansi on0pr e:apulaw sdetion sb@@if deuffate Qred f(ﬁefé%ﬂf@r réfeRRR to as "c¥ISRGed

| f d b 2
Prom the.pol qachelel RisA it 8 Brrsirs ot BrreSEla0l-desetble’suncs afea~°
thermal dryi ®§ tmapbmwmmpdem a@artbculmrfoaanpeeeem amgssaofithe bulls
thermal dryi ﬁ@émaﬁwiéﬂxaid@Wﬁéﬂ @ﬂucﬂ?ﬁsﬁd%?_hﬂl”?quc sf)ﬁ@”ﬁésﬁfu‘% 'rﬂat@nFi)

col | apsed, or u anded st‘at e. ar struc ure

represent at | & aSuEten sRedifp nsyfase area i dgterminged hhsthheky thepr essed
by conpr #8si drmess:shsvwf the tékuld0 unjtsdhothiec foxgn aghd Wy Bu@&ieri%ﬂ?\ﬂsf theof U. S

Pat ent No. 5 res, the
cellular str uct ure %P qh%ﬁ??ﬁ%% of qugpﬁé&go@% %%V%Bég g&é‘ﬁ(ﬁni ar ed
to the ex pand’é‘é"'ﬁﬂb@’ftbﬁma;m Metwarkelp the extenbothat suciriagsurfacesparticipatest he 222
patent. As cim gbsdfbdieysePbr blrfdses- ofS characterizing the foams useful herein,

CSSSA is measured on a sheet of the foam in question, even where the

20 foam is in particle form when incorporated in a storage absorbent member.

The CSSSA of a foam is particularly relevant to whether the foam will
provide the requisite capillary suction for use in preparing storage
absorbent members of the present invention. This is because the capillary

25 pressure developed within the foam structure is proportional to the capiltary
suction specific surface area. In addition, the CSSSA is relevant to whether
adequate capillary pressures are developed within the foam structure to
keep it in a collapsed state until wetted with aqueous liquids. Assuming
other factors such as the foam density and adhesion tension are constant,

30 this means that, as the CSSSA is increased (or decreased), the capillary
pre'ssure within the foam structure also increases (or  decreases)
proportionately. |

For pumposes of the present invention, CSSSA is determined by

35 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



and 4 of the '222 patent, the voids or pores (dark areas) in the collapsed
35 .foam structure have been flattened or elongated. (It is noted that the

f oans AePdondsgsk in the ' 222 patent are in sheet form asp@l‘/ﬁ@ﬂ@?(ﬁg

bel ow, while foanms in sheet forns are useful herein, in erred
enbodi nent, the
foamw Il be in particulate form) The cebpul ar structure of another HI PE-

derived foam (in its expanded state) useful herein is depicted in Figures 3

and 4 herein. The preparation of this particular foamand related foanms are
descri bed hefagm smcm areahseegfpm imthe Tesssi\éethedqsmmn sliUfSice area
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periods of tinme up to at east abou abrlity of
these pol yrreaboutf ﬁ)&rm fgo Foamaihaving stéhs CSSSA vah.ielsa(ptﬁhdéxmedpdmhé state

is belienpd §endifiedlof frto?rl) %Bﬂgﬂ b@ﬁﬁ tBOquﬁﬁ foolzlén‘.fglcﬂﬁ) will %eﬂ%éﬁ)} 8H§é9é'sst he

caplllary pressures, deve

tTuc
herein, "capfl I%ﬂﬁ"%s‘iﬂﬁr@?’e ‘P@F@ﬁ‘% 0% gbeedept é@B%Fr‘Q! l:!ql‘#"r"éﬁfé‘mmgalandcr 0SS
the liquid/ aliquidwickihgcer @istriutionheharattetistics fof agReose liquidst fudh @ge narrow

Sol ence and W%ﬁﬁ I Bgfioh;"%o2,1E Hawinie Suf 565 Ean celgBh 5 TlfeientCL] o
and/ or t her ne@PitRRYi prgssweionkeapethet ioamin acollapsed, upexpandeshstatecuptiint |

these polsy mewettedl QAfFskth/aquediisdigaldsat er that includes both the water
of hydration associated wth the hygroscopic, hydrated salt

i ncorporated therein, as well as free water absorbed within the foam This
resi dual water é’as& sted by the hydrated salts) is believed to exert
capillary 30 3 cdiscussedopboves fos particulgriy qretepeddcsllapsabler polymesic

Col I apsed pofouiy, iif their collapsed state the capillary pressures developed within the
foam structure at least equal the forces exerted by the elastic recovery or
20 modulus of the compressed polymer. In other words, the capillary pressure
necessary to keep the collapsed foam relatively thin is determined by the
countervailing force exerted by the compressed polymeric foam as it tries to
"spring back.” The elastic recovery tendency of polymeric foams can be
estimated from stress-strain experiments where the expanded foam is
25 compressed to about 1/6 (17%) of its original, expanded thickness and then
held in this compressed state until a relaxed stress value is measured.
Alternatively, and for the purposes of the present invention, the relaxed
stress value is estimated from measurements on the polymeric foam in its
collapsed state when in contact with aqueous liquids, e.g., water. This
30 alternative relaxed stress value is hereafter referred to as the "expansion
pressure” of the foam. The expansion pressure for collapsed polymeric
foams of the. present invention is about 50 kiloPascals (kPa) or less and
typically from about 7 to about 40 kPa. A detailed description of a
procedure for estimating the expansion pressure of foams is set forth in the

35 Test Methods section of U.S. Patent 5,387,207.



foans of the present invention can have residual water contents of at |east
about 4% typically fromabout 4 to about 40% by weight of the foam when
stored at arMPa¥#58%nditi ons of 72[err]F (22[err]C) and 50% rRETAISSH5040
hum dity. Preferred col | apsed pol yneric foans have residual water
contents of from35 about 5 to about 30%Jy weight of the foam

50 A key paraneter of these fo2fs is their glass transition

t enper at ur e. The Tg represents the mdpoint of the transition between
t he. gl assy and rubbery states of the polynmer. Foans that have a

hi gher Tg than the tenperature of use can be very strong but wl|
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that the hompfemutosse50220f al kyl acrylate or methacryl ate honmopol yners
20 have a m ni num Tg at a chain length of 8 carbon atons. By contrast,

t he m ni mum Tg of the copolyners of the present invention occurs at a
chai n | engt h of about 12 carbon atons. (While the al kyl substituted
styrene mopesrexpasure to aguarusHiquids: preferred coliapsad pelyyetic feamsid
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collapsed state The coliapsed foams preferably have an expansion factor
20 in the range of from about 4X to about 15X, more preferably from about 5X

to about 10X.

For the purposes of the present invention, the relationship between
expanded and collapsed thickness for compressively dewatered foams can
25 be empirically predicted from the following equation:

thicknessexpanded = thicknesscojlapsed X ((0.133 x W:O ratio) + 2)

where: thicknessexpanded is the thickness of the foam in its expanded

state;
thickness¢gllapsed is the thickness of the foam in its collapsed state;

30 and W:O ratio is the water-to-oil ratio of the HIPE from which the
foam is made. Thus, a typical polymeric foam made from an emuision with
a water-to-oil ratio of 60:1 would have a predicted expansion factor of 8.0,
i.e., an expanded thickness 8 times the collapsed thickness of the foam.



30 near the Tg. For exanple, a broader transition region can nmean an
I nconplete transition at in-use tenperatures. Typically, if the transition

S | NnCovpdeisersat the in-use tenperature, the polynmer W perRbsimasne
greater rigidity and will be less resilient. Conversely, if the
transition is conpleted at the in-use tenperature, then the polyner
will exhibit faster recovery from 35 conddessi on when wetted w th aqueous
| i quids. Accordingly, it is desirable to control the Tg and the
breadth of the transition region of the polyner to, achi eve the desired
mechani cal prOpRpPraceduredassneasusing;the iexpaneipe factar isrdgscribed hereafter in
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i n-use tenperature. (The Tg and the wdth of the transition region
are derived -~ fromthe |l oss tangent vs. tenperature curve froma
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of the r, and j.s thus a way ,of. quantif yi h Al unt of
solid surfaceé)’&e'thl?° pvl"@ﬁﬁd lﬂ?“f'“% f‘%a‘?ﬁ%&ﬁ%@r %&’t géﬁg%éle%éé%'ﬁt he?tg‘l’)s uch a
surface partiemgplaifiess, left in thefoamssirusture afteFprogsssipgses of characteri zi ng

t he foans useful herein, CSSSA is neasured on a sheet of the foamin

guestion,, _even ere the 20 foamis_in particle f.ormwhen ipcorporated in
a st or agddabsor \é&hée Hﬁﬁﬁ‘é?.s the hngWsurfacq«ﬁée an g ?Iae ﬁggﬂﬁbﬁgp Bl arly
rel evant to vdfahéereseme irfveationd the polymeric foamtkesiiduid becuiitablyeresistarititar y
suction for ' e ' : er t resent
hventton TiogonmeUnBr EoRPralsHIF Y forces ROEARESY ITRREC! Foline WIoR] SCCT
f oam st r uct urde net pessess suficientfeamiatrangth in tarns of RTGRcmay preydeithe
surface ar ea.rehlishéddpilRity duttiof-vaphcity undef aloati ccontifidres but will not
20 provide those capacities under the compressive stress caused by the
motion and activity of the user of the absorbent articles that contain the
foam.

The RTCD exhibited by the polymeric foams useful in the present

25 invention can be quantified by determining the amount of strain produced in

a sample of saturated foam held under a certain confining pressure for a

specified temperature and period of time. The method for carrying out this

particular type of test is described hereafter in the Test Methods section of

U.S. Patent No. 5,650,222. Foams useful herein will preferably exhibit a

30 RTCD such that a confining pressure of 5.1 kPa produces a strain of

typically about 90% or less compression of the foam structure when it has

been saturated to its free absorbent capacity with synthetic urine having a

surface tension of 6515 dynes/cm. Preferably the strain produced under

such conditions will be in the range from about 1 to about 80%, more

35 preferably from about 1 to about 25%, still more preferably from about 2 to
about 10%, still more preferably from about 2 to about 5%.



adequate capillary pressures are devel oped within the foamstructure to
keep it in a collapsed state until wetted with aqueous |iquids. Assum ng
ot her fact oM 843875s t he foam density and adhesi on tension cenz9fesosit
30 this nmeans that, as the CSSSA is increased (or decreased), the

capillary pressure within the foamstructure al so i ncreases (or
decr eases) proportionately. S5For purposes of the present

i nvention, CSSSA is determ ned by 35 neasuring the anount of capillary
uptake of a |ow surface tension liquid (e.g., ethanol) which occurs
within a foam sanple of a known nmass and di mensi ons. A detailed
description of sm‘éﬂ .
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to more typically from, about 80 to about 90 cm. The method for measuring
90% VHSH is described in detail in the Test Methods section below. As
20 indicated, where the high surface area polymeric foam is in particulate form
when combined with the other absorbent, such as an osmotic absorbent,
90% VHSH is measured on the corresponding foam in sheet form (i.e., prior
to forming particulates). Where the foam is formed into particles (or beads)
during the polymerization process, a similar foam can be formed into sheets
25 for assessing the foam’s 90% VHSH.

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.

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

35 A number of techniques are available for determining the average cell
size of foams. ‘The most useful technique, however, for determining cell



"spring back." The elastic recovery tendency of polyneric foans can be
estimated from stress-strain experinents where the expanded foam i s 25
conpressed wgoghgds 1/6 (1799 of its original, expanded thi c then
held in this corrpressed state until a relaxed stress value is rre sur
Alternatively, and for the purposes of the present invention, the rel axed
stress value is estimted from nmeasurenengg on the palyneric foamin its
col | apsed state when in contact with aqueous liquids, e.g., water. This 30
alternative relaxed stress value is hereafter referred to as the "expansion
pressure" of sizgaeinf foams 'I!heolmmsa'implep measwrement baset aps etthepstanming c

foans of thegRef Qi%dt aipp il oPascal s (kPa) or |ess and
typically fr(e)m agﬁﬁ’?wwﬁm%gﬁh 8 S (Jét ail ed description of a

procedure for estimating the expansion pressure of foams is set forth in
the 35 Test MThedelissigéi masirelehts Giistnhekeidafe’badsed on the number
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material.

20 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 foam density. For exampie, an ASTM gravimetric procedure
described more fully in the Test Methods section of U.S. Patent No.
5,387,207 (Dyer et al.) issued Feb. 7, 1995, supra, is one method that can

25 be employed for density determination. In their collapsed state, polymeric
foams useful in the present invention have dry basis density values
{exclusive of any residual salts and or water) in the range of from about 0.1
to about 0.2 g/cm?®, preferably from about 0.11 to about 0.19 g/cm?, and
most preferably from about 0.12 to about 0.17 gfcm®. In their expanded

30 state, polymeric foams useful herein will have dry basis density values in
the range of from about 0.01 to about 0.033 g/cm?®, preferably from about
0.013 to about 0.033 g/cm’.

Vertical wicking, i.e., liquid wicking in a direction opposite from

35 gravitational force, is a desirable performance attribute for polymeric foams
useful herein. For the purposes of this invention, vertical wicking rate is
reflective of the permeability of the material, and thus, the ability of the



20 in the range of from about 4X to about 15X, nore preferably from about

5X to about 10X For the purposes of the present invention,
t he rel ati 3¥Q@BY/#58%Et ween expanded and col | apsed t hi ckneBETAISS8/05040
conpressively dewatered foans can 25 be enpirically predicted fromthe

fol |l ow ng equati on: t hi cknessexpanded = thickness[err] x ((0.133
X WO ratio) - 2) where: thicknessexpénded is the thickness of the
foamin its expanded st at e; t hi cknesscol | apsed is

| <% the. wat or ML S A PVEY ighid 2 R BB o BRPL Fuch sahvdf%%?ig@wné?déa“o
Thus, a typi absorpemmynnerboathamexdncmhsmbmm sion with

water-to-oil ratio of 60:1 would have a predicted expansion factor of 8.0,

i.e., an expanded . thickness 8 tinmes the coll apsed thickness of the foam
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To be usef ul haight dfs Eindh M&p@ﬁ,@{gﬁomq@mm@g t he absorbent nenbers
of the present I nvention, the polyneric foans should be suitably resistant

to
15 The vertical wicking absorbent capacity test measures the amount of

test liquid per gram of absorbent foam that is held within each one in. (2.54
‘cm) vertical section of the same standard size foam sample used in the
vertical wicking test. Such a determination is generally made after the
sample has been allowed to vertically wick test liquid fo equilibrium (e.g.,
20 after about 18 hours). Like the vertical wicking test, the vertical wicking
absorbent capacity test is described in greater detail in the Test Methods
section of U.S. Patent No. 5,387,207 (Dyer et al.) issued Feb. 7, 1995,
supra. High vertical wicking absorbent capacities at high heights are
theoretically equivalent to high capillary sorption absorbent capacities at
25 high heights. Since the sheet form of the foams useful herein is amenable
to the former test and the former test is more easily and cheaply performed,
the data from the former test are recommended as the means of
characterizing this important parameter of the foams of this invention.

30 While high capillary suction foams may be in sheet form when
combined with other absorbent such as osmotic absorbent (e.g., hydrogel-
forming absorbent polymer), in a particularly preferred embodiment, the
polymeric foam will be in particle form and will be mixed with particles of
hydrogel-forming polymer to provide a blend. That is, while the foam may

35 initially be prepared in sheet form, these sheets may be processed to
provide particles of foam which are then combined with the hydrogelling
polymer. As discussed above, the foams useful herein, and processes for



def ormati on or conpression by forces encountered in use. Foans which

do not possess sufficient foamstrength in terns of RTCD may provide the
requi site owpiobMse7y suction capacity under no-|oad conditi onscTpudesiesdsh not
20 provi de those capacities under the conpressive stress caused by the-
notion and activity of the user of the absorbent articles that contain the
f oam The RTCD exhi bited by theSBol yneric foans useful in the
present 25 inventlon can be quantified by detern1n|ng t he amount of strain
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hei ght. The Béf?:%e poi nt however serves as a practical point of
conparison for e foans useful herein. In this regard, the foans
will typically have an equilibrium 90% VHSH of at | east about 20 cm

preferably at | appliceUavélafdd foind thabtife MigH euaty &veal RAMs may
optionally comprise a fluid so as to provide increased transfer of urine to the
20 other absorbent or osmotic absorbent of the storage absorbent member.
The pre-wetting fluid partially fills the polymeric foam and, without wishing to
be held to a particular theory, increases the uptake rate of the foam.
Ideally, pofymeric foam comprising pre-wetting fluid(s) shouid be shelf
stable, with sufficiently low water activify to prevent microbial growth and
25 prevent evaporative water loss and not migrate out of the foam over time.
Water can be used as a pre-wefting fluid to provide the absorption
performance but may not by itself meet the other requirements.

Hydrogel-Forming Absorbent Polymers

30 The storage absorbent members of the present invention further
preferably comprise at least one hydrogel-forming absorbent polymer (also
referred to as hydrogel-forming polymer). Hydrogel-forming polymers
useful in the present invention include a variety of water-insoluble, but
water-swellable polymers capable of absorbing farge quantities of liquids.

35  Such hydrogei-forming polymers are well known in the art and any of these



about 60 cm still nore preferably at | east about 70 cmand still nore 15
preferably at |east about 80 cm Typically, preferred polyneric foans wl |
have a 90% Wd$9/43875f r om about 20 to about 90 cm nore typi calPiCr/US9en5040
about 60 to about 90 cm nore typically fromabout 70 to about 90 cm stil’l
nore typically from about 80 to .about 90 cm The nmethod for measuring
90% VHSH is described in detail in the Te$® Methods section bel ow. As 20

i ndi cat ed, where the high surface area polyneric foamis in particulate

form when .cqonbi ned wi,th the other .absorbent, such as an, o0s iL.c
absorbent, Mategalg,ampdiseid inthe D@&%ﬁw é”&ﬁ?? @?ﬁBﬁ’(ﬁ"ﬁ&‘qrﬂg‘?ﬁs{%@ﬁeet
form(i.e., presentinventibn. form ng particul ates). Were the foamis fornmed
into particles (or beads) during the polynerization process, a simlar

foam can be formed into sheets 25 for assessing the foam s 90% VHSH.
Foam cel |'s, and Hyspegsidoimying eabsoroent paiwnersr malenials paley #sq Fomynanly
monomer - ¢ nt géf@wéat %! aP l“?@f&rdcﬁﬂéid&f" bgu'@dﬁgfa?kawérfi marerialee Fanliir ean
wat er - phase droplets, w requently be substantia spheni ¢ .0 ,shape.
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par anet er forceliliosectndi bydrgxyprepy celiupses rredniorSe riypes eluch as polyvinyin
sanpl e of pol ryC AN eCARMNYE i e\l wtde same
size, an avef: g@?de?{’gzégzlﬁulfs{!.%ﬂ%r%v@age é@?sbgygﬁeﬁﬁfo \ivltﬂ;lil %{‘riaéélélbe
speci fied. ®olyvinyl morphelinions, t canthi qNeN-dimethylaminesthy!'t 0107 detMiNni ni ng

]Ehe gvterme efdthylaminogropf! Mcrflafss - anthemsitdcryiads,| ahdcithequespduiivever ,
or determnin

size in foam3Y Fﬁ%ﬁ%b’e?'&? g?eﬁﬁ?fe ;Fga’g;ap)énl%qrogﬁléfggng}g FH%O'?&% Rlo%'ners
el ectron photssfut ringthep present inventiosahaver.a multiplicity ofragionig, | fusictienal
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Patent No. 5E¥@mpies of Th@yméﬁﬁuﬁégiﬁuforiﬂs%&%ﬁﬂ‘aﬂ@?% g avhich argy ogent
i nventi ofsW Ipreperetic e YpdigverizatieMhetsaturated e acid-tortainingd fmahonrers. 80
COLENE ORIy el
anhydrides that contain at least one carbon to carbon olefinic double bond.
More speciﬁdally, these monomers can be selected from olefinically
unsaturated carboxylic acids and acid anhydrides, olefinically unsaturated
20 sulfonic acids, and mixtures thereof. As indicated above, the nature of the
hydrogel-forming absorbent polymer is not critical to the members of the
present invention. Nonetheless, the selection of the optimal polymeric
material may enhance the performance characteristics of the present
members. The disclosure that follows describes preferred properties of the
25 absorbent polymers useful herein. These properties should not be
interpreted as limitations; rather, they merely indicate the progression that
has occurred in the absorbent polymer art over the past several years.

56

Some non-acid monomers can also be included, usuaily in minor

30 amounts, in preparing the hydrogel-forming absorbent polymers herein.
Such non-acid monomers can include, for example, the water-soluble or
water-dispersible esters of the acid-containing monomers, as well as
monomers that contain no carboxylic or sulfonic acid groups at all. Optional
non-acid monomers can thus include monomers containing the following

35 types of functional groups: carboxylic acid or sulfonic acid esters, hydroxyl
groups, amide-groups, amino groups, nitrile groups, quaternary ammonium

salt groups, aryl groups (e.g., phenyl groups, such as those derived from



volume in air) is specified herein on a dry basis. The anount of absorbed
wat er-sol ubl e residual materials, e.g., residual salts and liquid left in
t he f owo sd4z87exanpl e, after H PE pol yneri zati on, washi /
hydrophilization, is disregarded in cal culating and expr essi*ﬁtg”?%@f??&“
density. 15 Foam density does include, however, other water-insoluble

r esi dual materials such as emul sifiegg present in the polynerized
foam Such residual materials can, in fact, contribute significant
mass to the foam material. 20 Any suitable gravinmetric

procedure t h&YI&Ne mpreele Ahgse sronrarid iraenammers are wel-knownsmhtetialsoam
material per andi drev@édtmbedfin raded detill ForexaipleCinlg & ere f oam
density. For a %& neAS'[I" q:r Vi metéé'sc oc'e’?u’;:gj@ Patggtsggll ed nore
fully in  he (Va8HdR.st 2l isSued sbruay 28 1948, and IRd.S. Patent 4982817 (Dyer
et al.) issufd/esterman), 5306d Dagemaberi £3,01877 bt of Whidh arn irkerpdiatednp! oyed
for densigy t: ) ion. In their collapsed state, polyneric f oans

5y 8¢ r@fé?bﬁt?é.

useful in the prese i nvention have dry basis density val ues
(exclusive of any residual salts and or water) in the range of from about

G o g ey ks psriaymb by AR IO aih it O 1
g/ crerr]. | ﬁ'%r}%ﬁ\?rs&tagﬂgi@ §Wﬁé¥§f’§?ypb€ﬁ£%??w&? B‘éfagtsﬁgemﬁﬁ?&’@i n wll
have dry basB8siddermtihagrylical aeid, i -chloroattytic r acige @f—cjamat:a}tieutaoiu,me.t o about
0. 033 g/ : t 13 L cnerr].
Verti oal T cRERmBESIE'RR YerotohE Y81 o-prenyighriit’acd, At eRmiSplin 35
gravi t at i onafCiflorsabic; acd, deshicipsarbise erid: nangelic aacidi Isinnanhior agid] yover i c

f oans UsKIbHdciARiric acid OB-sidiiaBilieOadd, Machilt Satify Uitodhic \6d,' c@!

w cking rate_is . reflecgl ve, ol the per.neabi |tP/.o the matertal’, and
thus, the abmqsggowp a¢id, glutaconic acid, aconitic acid, maleic acid, fumaric acid,

57 mat tricashoxyetiidéne/and maieit écidaartydrigéher absorbent, such as a
hydr ogel+4g or m ng absor bent pol ymer or other osnotic absorbent.
Vertical wcking rate is determ ned by neasuring the time taken for a 5
col ored test |iGfftniqadlygunsatyraterhsuifodici asd manomeessénclade aliphaliciora
verti C'?'lh aromaticwiegl Qﬁlf&lli@ bed@rmgaévﬁﬁ!%hgéﬁi&'ébéd?falfypémf&iic%%f’cg' I ! .efj .
f Ihée;re St el\/\éfﬁhg@%‘g@ﬁ %ﬂfg'nfc adid aPIE!Os%?reHé esu‘fosnic ea%:%? Iacreyij!c Ia%dgrag ta%;ylice art 1
sulfonic acid such as sulfoethyl acrylate, sulfoethyl methacrylate,
20 sulfopropyl acrylate, sulfopropyl methacrylate, 2-hydroxy-3-
methacryloxypropy! sulfonic acid and 2-acrylamide-2-methylpropane

sulfonic acid.

Preferred hydrogel-forming absorbent polymers for use in the present

25 invention contain carboxy groups. These polymers include hydrolyzed

starch-acrylonitrile graft copolymers, partially neutralized hydrolyzed starch-

acrylonitrile graft copolymers, starch-acrylic acid graft copolymers, partially

neutralized starch-acrylic acid graft copolymers, saponified viny! acetate-

acrylic ester copolymers, hydrolyzed acrylonitrile or acrylamide copolymers,

30 slightly network crosslinked polymers of any of the foregoing copolymers,

partially neutralized polyacrylic acid, and slightly network crosslinked

polymers of partially neutrafized polyacrylic acid. These polymers can be

used either solely or in the form of a mixture of two or more different

polymers. Examples of these polymer materials are disclosed in U.S.

35 Patent 3,661,875, U.S. Patent 4,076,663, U.S. Patent 4,093,776, U.S.
Patent 4,666,983, and U.S. Patent 4,734,478.



of U S Patent No. 5,387,207. but is perforned at 31C, instead of 37C.

To be especially useful in absorbent nmenbers for absorbing urine, the 10

f oans usef uWOME3™ wi || preferably wick synthetic urine (63PCT/ESI3PEUE/ cm)
to a height of 5 cmin no nore than about 15 minutes. Mre preferably,
t he preferred f oam absorbents of the present invention w ck synt hetic
urine to a hei ght of 5 cmin no mor e &han about 10 minutes. 15

The vertical w cking absorbent capacity test nmeasures the anount of

test liquid per gram of absorbent foamthat is held within each one in.
(2.54 cm) vertical section of the same standard size foam sanple used
in the ver tNest prafesced gpalymer reatenials den usei inamaking dhgchydragely made
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f orm when er 'a sor
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preferred enbodi nent, the polymeric foamw Il be in particle form and

i1l be mxed f d
bl end.Thar 1's. i Be irBgeitommis PRt RehiriE e Rre BRaER! phRLY {or i
t hese shddts (ne,y hbmageneess)e thixtures of polymersicapalso ke usedin theapresenth are
then conbi negnyértiont hPoPBé%R@ﬁé 'r‘nB&Jres of SBrcHBRErylichBcidl §FE E8Foipeye. the

foans useful her

58 [ and bty Bk sesTinked PRIYEIETs f gREIAYY dekiralzad palyasyisy nt
No. 5, 387, 204cid can béJUSedﬁiatmreant:EvﬁﬁﬁarQZZ co-pending U. S. Patent
Application Serial No. _, filed March _, 1998 by T. A DesMarais et
al. titled "H G4 SUCTI ON POLYMERI C FOAM MATERI ALS" (P& Case ) and

co- pendi A8 U. S. Tihgtlwsirogel-forming polymer component may also be in the form of 2
mixed-bed ion-exchange composition comprising a cation-exchange
hydrogel-forming absorbent polymer and an anion-exchange hydrogel-
forming absorbent polymer. Such mixed-bed ion-exchange compositions
are described in, e.g., U.S. Patent Application Serial No. , filed

25 January 7, 1998 by Hird, et al. (P&G Case 6975 - titled “ABSORBENT
POLYMER COMPOSITIONS HAVING HIGH SORPTION CAPACITIES UNDER AN
APPLIED PRESSURE"); U.S. Patent Application Serial No. , filed
January 7, 1998 by Ashraf, et al. (P&G Caes 6976 - titled “ABSORBENT
POLYMER COMPOSITIONS WITH HIGH SORPTION CAPACITY AND HIGH FLulD

30 PERMEABILITY UNDER AN APPLIED PRESSURE"); and U.S. Patent
Application Serial No. _____, filed January 7, 1998 by Ashraf, et ai.
(P&G Case 6977 - titled “ABSORBENT POLYMER COMPOSITIONS HAVING HIGH
SORPTION CAPACITIES UNDER AN APPLIED PRESSURE AND IMPROVED
INTEGRITY IN THE SWOLLEN STATE"); the disclosure of each of which is

35 incorporated herein by reference.




5 Application Serial No. _, filed March _, 1998 by T. A DesMarais et
al. titled "ABSORBENT MATERI ALS FOR DI STRI BUTI NG AQUEQUS LI QUI DS" ( P&G

Case _). Fowowassiscl es may be prepared by first form ng a shegiusednshapm
per the teachings of these references, followed by nechani cal processing
the foamto provide particles (e.g., pulverizing, cutting, chopping, etc.)
of the 10 desired dinension. Alternativelg2 foam particles my be prepared
directly fromenulsion in the formof polynmeric m crobeads, as
described in U Sl‘h Patent 5,653,922, issued Aug. 5, 1997 to Li et al.,
and” U.S. Patent The hydrogsl-fogping; sahsembentc potmersoasefd in the agpresentne
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pre-wetting 3R e like)iand gan ibe i thadoppl ffibers, shaets. dHans, fpameuliakesshi ng
to be hedrill the likedaThé hyleigel-Rstaiidg abB6/RAS PBIyHiETs WaintdiSo 'cd the

; . ‘Bhthrik
f oam I I rLc.,fogam conprisin re-wetti,ng fluid(s) should
be shel f d'ﬁg‘lt“éféPe‘%wWﬁ IeYR's 9l 20g 17 T8 vese sHeH o i ??%%Mﬁt
m crobi al gr d¥awderad siiga, sprfastants, glue) dindérscanditee likes SThendomponentsr at e
out of thg fqg V Risctl ; ti luid to
provi de tﬁe aggh Sr%@?{{l?gfér%an bp?elp P g%‘hrrgwcgﬁgﬁ?ecn&a%ﬁ g%"ﬁﬁgss ﬁ’gl;ep?hnégg l"'E"he
other requir i at the hydrogehfosming pelymerfomranant andabe, aen-bydregel-
The storage dbeningeulymenddditiveoérel st readinephysicalgseparatiielr t her
preferably conprise at |east one hydrogel -form ng absorbent polyner (also
referred to as hydrogel -form ng pol yner). Hydrogel-form ng pol yners
useful in the pr%@eﬁwdr%fnmmimsqm%ntammsw@m bet essantisly umgre, but

wat er - swel agﬂmwkim@inﬁaﬁabé&oeﬁy)ad?w@i dubstaptiaPintsHABE pdroSity of i qui ds.
35 Such hydrogel -form ng polymers are well known in the art and any of
t hese 59 materi al s

are useful in tH@rhpatiicteapiak| described: iabovep particket size nise definéd t &= the
dimension determined by sieve size analysis. Thus, for example, a particle

that is retained on a U.S.A. Standard Testing Sieve with 710 micron

20 openings (e.g., No. 25 U.S. Series Altemate Sieve Designation) is
considered to have a size greater than 710 microns; a particle that passes
through a sieve with 710 micron openings and is retained on a sieve with

500 micron openings (e.g., No. 35 U.S, Series Alternate Sieve Designation)

is considered to have a particle size between 500 and 710 pum; and a

25 particle that passes through a sieve with 500 micron openings is considered
to have a size less than 500 um. The mass median particie size of a given
sample of hydrogel-forming absorbent polymer particles is defined as the
particle size that divides the sample in half on a mass basis, i.e., one-haif of

the sample by weight will have a particle size less than the mass median

30 size and one-half of the sample will have a particle size greater than the
mass median size. A standard particle-size piotting method (wherein the
cumulative weight percent of the particle sample retained on or passed
through a given sieve size opening is plotted versus sieve size opening on
probability paper) is typically used to determine mass median particle size

35 when the 50% mass value does not correspond to the size opening of a
U.S.A. Standard Testing Sieve. These methods for determining particle
sizes of the hydrogel-forming absorbent polymer particles are further



present invention. Hydr ogel -form ng absorbent polyners materials
are also comonly 5 referred to as "hydrocolloids," or "superabsorbent”

mat er al s anYOA¥H5875 i ncl ude pol ysacchari des such as car boxPGERISS8/05840ar ch,
car boxynet hyl cel l ul ose, and hydroxypropyl cellul ose; nonionic types
such as pol yvi nyl al cohol, and pol yvinyl ethers; cationic types such
as pol yvinyl pyridine, ponV|nyI nnﬁﬁhollnlone and

N, N- di et hyl am noet hyI or N, 10 di et hyl am nopr opyl acryl ates and

nmet hacryl ate a t|v q rnar ts t ically,
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pr esent ers. closure that fo e bes refer
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shoul,d not beeight) of mydrogekfoethirasabsarbent polpmer mat lntilized imetherabsethent ndi cat e

the pr ogr essilyidiator the pRRRR AR, 8 'Afcr BRAIIGEL oF Sh lsoRidny V"

t he past several ners can

i ncl uded, usaglyrrgerumaynhmrelsmntanl@um@? empogiragalsi the mﬁenfyllrmg\ehamr m ng
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can thus i ”Cin\ég ’%Fﬁaf&@?{c? Hir8@. the following 35 types of functional
c aci S

gr oups: carboxy onic acid esters, hydroxyl groups,
am de- groups, amno groups, nitrile groups, quaternary anmmoni um sal t
groups, aryl groups (e.g., phenyl groups, such as those derived from

The basic hydrogel-forming absorbent polymer can be formed in any

conventional manner. Typical and preferred processes for producing these

polymers are described in U.S. Reissue Patent 32,649 (Brandt et al.),

issued April 19, 1988, U.S. Patent 4,666,983 (Tsubakimoto et al.), issued

May 19, 1987, and U.S. Patent 4,625,001 (Tsubakimoto et al.), issued
25 November 25, 1986, all of which are incorporated by reference.

Preferred methods for forming the basic hydrogel-forming absorbent
polymer are those involving aqueous solution or other solution
polymerization methods. As described in the above-referenced U.S. Patent

30 Reissue 32,649, aqueous solution polymerization involves the use of an
aqueous reaction mixture to carry out polymerization. The aqueous
reaction mixture is then subjected to polymerization conditions which are
sufficient to produce in the mixture, substantially water-insoluble, slightly
network crosslinked polymer. The mass of polymer formed can then be

35 pulverized or chopped to form individual particles.



60 styrene nononer). These non-acid nononers are wel |l -known

materi al s and are described in greater detail, for exanple, in US.
Pat ent 4, 0AO®6A5875 (Masuda et al.), issued February 28, »8F@sogaztdol N
U S. Patent 4,062,817 (Westerman), issued Decenber 13, 1977, both of
whi ch are incorporated 5 by reference. Oefinically

unsat urated carboxylic acid and carboxyli @4aci d anhydri de nonomnmer s
include the acrylic acids typified by acrylic acid itself, nethacrylic
acid, ethacryli c aci d, %crr ]-chloroacrylic acid, a- cyanoacryl ic acid,
[err]- 10 net racspw allyi dhecraverus setutipn q@ymfnpai@wlrwhgdlbracu d,
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hydrogel - f or gn% use in ventlon

cont ai n car b8&lgirotiies a %@efﬁﬂ"?ﬁepssl Reissye Ratend %@ﬁg U.S. Patent
starch-acryl ém66r98$ awidad1s. cnmehwazs OmarThalnleﬁNmL&rb%IInkB@ agtsmwswzed

copol yrer s, fafialy B3 brestit i e adi¥Buls ERkion MiRhf i Sh Arbut g frof '
copol yners, 8bpuR-00¢dnalepercentdo about 5 mole paregntikasedten theolotal yraless |
hydr ol yzgsl agf H%Hér'drés@ﬁt Iawlaane%sqa&mr&r@bém 891 # el 20 pgkyor

crosslinked f the f o] n
neutralized 5I Q |H%§eac$/'a%9naa'§§ hﬂ@? v%g? IJ}I‘QPB'%@I"X nlé\é‘dgm“’“a‘ijl
pol yners of pempoaémty offi ethier at]uewls pelayﬂxm yrhlxturec icdmpfFises eapfreg nmadicat an be

ol yror s, Exiigio? itjudiflg, 67 oRA ] drblgiol eoffp %‘ﬁ?c?%s%“é“%@ngéﬁ’*@e”t
Patent 3, 661P@MRSSIUQ), S ansht emmor"mra persuiigtes, papeil p99desebenzoyl
Pat ent 42066p&dXideantiytiFogenP3ierokidé, 7édménd. hydroperoxides, tertiary butyl
diperphthalate, tertiary butyl perbenzoate, sodium peracetate, sodium
percarbonate, and the like. Other optional components of the agueous
reaction mixture comprise the various non-acidic co-monomers, including
esters of the essential unsaturated acidic functional group-containing
25 monomers or other co-monomers containing no carboxylic or sulfonic acid
functionalities at all.

The aqueous reaction mixture is subjected to polymerization conditions

which are sufficient to produce in the mixture substantially water-insoluble,

30 but water-swellable, hydrogel-forming absorbent slightly network
crosslinked polymers. The polymerization conditions are also discussed in
more detail in the three above-referenced patents. Such polymerization
conditions generally involve heating (thermal activation techniques) to a
polymerization temperature from about 0° to about 100°C, more preferably

35 from about 5° to about 40°C. Polymerization conditions under which the
aqueous reaction mixture is maintained can also include, for example,
subjecting the reaction mixture, or portions thereof, to any conventional



61 Most preferred polymer materials for use in nmaking the

hydr ogel - form ng absorbent polymers are slightly network crosslinked
pol ymers ofWO9%458%%rtial ly neutralized pol yacrylic acids andPGRHSWBIH5040
derivatives thereof. Myst 5 preferably, the hydrogel -form ng absorbent’

pol ymers conprise from about 50 to about 95% preferably about 75%
neutralized, slightly network crossl BRked, polyacrylic acid (i.e
poly (sodium acryl ate/ acryl i c acid)). Net wor k crossl i nki ng renders t he

pol ynmer subs I ns l,e a ete t he
absorptive CEOEQE Cﬁj p§ &% t15'(9I 3&@9'388% en Q@isécté\?ea I cs of
the hydrogelu ravmletg absemnmqwbyaeradlammcmegltematwe coneemmna!

crosslinking Bﬂﬁfé?lzﬂ hh .typical network crosslinking agents
are descri bea I'n gregét”gr@{iet' in US. Patent 4,076, 663. VWi | e
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PRESSURE" ) ;  hbéve-RétbfitcedRNE! Relssa Feéntd2,blig. -, filed January 7,
1998 by Ashraf, et al. (P&G Caes 6976 - titled "ABSORBENT POLYMER

COVPOSI TI ONS WTH H GH SORPTI ON CAPACI TY AND HI GH FLUI D 30 PERVMEABILITY
UNDER AN APPLWHile PREPEBErEH; thah dhe phasticilatecwersions ofs\pytiogel-farmisgr i al

Aesa’qeler\rlreg%ﬁ%%gﬁ%oéﬁﬁigcﬁ% m%}f'ﬁlécﬁf%iralusmg Aot PA%%F%% e
AN APPLI ED PRENmGRZalom progssdyitDs also pagsiigriogarmy ayithsppymensplign: ) : the
di scl osure ofiroteed Wingvmulti-phasdpolymenzativmpritebsingi techyiques esushces

inverse emulsion polymerization or inverse suspension polymerization

20 procedures. In the inverse emulsion polymerization or inverse suspension

polymerization procedures, the aqueous reaction mixture as described

before is suspended in the form of tiny droplets in a matrix of a water-

immiscible, inert organic solvent such as cyclohexane. The resuitant

particies of hydrogel-forming absorbent polymer are generally spherical in

25 shape. Inverse suspension polymerization procedures are described in

greater detail in U.S. Patent 4,340,706 (Obaysashi et al.), issued July 20,

1982, U.S. Patent 4,506,052 (Flesher et al.), issued March 19, 1985, and

U.S. Patent 4,735,987 (Morita et al.), issued April 5, 1988, ail of which are

incorporated by reference.

30 -
Surface crosslinking of the initially formed polymers is a preferred
process for obtaining hydrogel-forming absorbent polymers having relatively
high porosity hydrogel-layer (“PHL"), performance under pressure (“PUP")
capacity and saline flow conductivity (“SFC”) values, which may be
35 beneficial in the context of the present invention. Suitable general methods
for camying out surface crosslinking of hydrogel-forming absorbent
polymers according to the present invention are disclosed in U.S. Patent



62 The hydrogel -form ng absorbent polynmers useful in the present
I nvention can have a size, shape and/or norphol ogy varying over a w de
range. ThesWOpP8M4§878rs can be in the formof particles that deCTisosbsae a

| arge ratio of greatest dinension to smallest dinension (e.g., granules, 5
pul verul ents, interparticle aggregates, interparticle crosslinked

aggr egat es, and the like) and can b&6in the formof fibers, sheets,
films, foans, flakes . and the Iike The hydrogel -form ng absor bent
polyners can gﬁfo co es with |OM/|§V6|S of one or nor e
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gi ven é bge or m ng ab ymer parti‘cles I's
defi ned astﬁémafY" $ficle size that divides the sanple in half on a
mass bas{%, i.e., one- half of the sanple by weight will have a

particle size | S he sanpl e
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percent of thgasdritiafl er§'af§3h§ed ﬁbﬁélﬁ‘qg ABar thAahaWhrticles Helle W Yquid 9i ven

si eve size openin ver ) bability
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St andard Tes h rynde p Si zes
>t the hydrog 2 m nr% a@?gé:sbe [\ géjﬁergp thi ﬁ@t&”éﬂn%}n @“Hecﬁgdrogel
ormmg absorbent polymer partlcles is in the range of from about 0.01% to
about 5% by weight of the particles. The individual particles can be dried
by any conventional method such as by heating. Alternatively, when the
‘25 particles are formed using an aqueous reaction mixture, water can be
removed from the reaction mixture by azeotropic distillation. The polymer-
containing aqueous reaction mixture can also be treated with a dewatering
solvent such as methanol. Combinations of these drying procedures can
aiso be used. The dewatered mass of polymer can then be chopped or
30 pulverized to form substantially dry particles of the hydrogel-forming
- absorbent polymer.

Combination of high capillary suction materials
Whilst materials as described in the above can satisfy the requirements as
35 such {e.g. a pure hydrogel forming material, or a pure foam material), preferred
members for being used as storage absorbent member comprise two or more of



63 described in U S. ‘Patent 5,061,259 (Goldman et al.), issued

Cct ober 29, 1991, which is incorporated by reference. For
particl es oVORYdF8EGel - f or mi ng absorbent pol yners useful in tREI/UDPSNO$4esent

i nvention, the particles will generally range in size fromabout 1 to :
about 2000 [err]m nore preferably fromabout 20 to about 1000 [err]m The
mass nedi an particle size will generall y &e from about 20 to about 1500
[err]m nore preferably from about 50 [err]mto about 1000 [err]m and even
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one or rore of TR RFiNGiRe t fusstion fr sumty fiid tasagemenbets. 'SStQS@bSGdBthe

i ssued Ogt. d@scHAgéd %dgmﬁmhatd@cﬂywﬁom &heP@beatbémméinﬁéi@ (§§5 fluid

d Feb. 4, 1997 t h
| neor por at oIS ATUABHERE; SrembSiey, and” therrista. uh, R oPvar, whag °

absor bent pdubjestedato pressuresdnomallyy encountersay east mna*sultrmfnﬂre anrer,'al

and preferrerﬂ ,9% ﬁ&ses for producing these pol yners are described in
U. S. Reissue B 32,649 (Brandt et al.), i ssued April 19, 1988,
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in measuring the concentration of hydrogel-forming absorbent polymer in a

given region of an absorbent member, the percent by weight of the hydrogel-

20 forming potymer relative to the combined weight of hydrogel-forming polymer and
any other components (e.g., fibers, polymeric foams, etc.) that are present in the
region containing the hydrogelling polymer is used. With this in mind, the
concentration of the hydrogel-forming absorbent polymers in a given region of an
absorbent member of the present invention can be at least about 50%, at least

25 about 60%, at least about 70%, or at least about 80%, by total weight of the
absorbent member.

Notwithstanding the fact that regions of an absorbent member may comprise

relatively high concentrations of hydrogel-forming absorbent polymer, where the

30 high surface area material is fibrous in nature, the aggregate concentration of
absorbent polymer in a given absorbent member (i.e., totai weight of the
hydrogel-forming absorbent polymer divided by the total weight of the absorbent
member X 100%) will be up to about 75% by weight, preferably up to about 70%

by weight, more preferably up to about 65% by weight. Then, with these high

35 surface area fiber-containing members, the concentration of the hydrogel-forming
“absorbent polymer will be from about 10 to about 75 % by weight, more typically



35 pulverized or chopped to formindividual particles.

64 More specifically, the aqueous sol ution pol ynerization nethod
for pwodvassty t he hydrogel -form ng absorbent pol ymer capusssmsedohe
preparation of an aqueous reaction mxture in which to carry out the :
pol yneri zation. One el enent of such a reaction mxture is the acid group-
5 contai ning nononer that will formthe 6®ackbone" of the hydrogel -form ng
absorbent polyner to be produced. The reaction m xture will generally
conprise abqut 100 parts by vverqig/qht of, t he nonomer. Anot her con}ﬁ)onent

- of the aque&98 ARAKL 1%ip APQYt Q% bywpighle stilh mose Rnically,Trrg about AQ te gbavt
Net wor k cr o$sP4é bytwedgigent s useful in form ng the hydrogel -formng 10
absor bent pol yner according to the present invention are described in nore
detail in the above-referenced U S. Reissue Patent 32,649, U S. Patent
4,666, 983, andluti®serembodinerss yitne . therhiginsuriaex asea material s pglymenia | |
general |5 Deodifc 4R labisBriicht MEMBBHS wilP préferIbTcktiBel &t Rasf BB 196 dy O™
about 0.001 np e(;éercent to about., 5 nole Fﬁ%cg t Dased on t eototal_ tes
15 of nonoME&9N (80 aﬂﬁ’ﬁ%‘ge 85i8) Juors. pieiera B’a%'ﬁ?sb?ml‘ttboéb@bw parts
by wei ght, leorecpreferdfl9 apdsdst abyutts%iy wéigh’qQtinmméfemy@_iéaslnabout
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i per phi hal Spodco0KoRY WeigH, St AP RIENp Hend BLHAE 15 ke obodt Bo% by weight,
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reacti on m ftamenaternipl.i $a dibeussadi ahoven dnesec waight 96 rapgesrare based landtheg
esters of | RagRenAlahhtinoRing Aathohift dhitehRCi aRahosBrBURE HRMBLYI 25
nonomers or ~co- nbnoner s contal ning no carboxylic or sultonic’acid
functi onal | f¢eagrigedsihat regions of the apgerbehl awmmberdnay centain graater and BsEeect ed

to pol yneri apicudts 6Pihd hafdiiais. whi ch are sufficient to produce in the
m xture substantially water-insoluble, 30 but water-swellable,

hydr ogel -form n% absorbent slightly network crosslinked pol yners.
The pol yner i zaQieourss, dihe relalivesieuels|of dhelabsorbentipolymer andrhigh sudaeg araan t he

three abovemgbRraann e diciafst By, foreRample; The bBSérpbiVe capacifPtithki Hdfogel-

general 1y | pioning absorbant ponmer the Speciic high sivach ArSS mandl used, the

20 nature of the high surface area material (e.g., sheet or particle foam, particle

size), etc. In this regard, aithough high tevels of hydrogel-forming absorbent

polymer provide absorbent members for making thin absorbent articles, to

achieve the requisite level of capillary suction discussed above, there must be

sufficient high surface area material to provide such suction capacity. Thus,

25 where relatively higher capillary suction foam is used, higher levels of hydrogel-

forming polymer may be employed. Conversely, where relatively lower capillary

syction fibers are used, somewhat lower leves of hydrogel-forming polymer will

be employed. (Of course, where both high surface area fibers and polymeric

foams are employed, the level of total high surface area material may vary, again

30 depending on the relative concentration of each of these materials.) It is the

difference in capillary sorption capacity between the polymeric foams and high

surface area fibers described above that accounts for the different ranges of
hydrogei-forming polymer to be used in a given absorbent member.

35 As another example of a material that will provide integrity of the mixture, in
absorbent members comprising a blend of hydrogel-forming polymer and high
surface area fibers and/or particulate polymeric foam, the member can comprise



pol ymeri zation tenperature from about O to about 100[err]C, nore preferably
35 fromabout 5[ err] to about 40[err]C Polynerization conditions under

whi ch the WO9%4i%ous reaction mxture i s maintained can alRF/VFO5M8, for
exanpl e, subj ecting the reaction mixture, or portions thereof, to any
conventi onal 65

form of polynerization activating irradi €% on. Radioacti ve, electronic,
ultraviolet, or electromagnetic radiation are alternative conventi onal
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substi tut ed ammonium an S ISéussed in further detail in the
above-references U S. Rei ssue Patent 32,649, 15 VWile it is
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20
The thermoplastic materials, and in particular the thermoplastic fibers, can be

made from a variety of thermoplastic polymers, including polyolefins such as

polyethylene (e.g., PULPEX®) and polypropylene, polyesters, copolyesters,
polyvinyl acetate, polyethylvinyl acetate, polyvinyl chioride, polyvinylidene
25 chloride, polyacrylics, polyamides, copolyamides, polystyrenes, polyurethanes
and copolymers of any of the foregoing such as vinyl chloride/vinyl acetate, and
the like. One preferred thermopiastic binder fiber is PLEXAFIL® polyethylene
microfibers (made by DuPont) that are also available as an about 20% blend with

80% cellulosic fibers sold under the tradename KITTYHAWK® (made by
30 Weyerhaeuser Co.) Depending upon the desired characteristics for the resulting
thermally bonded absorbent member, suitable thermoplastic materials include
hydrophobic fibers that have been made hydrophilic, such as surfactant-treated
or silica-treated thermoplastic fibers derived from, for example, polyolefins such
as polyethylene or polypropylene, polyacryliics, polyamides, polystyrenes,
35 polyurethanes and the like. The surface of the hydrophobic thermopiastic fiber
.can be rendered hydrophilic by treatment with a surfactant, such as a nonionic or



Surface crosslinking of the initially formed polyners is a preferred
process for obtaining hydrogel -form ng absorbent polyners having rel atively
hi gh por osiwy9dmsdrogel -1 ayer ("PHL"), performance under presscw/esss/osidy” )
capacity and saline flow conductivity ("SFC') val ues, which nay be 35
beneficial in the context of the present invention. Suitable general

nmet hods for carrying out surface cro&slinking of hydrogel -form ng
absor bent pol ymers according to the present invention are disclosed in
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20 polymer, while retaining the desirable strength characteristics of the core
polymer.

Suitable bicomponent fibers for use in the present invention can include
sheath/core fibers having the following polymer combinations:

25 polyethylene/polypropylene, polyethyivinyl acetate/polypropylene,
polyethylene/polyester, polypropyiene/polyester, copolyester/polyester, and the

like. Particularly suitable bicomponent thermoplastic fibers for use herein are
those having a polypropylene or polyester core, and a lower melting copolyester,

polyethyivinyl acetate or polyethylene sheath (e.g., DANAKLON®, CELBOND®

30 or CHISSO® bicomponent fibers). These bicomponent fibers can be concentric
or eccentric. As used herein, the terms “concentric" and "eccentric" refer to
whether the sheath has a thickness that is even, or uneven, through the cross-
sectional area of the bicomponent fiber. Eccentric bicomponent fibers can be
desirable in providing more compressive strength at lower fiber thicknesses.

35 Suitable bicomponent fibers for use herein can be either uncrimped (i.e. unbent)
or crimped (i.e. bent). Bicomponent fibers can be crimped by typical textile



sol vent such as net hanol. Conbinations of these drying procedures can
al so be used. The dewatered nass of polyner can then be chopped or 30

pul veri zed VO P@r¥Psubst anti al | y dry particles of the hydrogdCIYE¥98/05040
absor bent pol yner. Conbi nation of high capillary suction materials
Whil st materials as described in the above can satisfy the requirenents as
35 such (e.g. a pure hydrogel form ng mat &t i al, or a pure foammaterial),
preferred menbers for being used as storage absorbent nenber conprise

two or nore . 67
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used. Wth t?i':asm Ph&r‘riitﬂ‘z,totar?guliggd' concentration of the hydrogel-formng

absor ben‘_1|5pol ymers in a gi veln regi on of anO absor bent nenber 01; t he
e D T R T
modulus of thermoplastic fibers is affected not only by their length and diameter,
but also by the composition and properties of the polymer or polymers from
20 which they are made, the shape and configuration of the fibers (e.g., concentric
or eccentric, crimped or uncrimped), and like factors. Differences in the
compressive modulus of these thermoplastic fibers can be used to alter the
properties, and especially the density characteristics, of the respective absorbent

members during preparation of the absorbent core.

25
Other fluid handling member components and materials
Storage absorbent members according to the present invention can
include other optional components that can be present in absorbent webs.
For exampie, a reinforcing scrim can be positioned within the storage
30 absorbent member, or between the respective absorbent members of the
absorbent core. Such reinforcing scrims should be of such configuration as
to not form interfacial barriers to liquid transfer, especially if positioned
between the respective absorbent members of the absorbent core. In
addition, several binders may be used to provide dry and wet integrity to the
35 absorbent core and/or the absorbent storage member itself. In particular,
hydrophilic glue fibers may be used to provide bonds between the high
surface area materials and the other absorbent such as osmotic absorbent



absor bent nenber . Not wi t hstanding the fact that regions of an
absor bent nenber may conprise relatively high concentrations of

hydr ogel - f ojwg gegusgfsor bent pol ymer, where the 30 high sur f apeTARAESS040
material is fibrous in nature, the aggregate concentration of

absorbent polyner in a given absorbent nenber (i.e., total weight of the
hydrogel - f orm ng absorbent polymer dividedzdy the total weight of the

absor bent menber X 100% will be up to about 75% by weight, preferably
up to about 70% by weight, nore preferably up to about 65% by wei ght.
Then, with thasterial. ghTals 1ssmfm@ctaaresntwajefcrcmlamlmm@191@rsbla‘ase arpa
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When integrity is introduced via a binder material, suitable binders are melt-
blown adhesives such as those described in U.S. Patent No. 5,560,878, issued
Oct. 1, 1996 to Dragoo et al., the disclosure of which is incorporated herein by
reference. Processes for combining melt-blown adhesives with the requisite
25 hydrogel-forming polymer and high surface area material is also described in
detail in the '878 patent.

Examples

Samples 1, 2, 3 - HIPEs as Distribution material .
30 The following Samples A.5 to A.7 are of the polymeric foam type, and are

prepared as described generally in the Examples section of U.S. Patent No.
5,563,179, supra. Generally, this process comprises appropriate mixing of an
aqueous phase containing selected sailts with an oil phase containing selected
monomers and emulsifiers. The aqueous phase typically contains an initiator
35 such as potassium persuifate and inorganic salt such as calcium chloride. The
oil phase typically contains a blend of monomers such as 2-ethylhexylacrylate



sufficient high surface area material to provide such suction capacity.
Thus, 25 W‘Srg’ el atively higher capillary suction foamis used, higher

| evel s of hy P 3 form ng pol yner may be enpl oyed. LTS8/ 40\ \her e
relatively lower capillary suction fibers are used, sonewhat | ower

| eves of hydrogel -form ng polymer wll be enpl oyed. (O course, where
both. high surface area fibers and pol ymer7|% foanms are enpl oyed, the

| evel of total high surface area material may vary, again 30 depending on
the relative | t oat erbal S ) kil
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The system back pressure responds to this adjustment and remains constant

- thereafter.

25 The HIPE from the static mixer is collected in a round polypropyiene tub, 17
in. (43 cm) in. diameter and 7.5 in. (10 cm) high, with a concentric insert made of -
Celcon plastic. The insertis 5.0 in. (12.7 cm) in diameter at its base and 4.75 in.
(12 cm) in diameter at its top and is 6.75 in. (17.1 cm) high. The HIPE-containing
tubs are kept in a room maintained at 65°C for 18 hours to cure and provide a

30 polymeric HIPE foam.

The cured HIPE foam is removed from the tubs. The foam at this point
contains residual water phase (containing dissolved emulsifiers, electrolyte,
initiator residues, and initiator). The foam is sliced with a sharp reciprocating saw

35 blade into sheets of desired thickness. These sheets are then subjected to
compression in a series of 2 porous nip rolls equipped with vacuum which



The thernoplastic materials, and in particular the thernoplastic fibers,
can be made froma variety of thernoplastic polyners, including

pol yol ef i NnV& 84582 pol yet hyl ene (e.g., PULPEX) and petwmpsasmgésne,

pol yesters, copol yesters, pol yvi nyl acetate, polyethylvinyl acetatwe,
pol yvi nyl chloride, polyvinylidene 25 chloride, polyacrylics, polyam des,
copol yani des, pol ystyrenes, pol yurethaned4 and copol yners of any of the
foregoi ng such as vinyl chloride/vinyl acetate, and the like. One
preferred thernpplastic binder fiber is PLEXAFI L r pol | ene .
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as a noni oni eordinuously. Such drying reduces the moisture content to about 4-20%(by
ani oni c surf@g{gﬁpﬁgglygﬁnzggng{éal ng the fiber with a surfactant, by

di ppi ng the Into a actant or by including the surfactant as
part of 4ohe polyner nelt in produci ng the thernoplastic fiber. Upon

mel ti ng and égsoilglflcatmn t he surfactant will tend to remain at

t he surface thernoplastic fiber. Suitable 5 surfactants include

noni oni ¢ surfactants such as Brij 76 manufactured by |Cl Aneri cas,
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tenperature peAmatk)e cBRIpHEES SEBMKIN%EY BR% CAiBRcerofSmanbeledtd, . 194 esther

diglycerol monoesters, 3% polyols, and 15% other polyglycerol esters, imparts a
minimum oil/water interfacial tension value of approximately 2.7 dyne/cm and has
an oil/water critical aggregation concentration of approximately 2.8 wt%. After

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

fh

Separate streams of the oit phase (25°C) and water phase (§3°-55°C) are fed

30 to a dynamic mixing apparatus. Thorough mixing of the combined streams in the
dynamic mixing apparatus is achieved by means of a pin impeiler. The pin
impeller comprises a cylindrical shaft of about 36.5 cm in length with a diameter

of about 2.9 cm. The shaft holds 6 rows of pins, 3 rows having 33 pins and 3

rows having 34 pins, each of the three pins at each level disposed at an angle of

35 120° to each other, with the next level down disposed at 60° to its neighboring



bi component fibers provide thermal bonding due to nelting of the sheath 20
polynmer, while retaining the desirable strength characteristics of the core
pol ymer.  WO99/45875Sui t abl e bi conponent fibers for use in t RCHPIIESOFM40

i nvention can include sheath/core fibers having t he fol |l ow ng
pol ynmer conbi nations: 25 pol yethyl ene/ pol ypropyl ene, pol yet hyl vi nyl
acet at e/ pol ypr opyl ene, ponetherne/KéIyester,

pol ypr opyl ene/ pol yest er, copol yester/ pol yester, and the like.
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desired for wphase fiowstreamgigpthe-dynamic mixingiZesge t her nopl astic fibers have
a length fromabout 0.3 to about 7.5 cm |l ong, preferably from about

0.4 to about 3.0 cm|l ong,.. and nost preferahly from about Q.. .about
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element mixer (McMaster-Carr Model 3529K53).

The combined mixing and recirculation apparatus set-up is filled with oil

25 phase and water phase at a ratio of 4 parts water to 1 part oil. The dynamic

mixing apparatus is vented to allow air to escape while filling the apparatus

completely. The flow rates during filling are 7.57 gfsec oil phase and 30.3
cm’/sec water phase.

30 Once the apparatus set-up is filled, agitation is begun in the dynamic mixer,
with the impeller-turning at 850 RPM and recirculation is begun at a rate of about
30 cm¥sec. The flow rate of the water phase is then steadily increased to a rate
of 151.3 cm®/sec over a time period of about 1 min., and the oil phase flow rate is
reduced to 2.52 g/sec over a time period of about 3 min. The recirculation rate is
35 steadily increased to about 150 cm®/sec during the latter time period. The back
pressure created by the dynamic zone and static mixers at this point is about 4.9
PS! (33.8 kPa), which represents the total pressure drop of the system. The



that of the thernoplastic fibers, can also be inportant. The conpressive
nodul us of thernoplastic fibers is affected not only by their Iength and

di anmeter, wo9asg7sal so by the conposition and properties of r or
polymers from 20 which they are nade, the shape and configulr,ée;it:yiggfl%os}%?he-
fibers (e.g., concentric or eccentric, crinped or uncrinped), and |ike
factors. Differences in the conpresggve nodul us of these
thernoplastic fibers can be used to alter the properties, and
especially the density characteristics, of the respective absorbent

nerbers dur i N¥aykesharrurnp speed tis thesbstsadivn decreased 25 a yield arécirculdtioncrate
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material. This is in particular critical for particulate high surface area

materials. It is preferred that the anmount of binder used is as |ow as
possible, so as not to inmpair the capillary sorption properties of the
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not distur efﬂhes (3X) the weight of the polymerized material. At this point, the sheets are
20 then resaturated with a 4% 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 1.5-2X.
The CaCly content of the foam is between 6 and 10 %.

The foam remains compressed after the final nip at a thickness of about

25 0.027 in. (0.069 cm). The foam is then dried in air for about 16 hours. Such

drying reduces the moisture content to about 9-17 % by weight of polymerized
material. At this point, the foam sheets are very drapeable.

Sample 2

30 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.



O her optional conponents that can be included are materials to control 15
odor, contain fecal matter, etc. Al so, any absorbent nenber conpri sing
partlcul at eWEHMES™S absor bent or hi gh surface area material, PEA/YSIS 0 i r e
absorbent core, can be enveloped within a |iquid pervious sheet such as a
ti ssue paper sheet, to obviate user concern regarding |oose partlculate

absor bent polyner. 20 Wien integrity is introduced via a binder
material, suitable binders are nelt- bI ovvn adhesi ves such as those
described in U Patent No. 5 ' . t,. 1. .,1996 to 00
et al., the di sfﬁoosmrreo'a?m%.wwf '&o??fBPHf'Qﬂ H@*ﬂ% W”V'be"Z?a?e@‘*?}] .
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produced. A ttaboued oleRc’ TRbIsHAROROIISS POWSE oR ipitss, B fowid Baving 33 pins and 3
rows having 34 pins, each of the three pins at each level disposed at an angle of
20 120° to each other, with the next level down disposed at 60° to its neighboring
level with each level separated by .03 mm, each pin having a diameter of 0.5 cm
extending outwardly from the central axis of the shaft to a length of 2.3 cm. The
pin impeller is mounted in a cylindrical sleeve which forms the dynamic mixing
apparatus, and the pins have a clearance of 1.5 mm from the walls of the
25 cylindrical sleeve.

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

withdrawn and enters a recirculation zone, as shown in the Figure in co-pending

U.S. Patent application Serial No. 08/716,510 (T. A. DesMarais), filed September

30 17, 1996 (herein incorporated by reference). The Waukesha pump in the

recirculation zone returns the minor portion to the entry point of the oil and water
phase flow streams to the dynamic mixing zone.

A spiral static mixer is mounted downstream from the dynamic mixing

35 apparatus to provide back pressure in the dynamic mixing apparatus and to
provide improved incorporation of components into the HIPE that is eventually
formed. The static mixer (TAH Industries Model 101-212) normally has 12



procedures for establishing the initial HPE formation is described in nore
det ai | i n the Exanpl es section of U S. Patent No. 5,563,179, supra.
15 Ove9¥4s87sapparat us set-up is filled, agitation is haguusesosihe
dynam c m xer, - wWith the inpeller turning at a-specified RPM The fl ow
rate of the water phase is then steadily increased to a rate of 44.1
cnferr]/sec in a tine period of about 30 Zc. and the oil phase flow
rate is reduced to 1.25 g/sec over a time period of about 1 mn. The
back pressur? created by the dynam c and static m xers_at this point is 20
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are then su

eqw pped wi tcmsecuwvatenphabe.
gradually reduces the residual water phase content of the foamto
about 2 tines (2X) the weight of the polynmerized nononers. At this

poi nt, the she&nceathe apparatus set-ypoisqfilladaegitation is begwn axthe dynamisdaniver,on
at 60 ens] Cwitf mesmyéﬂéﬁﬁ:rhmgaatm RPMANG reczrculatmreetb%ﬁ;nhrat la0ated o AbBURPEd

\(’)V:c t thh\éa]? g;msfos %A%tegf{hg r@ net w%;er pq'nase ls‘en stead iy mcreaéedr to]a rate nt ent

of 151 3 cm®/sec over a t:me period of about 1 min., and the oil phase flow rate is
reduced to 2.52 g/sec over a time period of about 3 min. The recirculation rate is
steadily increased to about 150 cm®sec during the latter time period. The back

20 pressure created by the dynamic zone and static mixers at this point is about 4.2
PSI (29 kPa), which represents the total pressure drop of the system.

The HIPE flowing from the static mixer at this point is collected in a round
polyethylene tub, 40 in. (102 cm) in diameter and 12.5 in (31.8cm) high, with
25 removable sides, much like a springform pan used in cooking cakes. A pipe-like
polyethylene insert 12.5 in {31.8cm) in diameter at its base is firmly affixed to the
center of the base and is 12.5 in (31.8cm) high. The HIPE-containing tubs are
kept in a room maintained at 65 °C. for 18 hours to bring about polymerization

and form the foam.

30

The cured HIPE foam is removed from the curing tubs. The foam at this
point has residual water phase (containing dissolved emulsifiers, electrolyte,
initiator residues, and initiator) about 58-62 times (58-62X) the weight of
polymerized monomers. The foam is sliced with a sharp reciprocating saw blade

35 into sheets which are 0.2 inches (5.1 mm) in thickness. These sheets are then



The HIPE foamis then dried in air for about 16 hours or thermally dried
continuously. Such drying reduces the noisture content to about 4-20% by
wei ght of WOI9MR8es75zed material. 10 Sampl e 1 PETVDRSR/0504D

cal cium chloride (36.32 kg) and potassium persulfate (189 g) are

dissolved in 378 liters of water. This provides the water phase streamto
be used in a continuous process for78orm ng a H PE enul sion. 15

To a nonomer conbi nation conprising distilled divinyl benzene (39%

di vi nyl benzene, and 61% et hyl styrene) (2640 g), 2-ethylhexyl acrylate (4720
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phase in él'heoiniainmuenminsr osrmpresied dfternthedfimal HiiPEateaithickness of about
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achi eved by nfatensl. Kt thispdint, FReldafi shekl€ ake Very drapédtslel | er conprises a
cylindrical shaft of about 36.5 cmin length with a di aneter of about

2.9 cm The.shaft holds 6 rows of pins, 3 rows having 33 pins and 3
rows havi ngSampleds, each of the three pins at each | evel disposed at an

angl e of 35 1§§':%§§F6ust&léiaﬁhcm6ﬁ6‘é (3843 Rq) BRd Mordssicin PerdQrite 18995 &t 2t
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di amet er of irbazontinuous pcess forifgrming eI emutsiori.he central axis of the
shaft-to a length of 2.3 cm The pin inpeller is nounted in a

cylindrical sleeve which forns the dynam c_m xing, i
To a monomer combination comprising distilled divinylbenzene (42.4%

divinylbenzene and 57.6% ethyl styrene) (2640 g), 2-ethyihexyl acrylate (4400 g),
20 and hexanedioldiacrylate (960 g) is added a diglycero! moncoleate emuisifier
(640 g), ditallow dimethyl ammonium methyl suflate (80g), and Tinuvin 765 (40
g). The diglycerol monooleate emulsifier (Grindsted Products; Brabrand,
Denmark) comprises approximately 81% diglycerol monooleate, 1% other
diglycerol monoesters, 3% polyols, and 15% other polyglycerol esters, imparts a
25 minimum oil/water interfacial tension value of approximately 2.7 dyne/cm and has
an oiliwater critical aggregation concentration of approximately 2.8 wt%. After
mixing, this combination of materials is allowed to settie overnight. No visible
residue is formed and all of the mixture is withdrawn and used as the oil phase in
a continuous process for forming a HIPE emulsion.
30
Separate streams of the oil phase (25°C) and water phase (75°-77°C) are fed
to a dynamic mixing apparatus. Thorough mixing of the combined streams in the
dynamic mixing apparatus is achieved by means of a pin impelier. The pin
impeller comprises a cylindrical shaft of about 21.6 cm in length with a diameter
35 ofabout 1.9 cm. The shaft holds 6 rows of pins, one level with 3 rows having 21
pins and another level with 3 rows having 21 pins, each of the three pins at each



apparatus, and the pins have a clearance of 1.5 mmfromthe walls of the 5

cylindrical sleeve. A mnor portion of the effluent exiting the
dynam c m x¥ongp/4sspRr at us i s wi t hdrawn and enters a recpCT/USSBIOSM0 Zzone,
as shown in the Figure in co-pending U S. Patent application Serial"
No. 08/716,510 (T. A DesMarais), filed Septenber 10 17, 1996 (herein

I ncorporated by reference). The Waukeshag@punp in the recircul ation
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850 RPM and recir tat e of about / sec. The

flow rate ofP ?Wﬁ%?’&%’eﬁ'ﬂﬁs‘%th%gym'cs’f‘m 8 ncreased to a rate

151. 3 cr’r{err]/sec over a time period of about 1 min., and the oil phase

flowratgs i u 5; v, [
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2.4 inches (6.1 cm) of its original length) is 14 inches (35.6 cm) long with a 0.5
20 inch (1.3 cm) outside diameter.

The combined mixing and recirculation apparatus set-up is filled with oil
phase and water phase at a ratio of 4 parts water to 1 part oil. The dynamic
mixing apparatus is vented to allow air to escape while filling the apparatus

25 completely. The flow rates during filling are 1.89 g/sec oil phase and 7.56
cm®/sec water phase.

Once the apparatus set-up is filled, agitation is begun in the dynamic mixer,

with the impeller turning at 1000 RPM and recirculation is begun at a rate of

30 about 8 cm¥sec. The flow rate of the water phase is then steadily increased to a
rate of 45.4 cm®/sec over a time period of about 1 min., and the oil phase flow

rate is reduced to .6 g/sec over a time period of about 3 min. The recirculation

rate is steadily increased to about 45 cm®/sec during the latter time period. The

back pressure created by the dynamic zone and static mixers at this point is

35 about 2.9 PS! (20 kPa), which represents the total pressure drop of the system.



Waukesha punp speed is then steadily decreased to a yield a recirculation

rate of about 75 cnjerr]/sec. The H PE flowing fromthe
static mi xeWO9458i5s point is collected in a round 5 pol yepdmisssmseab, 40
in. (102 cm in diameter and 12.5 in (31.8cm high, with renmovabl e -

sides, much like a springformpan used in cooking cakes. A pipe-like
pol yethylene insert 12.5 in (31.8cm in di8&neter at its base is firmy

affixed to the center of the base and is 12.5 in (31.8cm high. The
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reduce the residual water phase content of the foamto about 3 tinmes
(3X) the weight of the polynerized material. At this point, the sheets are

20 then resatuﬂ'ﬁbe&;r tlglPE %Wr&ﬁ(o%d%%rﬂtthg%%gqgég ”'h% \paagmﬁiht{l@ a

squeezed in a serjies
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be used 15 tlmsa(sxonﬁbe weightt afrthe grslyrherizéd material.a AtltRis soTh, $héSheets are
then resaturated with a 1.5% CaCly solution at 60°C., are squeezed in a series of

3 porous nip rolis equipped with vacuum to a water phase content of about 2X.
The CaCly content of the foam is between 3 and 5 %.

20 The foam remains combressed after the final nip at a thickness of about
0.031 in. {0.079 cm). The foam is then dried in air for about 16 hours. Such
drying reduces the moisture content to about 9-17 % by weight of polymerized
material. At this point, the foam sheets are very drapeable.

25 High capillary suction storage member (Sémgles S.)
Sample S.1 Storage Absorbent Member Comprising Glass Microfibers

This example describes a high capillary suction absorbent member
comprising hydrogel-forming absorbent polymer and high surface area
glass micro fibers as formed using a wet end forming process for increased

30 density and structural organization over conventional air deposition
processes. In order to construct such a hydrogel-forming absorbent
polymer containing member which approaches a homogeneous distribution
of absorbent polymer in the glass micro fiber matrix, the following procedure
is followed.

35
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forming screen. A 5.4 cm cylindrical-shaped structure is arch-punched from
the member for measurement of capillary sorption absorbent capacity.

25
Sample S.2 Preparation of High Surface Area Foam from a HIPE
Anhydrous calcium chioride (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 distilled divinylbenzene (42.4%
divinylbenzene and 57.6% ethyl styrene) (2640 g), 2-ethylhexyl acrylate
(4400 g), and hexanedioldiacrylate (960 g) is added a diglycerol
monooleate emulsifier (480 g), ditallow dimethyl ammonium methyl sulfate

35 (80g), and Tinuvin 765 (20 g). The diglycerol monooleate emulsifier
(Grindsted Products; Brabrand, Denmark) comprises approximately -81%
diglycerol monooleate, 1% other diglycerol monoesters, 3% polyols, and
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A minor portion of the effiuent exiting the dynamic mixing apparatus is
withdrawn and enters a recirculation zone, as shown in the Figure of co-
pending U.S. Patent application Serial No. 08/716,510, filed September 17,
1996 by DesMarais, the disclosure of which is incorporated by reference

25 herein. The Waukesha pump in the recirculation zone returns the minor
portion to the entry point of the oil and water phase flow streams to the
dynamic mixing zone.

The static mixer (TAH Industries Model 100-812) has 12 elements with
30 a1in. (2.5 cm) outside diameter. A hose is mounted downstream from the
static mixer to facilitate delivery of the emulsion to the device used for
curing. Optionally an additional static mixer is used to provide addition back
pressure to keep the hose filled. The optional static mixer can be a 1 in.
(2.5 cm) pipe, 12 element mixer (McMaster-Carr, Aurora, OH, Model

35 3529K53).
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solution at 60[err]C., are squeezed in a series of 5 3 porous nip rolls

equi pped with cuumto a water phase content of about 2X . The
Cg'CI [err] cont ?CBf“W'F\%daFWﬂHQ iapdyeciiedatian gppaigdys set-up is filled witl off pam
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streams of @heutoficmpleem (25[err]C) and water phase (75[err]-77[err]C) are

fed to a dynam c m xi ng apparatus. Thorough m xi ng of the conbi ned
streans in the

The HIPE flowing from the static mixer at this point is collected in a
20 round polyethyiene tub, 40 in. (102 cm) in diameter and 12.5 in. (31.8 cm)
high, with removable sides, much like a springform pan used in cooking
cakes. A pipe-like polyethylene insert 12.5 in. (31.8 cm) in diameter at its
base is firmly affixed to the center of the base and is 12.5 in. (31.8 cm) high.
The HIPE-containing tubs are kept in a room maintained at 65° C for 18

25 hours to effect polymerization and form the foam.

The cured HIPE foam is removed from the curing tubs. The foam at
this point has residual water phase (containing dissolved emulsifiers,
electrolyte, initiator residues, and initiator) about 48-52 times (48-52X) the

30 weight of polymerized monomers. The foam is sliced with a shamp
reciprocating saw blade into sheets which are 0.185 inches (4.7 mm) in
thickness. These sheets are then subjected to compression in a series of 2
porous nip rolls equipped with vacuum which gradually reduce the residual
water phase content of the foam to about 6 times (6X) the weight of the

35 polymerized material. At this point, the sheets are then resaturated with a



dynami c m xi ng apparatus is achieved by neans of a pin inpeller. The pin
I npel | er co‘r’rvorl ses a cyI I ndrical shaft of about 21.6 cmin length with a
di aneter 35WO0P45¥8ut 1.9 cm The shaft holds 6 rows of pi ns PCTFAIS98/e5ndd

with 3 rows having 21 pins and another level with 3 rows having 21
pi ns, each of the three pins at each

80 | evel disposed at an angl e of 12&9-[ err] to each other, wth the
next | evel down di sposed at 60 to its nei ghborl ng | evel with each

| evel separ at‘ﬁd"/@&acg? ion at 60°Cfea51té %Yé[%gdgﬂ tsegf qoé?@"ﬁ eli(Ze(r;?r: ng

outwardly fromthe c ral axrs
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dynam c m xin t.he s h a cl earance 3 mmfrom
the wal | s of ‘%%ﬁ‘gé)'@ %f‘f%l‘s ?@’@98 gand 10% A m nor portion of t he

ef fluent exiting the dynam ¢ m xi ng apparatus is wi t hdrawn and enters
a recircukation S., Pat ent
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and water "5%! se f ? E gnam C mX|\éﬁngo e

spiral stati Polymerizedm ‘eﬁ glﬁ\ﬂ int.doefe 'Brﬁ"@ﬁ@ﬂrﬁn drapsablg and

appar at us t o "thineftdediydnk’. pr essure in the dynami c m xi ng apparatus and to
provide inproved incorporation of conponents into the HPE that is

event ual I19 formed. The static mxer (TAH Industries Mdel 070-821),
nodi fi ed by ) of |ts original length) is

14 inches (334 : Le 01 tile di aneter.
The conbi ned m ﬂ'lhagvaatedanemlrphabe%treanﬁﬂbafeitlséd fneécummodsl d:ﬂoeésywarh oi |

ynani o remipd SPAISE diadiioh Js Broparkd CuolBhe o SamplS 2, D sepafals
filling the §H§§W§t‘@f$ hgsod pbasq)l(%s"@)yandrmten phasen (33°-557C)neref fed tong ar e

1.89 g/ st oidynamrsmixigl ?%tus as dét3ilgd i Sagfpiyaler phase. Once
the apparatus set-up is f| agitation is begun in the dynam c m xer,

with the inpeller turning at 1000 RPM and recirculation is begun at a rate
of 30 about 8 ©wcerthp/apparattisesetiupnisr filtesl, Egitatien e begupinsthei dyridmio

steadi |y I ncpfggedithhé impeller turning at 1700 RPM and recirculation is begun at a
rate of about 30 cm®/sec. The flow rate of the water phase is then steadily
20 increased to a rate of 151.3 cm*/sec over a time period of about 1 min., and
the oil phase flow rate is reduced to 3.36 g/sec over a time period of about
3 min. The recirculation rate is steadily increased to about 150 cm®sec
during the latter time period. The back pressure created by the dynamic
zone and static mixers at this point is about 19.7 PSI (136 kPa), which
25 represents the total pressure drop of the system. The Waukesha pump
speed is then steadily decreased to a yield a recirculation rate of about 75
cm®/sec.

The HIPE flowing from the static mixer at this point is collected and
30  cured into a polymeric foam as detailed in Sample S.2.

The cured HIPE foam is removed from the curing tubs. The foam at
this point has residual water phase (containing dissolved emuisifiers,
electrolyte, initiator residues, and initiator) about 43-47 times (43-47X) the



rate of 45.4 cnferr]/sec over a tine period of about 1 min., and the oil

phase fl ow rate is reduced to .6 g/sec over a tinme period of about 3
m n. The r e WASES on rate is steadily increased to abBOT/US48/05040
cnferr]/sec during the latter tine period. The back pressure created

by the dynam c zone and static mxers at this point is 35 about 2.9 PSI
(20 kPa), which represents the total presffre drop of the system
81 The HI PE fl ow ng fromthe static mxer at this p0| nt is
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gradual | y.reduce the residual water phase content of the foamto about 3 15
tinmes (3 the wei ght of the polynerized material. At this point, the
sheets are Thetfeam eesna2ins apmpressed after tbédigaldhip at @] thickhess afrabaut

60[err] C., af@oé&%egﬁé?}]afb . SqheCRaR | js ti'ben dﬁg@%%ﬁsf&' ij" LRHG(S:I\ @i pped

with vacuum to S ont ent o err]
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conpr essed afnodymédﬁzed n‘ménaﬂ.l At Sihis point) thisfoam shieetdard very drapgabfSdnd n.
(0.079 cqé. _f ﬂgﬂg}_@ hien dried in air for about 16 hours. Such
dryi ng reduces tﬁ ¥ire content to about 9-17 % by wei ght of

pol yneri zed material. At this point, the foam sheets are very
dr apeabl e. ', cac|llary
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Thi s exanpl e de§¢ahateranﬂmﬂtphasaéttsamsﬂ:béused &bacobﬂuﬂouseprbeess for

‘forming a HIPE emulsion is prepared according to Sample S.2. Separate
20 streams of the oil phase (25°C) and water phase (53°-55°C) are fed to a
dynamic mixing apparatus as detailed in Sample S.2.

Once the apparatus set-up is filled, agitation is begun in the dynamic

mixer, with the impeller turning at 1750 RPM and recirculation is begun at a

25 rate of about 30 cm®sec. The flow rate of the water phase is then steadily

increased to a rate of 151.3 cm*/sec over a time period of about 1 min., and

the oil phase flow rate is reduced to 3.78 g/sec over a time period of about

3 min. The recirculation rate is steadily increased to about 150 cm®/sec

during the latter time period. The back pressure created by the dynamic

30 zone and static mixers at this point is about 18.7 PSI (129 kPa), which

represents the total pressure drop of the system. The Waukesha pump

speed is then steadily decreased to a yield a recirculation rate of about 75
cmd/sec.



conpri sing hydrogel -form ng absorbent polyner and high surface area

glass mcro fibers as forned using a wet end formng process for increased
30 densityWM4887%5uct ural organi zati on over conventi onal ai PCTAUSASRS0400N
processes. |In order to construct such a hydrogel -form ng absorbent

pol ynmer contai ni ng menber whi ch approaches_a honogeneous distribution

of absorbent polymer in the glass mcro fBBer matrix, the follow ng
procedur e is foll owed. 35

82 A t ASAP 2300 vai |l abl.e f al LTD,
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menber is renoved fromthe form ng screen. A 5.4 cmcylindrical -shaped
structure i s arThe foans Ferflaine Wdmpresséd afteEiB inal Bip dTRABINKAEESbf Qﬁo&ap' Il ary
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Such drying reduces the moisture content to about 9-17 % by weight of

20  polymerized material. At this point, the foam sheets are very drapeable and
"thin-after-drying".

Sample S.5 Storage Absorbent Member Comprising High Surface Area
Polymeric Foam Material

25 This example describes a high capillary suction absorbent member
comprising hydrogel-forming absorbent polymer and the high suction
polymeric foam material prepared according to Sample S.3. In order to
construct a hydrogel-forming absorbent polymer containing member which
approaches a relatively homogeneous distribution of absorbent polymer

30 and polymeric foam, the following prdcedure is followed.

10 g of air dried polymeric foam (prepared according to Sample S.3

above) is placed in a blender (Osterizer model 848-36L) equipped with a

1.25 liter jar, into which 1 liter of 2% caicium chioride solution has been

35 placed. After ensuring that ali of the foam material is submerged, the



Anhydrous calciumchloride (36.32 kg) and potassium persulfate (189 g)
are dissolved in 378 liters of water. This provides the water phase

streamto wegasglsin a conti nuous process for form ng a H.PecHowdsaiseys 30
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20 Sample S.6 Storage Absorbent Member Comprising High Surface Area
Fibrets

This example describes a high capillary suction absorbent member
comprising hydrogel-forming absorbent polymer and high surface area
fibrets. High surface area fibrets, available from Hoechst Celanese Corp.

25 (Charlotte, NC) as cellulose acetate Fibrets®, are combined with hydrogel-
forming absorbent polymer (ASAP 2300, available from Chemdal
Corporation of Palantine, 1L; aiso available from The Procter & Gamble Co.,
Paper Technology Division, Cincinnati, OH), to provide a storage absorbent
member consisting of a homogeneous blend of 50%, by weight, hydrogel-

30 forming polymer and 50%, by weight, fibrets.

- Structures
As has been laid out in the general part of the description, the absorbent
cores can be constructed in a wide variety of possibilities, provided these cores
35 include an acquisition/distribution region, which is in fiquid communication with an
liquid storage region, and provided, that the materials used in these regions



1996 by DesMarais, the disclosure of which is incorporated by reference 25
herein. The V\aukesha punp in the recirculation zone returns the m nor
portion toWh®4S8TTy point of the oil and water phase flow ROTAIS05040 t he
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a springform pan
the storage materials are chosen according to their capillary suction properties as

{aid out in the above.

20 With the specially selected sampiles as described in the above all respective
distribution material samples can be combined with any of the respective storage
materials and provide a suitable performance.

Test Procedures
25 Unless specified otherwise, the tests are carried out under controlled

laboratory conditions of about 23 +/- 2°C and at 50 +/-10% relative humidity. Test
specimen are stored under these conditions for at least 24 hours before testing.

Synthetic urine formulation.
30 Unless specified explicitly, the specific synthetic urine used in the test

methods is commonly known as Jayco SynUrine and is available from Jayco

Pharmaceuticals Company of Camp Hill, Pennsyivania. The formula for the

synthetic urine is: 2.0 g/: of KCI; 2.0 g/t of Na2504; 0.85 g/l of (NH4)H2PO4; 0.15

9/l (NH4)H2PO4; 0.19 g/ of CaCl2; ad 0.23 g/l of MgCi2. All of the chemicals are
35 of reagent grade. The pH of the synthetic Urine is in the range of 6.0 to 6.4.



cakes. A pipe-like polyethylene insert 12.5 in. (31.8 cm in dianeter at
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to Sanpl e S. 2ap&styadcHisved at a h&!?h?éﬂis em éﬁ@qtﬁlidrldﬁha?ﬁe(rgﬁiﬁfsr @e&@ﬂ inater

fetai led tn E’aﬁ%?e&%%eér 8tafeigh?efl 18 emc” appar at us set-up i< 1111 ed,
agitation is begun in the dynam c m xer, with the inpeller turning at
1700 RPMsnd sirisiifier|)ighidPerhtediffy fed! 2
This Simplified Permeability Test provides a measure for permeability for two
special conditions: Either the permeability can be measured for a wide range of
porous materials (such as non-wovens made of synthetic fibres, or cellulosic
structures) at 100% saturation, or for materials, which reach different degrees of
20 saturation with a proportional change in caliper without being filed with air
(respectively the outside vapour phase), such as the collapsible polymeric foams,
for which the permeability at varying degrees of saturation can readily be
measured at various thicknesses.

25 In particutar for polymeric foam materials, it has been found useful to operate
the test at an elevated temperature of 31°C, so as to better simulate in-use
conditions for absorbent articles.

In principle, this tests is based on Darcy's law, according to which the
30  volumetric flow rate of a liquid through any porous medium is proportional to the
pressure gradient, with the proportionality constant related to permeability.
Q/A = (k/m) * (APIL)
where:
Q= Volumetric Flow Rate [ecm?/s];
35 A= Cross Sectional Area {cm?j;
k= Permeability (cm?) (with 1 Darcy corresponding to 9.869* 10" m?);



rate of about 30 cnferr]/sec. The flowrate of the water phase is then
steadily 20_increased to a rate of 151.3 cnferr]/sec over a tinme period of
about 1 ni nWO %{#§875 the oi|l phase flow rate is reduced to PETASISNSEE

over a time period of about 3 mn. The recirculation rate is steadily
I ncreased to about 150 cnferr]/sec during the latter time period. The
back pressure created by the dynam c %one and static nixers at this

point is about 19.7 PSI (136 kPa), which 25 represents the total pressure

draop of the system, kesh ] speed is then steadily decreased
to ayield a re&%’ﬁggﬁwm?sge%@fg%out 75 - cnmerr]/sec.
The HI PE fl owi ng\P/L®Rressurs Gradient{Pam)at this point is collected and 30

cured into a pol el ailed in Sanple S. 2. The cured
H PE foamis renl'nvec'fbﬂém ¥ h@éégﬁ‘ng tubs. The foam at this point has
resi dual water phase (containing dissolved enulsifiers, el ectrol yte,

i nitiatorsresi dihceapermeabiiifgt sin babsiléuldfed? fdr #Txel G dit&h ddMple cross-
86 - weight,.of .po merlt(z?eg .nlglpomrs.. Ths foamis slhcgd wi th a sharp
reci procat i n%egté%‘%laéﬂ ang, (&St fiawpviseRsiy wPy repasseemeant oF pressiredrop and
t hi ckness. Tiths vokimettic flow eateltbroughfhectasdpleo conpression in a series of 2
porous nip rolls equi pped with vacuum whi ch gradual ly reduce the residual
5 water phase content. of the foamto about 6 tinmes (6X) the weight of the

pol ymeri zed mat &Fi(QYA) MUAR) Snpoi nt, the sheets are then resaturated with a
1.5% CaCiperr] solution at 60[err]C., are squeezed in a series of 3 porous

nip rolls ui d wih vacu t.o a water, ase content of about 4X
The Cad [err] The %(I%ﬁtc@ﬂt E’%fe’fq?é’?%dﬁﬂ“éo [V '°§sa§'ae 1% '?L%m"g to the
The foam r entianspleoaprpessedbility di.et tbef ditattion pfaflow ishiedseatiallyofalerpthe
0.028 in. (O imERSichGH i A £ Qe d Lh P L C :
Such drying Fﬂ%:%g?ﬁgh%bst ur Sﬁ’{:%%?%gt ﬂﬁ[é(;.g%%%hlf bé'p %%9/06‘@% \A%%gﬁ{m%#amy
pol yneri zed K dhe direction efiflow peing:in the x-y-disectionafithe smaterialy dr apeabl e and
15 "thi®-after-drying".
The test set-up for the simplified, transplanar permeability test can be see in
-Figure 1 which is a schematic diagram of the overalil equipment and - as an insert
diagram - a partly exploded cross-sectional, not to scale view of the sample celi.

20 The test set-up comprises a generally circular or cylindrical sample cell (120),
having an upper (121) and lower (122) part. The distance of these parts can be
measured and hence adjusted by means of each three circumferentially arranged
caliper gauges (145) and adjustment screws (140). Further, the equipment
comprises several fiuid reservoirs (150, 154, 156) including a height adjustment

25 (170) for the inlet reservoir (150) as well as tubings (180), quick release fittings
(189) for connecting the sample cell with the rest of the equipment, further valves
(182, 184, 186, 188). The differential pressure transducer (197) is connected via
tubing (180) to the upper pressure detection point (194) and to the lower
pressure detection point (196). A Computer device (190) for controf of vaives is

30 further connected via connections (199) to differential pressure transducer (197),
temperature probe (192), and weight scale load cell (198).

The circular sample (110) having a diameter of 1 in (about 2.54 cm) is placed

in between two porous screens (135) inside the sample cell (120), which is made

35 oftwo 1in (2.54 cm) inner diameter cylindrical pieces (121, 122) attached via the
inlet connection (132) to the inlet reservoir (150) and via the outlet connection
(133) to the outlet reservoir (154) by flexibie tubing (180), such as tygon tubing.



Sample S. 4 Preparation of H gh Surface Area Foamfrom a H PE The
wat er and oil phase streans to be used in a continuous process for

form ng a Wd¥s@el sion is prepared according to Sanple S. 2 cﬁ?
streans of the oil phase (25[err]C) and water phase (53-55[err gsrare fed

to a dynam ¢ m xi ng apparatus as detailed in Sanple S. 2.

Once the apparatus set-up is filled, agitgtion is begun in the dynamc

m xer, with the inpeller turning at 1750 RPM and recircul ation i s begun at
a 25 rate of about 30 cnferr]/sec. The flow rate of the water phase is

t hen st eadi IQiosed' cell foamagaskets (H15)qprevide lkakade prdtection amundvibe sidés wé

d of | 3.78
0 sec over - AT amele,The B4t sample (70)% gofibAead 18 the Baper SofB8HGHng fo
steadily i néh%é&%ﬁﬂeﬂowébGQmPI%'Qﬂr[ whicty iseget to O%IGFE (Rbout et.¢ HR=a)r unless:
period. The diAgrwviss enentiched! e_awd RY alit\ied iBafidw tRfbughotie dBfpH q116) H6 Xers’

h 129 I
D esour e Gishisversigady St o, Ol ik sl oW trouglL B P18 heg )
decr eased t desnyestablished; cvalumbtic Sovr eete arfd. phessurey drop arecnefordeld asca . -
2(7)I | ected an gn&ﬂﬁ! of P#'ef daﬁﬁ@}%glogﬂ%qlf Q?B?%Potg‘%raa gﬁéail ‘?’gﬁé Odégﬁsql‘%eé 2.
The cured HI(PE )roéﬁlwa. §XWW€W€(P§W g% Poréormad At apyfyessuie hﬁ?&(ﬁ-‘atmng% CM hi s
poi nt has r wétdweébdmtke aviicio rdam berm:udsteeqd the aelghs iddjsting device

the 18" L ﬁitﬁéwﬁé $4SraRikde e %tsa%o ”@feﬁ‘?ﬁltﬁgﬁ%&r@ﬁ B 8dcp
reC| procat i ﬁgr@s\evcan ateroinedeet s which are 0.185 inches (4.7 nm) in

t hi ckness. These sheets are then subjected to conpression in a series of 2

10 | d with whi ch_gr adual duce th
rosi dual - AR RRSLR ROl SUAISPE 4 BRCAII Y Sk 8= CoRP IR c

wei ght of t by Porous Matepiais; Ince thasa, cdMew! Yorkt UShindepthendesighatiorh@il tuqmde

then reqgt Urpdrel W diOr %ugh as fu?thél/ ‘Bgégnt% frl re§8ééﬁvb%e?tmd£m%?ro"fh§‘97

squeezed in a series nipr N vacuiumto a
wat er phase SSyiRmaent H!Cll&i%uinlﬁ tainiesscateel frits é%rﬂ%ﬁt‘s dcreens (b3 also

between 8 ampetiedtin said brochure. The equipment consists of the sample cell (120), inlet
reservoir (150), outlet reservoir (154), and waste reservoir (1568) and respective
filling and emptying valves and connections, an electronic scale, and a

20 computerized monitoring and valve control unit (190).

The gasket material {(115) is a Closed Cell Neoprene Sponge SNC-1 (Soft),
such as supplied by Netherland Rubber Company, Cincinnati, Ohio, US. A set of
materials with varying thickness in steps of 1/16" (about 0.169 cm) should be

25 available to cover the range from 1/16" -1/2" (about 0.159 cm to about 1.27 cm)
thickness.

Further a pressurized air supply is required, of at least 60 psi (4.1 bar), to
operate the respective valves.
30 Test fluid is deionized water.
The test is then executed by the following steps:

1) Preparation of the test sample(s):
In a preparatory test, it is determined, if one or more layers of the test sample
35 are required, wherein the test as outlined below is run at the iowest and highest
pressure. The number of layers is then adjusted so as to maintain the flow rate
during the test between 0.5 cm®seconds at the lowest pressure drop and 15



The foam remains conpressed after the final nip at a thickness of about
0.028 in. &0. 071 cm). The foamis then dried in air for about 16 hours.

Such dryi ndGBHREs the noisture content to about 9-17 % byPGEUSHes80 20
polynmerized material. At this point, the foam sheets are very drapeabl e and
"thin-after-drying". . Sample S. 5 orage Absorbent Menber Conpri sing
H gh Surface Area Pol yneri c Foam erial 25 Thi s exanpl e
describes a high capillary suction absorbent nenber conpri si ng

et er ol pr CoareerRRatt 8 LSt SREsoRe i THeng e BFthe samfld TN Bg! ©2

hydr ogel - f of®§thanibe flovnrata sorthe blankatihaisaperriesswregropn!f the sample fewhes

a rel ativel yatoeRgsomat 6f #ig blankifena YiverPprisBar dip, YWere I3fkrs «’fg{éurdo?e
g

pol ymeric faogm. . the follown rocedure is foll owed.
dried pol yn@ﬁgdftBéirﬁcﬁﬁs@p\%Fm&%‘rdi ng to Sanple S. 3 above) is

air

pl aced i B a bl ender (Osterizer nodel 848-36L) equipped with a 1.25
it iar. int : EF o N : e 35
ol aced AFter STpE sier SHRpIY A biort (BBl 244 Fimj QidihoRF, 87 DsRErEn
88 bI3E6R PUNCE, SYFR A% guRrliedhby ‘MeMaster-CarmSyaplyEempgny.f Glevetand,

seconds and QHEWS. If sampREtthave st little dBtelidl adredgtit BE intéMty o MmantainhéRr S
ransferred to unn

sec. The re f glurry. is . t hen a,Buchper, f I
(Goor s usn: Weie BTG Mncrpauires aRulatdl £ coRfhforsh Jiio Reks: WREM oo
m of fNQi dsupporteaeansican hedddednsudieas 5 PEShsgrire ormet sanple is then
covered with a rubber nenbrane and vacuum Is applied (approxi mately

500 mm Hg or ahout 66 kPa) to dewater the sanple to a ight of 50 to
60 grans. Thls, ot leag dwo SamRies {made o be r?qwg?réﬁﬂymﬁpé ﬁagfver%ﬁashd'f

di spersed wineesswry)@re peadutit Tiesn, e ofitheseé (isaturataliiin deidiﬁ:dd&ﬂamfhthﬁée
are inverte e . . Lo o b o e .

saml 6 to asuTBRTiLig Pelsfiments e Bl REIAL - FrfEr s I MISBFBEMRE |
t hen ai #5dr ineedInder anbi ent conditions and then the foam particles
are conbi ned wth hydrogel -form ng absor bent

The caliper of the wet sample is measured (if necessary after a stabilization
time of 30 seconds) under the desired compression pressure for which the
experiment will be run by using a conventional caliper gauge (such as supplied

20 by AMES, Waltham, MASS, US) having a pressure foot diameter of 1 1/8 “
(about 2.86 cm), exerting a pressure of 0.2 psi (about 1.4 kPa) on the sample
(110), uniess otherwise desired.

An appropriate combination of gasket materials is chosen, such that the total
25 thickness of the gasketing foam (115) is between 150 and 200% of the thickness
of the wet sample (nofe that a combination of varying thicknesses of gasket
material may be needed to achieve the overall desired thickness). The gasket
material (115) is cut to a circular size of 3" in diameter, and a 1 inch (2.54 cm)
hole is cut into the center by using the arch punch.
30
In case, that the sample dimensions change upon wetting, the sample should
be cut such that the required diameter is taken in the wet stage. This can also be
assessed in this preparatory test, with monitoring of the respective dimensions. If
these change such that either a gap is formed, or the sample forms wrinkles
35 which would prevent it from smoothly contacting the porous screens or frits, the
cut diameter should be adjusted accordingly.



pol ymer (ASAP 2300, available from Chendal Corporation of Palantine, IL; 15
al so available from The Procter & Ganble Co., Paper Technol ogy Division,

Ci nci nnat i WaQ49y458%50 provi de a st orage absorbent nmenber consiPSATUSYS/65040
honogeneous bl end of 50% by wei ght, hydrogel form ng polynmer and 50%

by wei ght, high surface area polyneric foam 20 Sample S. 6 Storage

Absor bent Menber Conprising Hi gh Surface $¢ea Fibrets Thi s
exanpl e describes a high capillary suction absorbent nenber conpri si ng
hydr ogel -form ng absorbent pol ymer and high surface area fibrets. High

surface area fibrets, available from-Hoechst Cel anese Corp. 25 (Charlotte,
NC) as cel | ul os'éhatestshmﬁe bt H0)ds pmbeddnsrue ticel holet in the drasiet foam (115§, airid ng

absor bent po I WP

2O oneen PoREimAGls kb G il b6 BRAORLGAE BBl samplg PSRl g

Technol ogy I:ihﬁ §amnle & incfiah armootingontae withthesscreen dil 39k afigs 0o lgaps are

nmenber c@si faried Rthésiegpgeneous bl end of 50% by weight, hydroget- 30
form ng polynmer and 50% by weight, fibrets. Structures As
has been laid out in the general part. of the description, the absorbent

cores can be cofis rtopt efd then testweele (¥21) & Yaidf flgtosni thd idb d@nchr fovidlwthémese

Communi cat i ofo i pidid) it 3 e et UsoBy (L£6) ARyntil firch <rB et 5’%412

materials used in these regions
89 10 sat i sThe tdifof ﬁﬁ)&(’si e’ (1 29% "tﬁéﬁ‘ Blai:edTé‘nté thé Woﬁ?bﬁﬁ (¢22)

d fr h
Che basi s welGhite areketoalnaic15) uh s Bt somile <?’é§devmhﬁ€»9%‘5eﬁﬁ i
i nt ended useparts.| Biedtapuand roatiom abn\me thes tightenedAby gbe ifixation screws (140),
constructi Onsuéﬁ‘ﬂh‘éhtﬂé ééfdéhpéPgaﬁau@ ﬁcgﬁétéd% thEesame Xg!éﬁoé?%b&uﬁed

desi gnat ed Sl ze,
and about 10 FHﬁWH?W"P'Pn‘é’FC@"ﬁ ef %&%Pgscsi“ﬁl"?mes?t?qvﬁutlon regi on

cosnsitsi®of a layer of naterial having a dinension of also rectangular

shape, PIhE RrGouET the! Bipeh e BREPARCBH S GmaliErkdd thl (166 A9

regi on can a
started and sample identification, respective pressure etc. are entered.

3) The test will be run on one sample (110) for several presstre cycles, with the
20 first pressure being the lowest pressure. The results of the individual pressure
runs are put on different result files by the computerized unit (190). Data are
taken from each of these files for the calculations as described below. (A
different sample should be used for any subsequent runs of the material.)

25 4) The inlet liquid reservoir (150) is set to the required height and the test is
started on the computerized unit (190).

5) Then, the sample celi (120) is positioned into the permeameter unit with
Quick Disconnect fittings (189).

30
6) The sample cell (120) is filled by opening the vent vaive (188) and the bottom
fill valves (184, 186). During this step, care must be taken to remove air bubbles
from the system, which can be achieved by turning the sample cell vertically,
forcing air bubbies - if present - to exit the permeameter through the drain.

@5



10 of rectangul ar shape, al so extending over the conplete size of the
absor bent core, underlying as a layer the acquisition _distribution
regi on. Th¥AM4E&Ress of the materials can vary throu§fSHSO%¥4¢ engt h
and/or the width of the absorbent core, but in sinple constructions
It is a uniformthickness throughout the absorbent core. 15

It is essential for the functioning that e acquisition/distribution

mat eri al and the storage materials are chosen according to their

o . ! . . . . o
cpbcially sel ecolgE U SbpRicdits fied yooring Wadriubiiy AReHed todflc 1 bP e
di st ri buti onchambef aﬂqgaamb@b,bleanrmemgm frem thig tubing inde the wastes raservoire

st or age 1mg‘eri al s and provide a suitable performance. Test
Procedures 2 Unl ess specified otherwise, the tests are carried out
under controlled | aboratory conditions of about 23 +/- 2[err]C and at

50 +1-10% r eFlatAfter havinglicayefullyesémoved airpmubbies) the doltonr lll vaivesr(184c486)

conditions f f : | ' '
Formil at1 on, at5gosed. iy (1S 0B HT18) 0AlFe IEhedte 5o a5 to M ek ol Bka
urine used i¢arefidlyremoving all aiebubesi s cormonly known as Jayco SynUrine and
I's avail able from Jayco Phar maceutical s Conpany of Canp Hi |, ' :

P I [ T la for . t hetd i LSe 2.0 g/: of KO;
20 gl1 of 18X ohie BepPrevoR ikt wit et e AliRRTAEY). O 15" ' gl
(NH err]¥OH err]PJerr]; 0.19 g/l of CaCl[err]; ad 0.23 g/1 of Myl [err].
Al of th hem 3 qars A

O nol Lhe cheriigl nangw sihel AR HedamplE"6y hhidind e Dbhidifbrisea
90 veiiit €80)MW cking Time and Vertical Wcking Capacity

Vertical wicking tine is determined by neasuring the tine taken for a

col ored t LqQqui d nthetic urin ' r vol r. t 1 ck a
vertical dist aré@érofhe%%neﬁfaﬁur% n tﬁ%rsg egh?@b?%?% @5‘?@5%&6 "“s‘g‘é%rPé-i ed
size. THE® vetheiaxperimientisvgadydebegire is 5 detailed in the Test Methods
section of U S. Patent No. 5,387,207 (which is I ncor por ated by
reference,) supra, but . is perforped at 31[err]C instea 37C. A,
material's vertyYRSN SAiNG the pesiment “I’%ﬁ"é"%‘b’éﬁ"ﬁ%‘iﬁ Qﬁ& (féo)rré}%‘lﬂ"ﬂﬁ oytiet,g
t he Vefldw isautdinaticaly diveded from fPepwasteyresewoir {1l 58) tddbe rautietiraservdie
Test Met hods(q54) and pressure drop, and temperature are monitored as a function of time

20 for several minutes,

Once the program has ended, the computerized unit provides the recorded
data (in numeric and/or graphical form).

25 if desired, the same test sample can be used to measure the perrﬁeability at
varying pressure heads, with thereby increasing the pressure from run to run.

The equipment should be cleaned every two weeks, and calibrated at least
once per week, especially the frits, the load celi, the thermocouple and the
30 pressure transducer, thereby following the instructions of the equipment supplier.

The differential pressure is recorded via the differential pressue transducer
connected to the pressure probes measurement points (194, 196) in the top and
bottom part of the sample cell. Since there may be other flow resistances within

35 the chamber adding to the pressure that is recorded, each experiment must be
corrected by a blank run. A blank run should be done at 10, 20, 30, 40, 50, 60,



section of U S. Patent No. 5,387,207, except the test is perforned at
3l[err]C 10 instead of 37[err]C. Finally, the washing and redrying step in

t he ref er enWEXPIAEI BNt is not performed. The vertical vpekiugddosagaci ty
val ue of note is taken as the capacity achieved at a height of 15 cm
at equilibrium The result is expressed in units of (g/cnferr]/sec),

.at a height of 15 cm 15 Sinplified Li@gid Perneabilitly Test .
This Sinplified Perneability Test provides a neasure for perneability fo
two special conditions: Either the perneability can be nmeasured for a
wi de range off0, 80 cmisauestedpressuse.seachuday.adheqermeametenwillowtputsy Meart | c
fibres, or ceidstPpsdsure for eachldxpehiient andlalsPaYavérage Holofate OF for

mat erials, which reach different degrees of 20 saturation with a
proportional change in caliper without being filled with air

(respectivel y t lror@achi peessapo dnatpties sampiel diasabeémdestet | atp thd ! ffowp bty i ¢
f oans, i i) t | f turation
can T eadi Ty fecoraedds Biek @Frealerbidrd by el lifpGHEGE U 186, Wil 8

e
parti cul ar f g‘ﬂfﬂiﬁﬂ corEecting: HiamMean:rTiest Pressunga Aciuain Preasute)uateacht eight
operate = rédwdéqspredbud) iEEAtAY 1o TRSUR! M e ICoriddlbd ] FresttreS This
etter sinu i - use .can ns for sorbent articles, . n
rinc pre.t ik Bessuge JE B PFLERY srEuIdBE Ussigh dfih pertseahiinequationo
vol unetric fbelow.ate of a |iquid through any porous nmediumis proportional
to the 4p pressure gradient, with the proportionality constant related to

permeability. . QA= (k/[err]) * ([err]P/L) wher e:
Q= Vol unetri c FPENRaRItY[ ean dhen kg Calpulated at pachoreguested i preasurepand, all
[cnierr]]; permeabilities BRouldabeé |aveyadeuiterddtemtingtthe Lk BoF e ARAteAEP BEMGNY
to 9.869* 10{ é& mMerr]);

91 e%?er'r] = Viscosity (Poise) [Pa*s]; [err] P/ L= Pressure
Gadient [Pa/ni; L= caliper of sanple [cn]. 5 Hence,

perneabi1§ty caThie mahsirenietls shd@l e kiR Jorrdadh s4thpie HIRaBh HeddSand the
Zﬁgt Fonal ar ?easuﬁgdavte?géeé 'and t?.evg,tgﬁgg,'dt Xe\}iaggn ?Q%ﬁ}gtgf ntHo%ve\Rerr,e tshseu ggmer op
: sample should be used, permeability measured at each head, and then a new
sample should be used to do the second and third replicates.

20 The measuring of the in-plane permeability under the same conditions as the
above described transplanar permeability, can be achieved by modifying the
above equipment such as schematically depicted in Figures 2A and 2B showing
the partly exploded, not to scale view of the sample cell only. Equivalent
elements are denoted equivalently, such that the sample cell of Figure 2 is

25 denoted (210), correlating to the numeral (110) of figure 1, and so on. Thus, the
transplanar simplified sample cell (120) of figure 1 is replaced by the in-plane
simplified sample cell (220), which is designed so that liquid can fiow only in one
direction (either machine direction or cross direction depending on ‘how the
sample is placed in the cell). Care should be taken to minimize channeling of

30 liquid along the walls (wall effects), since this can erroneously give high
permeability reading. The test procedure is then executed quite analogous to the
transplanar simpilified test. '

The sample cell (220) is designed to be positioned into the equipment
35 essentially as described for the sample cell (120) in the above transplanar test,
except that the filling tube is directed to the inlet connection (232) the bottom of
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(kepp) at the Kdesiratetest dempersture( .bsoy‘\eaheabmga dewicen (226) wiwerabyt i on

ehehbsthtdde Vaterdk 'pumped) thidudH e Re&tidd Ehé»%éilw% S'm&ga% ihY 90”

Jogdest ¢alk s seh, 25 the SafivscRiEeshonding: oothe-deriiad wRbcamassian,
mrenally 0.2 psing labo(tl. 168 kiPa). c8hime (218) rangingeincsite frem 0.1 mm to

@) bq'n are 3B WSSt e Edrrec? WRliFSS  dptiondiy ©RinlgS cofibinkfiols ofPS!

\)erali shlms

At the start of the experiment, the test cell (220) is rotated 90° (sample is
vertical) and the test liquid allowed to enter slowly from the bottom. This is
necessary to ensure that all the air is driven out from the sample and the
inlet/outlet connections (232/233). Next, the test cell (220) is rotated back to its
original position so as to make the sample (210) horizontal. The subsequent
procedure is the same as that described earlier for transplanar permeability, i.e.
the inlet reservoir is placed at the desired height, the flow is allowed to
equilibrate, and flow rate and pressure drop are measured. Permeability is
calculated using Darcy's law. This procedure is repeated for higher pressures as
weil.

For samples that have very low permeability, it may be necessary to increase
the driving pressure, such as by extending the height or by applying additional air
pressure on the reservoir in order to get a measurable flow rate. In piane
permeability can be measured independently in the machine and cross
directions, depending on how the sample is placed in the test cell.



otherwi se nentioned. Liquid is allowed to flow through the sanple (110) to
5 achieve steady state flow Once steady state flow through the sanple
(110) has WO 9%/48838n est abl i shed, volunetric flow, rate andPQIsss/osoas dr op

are recorded as a function of tinme using a |load cell (198) and the-
differential pressure transducer (197). The experinment can be
performed at any pressure head up to 80 &® wat er (about 7.8 kPa),

whi ch can be adjusted by the height adjusting device 10 (170). Fromthese
nmeasurenents, the flowrate at different pressures for the sanpl e can
be determ ned. The equi prrent Is comrercially avail able as a

Per meanet er eireelbili Porous Materials, Inc, Ithaca, New

York, US under TﬂEg?ﬁéﬂaﬁ% Hngﬁﬂlﬁltﬁ' t?&z%%ﬁleﬁﬁ%rﬁ@ﬁ{%ﬁy as lécﬂngtlﬁog{ gfdt he.r

described in respe Ive use prrent

two Stai nl esStusadian for apy paepusdnatesiak dhecpringiple of theytests | is similapisctheiane i n
sai d brosghurfer tHé Sigplifiedrerdst, CRNAR ithé Sesebntidicdifiarance Béihg thalthe sbﬁ\b&tn

eopective. 184ded wﬁHeﬁé e B0 oft ) oo B 1o ek oo, e o
scal e, and dixed degrgeutadr samdatiomi Thisi iy achitved| by thenttest amangeefd)as
lﬂih922kibp ﬁbaﬁ%&% QF%@%@S@“"&W%%?’%W@" BRihe spelindy) .

. 39{ \ﬁqwr%larwaw @mﬁrcﬂeéw tysté Y Figurg" 4 shawing e cnm)
tshou |b d ?elza;ﬁmacé@bfo@ tive cGEREral hin- pslangepéﬂﬂeat&rt% Unr&&ené@bmﬁm&a@9 cm
supply i s+ SiEband dp ¥ FedERue qumerals of 1) T o, WeBEE feodiiir tabe)

respecti ve \QIMespondto waste resetvoiri(356)etoni zed wat er . The test is then
executed by the follow ng steps: 1) Preparation of the test

Tayers of the (ereigadite e Sample i (S2UA2ON o oRted withiatian AT Pea
bel ow i 45r urshawnt ime Figowé)son anteight aijustment dpviees(372), ifinadditiorbés tisd inleyer s
o5t hocn o EAGAoR SO RE A b by e, PP A iR
93 defines a first height difference (357) rela ve to the outlet reservoir (354), which
relates to the differential pressure Ap (which denotes the pressure differential for
calculating the permeability). This inlet reservoir (350) defines a second height
20 difference (359) relative to the sample height which relates to the differential
pressure Ap(c), which denotes the pressure differential linked to the saturation in
the sample, whereby higher capillary suction typically correlates to lower
saturation.

25 The experiment is started at iow APc (close to zero cm of water) at which the
sample will be at 100% saturation. Liquid flows through the sample due to the
applied pressure drop Ap(c) (inlet reservoir height - outlet reservoir height). At
steady state, the uptake of liquid in the outlet reservoir is measured as a function
of time. Permeability can be calculated from the pressure drop and the

30 volumetric flow rate data using Darcy’s law. The exact degree of saturation can
be obtained from the weight of the wet sample after the test compared to the dry
sample before the test.

In order to measure the permeability at saturation below 100%, a new test
35 sample is first brought to 100% saturation as described in the paragraph above.
Next, the sample is moved to a higher height (10 cm for example) and is allowed



cnferr]/second at the highest pressure drop. The flow rate for the sanple
shoul d be | ess than the flowrate for the blank at the sanme pressure
drop. If tTEOS¥ANE {1l ow rate exceeds that of the bl ankPEHPS®A§940en
pressure drop, nore |ayers should be added to decrease the flow rate.
5 Sanpl e size: Sanples are cut t§ 1" (about 2.54 cm) dianeter, by
usi ng an arch punch, such as supplie gby McMast er- Carr Supply Conpany,
Cl evel and, OH, US. If sanples have too little internal strength or

integrity t LAl ' . S I O Toll)

mani pul at i on® St B Bid neiant, JDUHG E fié. (ftid Bondrdeh Mows from the
added, such iBletio tirroytlet resefvoiret The saturation intihgsample wilh decrease withdiree.
(made of t henhR#UtESdy BIIO R redichbayits. swhés the Uptake versiRaRhé platlis AidarPRcut .
Then, one of theste I s saturated i,n _dei ani zed wat er dat t%e? ihed %egg)errgture
the experi melfAW fFete, reRsuie AfoR ARd s(a‘%algp gfg Measiired as desrabed ppve-TBis 15
noted). 5  proceduiEhis repéatpd fonseveral sampledmggldsiusingeevsahplest necessary
after a stabilization time of 30 seconds) under the desired

conpressi on pressure for which the experinment. will be run by using a

conventional cdtimay bganeeessant ko drcreapp|thedpressurgdrapeestwagnt theninletasd
US). havi ng aotie? Sevémoflreds easauifition’ ddcrbases in order(télyitta tedBufdble flow

i of 0.2 psj b 1.4 kP | 10),
ni ess ot herAiSe hB. B hagats or XY Bardus pidiRlaid herBAb L Hecrmases SRERY,
mat eri all® i swith alseneasing rsaturation helttist sécesBarny ko ehaurssthat theeprgasuret drop
foam (115) IsetRekNaRE ielaiddutiéldeseivoirggs hlchkdmarer than tth%fcépiﬂ%%'te&ctwl e

(note that a conbination of varying thicknesses of gaske erial may
be needed to achieve the overall desired thickness). The gasket
mat eri al (115) it & sedessanatocusecwide liquid eesdrvsits (3520384 pincordentaleasdreithath

(2.54 cm L e i A j 1.

| caser« ndne REIE Idvd) 8565 Bk Enaide SRIHfarl viflc)aiid S SRaBY3ERs tdibe,
be cut 98ch remghedhe required diameter is taken in the wet stage. This can
al so be assessed in this preparatory test, with nonitoring of the

respective dinepsions. .l f these change such that either a LS, .

formed.  or tne DURIPS v Rempednliyess Saealiahiar e fetatiiof i drat i

snmoot hl y corthecsmple thas highensaturatioarte startiwittt. $/Vhilshef coursecpermeiabitity data

shoul d be addéﬁb@‘beﬁ%?ﬁ%ﬂ'famﬁé absorption cycle, these should not be used in present
20 evaluations, as some hysteresis effects might occur.

The Sample cell (320) for the general transplanar permeability test differs
from sampie cell (120) of the simplified transplanar permeability test essentiaily in
that it comprises two frits (335) arranged on top and undemneath the sample

25 (310). For the frits (335) it is necessary to ensure that most of the resistance to
flow is offered by the sample and the frit resistance is negligible. A fine pored,
thin membrane over a coarse frit allows measurements up to high heights without
offering significant resistance to flow. The frits shouid be selected so as to have a
sufficiently high bubble point pressure corresponding to more than about 200 cm

30 water height, but at the same time providing low flow resistance. This can well be
achieved by selecting sufficiently thin membranes of the require bubble point
pressure overlying a more open support structure.

For the general permeability tests, care must be taken, that the air is aliowed

35 to contact the sample via the side surfaces , so as to allow varying degrees of
saturation depending on the Ap(c). Thus, the sample cell design is essentially
identical to the test cell of the simplified transplanar test, except, that the foam



94 The test sanple (110) is placed inside the hole in the
gasket foam (115), and the conposite is placed on top of the bottom
hal f of th®o:%%M58% cel |, ensuring that t he sanpl e i s rar/G$98m5046 NOOL h
contact with the screen (135), and no gaps are 5 formed at the sides.
The top of the test cell (121) is laid flat on the | ab bench (or another
hori zontal plane) and all three caliper $@@iges (145) mounted thereon are
zeroed. 10 The top of the test cell (121) is then placed onto the
bottom part (1 such t hat the sket materj al 15 W th e test
sarpl e { 110)STHEAG T leriak s rermved,na 1R Sriandgient fo, SRt 118,680 bebmeah
are then ti ghedapdndytheHmotianx paite neplaced\by @lctdistant pressusziganerating leeerct-.hr ee
~cal i per gau : r
0SB aﬁlweugﬁtggwf 14 WRIREIT (SAEME, A BROWeRht of 4 she 156 i

sanpl e under e respe are )
the experi th mdesr&q)et@sua_ee@f O psi((@boyt 14 kPa) Uﬂ'%QSar t ed
and sanplse |@tﬁgtw|§e@a'gir§@ respectlve pressure etc. are entered. 3)
The test will be run on one sanple (110) for several pressure cycles, wth

‘the 20 first pressure being the |owest pressure. The results of the
i ndi vi dual pr essanthe general inrplane pepneahility destf thecsample xellt(420) issshown ire

t f f
the EaFELFS?T '%ﬂ*sé %2"”@@‘&? ARSRich Faing derfved ER ‘hé%?“éﬁm AarRs ahg i, '
used for anyP @&rdescihed i ﬂﬂ@rébﬁ’éﬁ efhus, the figig '”Aﬁnt%nFnﬁ gampleyeely

reser voi10 (1(5@])) |v$a sme fliid tinket r(@aQ) ramd betiath{433ndwhivh besicohsected to ﬁ-tearted

bosi {1 oned | MEDErAe as) dEhas fifs of the dpe Tgseﬂes%@% 2hE0e T s 9B 7 Tnd
(189). 30 test swpwwhrepmswmad withh @y endsfavierlaying ghe prea fiits, bmtemtemth
val ve (188) tABCenier tdm in by 2 Hi %lboﬁﬁbweén(&ﬁé1 ér%ﬁ)/rlhe‘f%ﬁ v WeinkidsSarkd ep.

care nust be tak n to r

S I ch can
be achi eved 9P @Riﬁ @"Lﬁi P W@Fﬁr@%ﬁq E)ave o be éﬁ?éghg prtes{:
bubbl es 15 i fsqmpiee(m 0) is placedt betweapethecappereand Howergpart haf thieasampl@Scell

{(420), with the weight (417) being used to adjust the pressure under which the

experiment is run (0.2 psi (about 1.4 kPa) unless otherwise desired and

denoted). Also, the sample is kept a constant temperature via the heating device

(426), e.g. by pumping constant temperature water through the heating chamber
20 (427).

Also for this set up, the possibility of air entering into the sample via the side
surfaces is essential to allow the varying degrees of saturation.

25 Lliguid Viscosity
The liquid viscosity is an important input parameter for the above

determination, and should be taken for the respective fluid for the respective
temperature, either from weli known tables, or equations, or measured via well
established measurement procedures. ‘

30

Capillary Sorption -

Purpose

The purpose of this test is to measure the capillary sorption absorbent

capacity, as a function of height, of storage absorbent members of the

35 present invention. (The test is also used to measure the capillary sorption
absorbent capacity, as a function of height, of the high surface area



95 Once the sanple cell is filled up to the tygon tubing attached

to the top Qf chanber (121), air bubbles are renoved fromt

t ubi ng i nt o&ﬂ?éngﬂéte reservoir (156). 5 7) After hgpﬂ&9§/ g?ully
removed air bubbles, the bottomfill valves (184, 186) are cl osed,
and the top fill (182) valve is opened, sg)o,gs to fill the upper part, aI SO
carefully renoving all air bubbles. ) The fluid reservoir is filled
with test fluid to the fill line (152). 10 Then the flow is

started throwdiehlie 5a1®] Swhloltohblic"bibiBeReBUEIR! 44 ydrog el-fHﬁhlh (190).

After the te ure I1.n e U|re val ue,
15 the expef ﬁg&enﬁ SPQ'@HBS/ ?'bog]é)"d ﬂpt"’”m? mapenals Bﬁ@?ﬁ '&r ﬁ?ré’
experi nent vierhber. c Nopethless; the miscuEsion) that fallowsodisdusses! ibe Capmaﬁjl ow is

Coseror - | SobtEh bR UR b Ferl fo HRSSG o Tt 6abB it o
function ®f memben) Cepillaey aewtioniiawr &dgndamental propem:@f eny ahseghent has

ended, the cm%mrﬁ@d\wm&uaf evwﬁbé@qmbew 98§brbent sﬁa&ﬁrél MntHgeri c
and/ or graphical  for esir sane | e.can be

a1 0 ens GrRBllanG SbintiefneXPRgMaRt. CABIYY, SOTRYOR, BLSHIRENh CARAC, P
thereby i ncr enezisuged a8 @fasctioneof fluid pressure dus to the height offthe samplenent

shoul d be cl V. nd calibrated at | east once per
week, es eC| g@?ﬁ%ﬁ)wﬁ%m'wg%a@ cell, the thernocouple and the 30
pressure ransducer t hereby foll ow ng the i nstructions of the eqw pnent

supplier. differenti al sure.is recorded v
di fferenti al TBPe@;@éOGP%a detrrpyining CaﬁﬁﬁfMeﬁ?@EloF o'stW@[l pﬁeggg%’F%é pr 888s

nmeasur enent ergéfﬁ AXQ4ndlRapui, C. ! Capilizpy Swtiption Eqbitibtiain Piver Mdsses® sanpl e
cell. Since Tshe el lrddions ool Abgaresid bbtn dRandfis Cliaber

adding to the préssure ecorded
corrected byARsprheneyr diextie tﬂ%ﬁﬂ@er @ﬁds‘iﬂ'égll"éplﬁﬁy d%n@héptqou 2P, 28684,40, 50,

60, 15 Elsevier Science Publishers B.V, 1985; and U.S. Patent No. 4,610,678,
issued September 9, 1986 to Weisman et al. for a discussion of the method
for measuring capillary sorption of absorbent structures. The disclosure of
each of these references is incorporated by reference herein.

20 Principle

A porous glass frit is connected via an uninterrupted column of fluid
to a fluid reservoir on a balance. The sample is maintained under a
constant confining weight during the experiment. As the porous structure
absorbs fluid upon demand, the weight loss in the balance fiuid reservoir is
25 recorded as fluid uptake, adjusted for uptake of the glass frit as a function
of height and evaporation. The uptake or capacity at various capiliary
suctions (hydrostatic tensions or heights) is measured. Incrementai
absorption occurs due to the incremental lowering of the frit (i.e.,
decreasing capillary suction).
30 ' .
Time is also monitored during the experiment to enable calculation of initial
effective uptake rate (g/g/h) at a 200 cm height.

Reagents



96 70, 80 cmrequested pressure, each day. The perneaneter wll

out put a Mean Test Pressure for each experinent and al so an average
f1 ow rat e. WO 99/45875 For each pressure that the sanpl e haPBaE8PWN ed at
the flowrate is 5 recorded as Bl ank Corrected Pressure by the )
conputerized unit (190), which is fgrther correcting the Mean Test
Pressure (Actual Pressure) at each hei gﬂp recorded pressure
differentials to result in the Corrected Pressure. This Corrected

Pressure is Pt u e.u [ DLt L tgan

bel ow. 10 TEQFL[%d.%ZI&tH%Q% 4”?’?@ '3a§.?%é§d bgﬂgﬁ@ﬁ?’&d dl#@@@ t:hgquest ed
pressure and al followingrmateriaistin distiledwaterbe averaged to deternine the k
for the naterial bein tested. 15 Thr ee urenments shoul d be
taken for each sanpl e&2MBOHBE headEdd t he Mﬁé@ﬂmﬁaver aged and the .
standard devi ati on cakKcul ated. Hoygeer, the sa0e sanpl e shoul d be

used, pegneability negsuged at each head, and then a new sanpl e
shoul d gge used to do @%@ég)écond and42ni r d replz-gat es. 20 The.

neasuring of the in-p{NHgH¥POEabi gy under t sanme conditions as the
above described trans Iaﬁ)ar errreab)? ity, can ({f;’gsachi eved by nodifying the

above equi pnent such 4)2 i call82 depi cted.ld Figures 2A and 2B show ng

the partly expl oded, poi, tg ,sgale yi,ew of the l e cell only. Equival ent
el ements are denot ed @ﬁhf&%ﬁ%ﬁtly,ﬁﬁch t hat tq?lgggarrpl e cell of Figure 2 is

25 denoted (210), COM’g@lgﬂBHﬂ@ to phpg nuneral ¢g§10) of figure 1, and so on.
Thus, the transpl anar sinplified sanple cell (120) of figure 1 is

repl acetP by the in-plane sinplified sanple cell (220), which is
designed so that liquid can fl ow on i.n. one direction (either machi ne
direction or d2eRerabeseriptio hYRow t he sanple is placed in

pparatus, Set Ug
the wal 15" (val TMeARIRDY St eqiipent, Ao MAErhchs sapiin o' < 2! "
per neabi | i t @Ar,aisédfgr thistest isoperatedaunder TAPRIconditions 8% R, 25°Ghal ogous
to the Alfe308amBRATs SlabBd ohi £@1dsastit shown in Figu@?A_SﬁfBbz that ks (220) is
desi gneg.to be sitioned 1pto thé equi ppent, 35 . senti.al | s, descri bed
for the anﬁ?'é"%&l"* V("lzﬂ))cof‘ap'{% E‘NH&@ Pﬁﬁ%tpﬁ%iﬁgréygg‘?f’c ”"Y"e?eggc@pt' t hat
t he filli ngbaiahee liquidiresertvoit, shovwrhas 506 etontainingctiesbliquid.3Thistrieselvoirt om of
506 is placed on a balance 507 that is interfaced with a computer (not
shown). The balance should be capable of reading to 0.001 g; such a
balance is available from Mettler Toledo as PR1203 (Hightstown, NJ). The
20 glass fiit 502 is placed on a vertical slide, shown generally in Figure 2A as
§01, to allow vertical movement of the test sample to expose the test
sample to varying suction heights. The vertical slide may be a rodless
actuator which is attached to a computer to record suction heights and
corresponding times for measuring liquid uptake by the test sample. A
25 preferred rodless actuator is available from Industrial Devices (Novato, CA)
as tem 202X4X34N-1D4B-84-P-C-S-E, which may be powered by motor
drive ZETA 6104-83-135, available from CompuMotor (Rohnert, CA).
Where data is measured and sent from actuator 501 and balance 507,
capillary sorption absorbent capacity data may be readily generated for
30 each test sample. Also, computer interface to actuator 501 may allow for
controlled vertical movement of the glass frit §02. For example, the
actuator may be directed to move the glass frit 502 vertically only after
“equilibrium” (as defined below) is reached at each suction height.




97 the cell (220). Figure 2A shows a partly exploded view of the
sanpl e cel Figure 2B a cross-sectional view throu h the sarrpl e
kvo?ﬁ)%a'/srhe .

| evel . est cell (220) is made up of two pied ?om
pi ece (225) which is 5 i ke a rectangul ar box with flanges, and atop
pi ece (223) that fits inside the @ om pi ece (225) and has fl anges
as well. The test sanple is cut to the si ".in x 2"in (about

5.1 cmby 5.1 cm and is placed into the bottom pi ece The top pi ece

(223) of the sappd Eo&fiwgla?g ﬁ.?eaznéae&ﬁemé *rfg&%tteﬂh 56F tHif2°)
and sits on the test sa An i nconpressi bl’® negprene rubber seal

(224) 10 | sconnestthe ﬁnb P do threerway drain stoppock $09; ommsqugﬁp 809 i ng.
The test Ii cisnodmhéoteﬂ to liquid fesemdins0s oiaeglasgam”n@504tandtéte E6oKS 10, space

via Tygon t h l.et onngcti on her t ugh the
out | et conne ﬁ?c?’%gg'} e‘rf@]t'?leo%?ﬂ Itgtﬁ" ueil'a"nr gg'l.y( \5@%&'9 ﬁ?gi"ﬁ‘gt HFstgFest
executi o® t I‘@na!a’@lermtammmbewembvaif) Glasd tubing ptheonmects ﬂmd resemvoiyh t he

| |1 |s 15
Kopt ot the Sas i, bABIL fiid TosONir G08 LRI plopitd 23. ce S o7 by
t her nost at ed SRRV 308 eRNsists of Al Bﬁ@ﬁe'gﬁﬁmé’ﬁl flaget and gap in

t he test celdovies 506B. aThé mveasoaarhamarmteqmm@ﬁ which @ashewbﬁ )5\w
conpressi on, rangi ng
in size from c%tid?nﬁ?dm“ n 9&‘%'@%‘#‘5% Jb t%ég%)m? ﬁg %Cg‘lr %’é‘is? I i per,
opt i onaltily waAntactdbatsionar 5068 arfar@nstable balanckiresding will result and thee start
of the experfegpimplefifiedsiibmeft bakrii®e iged Ot ated 90[err] (sample is

vertical) and the test liqui o enter slowy fromthe bottom This
S necessary to ensure that all the air is driven out fromthe sanple
and the 25 inlEhe qglasstfrit odiametéromugt? 3y Xidfciertexsd , atdmnmedatec ehe (220)

i's rotated WP c‘}lfﬁ&ecr waraﬂfs gde&JssBBSbélb@n f5° hﬁfij[lrﬁi tﬁ@ktgstt Egmﬁ

(210) hari z
descri bd@ eathe glassdfit 6P2ris pa@heéed der for; wonstaet temperattwe comteal

reselrvgl rt i Sfrﬁihaé?ﬁdaﬁrﬁ lbtbfh dq?er fifl idad QBD mi féttdd @ieci fanaél Qﬁwlﬁécpa_sl -
equi | i brate, ate _and pre ar e er Ime i S
q cal cul aﬂ@ﬁh t% %&f’& ; ﬁﬁ?gﬁﬁfpg@%ﬂh N8 agslté%e(&ogdmgo [ ghgr
pr essures asas #360680=350F. The pores atéaﬁnsenpugistd keep thefeit serfgce wetted
bilit ' ,
per meabi | i tyat é é’lﬁ?w)/ REHOF ysﬁe%yieﬁcgﬁé‘sﬂassa it d 4k ﬂf:t ‘éleﬂsgiFﬁléS“r €

such as y ext e t.he hei a lonal arr pressure
on the ser%‘?’r F’B'é‘?ust‘ipﬁ'&" qtﬁﬁ%{mﬁéﬁ'@‘"fﬁ‘ﬁ\ﬂ las§ @Y. | n pl ane

perneability can be neasured i ndependently in the machine and cross
As indicated, the frit 502 is connected via tubing to fluid reservoir 505 or
balance liquid reservoir 506, depending on the position of three-way
stopcock 510.
25
Ciass frit 502 is jacketed to accept water from a constant temperature
bath. This will ensure that the temperature of the glass frit is kept at a
constant temperature of 88°F (31°C) during the testing procedure. As is
depicted in Figure 2A, the glass frit 502 is equipped with an inlet port 502A
30 and outlet port 502B, which make a closed loop with a circulating heat bath
shown generally as 508. (The glass jacketing is not depicted in Figure 2A.
However, the water introduced to the jacketed glass frit 502 from bath 508
does not contact the test liquid and the test liquid is not circulated through
the constant temperature bath. The water in the constant temperature bath
35 circulates through the jacketed walls of the glass frit 502.)



directions, depending on how the sanple is placed in the test cell.

98 Ceneral Liquid Perneability Test The generali zed
per meabi | i WP @885 can neasure perneability as a function of PCT/US98/05040
saturation for any porous material. The principle of the tests is simlar

to the one 5 for the Sinplified Test fth the essential difference
being that the sanple is | oaded mAT a defined anount of air in
addition to the liquid |oading, resulting in a fi xed degree of

saturation. Thiggg bﬁ/gﬁ’&?b&"&% t@%léﬂ%@ §6§t 8 éﬁ&%&?% A%gx to miﬁﬁk%mt Fcally

deplcted i n Figure I Ncip es as specifics
for the Gené”épo"ﬁt'aﬂsﬁf destr :w@dnﬁam |th¢ybalan@|e reservgirr and, t%rﬁmanget he 10

di fferences Haﬁncé@aéiﬁ@eeadmg peﬁbﬁﬁ@néé%ﬂ@l@@lelxpéﬁme\dﬂr qfrﬁs pogeshowner al s
correspond tQ t%z, resgig bve n ner al s I h% t|(1 tg h It]_al ﬁ_,servm r (356).
cor r esponds SR 35 P1EcP3D A top13RY Walls, yhere the top afh% Shimgual ¢ he
.sanpl e c8l | wisaofubiig) 51t isniosetted! wi t h fi xation (341, not 15 shown in fig.
4) on a height adjustnent device (372), in addition to the inlet

reservoir (350)|_ bei ng hel;g%pt adj ustabl e by a _nmeans (370).This inlet
reservoir hglasrofit |'$§h°Wé‘|'QH”ﬂ°Eﬁ detaildn Figyre28. FigueidRis @ t he

?3\;1 I eL (r]I esetrcvausr-she(o%ﬂél vielv égt?e iassrﬁltat:l?éwhmtﬂiandmfétqm?mah argssure Ap
I C eno SUuL e L.N

bor moabi ©1 ¢ optehiis BORD A it e Blast it s, 250 Bl RIeR' B¢ gt

di fferef@e @33@}; specifieidvé to&. Snensmm e Refeging tohFigure @Batthe glass fii
differentialg OFIcokmepgfs%%’E@Hd‘?iEé ]B(:Eéted“mhﬁé\ @%ﬁéd%esﬁ&ﬂ gl S gher

dlfferentlal

capi | lary st ids¢ tShowenl 8§/ 569rel'5h%sgiaésl dike 502 furthgr uF‘Bﬁ"PB?PS 95
The exper i meglindes/pisten besernbly shawregendially ak @65 (Whicie tomprises cyiirider) at

Sl e dye £ t%@*B’s%"“%f@ e Céﬁﬁﬁ%ﬁ'&é‘é%ﬁf[%bq'%( %&**’?’Pf% °?79e§éf? 38.“5 e

hei ght 1Souprevidesssesmalt casfiging) pressure to thedest . t fe prevent
liquidin t'éﬂc@éﬁi\}éaévéﬁéﬂ‘ oHPbf tebﬁhd’(ﬂé‘%h?ﬂw a§s ?ﬁtﬁﬁéd@@o a TefléH nhgmi‘

Vol unstric. BBk 8% laged g RTINS q?éa%sﬁﬁ B et i ur at on
can be 56Rtia 0127 conthidke(availathle as shéet stetk sfmmlecMéstercaﬂneast #st
conpar ed t 0 gkBEKYE Yind is cut® B Al 18'uselit6 dobet the frit disc surface outside
20 of the cylinder 566, and thus minimizes evaporation from the giass frit. The
ring outer diameter and inner diameter is 7.6 and 6.3 cm, respectively. The
inner diameter of the Teflon® ring 5§62 is about 2 mm less than the outer
diameter of cylinder 566. A Viton® O-ring (available from McMasterCarr as
# AS568A-150 and AS568A-151) 564 is placed on top of Teflon® ring 562
25 to seal the space between the inner wall of cyiindrical jacketed funnel 5§50
and Teflon® ring §62, to further assist in prevention of evaporation. If the
O-ring outer diameter exceeds the inner diameter of cylindrical jacketed
funnel 550, the O-ring diameter is reduced to fit the funnel as follows: the
O-ring is cut open, the necessary amount of O-ring material is cut off, and
30 the O-ring is glued back together such that the O-ring contacts the inner
wall of the cylindrical jacketed funnel §50 all around its periphery.

As indicated, a cylinder/piston assembly shown generally in Figure 2B
as 565 confines the test sampie and provides a small confining pressure to
35 the test sample 570. Referring to Figure 2C, assembly 565 consists of a
cylinder 566, a cup-like Teflon® piston indicated by 568 and, when
necessary, a weight or weights (not shown) that fits inside piston 568.



In order to nmeasure the perneability at saturation bel ow 100% a new test
35 sanple ié?}g”% brought to 100% saturation as described in the

par agr aph abo 43 Next, the sanple is noved to a hi gher PREUSAIOS04D cm
for exanple) and is all owed )

99 to equilibrate at that height. @Jringthistirre, liquid
continuously flows fromthe I nl et ! the outlet reservoir. The
saturation in the sanple will decrease with tine. When steady state

i s. reached, e k K t fl ow
(OpianshRfioube ke, SeSBelfle) SUNATE e 1, |

rate, pressur sat ur

pr ocedgr e i ?%%%e&o@ﬁ W'ﬁp”s%” %’!ﬂ oRtigNst weight 5193 cegéwgg PEGESIHEST O2

It may be neskdsatiained | deperding Tohetrw esstusamgjreap dretdiametdrhe ’IWH g and
Plow ' oSCHERSSeaDIOR ), TTHE Tyifer 868 I8 ah B5f SlocCald ndd LI 77y
decr ease§ sfellowing dimensions:daorastesidiameter.of 3t om, antinfier diametessaf §.0 0 ensur e
that ‘the prerpand 8iiight of 6.0%MECThd NRnbierhisiii! s8HINSR e RilKRd © ! ©

much srraller t han t he ca lary sucti cessary to use
wi de |i qui d9iFBeRIIGRS: an(aiser d'éslﬁ}erthabﬁdbﬂtcm la9s fhan thmtnner diametee | i qui d

| evel does obtylirkien$66siAgishowai Figurd2betheénd agthbqrstahmnhawéésto be 1
Phe desor pt nghcRyiErtthe (B3} 3piBie is ot (8 BieR = 8 e GlabiStet By bbb < o
start wi@h. \ﬁhcmsdeeﬁ cbamber 580tnwateive optidoalaweights (diciateldcbygthedest ed f or

the absor pt samp @Q'ébtuélh&syedﬂi’f%{éﬂ 18gLirél® tdS&fain " ﬁsfé}ﬁ |§0coanrﬂj( gg})') ons:

hyst
The oaror s bESHES of hid Stickt ik BBR). | othie woeds, the dota we'aht@mmsm col
(ﬁZO) of th568|an:d lahyeobtidrfahwé@itsr(npersmml ini figures dividerk by i thk| tgst n I
that it co t r r e t ern .the sanple
be (Gigy RAMPRSs (lual biaindedr vngh” RACEANla ' SRH WARCRNEmind 'S i

resi stahte pgpssure °f Pe%\pss's(ﬂ aines Gylingder %%ﬁrpnd pagtan (568 (andtoptiopakt ance i s

negl i gi bl e. waighits)earecsqdllibrated att 31°C %P@@Ie@é%g\’(ﬁlhuféscﬂﬁr% cohtliictig ovs
of feri.ng significant

;rgglsg{ gﬂggtﬁ}?u#)qu\ﬁ hl'F%épth?i %@%@B@%@e@éw&m% as to have a
sufficiently high bubble point pressure corresponding to nore than about
nggl g{n 3Oe \A%firnc@g%&l?éﬁt deirrea%d 'oP hcoASBratdd Bpdthbéd Fr 314 W & 19%m)
aﬂf (not s?'xown) is used to cover the glass frit 502 during Capillary Sorption
experiments to minimize air destablization around the sample. Apertures
are large enough to prevent condensation from forming on the underside of

the film during the experiment.

25 JTest Sample Preparation
The test sample can be obtained by punching out a 5.4 cm diameter

circular-shaped structure from a storage absorbent member. When the
member is a component of an absorbent article, other components of the
article must be removed prior to testing. In those situations where the
30 member cannot be isolated from other components of the article without
significantly altering its structure (e.g., density, relative disposition of the -
component materials, physical properties of constituent materials, etc.) or
where the member is not a component of an absorbent article, the test
sample is prepared by combining all the materials that constitute the
35 member such that the combination is representative of the member in



achi eved by selecting sufficiently thin nmenbranes of the require bubble

poi nt pressure overlying a nore open support structure. For
the gener aW)¥48B%hi |l ity tests, care nust be taken, that th®CXUSsEs0ad | owed
35 to contact the sanmple via the si.de surfaces , so as to allow varying
degrees of saturation depending on the [err]p(c). Thus, the sanple
cell design is essentially i dentical®o the test cell of the
sinplified transplanar test, except, that the foam

100 iIng-aterial is remved nd t.he arranaenent .to.adjust the
gap bet weeng&%%%lolnt he ogeséﬁa"tﬂﬁ%‘%gﬁ‘gﬁPb?ﬁ'@e‘F&BF%lﬁé’d‘%b'ﬁ @%Bﬁ%?&nt

pressure geneitiing mithdarvarah punch.  such as a weight (317) to maintain

(together with the weight. of the top piece (321)) the sanpl e under
the desired pressure, of 0.2 psi bout 1.4 kPa) unless 5 otherw se
desi r ed. “fhe d"ltdﬂ’e@meoﬁg'?\%rtéﬁ ’fqu'Faﬂ@eHe‘%ﬂB‘Hb‘i"l ¢alculatescapiay sanpl e

Cﬁl I (42|6)fisorptimwabborbent capbcityrie the wéighhof meatﬁéeshmplé;pfm;%wggyed L rom
the sinplifi - I he principles as described in the
above. Thus,%yg%@ﬁ%%@@%?wﬂ%he sanple cel| 10 (420) via the fluid-
inlet (432) and outlet (433), which are connected to the menbr anes
(435), such as_frits of the type as described above (for frits 335). The
test sample (4 e iQet d with its ends overlaying the two frits, but
\?\ﬁt vvnbt h ¥ the Pladecs cleain, d@{) glass ﬂritbs??in @f&rﬁml Hblder ﬁus&ﬁé@b/tofthé Chrr)

er eby I nkl es ang_ 4 . e Nt sa e ranes have
to be a\‘/'gir ded. The tg%rstpahgh&’%%r eng’%dh% gu%eﬂgﬁ%&qﬁsnvﬁ%?ﬂaﬁr and

| over part of the s&ughthatdhe glass frifiszdthe Giamhelgbt.wei ght (417) being used

to adjust the pr&s}sge under which the experiment is run (0.2 psi
(about 1.4 kPa) unl B8t Up Hig BPparalysGosePenants as showpdn djigura 48, ashe
sanple is kept a codizcassed abp@s.ature via the heating device (426),
e.g. by punping constant tenperature water through the heating chanmber 20
(427). 3\ Pladeot2 cm diagetenhplandceliquid seservoit 06 bndhe balaneei ng i nto

t he sangke via the gpge : ' ' Ak I n
degreegﬁgf saturatigg.ﬁ' F’Zlgce pﬁéﬁé?ﬁ@ﬁ'?o@?ﬁﬁgbéﬂanéé’h@ﬂll_{jl‘?é!‘%élr{?&{ aﬁeiyscgsi ty

L | SCOSI ty ; U
is an inportant inpBPdgapigstic bF’CLWSF ﬂf%ga&g\;géaox 512 8@?@%%35‘\9 8nd
shoul d be taken fortd akow teepgiass wubihg $1d todit tiirbegh.cBpawt allew the glass

tubing to touch the lid 506B of the balance liquid reservoir or an
unstable balance reading will result and the measurement cannot
20 be used.

4. Stopcock 510 is closed to tubing 504 and opened to glass tubing
511. Fluid reservoir 505, previously filled with test fluid, is opened
to allow test fiuid to enter tubing 511, to fill balance fluid reservoir
506.

25 5. The glass frit §02 is leveled and secured in place. Also, ensure
that the glass frit is dry.

6. Attach the Tygon® tubing 503 to stopcock 509. (The tubing
should be long enough to reach the glass frit 502 at its highest
point of 200 cm with no kinks.) Fill this Tygon® tubing with test

30 liquid from liquid reservoir §05. -

7. Atftach the Tygon® tubing 503 to the level glass frit 502 and then
open stopcock 509 and stopcock 5§10 leading from fluid reservoir
505 to the glass frit §02.. (Stopcock 5§10 should be closed to
glass tubing 511.) The test liquid fills the glass frit 502 and



tenperature, either fromwell known tables, or equations, or neasured via
wel | est abl i shed neasur enent procedures 30 Capil lary Sorotion
Pur pose WO 99/458F% pur pose of this test is to measure the cREI/UE®08040
sorption absorbent capacity, as a function of height, of storage
absor bent nenbers of the 35 present invention. (The test is also used to
nmeasure the capillary sorption absor bt capacity, as a function of
hei ght, of the high surface area

101 material s spot | c. abgpr bent , h_as .

hydr ogel - f ormi ng re@gg%lé, bﬂttr%é% dé‘fmgt ﬁ@PQOB{ "B?r llce"ﬁgtge?qsalf%t
utilized in the absoQsatinue to filluntibthe flnidievel exeesds thestopi oftheglass frihat

fol l ows di scusses thqjgeasss! aE the %Eﬂél'% Bga S air bttlidL rpfhé 0
measuring an entire tora ?sg“ | Par sorpron is a

f undanent al property %ﬂﬁmm funnel. +fig;buhbles ﬁ!?)thﬁ/ emayed by

absor bed dnt o thfaI abirveniing  glassu 6582 bndt hmwrng ai@alﬁlllkiﬁléé ytosﬁé@tarﬁﬁ
experiment, capillar t y,

function of fluid prégé é){H §egﬁgﬁ$ﬁ'2§)ﬁ ?@%88%&(& -s b EgB%SLbP’éﬁ |ve to
the test fluid reser@@ﬁlect omthe bottornhef tmtghesffntrdneetsanrm rﬁeigvelatpelmary

sorptron is well rec I
"Capillary Sorption Eggl ﬁgrpfg%?’r?ugh leVRIAE wrlﬁﬁnsrﬁ@%é‘?éﬁk%egq SEar ch

Journal, 37 (1967) @@dﬁﬁ" ﬂ@ré‘c"ffﬁ??e glaps%rt disc 560.phsor bency, Text ile

S d Tech 9-84, 15.. E

Subl T sher 0 B v. | 1guseer the SRS Wit R Balasts s RSSO 0B (TaHR cber
9, 1986 to V\él sman ethig take & pigcei ofcTiygon® tubingraf sufiidient length and ﬂh:rasuri ng
capillary sorption Oﬁntﬁtlﬁé?"t@squfqgﬁtr Pfédér &i%e ehlSn Qﬁéf)'a%ﬂégiqﬁfd reservaiPch Of

t hese references is 58& or at ence_he

Principle SI%{ rPFStt |P§st§'8ﬁﬁ€€lglﬂfs\fﬂhsaﬁ diertest r upt ed
col um of fluid liquid de%lumdrdamrbwtlﬁe Qnbifg bEIMEIC & eGufatatitPiotthes

Mai ntai ngg under a  pajance liquid reservoir level) is 10 mm below the top of the glass
frit disc §60. If this is not the case, either adjust the amount of
liquid in the reservoir or reset the zero position on the vertical
slide 501.

9. Attach the outlet and inlet ports from the temperature bath 508

20 via tubing to the inlet and outlet ports 502A and 502B,

respectively, of the glass frit. Allow the temperature of the glass

frit disc 560 to come to 31°C. This can be measured by partially

filling the glass frit with test liquid and measuring its temperature

after it has reached equilibrium temperature. The bath will need

25 to be set a bit higher than 31°C to allow for the dissipation of heat
during the travel of water from the bath to the glass frit.

10.The glass frit is equilibrated for 30 minutes.

Capillary Sorption Parameters

30 The following describes a computer program that will determine how
long the glass frit remains at each height.

in the capillary sorption software program, a test sample is at some
specified height from the reservoir of fluid. As indicated above, the fluid



constant confining weight during the experinent. As the porous structure
absorbs fluid upon demand, the weight loss in the balance fluid reservoir

is 25 recw&%qﬁsgﬁ fluid uptake, adjusted for uptake of thepEfasssnsdsbt as a
e

function i ght and evaporati on The uptake or capacity at varidus
capillary suctions (hydrostatic terqgl ons or heights) is neasured.
Increnental absorption occurs due to the increnental |owering of the
frit (i. rgservoar el é"’l’)%!é?ﬁecéﬁbﬂ ih’%{t% %:?l‘ﬁbhféfl:ap%@ad the Pgla‘i‘i'ée'a‘-i the SO
nmoni tored during t exper,| ne

. effective &M ake wﬁgnw;vatar& qaiwlatﬂ hei figy rate (Delta readmsétagent s
t1ﬁ2 ﬂfmar}'@éwéensm heét Samipld Qarid res&al S FobYpwipBBee &l thidi ssol vi ng

e

Conpound methad, \fhe test s%m'lge%t on{q?éﬂ%'gs p:_ne %'t equuthum wthen thgflow

74.6 5 rate 5 IBssihan a speclﬁed flow rw ecified numbégof consecutive 0
Em% ZH ]rg[ h@%@ ]t is re(i%g[uzed that forocq_ in material, actual equilibrium

CaCl [err] [may]rmi[ rr]a@ched Mihen the specified2*EQUILIBRIUM CONSTANT” is

NgCI[err] ] 20 | Description of
Appar at us r%%ﬁ%}? ﬁ)ettm% l?\il%r\éalct}%\?ﬁ?gi@agngs s‘l%ﬁ%ﬂﬁ{%mnt depi cted

generally as 520 in Figure 2A , used for this test is operated under

01 oot BT L owane Tttt °f?’5£’%§m the deita BIEE s conné‘g‘t”eﬁ‘e@&g@ygﬂt T huous
Sor o of 'SBION My e EROMIBRIN saMRILS.  The” Ganinug my

Bl Y eservoir,
shown as Sfitasciens00.niThe fiewtiratd aomstanfTis specifieat irothie capillaiyOsorptiop! aced on

bal t t h Th
bal ance. s BaRH BeEAUPRRIMTERSTANTS 0 001 o such a balnce i
avail able from Mettler Toledo as PR1203 (H ghtstown, NJ). The 20 glass frit
502 i ggpl aced ofng pgilibmith Cohdtant RNOMBrELRPUAKY bt igRarBEe réryiAg
from 0.0001 to 100.000.

The following is a simplified example of the logic. The table shows
the balance reading and Deita Flow calculated for each Time interval.
20 '
Equilibrium Samples = 3

Equilibrium Constant = .0015

0.350
0.300 ’7—%"“
0.250

0.200 /
0.150 _
0.100 J—/
0.050
0.000

25

30

Uptake

o 2 4 6 8 185

Time Interval




501, to allow vertical novenent of the test sanple to expose the test
sanple to varying suction heights. The vertical slide may be a rodl ess
act uat or V\/rweﬁwi‘%'%ttached to a conmputer to record suction hRETUSIS/OSMH
corresponding tinmes for nmeasuring |iquid uptake by the test sanple. A 25 -
preferred rodl ess actuator is avail able f

1r Bm | ndustrial Devices (Novato,
CA) as item 202X4X34N- 1D4B- 84- P-C S- Ig whi ch may- be powered by notor
drive ZETA 6104-83-135, avail able from ConpuMtor (Rohnert, CA). Wher e

data is neasured and sent f ,WAWBGI ance 507, capillary
sorption absorbent capacit Qateez may  De rea hg% ggnerated for 30 each test
sanple. Also, conputer int ."}%{E t o' W& udt or 1 may allow for

controlled vertical novenegt of {he (gl asq f(9%ec504. " For exanpl e, the

actuator may be directed t veltheldglrags rrit bg2 vertically only after
"equilibrium (as defined T Sppogaciedgargreadh suction hei ght.

103 The bottom 55—t } seqnect ed to Tygon[err]

t ubi ng 503 t hat conngctg the Trit 505 1o thrdee-way drain stopcock
509. Drain stopcock 509 Sis|c cted P8*%4 qdi d reservoir 505 via

gl ass tubing 504 and stopcck451pD. 0270 T(TAE0BX ofjcock 509 is open to the

drain only during cleani ng[oT5ThE  G295apjpar aooss o ai r bubbl e renoval .)
DS ‘

3 ass tubing 511 connects f+ugd coozr©45 with balance fluid
reservoir 506, via stopcoc R}ﬂ iy reservoir 506

consists of a |ightweight 12 §m i | 48%%i dh 506A and cover
506B. The cover 506B has a}hofe pvhi E:FIU@ ags tubing 511
contacts the liquid in the|reser T0. 80T ajs tubi ng 511 nust not 10

contact the cover 506B or &S ing wll result and the
test sanpl e neasurenent cannot be used, The glass frit dianmeter
must be sufficient to accommbdate the pi ston/ cyl i nder -apparat us,
di scussed below, for holding the test sanple. 15 The glass frit 502 is
jacketed to mdiorahigr a constant tenperature control froma heating
bath. The frif 1s a 350 m fritted disc funnel specified as havi ng 4
to 5.5 [err] mM'®8r s, afaill apl & f {ond Cdr nfng] GPasf @o. | ( dom[ngt g as
#36060- 350F|[Defe poPeEs| U0 DS NAIS0| LUDoREEPUINNo. 0.05
at capil | ar jpemaET] TofoTSe 4130 arbesyS o husu o ; HoRe] ai r
t0.20  ent efgige] Rt i) oot o B b oba-oas o boat )
H
5 - ’
The equilibrium uptake for the above simplified example is 0.318 gram.
The following is the code in C language used to determine equilibrium
uptake:
10
/* takedata.c */
int take_data(int equil_samples,double equilibrium_constant)
15

{
double delta;
static double deltas([500]; /* table to store up to 500 deltas */
double value;
double prev_value;
20 clock_t ;xext__time;

int
for (i=0; i<equil_samples; i++)
25 deltas({i) = 9999.; /* initialize all values in the delta
table to 9985. gma/sec */
delta_table_index = 0; /* initialize where in the table to store
the next delta =/
equilibrium reached = 0; /* initialize f£lag to indicate equilibrium
30 has not been reached »/
next time = clock(); /* initialize when to take the next
reading */
prev_reading = 0.; /* initialize the value of the previous

reading from the balance +/

35 while (tequilibrium_reached} { /* start of loop for checking for
equilibrium =/



As indicated, the frit 502 is connected via tubing to fluid reservoir 505
or bal ance liquid reservoir 506, depending on the position of

t hr ee- way WO9948%pcock 510. 25 A ass frit 502 i s BCIAUSIBOSH4D O
accept water froma constant tenperature bath. This will ensure that
the tenperature of the glass frit is kept at a constant tenperature of
88[err]F (31[err]C) during the testing ﬂﬂgcedure. As is depicted in
Figure 2A, the glass frit 502 is equipped with an inlet port 502A 30 and
outl et port 502R .mbichogBke a closed | oop. whitfla@ bd edilat g LeRL, bath

shown generd |y, as 298., (The gl ass jacketing i depicted in Figure 2A
However, herom‘étgrréfimgr%gucg tg' the |j acké;t gdLﬁftggtss rdlrx)“'ltj éadzel?sf’?f’m bath 508
cont afgteat NESFERT W iand sthe &BS??SJEE@@%@E%&“@E@W Agul,at ed

t hr ough laSF@eze fst/ant tenperature bath. The water An t he constant
‘tenper af ur e ~padt A-55" TPl at es t hrough t he*FECRETEY "WAT F¥ B ¢¥R gl ass

frit 502 ) deltas{delta_table_index] = delta; . /* store current delta value in §i@4

! tabl £ delt * . ...
Reservoir 506 &nd %ﬂgﬂ&&&O? are encl oseg idtrereddPéirte €6 fbeiTpabErion

o

evapor at i on b et g, LixWide! LOMLNGR82N0LLLSHT ¥Rbd: 2NEhALO.qRNaNCE
bal an_ce"%tabauﬂloetrtu)‘ii dar | ng_rperforrrance of the experinent. This box, shown
general |y as 512 °RaE4-t8F adtl wal | s[ err{+ §RaPEhESh HSEM: ol e through
5 which tubteng®B11™isvdyngért ed. /o 6 A58, 8 LlkaiR9%el SeShown in
nmore defQi | o mrFngeeme2e@Bs/ Figure 2B is a cross-sectiona view of the
glass frit, e@bﬁﬁﬁ%ﬁ:’ﬂ‘ﬁﬁﬂﬁigdm ‘et port 502A7‘afft e f129dqtirdr*fort 502B. As

i ndi cat ed, hefegltadsi fordarilisamedesg36+in1 fri (4 euckisidcené urined inlGe dlawi ng

speci f i 24l 4§<th (i)la'b 15 (c{eﬁi’aﬁ(]ém&pﬂwﬁbriae_fzﬁﬁd’ahﬂ@ [ Oadpi Glle@s2Bor 1 Beugl ass frit

502 conpris e §° teal cdacketed funng) ' 7 S 2020, a gl ass
frit disc shko ilalsi'%%ﬁg;g 9“TF\réng'igiasts’' frit 5823%5?’% %%?{bggl afriiiigs%s0 %Qg

cyl i nde3@ pi §t on assenmbly shown general |y ds585* (WMt cH*Totfp?f 8% Yyl i nder
566 and pi ston 568), which confines the test sanple, shown as 570, and 15
provides a small confining pressure to the test sanple. To prevent

excessi ve erapBMaal $6Btich eldrgiuid fromthe glass frit disc 560, a Teflon
ring sﬁ%ﬁg‘%m top of the glass frit disc 560. The

Teflon[err] ri ngtoad Desgription (Gopfining Hreesirek Q298 10881 ¢ as sheet stock from
McMast er Carr as EquilibriurB Satgliés f)d50s cut to size) and is used to cover the

(1180186 o aceabyfEcHm dpeighbpder 508, and thus i zes

Setup I-?eight Value: 100 cm

Finish Height Value: 0 cm

Hydrostatic Head Parameters: 200, 180, 160, 140, 120, 100, 90, 80,
70, 60, 50, 45, 40, 35, 30, 25, 20, 15,

40 10, 5 and 0 cm.

does not

The capillary sorption procedure is conducted using all the
heights specified above, in the order stated, for the measurement
of capillary sorption absorbent capacity. Even if it is desired to

45 determine capillary sorption absorbent capacity at a particular
height (e.g., 35 cm), the entire series of hydrostatic head
parameters must be completed in the order specified. Although all
these heights are used in performance of the capiliary sorption test
to generate capillary sorption isotherms for a test sample, the

50 present disclosure describes the storage absorbent members in
terms of their absorbent properties at specified heights of 200, 140,
100, 50, 35 and 0 cm.



rng outer dianeter and inner dianmeter is 7.6 and 6.3 cm respectively. The
I nner dianeter of the Teflon ring 562 is about 2 mmless than the outer

di anmet er oWQ99458ther 666. A Viton Oring (avail abl e from McRIBUSISABRM0 as

# ASH568A- 150 and AS568A-151) 564 is placed on top of Teflon ring 562 25 “to
seal the space between the inner wall of cylindrical jacketed funnel 550
and Teflon ring 562, to further assist iﬂ1%revention of evaporation. If the
Oring outer dianeter exceeds the inner dianmeter of cylindrical jacketed
funnel 550, the Oring dianeter is reduced to fit the funnel as follows:

t he Oring is cut open, the necessary anmount of Oring material is cut
off, and 30 _the C}rin? I's glued back together such that the Oring
contacts th Sorpliopirecedurehe cyl i ndrical jacketed funnel 550 al
around its p i ndi cated, a cylinder/piston assenbly

shown -generaﬁr iﬁ’ﬂﬁ%f’ﬁﬁ!’@e%wm' égté?? BECYURf i nes the test sanple and
Do i gure. 20 Make3ig'siel BEReriie bany Sos' A%l o 58L& HBugifp e "

Tefl on pidst on throughithel giassF68502 andvthahthe glassfrif discab6Q tampeiatire isr

wei ghts (not shawh) that fits inside pistan 568.
105 (Optional weight will be used when necessary to adjust the.

conbined  3) Puitaht glaks HE502 Bt P00AEH dittioAMdigMaopesi sidbcssksa509NT i Ni Ng
pressure of 0).2 Si_1is alatesalfn g a/e ﬁ%{s on tEe Lest sa 's dry
di ameter. Thi s2ng 510 td copnect glass Bg 8 V?' %??% quid ggservor [err]
bar stock and KStopchbek 810 isoclosedntp dquidnesensir §85Qut Slassi fite5@2 isf 7.0

cm an iqgner dig Eltedk inutes. Cmand a height of 6.0 cm The Tefl on
pi ston 568 has taE@Bf 5??0%%@“‘“ es di rensions: an outer dianeter that is

0.02 cm | ess4)t higutthe abbveta iia??%b?tion arameters Yitb 186 tofmpliterAs shown i n
Figure 2D, the end of the pipgton 568 th%t does not contact the test

sanpl e i s bdeClose gtopuocks 50%art 810.di anet er by about 10 1.8 cm deep
chanber 590 to receive optional weights (dictated by the test sanple's
actual dry daMaverglasefiitspedo the setiup height, 480 connpl e confining

D on® ' Bbrdseitiye o kel i S bl 4t PUEGERSo B! 50 by
thef_te_st‘ls . sanTefsn® ai?guaPladéqrr_atlwatéd\mundmssa_sbond:&theal!yucdﬂ théat a568
confi ni ng r A t on
(and opti onal %ﬁéﬁ#\{eﬁ?gt %%r%igaéﬁpﬁﬁpeﬁﬂgf%ﬁlyﬁ @ﬁ@ﬁ?g‘{_&ﬁoé st 30
m nutes prior @lassofitudise B§0. Placspistapi $6& intosewlipden $08bs Adsditionat apaci ty
nmeasurenent.  confining weights are placed into piston chamber 5§90, if required.

8) Cover the glass frit 502 with apertured film.
20 9) The balance reading at this point establishes the zero or tare reading.
10) Move the glass frit 502 to 200 cm.

11) Open stopcocks 509 and 5§10 (stopcock 5§10 is closed to fiuid reservoir
505) and begin balance and fime readings.

25 Glass Frit Correction (blank correct uptake)

Since the glass frit disc 560 is a porous structure, the glass frit (502)
capillary sorption absorption uptake (blank correct uptake) must be
determined and subtracted to get the true test sample capillary sorption
absorption uptake. The glass frit correction is performed for each new

30 glass frit used. Run the capillary sorption procedure as described above,



A non-surfactant treated or incorporated apertured film (14 cmx 14 cm 20
(not shown) is used to cover the glass frit 502 during Capillary Sorption
exper i mentWOP45A7Hi m ze air destablization around the sanpl BCT/Bpssroso40eS
are |l arge enough to prevent condensation fromform ng on the underside of.
the filmduring the experinent. 25 Test Sanpl e Preparation

The test sanple can be obtai ned by punch? out a 5.4 cmdi aneter

circul ar-shaped structure froma storage absorbent nmenber. Wen the

mrircl e miotXeaPRRRbuClest RS BohtaRl el HiankLBBer QT L bl (e 20
nmenber canndmenat eagh speqifigd beight equals theyBlankiEmef (s)-he article without

significantly altering its structure (e.g., density, relative disposition
of the conponent materials, physical properties of constituent

materi al s, gvgg o F é‘_’&r?rcictnhe menber is not a conponent of an
absor bent arFt e sanple is prepared by conbining all the

mteri al g thatycapsid il Babb%itBoz T5'PE SVe bHRS ahli e ERLBIAL Mt S

representative ‘of ) X )

106 quest this height fee 30 migkigscwits opep stopeacks AR and 1P drlesedd i s
obt ai ned by to fa8drisipspsy. h an arch punch. The dry wei ght of
the test sanple (used belowto calculate capillary 5 sorption absorbent

capacity) is t2)eClesegstopobcks 809 ansd 5400l e prepared as above under
anbi ent conditions. _ Experinmental Set UP 1. Place a
clean, dry gl a3sPlade Tellion®ming §6Zhorisurfacd @f glassaftit disa $60.h&ul @-ring

verticajgslide 6844 M%ﬂbﬁ@aﬁﬁqﬁ.gﬁ%&gﬁﬁf ed Binder i5682ordentiRally

such that the glass,fr | S_at. i, . ) 2. Set’up the
appar at us conpon@Rt gwea;llegge%npgr Ei'iﬁ?r QIsson into cylinder 566. I§?§‘Eussed
above. apefiurdd filmeor @lassfidt 80®:t er bal ance |iquid reservoir 506 on
t he bal ance '
4) Open stopcocks 509 and 510 (closed to reservoir 505) and record
balance reading and time for 3.5 hours. Calculate Sample
15 Evaporation (g/hr) as follows:

[balance reading at 1 hr - balance reading at 3.5 hr] /2.5 hr

Even after taking all the above precautions, some evaporative loss will

occur, typically around 0.10 gm/hr for both the test sample and the frit

20 correction. Ideally, the sample evaporation is measured for each newly
installed glass frit 502. |

Cleaning the Equipment

New Tygon® tubing 503 is used when a glass frit 502 is newly installed.

Glass tubing 504 and 511, fluid reservoir §05, and balance liquid reservoir

25 506 are cleaned with 50% Clorox Bleach® in distilled water, followed by
distilled water rinse, if microbial contamination is visible.

a. Cleaning after each experiment

At the end of each experiment (after the test sample has been

30 removed), the glass frit is forward flushed (i.e., test liquid is introduced into
the bottom of the glass frit) with 250 m! test liquid from liquid reservoir 505

to remove residual test sample from the glass frit disc pores. With



15 507. Place plastic lid 506B over this balance liquid
reservoir 506 and a plastic |id over the bal ance box 512
each with sYR%/4¥Fes to allow the gl ass tubPEHUSIOD fi t

t hrough. Do not allow the glass tubing to touch the lid -
506B of the balance liquid reservoir or gl unst abl e bal ance
reading wll result and the neasurenent c fhot 20 be used.

4. Stopcock 510 is closed to tubing 504 and opened to glass tubing

511. Fluid | f d

Lo al | ow Lest oPLeRy 569?5‘?2?@8@""? Bﬁ“’? fegetloir 508 Bhd dokeft 1o GaBRETEY
506. 25 liquigs T 'esﬁnéol@ 1588, the glass ot isqemayeddimmyits Relder, dumed ypsides. Al so,
ensure down and is rirlset dmeﬁrﬁlwmﬁstll“qm@ féliowed by rinses with dbetdiid ach the
D19, 01 R AN i il e s B4 0 7
200 cm wi% h upside rdowr and rinseifiidrysysquirtedi ogtoatheh testssarple contacting | i qui d
fromliquid étﬁféi’:"evcﬁ'thegéss frit disc. After rinsing, thé @Té&stﬁf’ls-r%gﬁ&dtﬂﬁbgg a503 to.

the level glass fr|t

st opcock 510°8608d;tige Witth¢30 mla@télge%vnthet'c urine). Fmally, ”Bé&'@%ﬁ iﬂh&’ gI ass

frit 502.. (r@ingtailsekingtsthslbevantd tie Rit sadskd i@ leveled. gl ass tubi ng
511.) The t est liquid fills the glass frit 502 and

107 removes all trapped air during filling of the |evel
glass frit. Continue to fill until the fluid | evel exceeds

the top 18 tmeﬂéﬂwm_aﬂ@ di sc 560. Enpty the funnel and
remove all air bbl and i nside the

funnel . Air bub‘g’Lr‘-j‘ ﬁ%’y Hféjf‘?fm%\‘r‘ﬁd st be monitored. & & nfarhi fl§agingss frit
502 and al | qwocedurerariifrleachtmewly irestalled glass frit, with the giassJritgst dphatough t he
?L:' BO?I O‘;‘nt Y ré?;osg'tf%sséé"rnﬁlt&?g@&' lﬁgggéﬁgé' @}Heﬁ gnto the leveled glass fiftdisect on

usi ng a smal§¥ hoet, Jeflon®; ring: Qurinp and thewgylmem@tpra@pmemsmna

5;50 an]g 16tnt or ﬁémm&uf taes fof i fsss fllid levél $5drd Qo 519:m above the §las€#ito t he
glass frit v

This, take a9 subion RaRafad N erbfRSiibe Bristkhrbrmed ¥ s tme

wi th the tegxcepdsikd nihutes. one end in the bal ance |iquid reservoir

c. Periodic cleaning

20 Periodically, (see monitoring frit performance, above) the glass frits are
cleaned thoroughly to prevent clogging. Rinsing fiuids are distilled water,
acetone, 50% Clorox Bleach® in distilled water (to remove bacterial growth)
and test liquid. Cleaning involves removing the giass frit from the holder
and disconnecting all tubing. The glass frit is forward flushed (i.e., rinse

25 liquid is introduced into the bottom of the glass frit) with the frit upside down
with the appropriate fluids and amounts in the following order:

1. 250 ml distilled water.
2. 100 ml acetone.
3. 250 m! distilled water.
30 4. 100 ml 50:50 Clorox®/distilled water solution.
5. 250 ml distilled water.
6. 250 m! test fluid.



506 and use the other end to position the glass frit 502. The test
liquid |level indicated by the tubing (which is equivalent to the 15
bal ance | iV@P¥4¥82&ervoir level) is 10 nm bel ow the top of POEEUSPSIESE40
frit disc 560. If this is not the case, either adjust the anount of
liquid in the reservoir or reset the zerﬁ‘gosition on the vertical

slide 501. 9. Attach the ou t and inlet ports fromthe

tenperature bath 508 20 via tubing to the inlet and outlet ports
502A and 502B, respectively, of the glass frit. Allowthe
tenperature of the glass frit disc 560 to cone to 31[err]C

I T, O T dakddei ety won s WnanaR el 11
reached equi"ﬂ&m itg?nﬁ‘-’érﬁ%?'éﬁ eﬁ”iéﬁ&wﬁng??le\ﬁ PY?)n@_%I "’2_*53" no residue IS, pe set
a bit hi gherobskambiE o ahe lgfassofrie diseveurface! Hecldasing mani mot bef péréarmed

duri . be, Ul W R e By Lo e o= it a0

Sor ption Paraneters 30 The foll ow ng describes a conputer program
that will determ ne how |l ong the glass frit remamins at each height.

In the capi Id@élm_aﬁ@igation software program a test sanple is at sone
specified helght fromthe reservoir of fluid. As indicated above, the fluid

108 r esefThei computen is sbhlupnitepravidehatrbport coosisfing ef thexcapidary t he

bal ance at : -and. o [ | vial I fl ow
ate (el ta SLEkon Reye bri? tAGBnll B LBIaRE R 92A, SF cRlth ycien
reservol®. heigWurfyese thipidats, the capillangisustion @Rsorbest c3pRgilYe Whichcinsi der ed
tot bef at equ:bkrb_b}fddugm\l\ﬁwmtﬂhef fﬂ*itO\upté(et andt ehe Se\ﬂtapal%ti_‘ohalbsé, I&mcibtei ed flow
rate for a specif.i nunber nsecutive .. | v, is
recogni zed, cgﬁé'hat?‘g‘r A&s&,nggpﬁgﬁgtctgfeicgplfﬁa%ﬂ@png&ﬁ?t{ﬁ%gk P%ﬁéc:t? at orfjﬁéf not be
reached whethe hapiaryctisomqtiorceficieneRcavbecrisniated atthe specifieddigights.The t i me
interval betlﬁ"ﬁ@ﬂ%tibﬁ?@\'erlﬁﬁial ﬁ%}ﬁ@ﬁ%@ﬂ? ratéL_Q} 200 cm is caltiftéimber of readings

in the delta table Is speci capillary sorption menu as
"EQUI LI 8%l UM SAMPLES". The maxi num nunber of deltas is 500. The flow

rate const a@laﬂk%o?%?hﬁijaﬁg in the capillary sorption -

Blank Time(s)>Sample Evap.(g / hr)
3600(s/ hr)

Blank Correct Uptake (g) = Blank Uptake(g) -

Capillary Suction Absorbent Capacity {("CSAC")
20

T * /hr) .
 Spe Utk - Sanple m‘?ms:ﬁm‘g ). Birk Correct Uptaelg)
Ae/n = iy Weight of Sarple@

initial Effective Uptake’'Rate at 200 ecm (“IEUR")

IEUR {g/g/hr) = CSAC at 200 cm (a/a)
25 Sample Time at 200 cm (s)

Reporting
A minimum of two measurements should be taken for each sample and the
uptake averaged at each height to calculate Capillary Sorption Absorbent



menu as "EQUI LI BRI UM CONSTANT' . 15 The Equilibrium Constant is
ent er ed |\r,hvt¢gy9%4§87gf grans/ sec, ranging from0.0001 to 100. 000.

The follo

sinplified exanple of the |ogic. The tabPETAHEHES040

t he bal ance reading and Delta Flow cal culated for each Time Interval. 20
Equi i brium Sanples = 3 Equi li bri ugygonstant = . 0015

[err]
109
| nt erval

(gsec)
1
. 0150

25
Ti me Bal ance Delta

Oapakity (CSAE) @ a given absgrbent member or a given high surface 4fda

0. ooghnaterial. 5 4150 2 0.165

With these data, the respective val@es can be caiculateds 0. 0120

4 0. 270 0. 0090 5 0. 295

0. 0050
7 0.3125
0. 0004

10

15

20

25

30

35

) , 6. 0.305 ~0.0020
ThepEapillary Sorption Desorption Height at which the materialghag; released

x% oPfth icapaéiB) £ 0 cm (i.e.-of CSAC 0), (CSDH x) expressed in cm;

)

- The Capillary Sorption Absorption Height at which the material has absorbed
y % of its capacity at 0 cm (i.e. of CSAC 0), (CSAH y) expressed in cm;

- The Capillary Sorption Absorbent Capacity at a certain height z (CSAC 2z)
expressed in units of g {of fluid} / g { of material}; especially at the height zero
(CSAC 0), and at heights of 35cm, 40cm, etc

- The Capillary Sorption Absorption Efficiency at a certain height z (CSAE z)
expressed in %, which is the ratio of the values for CSAC 0 and CSAC z.

If two materials are combined (such as the first being used as acquisition /
distribution material, and the second being used as liquid storage material), the
CSAC value (and hence the respective CSAE value) of the second material can
be determined for the CSDH x value of the first material .

Teabag Centrifuge Capacity Test (TCC test) _
Whilst the TCC test has been developed specifically for superabsorbent

materials, it can readily be applied to other absorbent materials.

The Teabag Centrifuge Capacity test measures the Teabag Centrifuge
Capacity values, which are a measure of the retention of liquids in the absorbent
materials.

The absorbent material is placed within a "teabag”, immersed in a 0.9% by
weight sodium chloride solution for 20 minutes, and then centrifuged for 3
minutes. The ratio of the retained liquid weight to the initial weight of the dry
material is the absorptive capacity of the absorbent material.



Ti me 0 1 2 3 4 5 6 7 8 9 Delta 1
9999 0.0180 0.0180 0.0180 0.0090 0.0090 0. 0090 0.0014 0.0014

0. 0014 WO P58 2 9999 9999 0.0150 0.0150 0.0150 0. Op&USIsE4S0
0.008 0.008 Delta 3 9999 9999 9999 0.0120 0.0120 0.0120 0.0020 -

0. 0020 0.0004 The equilibrium ugt ake for the above sinplified
exanple is 0.31 8 gram The fol & ng is the code in C |anguage
used to determ ne equilibrium upt ake: /*

S el O R

store up to ts0havhgatimensions 24 amoxi@0ecm x/alcoe; The liguid diing| heightsheuld/bé ue;

20 clock t time; i nt i ; for (i=0; i<equil_sanples;
| ++) det as???&?%'gQQ. ; /[* initialize all values in the
delta 25 table to 9999. gns/sec */ delta_table index = 0;

[* initidize Vig eedbag bouttnhbs dimensions 6.5 cm xXh6.5némt anitlid beaildble from

Caui 11 bri um TSSRREARD Bikspiart Gremany: The bl R iF cafibia fu ¥ Sidfdaro

/* initiali Zdtcohean plasticabagt kealingxdevice (e.gadVAGURACK2 PpUSy frasadKrupsy O;

[* initiali@emh val ue of the previous reading fromthe bal ance */
35 while (ﬁgequ?ﬁ briumreached) ( /* start of |oop
for checking for equi librium?*/ :

10 The teabag is opened by carefully cutting it partially, and is then weighed.

About 0.200g of the sample of the absorbent material, accurately weighed to +/-
0.005g, is placed in the teabag. The teabag is then closed with a heat sealer.
This is called the sample teabag. An empty teabag is sealed and used as a
blank.

15

The sample teabag and the blank teabag are then laid on the surface of the
saline solution, and submerged for about 5 seconds using a spatula to allow
complete wetting (the teabags will float on the surface of the saline solution but
are then completely wetted). The timer is started immediately.

20 Aifter 20 minutes soaking time the sample feabag and the blank teabag are
removed from the saline solution, and placed in a Bauknecht WS130, Bosch 772
NZKO096 or equivalent centrifuge (230 mm diameter), so that each bag sticks to
the outer wall of the centrifuge basket. The centrifuge lid is closed, the centrifuge
is started, and the speed increased quickly to 1,400 rpm. Once the centrifuge has

25 been stabilised at 1,400 rpm the timer is started. After 3 minutes, the centrifuge is
stopped.

The sample teabag and the blank teabag are removed and weighed
separately.
30

The Teabag Centrifuge Capacity (TCC) for the sample of absorbent material
is calculated as foliows:

35 TCC = [(sample teabag weight after centrifuging) - (biank teabag weight after
centrifuging) - (dry absorbent material weight)] + (dry absorbent material weight).



110 next time += 5000L; [* cal cul ate

when to ta,{§, next readi ng while (clock() < next tine);

/* vvalt unt' A 24588conds has el asped from prev read?‘ﬁE{Us?sl‘)SMO 5

val ue = get _bal ance_readi ng(); /* read the bal ance in grans
*/ delta = fabs(prev_val ue1-7val ue) / 5.0; [* calcul ate
absol ute value of flow in | ast é seconds */

prev_val ue = val ue, /* store current val ue for next

| Qop 10 deltas[del ta_table_ i ndex] = delta; /* store
current delta lue in abl e of delt

delta table i r%@?.,,ﬁpecnﬁc parts of the structurgs*or ﬁ?bﬁpﬁﬂhﬁﬂp@%ﬁﬂﬁ be

posi It i o;m measured, sutiabk®sédtional” cult outs, i.e. lobkingedt partsofitiee smbt]yre or #eaui |
sanpl es a

Gol T a T a! clotal g g@},g}gﬁﬁﬁe Uuthg s E% e efoss, e fﬂﬁﬁ%‘i&ﬁ% ?"f'%lﬁ at, .

/* resetb t hdetgBninedrpaintstafdhe iangitudinal axxs of the amile. 4m particularsthecdefinition

the table. githa “sPotch /re ion" as descriged above allows '?@db@?hﬁ\é‘iﬁ@%?oﬁﬂ %gioﬂs the

| ast 20 xx | n briumrea
1% set the FaRRsYS Olter &3@ S G5 be usagl 19 ASISMTIING & "R, GRPRGHY (Le. the
for (i=0; iamoanuof capagilyecontained in a unit area of thecbpedifiardgidimof Wisd aeticlé.n t he

ol 12" 25Dcnekihh S the size S i<k Torefly PEHII, 285 A8 b hod™

value is > or =
equi | i WG unMkelcaveraging; is taking place ¢ natwmallyhéhegmalier the sizeg the Essnot

at equil i bravgrhgihg will occd® } . .

/* go back to the start of the |loop */ Capillary Sorption
Par anet er s Load Description (Confini ng Pressure): 0.2 psi
| oad Uitimate StorageuTapdnityum Sanpl es (n): 50

Eﬂ}“' l'ibrium CoRsggat tloné)est%ﬂﬁ@e%rsé?@!%ate the, Ultimate Desué?@t'&ab'@ %g\i{gs t a{]| (1:00

Head pa%n&%?%beww@se numr of methadsphaveybeen proppsed.
70, 60, 50, 45, 40, 35, 30, 25, 20, 15, 40 .

10,5 and 0 len th|e| context of the present va“ﬁoﬁ a'ﬁ' Isl 25dumed p&ﬂa‘%%@ Bﬁ?ﬁ&r eis

conduct ed usin
Storage Capacity of an articie is the sum of the uitimate absorbent capacities of

the individual elements or material. For these individual components, various well

20 established techniques can be applied as long as these are applied consistentiy
throughout the comparison. For example, the Tea Bag Centrifuge Capacity as
developed and well established for superabsorbent polymers (SAP) can be used
for such SAP materials, but also for others (see above).

25 Once the capacities for the individual materials are known, the total article
capacity can be caiculated by multiplying these values (in mi/g) with the weight of
the material used in the article.

For materials having a dedicated functionality other than ultimate storage of
fluids - such as acquisition layers and the like - the ultimate storage capacity can

30 be neglected, either as such materials do in fact have only very low capacity
values compared to the dedicated uitimate fluid storage materials, or as such
materials are intended to not be loaded with fluid, and thus should release their
fluid to the other ultimate storage materials.

35 Density/caliper/basis weight measurement

A specimen of a defined area such as by cutting with a sample cutter is
weighed to at least 0.1% accuracy. Caliper is measured under an applied



hei ghts specified above, in the order stated, for the neasurenent

of capilla&y sorption absorbent capacity. Even if it is desired to 45
det erm ne éﬁ%%ﬁ"ﬁry sorption absorbent capacity at a p®RCQIIUSIE/es040
height (e.g., 35 cm, the entire series of hydrostatic head

paranmeters nmust be conpleted in the order specified. Al though al

t hese heights are used in perfornmance of 18he capillary sorption test

to generate capillary sorption isotherns for a test sanple, the 50

t di i " i . .
Cerie.or BN o 80P R0 B AP it AT LOSD It oy
100, 50, 353weightcper unit area expressed in g/m2, caliper expressed in mm @ 550 Pa
111 Pres@ﬁké, ldnardensiy réﬂwesiéoomggwwngsk can be reé&iy:&ilbﬂﬁiéd‘e

experinmental setup procedure. e sure theé tenperature bath 508
is on and water is circulating 5 through the glass frit 502 and that
the glass frit disc 560 tenperature is 3l[err]C . 3) Position
glass frit 502 at 200 cm suction height. Open stopcocks 509 and

510 to connect glass frit 502 with the balance liquid reservoir 506.
(Stopcock 510 is closed to liquid reservoir 505.) Gass frit 502 is 10
equilibrated for 30 m nutes. 4) I nput the above capillary sorption
parameters into the conmputer. 5) C ose stopcocks 509 and 510.

6) Move glass frit 502 to the set up height, 100 cm 7) Place Teflon
ring 562 on surface of glass frit disc 560. Put Oring 564 15 on Tefl on
ring. Place pre-heated cylinder 566 concentrically on the Tef | on
ring. Place test sanple 570 concentrically in cylinder 566 on

glass frit disc 560. Place piston 568 into cylinder 566. Additional
confining weights are placed into piston chanber 590, if required. 8)
Cover the glass frit 502 with apertured film



20 9) The bal ance reading at this point establishes the zero or tare

r eadi ng. 0) Move the glass frit 502 to 200 cm 11) Open

st opcocks %"db”éﬁ_’%lo (stopcock 510 is closed to fluid resePGHUSIBA5040
505) and begi n bal ance and tinme readi ngs. 25 G ass Frit Correction
(blank correct uptake) Since tig glass frit disc 560 is a porous
structure, the glass frit (502) capillary sorption absorption uptake
(bl ank correct uptake) nust be determ ned and subtracted to get the
true test sanple capillary sorption absorption uptake. The glass frit

correction is performed for each new 30 glass frit used. Run the
capillary sglg_tion procedure as described above, .

112 W% w thout test sanple, to obtain the Blank Uptake (g). The
el apsed time at each specified height equals the Blank Time (s).

Evapor atgon,Los r ' 1) VE .. lass frit, 502 to.2 cm above
zero and’ | et1' i t%%ﬁ'f‘ﬁe?‘g%ﬁﬁze ﬁgmpnsmé a %)'d dl%%ﬁggﬁmbqrot?aw i %E‘@%'Vw' th
open stopcocks SotptmdAbsorption ddeight for 50% of its teapacityeat s (ESAH 50),
2) Close stopcoflither iy iti ), RAGatid6 e Molep on
surface of glass f re?t .@g;%ﬁmeﬁ?gyoﬂ ﬂ%g f/foé tidf %&d)bﬁﬁr*hé;tl ﬁcﬁ"ﬁ%g.
Pl ace pre- heat eBe@eak{liRgat H& satvcatian kS, fiyrther comprising ayfirst flgdsterage] er r |
ri ngi PI afce pi smemiESini lijuld commulticatidro with! sai@ fluid distribution mieaiberr saidf i | m
on gl as rit 5 : d .
eservol? sos) 1kl storage MémbRF Rafingy Gablian; Safthtn Ao Fliohtar
hours. Cal cul aP@%safisccapacity at 0 cay AR&AK i56) chametprized fin| thatvsaid fluid
[ bal ance readi ngisfributioR'membé} RES 8 peRrdablitpbt 0% oFils dtukatioh k(50) which
is more than about 14% of k(100), and in that said first fluid storage
member has a CSAH 50 which is higher than the CSAH 50 of the fluid
15 distribution member.

2. Absorbent article according to claim 1, wherein the first fluid storage
member has a CSAH 50 of more than about 15 cm.

20 3. Absorbent articie according to claim 2, wherein the first fluid storage
member has a CSAH 50 of more than about 23 cm. '

4, Absorbent article according to claim 3, wherein the first fluid storage
member has a CSAH 50 of more than about 27 cm.

25
5. Absorbent article according to claim 4, wherein the first fluid storage
member has a CSAH 50 of more than about 30 cm.
6. Absorbent article according to claim 5, wherein the first fiuid storage
- 30 member has a CSAH 50 of more than about 47 cm.

7. Absorbent article according to claim 1, wherein the Fluid distribution
member has a k(50) value of more than about 18% of k(100).

35 8. Absorbent article according to claim 7, wherein the Fluid distribution
member has a k(50) value of more than about 25% of k(100).
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Even after taking all the above precautions, sone evaporative |loss wll
occur, typically around 0.10 gm hr for both the test sanple and the frit 20
correcti onWOWEEPSy, the sanple evaporation is nmeasured for PEHERIMNSMOy
installed glass frit 502. Cl eani ng t he Equi pnent . New Tygon
tubing 503 is used when a glass frit 502 is newy installed. G ass
tubing 504 and 511, fluid reservoir 505,12<9nd bal ance liquid reservoir 25
506 are cleaned with 50% Cl orox Bleach in distilled water, followed by
distilled water rinse, if mcrobial contam nation is Visible. a.

Cl eaning after each experinment . . At the end of each_experinment
(after the PestAbserbent pHicleaeerrding toslained)whemnin tpedfiuid distributien merkerd
flushed (i.e., ha$h K(EANHué Df Mbre BHICEB0UtBIY ofk_(1@¢59§: bottom of the gl ass
frit) with 250 ml test liquid fromliquid reservoir 505 to renove
residual test sanple fromthe glass frit disc pores. Wth

113 S $0.0phbstrbendartictelasddidingao claim 1,qvietenctherfluid distibhitiom cherhimsyed t o

bal ance | 4 QUL ' &, Y. '

ol dor . turned ik EperEbiRy ot 380 It eilioh KaORWENTRY fibee 1R ki,
fol | owed by rin3ésofil(fB0hcet one and test liquid (synthetic urine).
During rinsing, the glass frit nust be tilted upsi de down and rinse

5
fluid is squjrt onto, the test s | @ cgntactin . surface. of the
glass frit m'sc'&g%f'{ggpt r?rﬁg'Pna,cc?rﬁEBg? S a'ln?iid" g'h%?'%a‘h& ﬂl"@sﬁ@ ihtion
second 10 ne wi tmepteriiastak(30) ivglied whichris imeonethan iaboyt 5%iof&(100). t he gl ass
frit is reinstalled in its holder and the frit surface is |evel ed.

10 b. l\/bn%éor,'é'gg gl ass frit performance . gasai frit performance
must be nonf4-ordBSYPER} adigleacqarding ig claim 1, yheseiadhedluiheistributien memiksy v

I nstal | ed gl asshdg atCSDHI30 Valae @f &3 than tbeat 15 cmt 0 cmposition. 50
m of test liquid are poured onto the leveled glass frit disc surface

(without Teflon ring, Oring and the cylinder/piston conponents). 15  The
time it1& akt® fAksarbent articlel aceprdisgeto taainr d2, twhereimmtae ofibid; distrihution fri t

member has a CSDH 50 value of less than about 100 cm.

14. Absorbent article according to claim 13, wherein the Fluid distribution
member has a CSDH 50 value of less than about 75 cm.

20
15. Absorbent article according to claim 14, wherein the Fluid distribution
member has a CSDH 50 value of less than about 50 cm.
16. Absorbent article according to any of claims 1 to 15, wherein the fluid
25 distribution member comprises an open celled foam.

17. Absorbent article according to claim 16, wherein the fluid distribution
member expands upon wetting.

30 18. Absorbent article according to any of claim 16, wherein the fluid distribution
member re-collapses upon loosing liquid.

19. Absorbent article according to any of claims 1 to 18, further characterized in
that said first fluid storage member comprises a hydrophilic, flexible
35 polymeric foam structure of interconnected open-cells.
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disc surface is recorded. A periodic cleaning nust be performed if this
tinme exceeds 4.5 m nutes. c. Periodic cleaning 20

Peri odi cal | WO P48 Smponitoring frit performance, above) the gPEEwSIGsta ar e
cl eaned thoroughly to prevent clogging. Rinsing fluids are distilled water,
acetone, 50% Clorox Bleach[err] in distil]ed water (to renove bacteri al

gr owm h) and test liquid. Ceaning il ves renovi ng the glass frit
from the hol der : and di sconnecting all tubing. The glass frit is

forward fl ' i bouid §s i into the boft
the gl ass fr i AosBroert!dHie Srooldiflt claim' 15! QINEF draficloiasst fotnat el
and amounts in t HEstflyid siarage member expands upon wetting. 250 i distilled water.

2. 100 nl acetone. 3.250 m distilled water. 30 4.
100 mM 50: 50 orox/ distill.ed water. sql ut,i on. .. 5. 250

distilled walzgr. ABEofent' aricie %‘?°°§§'693? ¢lam 20, whereby said first fluid storage
114 5 meThberdiesaniiapsepupareibosiagi liguiht | sfactory when glass frit

performance is within the set criteria of fluid flow (see above) and

when no resi (%ge k’ﬁgd observabl e on the glass frit disc surface. If
cl eani ng can“#ot d@ndiingenember aseerdings faiiclaim 2hewherabynasid bydrophilieced.

Cal cul ati ons flexible pdifiefie Toath Has! £ caFllafPcdiRpBE Préskiiré asiftined herein
consisting of thgscaRLLI AN+ 15 em.
10
23. Absorbent article according to any of the preceding claims, further
comprising a second liquid storage region, whereby both liquid storage
regions are in liquid communication with said fluid distribution member.

16 24. Absorbent article according claim 23, wherein at least one of said liquid
storage regions comprises material exhibiing a Capillary Sorption
Absorption Height at 50% of its maximum capacity (CSAH 50) of at least’
about 40 cm. '

20 25. Absorbent article according to any of the preceding claims, further
comprising a crotch region and one or more waist regions, whereby said
crotch region has a lower ultimate fluid storage capability than said one or
more waist regions together.

25 26. An absorbent article according to claim 25, wherein said crotch region has
an ultimate fluid storage basis capacity of less than 0.9 times the average
uitimate fluid storage basis capacity of the absorbent core.

27. An absorbent article according to claim 26, wherein said crotch region has
30 an ultimate fluid storage basis capacity of less than 0.5 times the average
ultimate fluid storage basis capacity of the absorbent core.

28. An absorbent article according to claim 27, wherein said crotch region has
an uitimate fluid storage basis capacity of less than 0.3 times the average
35 ultimate fluid storage basis capacity of the absorbent core.
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suction height in cm tinme, and the uptake in grans at each specified 10
hei ght. Fromthis data, the capillary suction absorbent capacity, which is
corrected f¥OPMSA7TX he frit uptake and the evaporation | 0ss, pCEHUSI8®5040

cal cul ated. Al so, based on the capillary suction absorbent capacity at O -

cm the capillary absorption efficiency can be cal cul ated at the
speci fi ed hei ghts. In addition, the fA@2tial effective uptake rate at
200 cmis calculated. 15 Bl ank Correct Untake

Bl ank Ti me anpl e, E ank Carrect Uptake =
8l ank Upt a(ki@i "R Si56168nf Stie according tesiaim s WheRie S8 B Baion Has a
Capaci ty ("CSAC' )smxohar uifimate fiuid storagencapadity (offless than 4@ftabfciRet tetadicord 0

cm ("1 EUR") Oﬂﬂmat?ﬂ?lglg%rggé%égé%qyanSAC at 200 cm (g/g) 25

SarrpIeTlrreatZ A m ni num of two
measur enents shoul d be taken for each sanple and the upt ake aver aged

Eit15€a0 h heg %23% tC IQ%@ absyibehtafier édﬁ%\%ﬂégﬁ Elg;rﬁgmwlz ?éld crotch rsglr?n has a
surface area g élcﬂéfc'sﬁﬁﬁﬁna?e ﬂu:dgstwa(g(? F?@‘gycﬁt'%ss% '?Lé’ F\f@tﬂégt%s

can be cal cul at ediitimate fluid storage capacity.

31. An absorbent article according to claim 30, wherein said crotch region has a
10 sectional ultimate fluid storage capacity of less than 23 % the total core
ultimate fluid storage capacity.

32. An absorbent article according to any of claim 25 to 31, further
characterised in that at least 50% of the area of said crotch region contain
15 essentially no ultimate storage capacity.

33. An absorbent article according to any of claim 25 to 32, further
characterised in that less than 50% of said uitimate storage capacity are
positioned forwardly from the crotch zone in the front half of the article, and

20 more than 50% of said ultimate storage capacity are positioned in the rear
half of the article.

34. An absorbent article according to claim 33, wherein less than 33% of said

ultimate storage capacity are positioned forwardly from the crotch zone / in

25 the front half of the article, and more than 67% of said ultimate storage
capacity are positioned in the rear haif of the article.

35. An absorbent article according to any of the preceding claims, further

characterized in that it comprises an ultimate fiquid storage material

30 providing at least 80 % of the total ultimate storage capacity of the
absorbent core.

36. A_n absorbent article according to claim 32, further characterized in that
comprises a ultimate liquid storage material providing at least 90 % of the
35 total ultimate storage capacity of the absorbent core.
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5 - The Capillary Sorption Desorption Height at whi ch the material has

rel eased %of its capacity at 0 cm(i.e. of CSAC 0), (CSDH x)
expressed |}'1"09r791/458-)g - The Capillary Sorption Absorpt i on A28/08040hi ch
the material has absorbed y %of its capacity at 0 cm(i.e. of
CSAC 0), (CSAH y) -expressed in cm 10 The Capillary Sorption
Absorbent Capacity at a certain height 21/(7CSAC Z) expressed in
units of g {of fluid} / g { of nmaterial}; especially at the height zero
(CSAC 0), and at heights of 35cm 40cm etc 15 - The Capillary Sorption
Absorption Efficiency at a certaiésheight z (CSAE expressed in
% which is the ratio of the val ug fop qnd AC z. If two

materials are conbined (such as thg\ifst bei nglusetl as acquisition /
dirstri buti ofi"MaTEriar; -and vhe 3ecqand~Pei ng useq—as~tTyurd-styrage

material), the 20 CSAC value (and \hen¢e the regpective CSAE vales) of the
second matefial dan ‘be determ ned for the ESDFFXVaruelof ¥&8 first
mat eri al . Teabag Centrifuge Cgpagit Test (T test) Wi It st

the TCC test has |been dgvel oped sp% ;f or su rabsor b}ent 25

materials, |t can read®y be apphied -of h;eru.abs.g.uaen erials __

The Teabag [entrijf uge pacitly test nmeasures the Teabag Centgrl fuge

Capacity vajues, (which/are a Ineasure of tmetentlon of I'iquids |)%£§e
e

\\\\\\\\\

absor bent mt ¢rials. 30 he orbent materfiall is pl
within a "tpabag!, |imersed in S 0. 9% oei ght  sodifum chl
solution fof 20 i putes, eqd {tM&n centrifugeddor 3 G |minutess The rqtio
of the retajngd i quid Weeght Na ei ght Of t ry !
material isjthe SWEmp S or bent r¥a'r-sr| gl. 35
116 T N&=sodi um chloride-iln distil]ed
water is pour N "BRsi ons 24 cm|x
The liquid fi dbgut 3 cmey | o L

x x

30 cm x 5f cm
}
|
{
|
|
!
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5 The teabag pouch has dinmensions 6.5 cmx 6.5 cmand is avail able

from Teekanne in Dussel dorf, Germany. The pouch is heat sealable with
a standard WO994387% chen pl astic bag sealing device (e.g. VARGTATSIS/IOFILNS
from Krups, Germany). 10 The teabag is opened by careful ly
cutting it partially, and is then wei ghed. About 0.200g of the sanple
of the absorbent material, accurately | /Jhed to +/- 0. 005g, is placed
in the teabag. The teabag is then closed with a heat sealer. This is
cal.l ed the sanple teabag. An enpty teabag is seal ed and used as a
bl ank. 15 The sanpl e teabag and the bl ank teabag are then laid on
the surface of the saline solutio nd subnerged for about 5 seconds
using a spatula to allow conpl ete ting (the teabags will float on
t he surface of themg%on but are then conpletely wetted).
The tinmer is start “at®lry. 20 Afger 20 m nutes soaking tinme the
sanpl e teabag and the bl ank teabag are renoved fromthe saline
solution, and placed in a Bauknecht W5130, Bosch 772 NZK096 or
equi val ent cenfrifuge (230 mmdianeter), so that each bag strcks jo
the outer wal |l 260~ h centrifugﬁ basket. The centrifQdd)did is cl psed, the
centrifuge I s\sti@@ ted, an 3 speed increased quickligd to 1, #00 rpm
Once the centrifuge 25 been abilised at 1,400 r timef is
started. After 3 @ ' The
sanpl e teabag . ' Sgparately.
30 TZiGj ea ' 16 bt
absor bent nateri al N, sajmpl e
t eabag wei ght gft .
centrifugingf} (dr e nt nhter {3
wei ght) . ),
240 225 -

z z

7 7

é« ) 7

g§&§§&§&‘§§&%3 g

% \ 7

/ 221 sy 226
220 233 232

289

K28 /z.zo

777 226

] |

P L [

J/ / \ 23 I // /
= 1©) ? =

2 N :"_« \\_ 7
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Al so, specific parts of the structures or the total absorbent articles can

be ég@gd such as "sectional" cut outs, i.e. |looking at parts of
t he struct 878 e total article, whereby the cutti n§CTAISHE#5840
across the full width of the article at 5 determ ned points of the

| ongi tudi nal axis of the article. In particular, the definition of
the "crotch region" as described above ¥ Tows to determine the "crotch
regi on capacity". Other cut-outs can be used to determne a "basis
capacity" (i.e. the anount of capacity contained in a unit area of
the specific region of the article. Dependi ng on the size of the unit
area (preferably 2 cmby 2 cm {Re defines how 10 much averaging is
taking place - naturally, the s@nller_t size. e less aver agi ng
wi || occur. Utimate Stor pacity | o In order to

det er m ne per--evaktat-o-the-Ad-t-i-rat Si gn Stor hge-Gapacity--of--an .15 __
absorbent jarticle, a nunber of nme{hods have begn proposed. o lin
the contexlt of phe--present-H-rventtenrd it i s aspured--that---he SN mat e
Storage Cqpacitly of an article isgdhd sumof the ubti mate alpsorbent
capacitieg of | the indi vi duaFmel EmgmsTor mat@ial . For these

i ndi vi dual} conponents, various wel IN2O _8stabl i shedNechnilques can be
applied ag long as these arg applied consilstently t hrjoughout  fhe

capacitied for itHe individuhlst kngn, the tlotdl arfR
capacity ¢a bel dal cul ataed b . &' values (inim/g) w
wei ght of i it e mat er nal
havi ng a qe
- such asla
can 30 b

conpari son. Forj exanple, thg Tea Bag Cenjf\fuge Capacity as}

and wel | dstabljj

for such $AP matdrials, butialso for SRMeTs (sge above).| 25 e /“fhcd the
(LAY

“the ultimate stlor age capacijty
als do igsfagt _H verly

| ow capacitt ¢di cat ed tir br gge
mat eri al s S IR t H
fluid, an ;
storage mat

A speci men i S
vei ghed t ¢ i ed

20 E v
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118 pressure of 550 Pa (0.08 psi) for an test area of 50 mm di aneter.

Basi s wei ght as weight per unit area expressed in g/nfer]r, caliper
expressed | WOBAN4@7550 Pa pressure, and density expressed in péeaEsygshsoCan
be readily cal cul at ed. 119
C ai s 5 1. Absorbent article conprising a fluid distribution nenber
having a Capillary Sor ption Abgyzpt i on Height for 50%of its
capacity at 0 cm (CSAH 50), fu er having a perneability at 100
% saturation k(100), further having a perneability at 50%
saturation k(50), further conprising a first fluid storage menber
in.liquid comunication with said fluid distribution nenber, said 10

first fluid storage menber having a Capi§9ary Sorption Absorption Height

for 50% of its capacity at 0 cqn (CSAH 50), characterized in that
said fluid di stribution nmenber Jhas a perneability at 50%of its
saturation k(SO)Tm:*A . is noreYthan about 14% of k(100), and in
that said first torage mber has a CSAH 50 which is

hi gher than the CSAH 50 of the fftﬂ d 15 oSt UtTomTTeTe .

2. Absorbent article according aim1l, wherein the first fluild storage

nmenber has a CSAH 50 of nore than giRpt>35-enn 20 3. Absorbent jarticle
'! )
according to claim2, wherei h28ke torage ngnber has
a CSAH 50 of nore than abou ] PN hbent article adcording

to claim3, whereipothe firy ¥ 50a 50 f'/. /' menber has 4 CSAH 50

of nore than about e accordingfto claim
4, wherein the first fleg s I CSAH 50 jof} nore
than about 30 c /M\X\\\\\\\\\\\\\Q\\\\x\\\\\\\\\\\\\\\\\* _{
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6. Absorbent article according to claim5, wherein the first fluid storage
30 BL%S a CSAH 50 of nore than about 47 cm 7.

Absor bent arti c(g ccording to claim1, wherein the Fluid di $CI{USs/4H504D
nmenber has a k(50) value of nore than about 18% of k(100). 35 8.

Absorbent article according to claim7, wherein the Fluid distribution
menber has a k(50) val ue of nore than al!j)ﬁt 25% of k(100).

120 9. Absorbent article according to claim8, wherein the fluid
di stribution nmenber - has a k(50) value of nore than about 35 % of
k(100). 5 10. Absorbent article according to claim1, wherein the fluid

di stribution nmenber Ras a perneability at 30 % ¥ ug ation
k(30) which is nore thar] about 3% of k(100). _EE-'S-% r bent
article according to cldiml10, \)n/nerg(nn the fluid dig{ribution 10

menber has a k(30) val ug, whi ch4+<s nore than abog { k(100). 12.

Absorbent article according to dl ai wher ei n tyre tt d di stribution
menber 582Ba ¢SDH 50 \ﬂ(ﬁ | ess thant abouyl 15%@1 15 13.
Absorbent article agcordqing to m 12, wherein {t.he F| tribution
menber has a CSDH 50 S ss than about 100\cm 14. Absor bent
article accordi g the Fluid d i bution

menber has a CHD 50 an about 75 c 20 15. Absor bent
article accordlngto sy ein the Fluid d|

menber has a CHDH 50 ‘ Subsor bent
article accordi 5068

D o< O < {

di stribution
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17. Absorbent article according to claim 16, wherein the fluid distribution
menber expands upon wetting. 30 18. Absorbent article according to any of

claim 16, wbepmrsgist he fluid distribution menber IPETAISO$/6508ES UpPON
| oosing |iquid. 19. Absorbent article according to any of clains 1 to
18, further characterized in that said first fluid storage nenber

conprises a hydrophilic, flexible 35 g§f/7 polyneric foamstructure of

i nt erconnect ed open-cel | s.

121 20. Absorbent article according to claim19, further
characterized in that said fi r%ﬁﬂfl ui d storage_nenber expands
upon wetting. ~n 21. Absorbent articlfe accord'iiﬁgg t@ﬁ er eby
said first fluid 502 ge 5 I“&pseS upon | oosi ng

l'i quid. 22. Fl idﬁé

sai d hydrophilic, _ R *§\Q S a capillary
col | apse pressure as delMN \\: hst about 15 cm 10
23. Absorbent article acgQ \\Q y cl ai ns, further
conprising a second | i quiN{iis :\\\\% _ l'iquid storage
157 24 Absor bent arti ol 0y N | past one.of said
l'i qui d > storag ¢ N i & ) i b§€ ng a Capillary
Sorbtion N O RN NN, .

or ption Abso W&\‘H\\\\g\ W R m capacity (CSAH
50) of at |east §.\:\,,§>u\.m S emEnt articl e

according to any of the ppges NL_~560conprising a
crotch region and one or ‘\"i%} i ] d crotch

region has a |ower ultingg R$n sai d one or
nore wai st regi ons toget \\\ 25 26. ART@bsorbent agycle according to
claim 25, wherein said cr regi on has

NN\ 550

_hig:5( 68

566

565

55 55 o
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an ultimate fluid storage basis capacity of less than 0.9 tines the average
ultimate fl‘&b% ééé)lrage basis capacity of the absorbent core. 27. An
absor bent af Pi¢ dccor di ng to claim26, wherein said crot clPGRYSBASMHAS 30
an ultimate fluid storage basis capacity of less than 0.5 tinmes the average
ultimate fluid storage basis capaci tyzo77the absor bent core. 28. An
absorbent article according to claim 27, "wherein said crotch region has

an ultimate fluid storage basis capacity of less than 0.3 tines the average
35. ultimate fluid storage basis capacity of the absorbent core.

122 'ngrﬁnt article according to claim25, wherein said
crotch region s ectional ultigmte fluid starage capacity of

| ess than 49% of the total [ nat e fluyi d*St grage capacity.
5 30. An absorbent articlp according to claim?29, whierein sgid crotch
region has a sec} i onal uItirraéfné"IBuidﬁorage chlrdity of Iless
than 41% of the total core ul e flgqad dtorag apacity.
31. An absorbent article acgording fo clai 0, ereijn sai/g rotch region
the total corck g ulindll ees e\ s A
absorbent arti¢le accoﬁ(?i"ﬁ'g'%ﬂ 1 : ;,;ggg AN ug:l .
b PP LHH al Sotn H
characterised i 364846 TeRsT o0 pAseBiRaccgecazectessadshiod SE O Jr egi on
contain 15 " essenti al (D) oé 3,7C. ' 26.46 46"
absorbent arti¢le agé(agég NG of el 260 163 1 alho Ll e ¢ ",
characterised ifn that’ thay 50P0 of said dltifmate stlorage capacity are
posi tioned forar @dfromthe arggech zone in jt88 front,’ |f of the article,
and 20 re t ham\50% of skl W tinmate qtorage caphyijty are positioned
in the rear 56 fof Higk aryjcl ?}4’. |Imebsorbent article
accordi ng todblfai m 33, 84relei n |IiBs atyhan %jof saj’d ultimte
st orage capacify are positioned ;Frrd\y fra / t i }zone / in
85~ —
\
_—32,104
! _—62
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25 t he front Ehalf of the article, and nore than 67% of /sa&y ul t;maai
storagex capaC|ty are positioned in the rear half o rq In' article.

35. An absor b Erticle a%%%%%ﬁﬁg@ﬁ@“&@%dl ng cl M7 further

Bl ey A T B ST A e

abs ¢ (internatipnal Patent Classifiggion An  absor hent al)tlﬁtﬁ-hﬁolﬁmﬁicdloﬂguﬁ\&r <l ai mW'@) 99/45875
furgherAstmazgs eri zed in that Al conprises a ultimate |iquid
stofage material providing at |east] 90| @3 dsterpatienalihiblication Datezt o6 Skptersber 199%1616:09.99)

st ofage capacity of the absorbent core.
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(87) Abstract
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