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INVENTICN The present inventik
amgh, nore particularly, to an
haﬁlng a nnrphology whi ch pro
substantlally w4 us
t hroughout the foamand a rel Skt hi %w[ta,cgb pdged .1...
superabsorbent- pol ymer foa of the present jpvention ade especlally
- useful in absorbent nenbers which 20 can be incorporated into absorbent
articles such as diapers, adult incontinencel pads, sanitary napkins, and
the like. The present invention also relates to nethods for

produci ngg such a superabsorbent polynmer foam 25 BACKGROUND

| NFORMATI ON " Super absor bent " pol ymer mat gupgRagsorBENTC Wﬂt\ﬁl fFoam Nydrogel s,
hydrocol | oi ds, osnotics and absorbent gelling nateria are generally

capabl e of absorbing large quantities of fluids such as wat er—and body
exudat es -and are fur%her capabl e of retaining such " 'This Sheet Has Been Replaced
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A) FIELD OF THE INVENTION
The present invention relates to superabsorbent polymer foams
| and, more particularly, to an improved superabsorbent polymer foam
15 having a morphology which provides improved absorptive properties,

e.g., substantially continuous intercommunicating channels
substantially throughout the foam and a relatively high surface
area to mass ratio. The superabsorbent polymer foams of the
present invention are especially useful in absorbent members which

o0 Can be incorporated into absorbent articles such as diapers, adult
incontinence pads, sanitary napkins, and the like. The present
invention also relates to methods for producing such a
superabsorbent polymer foam.

B)  BACKGROUND INFORMATION _
*Superabsorbent® polymer materials (also known as hydrogels,
hydrocolloids, osmotics ‘and absorbent gelling materials) are
generally capable of absorbing 1arge quantities of fluids such as
o water and body exudates and are further capable of retaining such
?§;; o 30 ,absorpgd' fluids under moderate pressures. These absorptive
characteristics make such materials especially useful for
1ncorporatlon into absorbent artlcles such as diapers, sanitary

napkins, and the like. a

The art teaches superabsorbent foams formed of superabsorbent
35 polymer material. For example, U.S. Patent 4,529,739 issued to
Scott et al. on July 16, 1985 and U.S. Patent 4,649,164 issued to
Scott et al. on March 10, 1987, teach a foamed, water-swellable,
polymeric water  absorbent material prepared by contacting a

25



absorbed fluids under nDderate pressures These absorptiVe 30

chlharacteristics make such ced |y -useful . for
i'acor poration into absorbent art di apers, sanitary napkins,
and. the like. The art teaches su oans forned of superabsorbent

35 ol ymer materi al For exanple, U. S Patent 4,529, 739 issue
et all.o o% July l’ﬁ”@@é@ and U. Sreratent 4,649, 164 |ssued to Scot?clt(i}sg%fb%%
March 10, 1987, teach a foamed, water-swellable, polynmeric water

absorbent material prepared by contacting a pol ymer capable of
having a water-swellable character and containing acid noieties in acid
formwith a bl owi ng agepblpmpahdapable neft riaving ng twatepsivd] TEdI& i aractlr S.and

e o it SRR Bl n RSN Do ol o
Decenber 21, 1988, teadh neutrakizing cthe 3%‘19p!915ﬁ§3€ﬁ bth Patesds# 8085637 issued
having an inproved rat aooBosviman betCy]. | 60V Fed®ughyal28qc i1 989 OdHde Huraptdna Phebit
5  Application No. 0295438 published by Boardman on December 21,
1988, teach an acrylate superabsorbent composition having an
improved rate of absorbency, low residual acid content and a tow
acrylate monomer content, formed by uniformly reacting a mixture
of acrylic acid, an alkali metal salt of carbonic acid, aluminum
10 acetate, sodium persulfate and water using a microwave heat
source. U.S. Patent 5,154,713 issued to Lind on October 13, 1992,
teaches a superabsorbent polymer having an increased rate of water
absorption obtained by the addition, preferably prior to
polymerization, of a carbonate blowing agént‘to a monomer solution

15 of the monomers used to form the superabsorbent polymer. L
The art also teaches foams containing particulate, non-foamed
superabsorbent materials. See, for example, U.S. Patent 4,394,930
issued to Korpman on July 26, 1983; U.S. Patent 4,415,388 issued
to Korpman on November 15, 1983; and Great B8ritain Patent

20 Application 2136813A published by Korpman on September 26, 1984.
These references teach foam products prepared from solid,
particulate-;uperaﬁsorbent polymer, a blowing agent, and a liquid
polyhydroxy compound. U.S. Patent 4,725,629 issued to Garvey et
"al. on February 16, 1988, teaches a superabsorbent polyurethane
25 foam based on an interpenetrating polymer network of a crosslinked
polyurethane and crosslinked addition polymer, prepared by forming
the polyurethane foam in the presence of addition polymerizable

monomers, a crosslinking agent and a free radical initiator.

_ While the above foams may be useful absorbent materials, they
30 have nqt shown to be optimal for use in disposable products
because their "absorptive properties tend to be limited. The
superabsorbent foams formed of superabsorbent material tend to be
characterized by discontinuous channels. Such foams tend to
possess a relatively large average cell size and wide cell size
35 distribution, i.e., the foams have a relatively large diameter
capillary structure in which the capillary diameter varies widely
and randomly. It is believed that the large average cell size and




acs.yl ate nmononmer content, formed by uniformy reacting a m xture of acrylic
aci'd, an alkali netal salt of carbonic acid, alumnum10 acetate, -sodium
persul fate and water using a mcrowave heat source. U S. Patent
5,454,713 issued to Lind on Cctober 13, 1992, teaches a superabsorbent

pol ymer having an increased rate of water absorption obtained by the
addi tion, prefd¥@B#2502ior to polynerization, of a carbonate BM’“S
agent.-to a nononer solution 15 of the nononmers used to formthe .
super absor bent polynmer. The art al so teaches f oams cont ai ni ng particul ate,
non- f oaned superabsorbent materials. See, for exanple, U S. Patent

4,394,930 issued to Kor gRsdbn®ihudldt Y cR8nnel983resthS- jRat£n 4 | ISSb -
+ to Korpnman on Novenber 15 Jr.|9 3; ané: G!rmeat Breist atlsnlgatagn?oéﬁb Jpﬁoapﬂ%i%ca'ﬁ%gﬁd :

© 2136813A publ i shed by kSEMtKEIIn 198 turfacs arga tooSass 1akie. sugh cbhagcthe osmetic
. foam products prepared fabsomptilei datepdstnotubptimab.upén alddotibentitpes Walieved that

DO, SO 2 21 Uk I ALY GOTROM Spdhls PET e 6 e
pol yuret hane 25 fodm b43E 1By g __¥H‘!‘ér Fheetbithefhoilpits tectflowkbyfcapillary
crosslinked pol yur et haneramgoretr ohebughk exheaddan i Struptirger Thigr ARATREi6Y of the
form ng capillary transport properties is believed to limit both the
osmotic and capillary absorptive properties of such foams, more
particularly the capillary absorptive capacity and rate and the
10 osmotic absorptive rate. Thus, the absorpti-ve' rates and
capacities of such foam products tend to be limited.

.In a. composition in which particulate superabsorbent polymer
materials are present in. a foam made of non-superabsorbent
material such as polyurethane, the foamed portion of the

15 composition is not superabsorbent as defined herein since it does
not have sufficient ability to retain absorbed fluids. Therefore,
although the superabsorbent particulate portion of the structure
may be able to retain fluids, the overall capacity of the foam to
absorb and retain fluids is Vlimited. Further, the overall

20 absorptive properties of the foam tend tc be limited due to the

' relatively lJow surface area to mass ratio of the particulate
portion relative to the foam portion. This is believed to be
particularly important for absorption of body fluids containing
high molecular weight components, e.g., blood and menses. Such

25 components are believed to deactivate particulate superabsorbent
materials due to their large molecular size relative to the
particulate material. The high molecular weight cdmpone'nts may
also deactivate region§ of a foam characterized by a discontinuous
channel. In. addition, the use of polyurethane materials in

30 applications intended for human contact such as diapers presents
concerns over the potential toxicity of materials that may be used
to prepare the polyurethane.

Thus, there is a continuing need 'in the field of
superabsorbent materials to provide materials having faster

35 absorptive rates and greater absorptive capacities. More
particularly, there is a need to provide absorbent articles having

-
such improved absorptive properties while reducing the overall
This Sheet Has Been Reﬂlaccd
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the polyurethane foamin the presence of addition pol ymeri zabl e nonomers, a
crosslinking agent and a free radical initiator. Wile the above foams nay
be useful absorbent materials, they 30 have not shown to be optinal for
use-in disposabl e products because their absorptive properties tend to be

limted. The suger rbent foans -formed of superabsorbent material tend
to be characteri g@d& 2 di scontinuous channel s. ~ Such foans RCIiGS94102868
possess a rel atively large average cell size and,w de cell size 35

distribution, i.e., the foans have a rel atively f‘arge di aneter capillary

structure in which the cepickhéisyoditReMabesrbéat i@8icVedelryy ARdorftRRIUF YeTes! tit is
1S believed that the | arge .average cell si di scont| nuous

a ze. and . )
channels result in a 99535 eprPautie ﬂﬁRﬁ"hg‘ns a"'?‘égatirsel’XP"!‘B%’Su_r@aCE“'"‘"S-
area to mass ratio such Additianadlygsnidt i ts atesdratilievetor girevide reMchopiateéwilals and

In addition, it is beliexadrbdidl abtiR1edl AL N doStide¥ectdle HMABF, COFINCLS rapid,
and a wde cell si Zesimple and safe manufacturing techniques.

It is therefore an object of the present invention to provide
a superabsorbent polymer foam having an improved absorptive rate
and improved fluid distribution properties. An additional object
of the present invention is to provide a superabsorbent polymer
foam having a morphology which provides an increased absorptive
rate, particularly characterized by a high surface area to mass
ratio. Another object of the present invention is to provide such
a superabsorbent polymer foam which does not present undesirable

~“risks to human health. In addition, it is an object of the
present invention to provide a cost-effective method of making
such foams. | _

An additional object of the present invention is to provide
absorbent products, members and articles having improved
absorptive rates. Another object of the present invention is to
provide absorbent members whose absorptive properties are tailored
to the requirements of their intended application. An additional
object of the present invention is to minimize the thickness of
abs_orbent articles uhile'providing improved absorptive properties.

10

20

2 SUMMARY OF THE INVENTION
The present invention relates to a superabsorbent polymer
foam comprising superabsorbent polymer material. 1In a preferred
embodiment, the superabsorbent polymer material of the foam is
formed from a substantially water-soluble, unsaturated monomer
30 comprising neutralized carboxyl -groups reacted with a
substantially water-scluble. internal crosslinking agent. In a
preferred embodimerit, the monomer and internal crosslinking agent
are expanded in the presence of a blowing agent and a solvent so
as to form an expanded structure, the solvent being a solvent for
35  the monomer and internal crosslinking agent but not for the
____/_’_#blowin'g agent or the superabsorbent polymer material (preferably

Sheet Has Been Reﬂlaced
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.distribution limt the ability of fluids to flow by capillary

transport through the foam structure. This Jlimtation of the capillary
transport properties is believed to [imt both the osnotic and capillary
abgerptive properties of such foans, nore parti cul arlby the capillary
absorptive capaci and rate and the 10 osnotic absorptive rate.
Thus, P t he aBsor’ﬁ?‘V@s‘ur ates and capacities of such foam producPSTAUEMP2EES
be limted In.a conposition in which particul at egsuperabsorbent pol yner
materials are present in a foam nmade of non-superabsorbent material such
~as polyurethane, the foamed portion of the 15 .conposition is not

super absorbent as defi newates) ei Ahsiexpandet slmsturet ihasubjedtleli td @BhdiABbAS sy as

to retain absorbed fluidgy reRer the mnomert Eﬁ&‘g tthﬁls%gf‘ﬁﬁ%ﬁ%{gknt g form the

particul ate portion of the structure eto retarn
overal | capacity of the f't?éﬁ?tISBrba’mﬁ'éo?gax%d“‘tF'é al; n The| exrpasians anq jneaction are
Further, the overall 2ContaoBed suchethpt ciher tésadtant $uperib3orbentnsbiymerdeoam has

limted due to the regl at&‘ﬁﬁWholwqy 5!"{ aﬁﬁﬁ&@?‘aﬁ‘%mﬂ?xﬁédrﬂgbﬁnt‘%% %ge,[ which may

artirculate portion telativ tion
| Bartlcul arly inportant ?kﬁ' E%FrtﬁﬂzGH 8y B%F}‘M\}l 8% cantinyoys ngntercommunicating

channels substantially throughout the foam and a relatively high

surface area to mass ratio, small average cell size, and low

density.

10 . It is believed that the superabsorbent polymer foams of the
present invention have improved absorptive rates and capacities
relative to known superabsorbent foams. It has been found that
when a foam of the present invention is contacted with fluids, the
foam swells generally isotropically even under moderate confining

15 pressures, absorbs and transports such fluids into and within the ~

intercommunicating channels, and imbibes such fluids into the

superabsorbent polymer material of the foam, where 'they are
retained. Since the foam has substantially continuous

intercommunicating channels substantially throughout the foam

20 structure, it tends to rapidly absorb fluids by substantially
unrestricted capillary transport, particularly in the vertical
direction. In addition, since the intercommunicating channels
allow distribution of fluids throughout the foam, they provide
increased util-ization of the fluid-retentive (osmotic absorptive)

25 properties of the polymer making up the foam. Once saturated to
its osmotic absorptive capacity, it is believed that the
intercommunicating channels of the foams herein provide improved
capillary absorptive capacity. The foams of the present invention
have a relatively high surfice area to mass ratio which enhances

30 the osmotic absorptive rate of the polymer material. Thus, the
overall absorptive rate and capacity of the foam tends to be
maximized. '

The morphology of the foams of the present invention may also
minimize deactivation of the superabsorbent material of the foam

35 by high molecular weight fluids. In addition, the present foams
tend to possess greater flexibility as comp.aréd to known foams -

/formed of superabsorbent polymer material. Additionally, the
eet Has Been Reilaced
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hi.gh nol ecul ar wei ght conponents, e.g., blood and nenses. Such 25
conmponents are believed to deactivate particul ate superabsorbent materials
due to their large nolecular size relative to the particulate material. The
high nol ecul ar wei ght conponents may al so deactivate regions of a foam
chiaracterized by a discontinuous channel. In addition, the use of

pol yur et hane QP#2352 |, 30 applications intended for human ESHUA4/02868
such as di apers presents concerns over the potengaﬂ toxicity of materials
that may be used to prepare the polyurethane. Thus, there is a
continuing need in the field of superabsorbent materials to provide

material s having faster sdperabbsroest ipodymérat fiams oNdthdr pdlseht AIVRRETdh 48 not
i s oo BFRb s WO bt 088 oL By ohaT P 536 5 i, presen
overal | 4 thickness dh same knowmsbpenabsqnbent doamsar absorbent articles, it
i's : The invention also relates to improved absorbent products,
5 absorbent members and absorbent articles incorporating the
superabsorbent polymer fqams of the present invention. It is
believed that the foams enhance the. fluid handling characteristics
of such items by rapidly acquiring fluids and efficiently
distributing and storing such fluids, thereby allowing for the
10 acquisition and transport of subsequent loadings of fluids. As a
result, the overall absorptive rate and capacity of such products,
members and articles is increased.
| The present invention also relates to methods of making the
superabsorbent polymer foams. In a preferred embodiment, the foam
15 is prepared by: '
(1) forming a reaction mixture comprising the monomer,
internal crosslinking agent, and solvent;
(I1) dispersing a blowing agent in the reaction mixture;
(I11) stabilizing the dispersion of the blowing agent in the
20 reaction mixture;
(IV) expanding the blowing agent;
(V) reacting the monomer and internal crosslinking agent so
as to form a superabsorbent polymer material; and
(VI) controlling the dispersion, stabilization, expansion,
25 and reaction steps such that the resultant
superabsorbent polymer foam has a morphology which
provides an improved absorptive' rate and fluid
distribution properties.

30 :
BRIEF DESCRIPTION OF THE DRAWINGS

While ihe specification concludes with.claims particularly
pointing out and distinctly claiming the present invention, it is
believed that the preéent invention will be better understood from
35 the following description in conjunction with the accompanying
drawings in which:
I —

heet Has Been Reilird
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desirable to use materials which are non-toxic to humans.
Adfitionally, it is desirable to provide such materials and absorbent -
articles in a cost-effective manner, e.g., by rapid, sinple and safe

maguf acturing techniques. It is therefore an object of the present

i nvention to provide a superabsorbent polyner foam having an inproved
absorptive rat e VhM225% oved fluid distribution properties. An aBCI/US302368
obj ect of the present invention is to provide a superabsorbent polyner foam
havi ng a nor phol ogy whi ch provides an increased 2bsorptive 10 rate,
particularly characterized by a high surface area to nass ratio. Another

obj ect of the present |nven§# er absor bent

: rovide such a,su
f oam whi ch does not present L??{desll r]%rb1 @hp °§"R§r°[g5aﬂhr§ﬂﬂ"ﬁ8af t49P viey °P an’ edge
addition, it is an obj e®ft acsupenkbspriestmolymerefiedmonf tthe mreserdeinvention enlarged

cost - ef f ective met hod inpmkinﬁﬂeﬁusbl {i988Band A1 S G bbPﬂ%h OPItRES vﬁfewté}ﬁarged

~present inventionis top ent products,. nenbers
articles - having inpt® "%’&“"ag%‘ ﬁb gH“ersat es. Another object of t he

. present invention i% to prokigdee 2bioribehotomicingraphvisheeingbs topt view of an edge

properties are tailoredyf the superabsorbent polymer foam in Figure 1 taken from a plane

= ' perpendicular to the plane of the edge in Figure 1, enlarged
approximately 50 times, and also a portion of this view enlarged
approximately 250 times.

10 - Figure 3 is a plan view of a disposable diaper embodiment of
the present invention having portions cut-away to reveal
underlying structure, the outer surface of the diaper facing the
viewer. o

Figure 4 is a partially cut-away plan view of a sanitary

15 napkin embodiment of the present invention.

Figure 5 is a graph showing a relationship of viscosity and
temperature for a reaction mixture of the present invention.

20 TA : RIPTION OF 7 NVENTION
The sdperabsorbent polymer foams of the present invention are
capable of absorbing large quantities of fluids (i.e., liguids)
such as water and/or body exudates (e.g., urine or menses) and are
further capable of retaining such fluids under moderate pressures,
25 such as those encountered in the wearing of absorbent articles.
The foams are formed of superabsorbent polymer material, commonly
referred to as hydrogel, hydrocolloid, osmotic and absorbent
gelling material. -‘As used herein, "superabsorbent polymer" means
a substantially water-insoluble, slightly crossiinked, partially
30 neutralized, hydrogel-forming polymer material which is capable of
absorbing and retaining large quantities of fluids such as water
and/or body exudates. Superabsorbent polymer materials typically
have the ability to absorb and retain, under moderate pressures,
such fluids in an amount of at least about 10 times, preferably at
35 least about 15 timés, most preferably at least about 50 times, the
dry weight of the polymer material. By “"polymer foam” is meant
the structure which results when a relatively monomer-free gas or

This Sheet Has Been RTlaced




20. .to the requirements of their intended application. An addi ti onal
obJect of the present invention.is to mininm.ze the thickness of absorbent
“articles while providing inproved absorptive properties. 25

SUWMMARY OF THE | NVENTI ON The present invention relates to a superabsorbent

pol yner foam conprising. superabsorbent polymer material. In a preferred
enbodi nent , ther@ Morbent pol ymer material of the foam i s f @EERISIF02868

a substantially wat er - sol ubl e, unsat urat ed nnnoneg conpri si ng
neutralized car boxyl groups react ed W th a substantrally
wat er-soluble internal crosslinking agent. 1In a preferred enbodi nent, the

anoner and r[nt e(rjnal clr@sﬁiumg]y;go.ﬁ@?.tfrramggagggﬁgﬁedgsbﬁs%ﬂgsﬁﬁge{%enqfHaqmd
oW ng agent- and a so
sol ven%J bgr ng a sol vent \é%{“g\%‘ t heP ?ﬁ%‘ﬁ’é‘ "and i APRErAborbent spalyperifagping

“agent but _not for th&edstanthgfoljoned by expensiopeofalbhe bbibies pnl \podymerization
material (preferably  of the reactants in the liquid which surrounds the expanded
5 bubbles. The resultant polymerized, expanded structure can be in
the form of a porous solidified structure which is an aggregate of
cells, the boundaries or walls of which cells comprise solid
poiymerized material. After expanslon and polymerization, the
cells themselves are typical]y free of the relatively monomer free
10 gas or liquid which, prior to expansion and polymerization, had

formed the bubbles in the liquid dispersion.
In its broadest aspect, the superabsorbent polymer foams of
the present invention comprise a superabsorbent polymer material
formed from a reaction mixture comprising (i)
15 superabsorbent-poiymer-forming reactants which “are capable of
being made substantially soluble in a solvent and (ii) such
~solvent. A blowing agent is dispersed in the reaction mixture,
stabilized, and expanded- so as to form an expanded structure.
During or after formation of the expanded structure, the
20 superabsorbent-polymer-forming reactants are reacted so as to form
a polymer material which is substantially insoluble in the
solvent. (The polymer material may or may not be superabsorbent by
the time the reaction has advanced to the point of insoluble
polymer formation. If not superabsorbent at that point, the
25 polymer is further reacted in order to render it superabsorbent.)
The dispersion, stabilization, expansion, and reaction steps are
controlled such that the resultant polymer foam has a morphology
to provide improved absorptive properties, which morphology may be
characterized by substantially continuous 1ntercommunicating
30 channels substantially throughout the foam and a relatively high

surface area to mass ratio.

A "dispersion of the blowing agent" in the reaction mixture
~ means that the blowing agent is present in the form of discrete
‘particles in the reaction mixture, the blowing agent particles
35 being relatively free of superabsorbent-polymer-forming reactants
and solvent. By "substantially soluble"™ it is meant that the
superabsorbent-polymer-forming reactant (or other component so
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water). The expanded structure is subjected to conditions so as to react

t he” nononer and internal crosslinking agent to formthe superabsorbent
‘polyner material. The expansion and reaction are controlled such that the
resul tant superabsorbent polyner foam has 5 a nor phol ogy whi ch provides
ah inproved absorptive rate, which may be characterized by subs s?J
conti nuous i nt VOIARIM@? cati ng channel s substantially throﬁghout E’?ﬁig éézth’?s
and a relatively high surface area to. mass ratio, small average cell size,
and | ow density. 10 It is believed that $he super absor bent pol yner
foanms of the present 'invention have inproved absorptive rates and

capacities rel ative tqjekaoitadpWRGIRDINBPHY bPATBperskll 1AAEND6TVehUslen! tak
when a foam of the ‘present .i nveg t.on |3 cqnt%‘ptgd with, fl wgas, t he fo%s’n .
swel I's general l'y isot ropPUUPHD detined, devel ofer the: FRAGEANY nipriscomponent)  is
_pressures, absorbs ancxtratabbe tfroms dbé sol vends iSubstamtihWMyt salobleheeactants or

I nt er comuni cating ch i Ptk SSHCh. of pdi ' . .
super absor bent pol ne?dmsé%ﬁgrggf gi’fyﬁge?olgﬂl &\/{Lebh| dﬁf"ejwegr gpfdésg??gg- in the

ret t
Since the foa rsdvents such that At “Stcémqtng%s H¥H€E€FEHMEn east; phput
channel s substanti al | ys0%hromorg hgreferabty fabaheast about 75%, most preferably at Teast

about 80%, of the reactant or component which was dissolved or
dispersed in the solvent 1is extractable. *Substantially
insoluble" means that a reactant, component, reaction product, or
"10 other material (including the superabsorbent polymer material of
the superabsorbent polymer foam) so described can be dissolved or
dispersed in the solvent such that less than about 50%, preferably
less than about 40%, more preferably less than about 25%, most
preferably less than about 20%, of such reactant, component,
15 reaction product or other material which was dissolved or
dispersed in the solvent is extractable. A suitable method for
determining extractable levels is described in the TEST METHODS
section. Typically, the substantially insoluble polymer materials
formed herein possess a relatively high weight average molecular
20 weight, e.g., of at least about 200,000 grams/mole. Such a high
molecular weight 1is a typical charactefistic_ of network
crossiinked polymers having a certain degree of network
crosslinking. .In contrast, “substantially soluble polymers" are
typically substantially linear, i.e., the polymer molecule is
25 generally two-dimensional with no or only a minimal degree of
crosslinking.

In a preferred embodiment, the superabsorbent polymer foam
comprises a superabsorbent polymer material formed from: '
(I) a substantially water-soluble, unsaturated monomer

30 : . comprising neutralized carboxyl groups; and
{II) a substantially water-soluble internal crosslinking

agent reacted with the monomer.
The preferred superabsorbent polymer foam is preferably
formed by first forming a reaction mixture comprising the monomer,
35 the internal crosslinking agent, and a suitable solvent
(preferably water). A blowing agent is then stably dispersed in
" the reaction mixture, followed by expansion of the blowing agent
ect Has Been Rep|1aced
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20 _ structure, it tends to rapidly absorb fluids by substantially-
urfrestricted capillary transport, particularly in the vertical direction.

In addition, since the intercomunicating .channels allow distribution of
fl.ui ds throughout the foam they provide increased utilization of the :

fl'uid-retentive (osmotic absorptive) 25 properties of the polyr '
ont S - Teanhiiis

up the foam ated to its osnotic absorptive capacity,

bel i eved that the intercommunicating channels of {he foans herein provide

i nproved capillary absorptive capacity. The foans of the present invention
have a relatively high surface area to mass ratio which enhances 30 the
osnotic absorptive rate anfl teaet ol pfrethe mhameraind tRehdsterndl covsyianking agent so

absorptive rate and capagi ty gy tah%g.eaéemg#ﬂga b Pesgﬁgfén?niﬁﬁg{ .Z.gm-insomm

mor phol ogy of the foans of the present invention may o
deactivation of the supdiCifR&l Baeridkt cfferending oncthepEeactant fype,ang, conditions,
mol ecul ar wei ght f1l ui ds.thel instddbYe @olynehemgteesainmay canmay gt be HPesstarbent

greater f1exibility as GRgPRLLGntRAsPe ol AR FurtheFTikaction, SERE, RA-DRDLt 0n
pol ymer materi al . Addi t1ondl 'y the
of carboxyl groups and/or further crosslinking of the polymer
material to render it superabsorbent.) The dispersion,
stabilization, expansion, and reaction steps are controiled such
that the foam has a morphology which may be characterized by
- 10 intercommunicating channels and a relatively high surface area to
mass ratio.

Formation of the Reaction Mixture
One component of the preferred reaction mixture is a

15 substantially water-soluble monomer comprising neutralized or
neutralizable carboxyl groups. The monomer preferably contains
sufficient carboxyl groups such that a linear polymer thereof is
substantially water-soluble (i.e., the carboxyl groups are
hydrophilic). Mixtures of such monomers may also be used.

20 The monomers .comprising carboxyl groups include acid, acid
anhydride, and ester group containing monomers. These monomers
may also contain other hydrophilicﬂ groups, such  as hydroxyl
groups, amide-groups, amino groups, nitrile groups, and quaternary
ammonium salt groups. Preferably, the monomer contains acid type

25 hydrophilic groups. More preferably, the monomer contains at
least about 5 mole percent, most preferably at least about 10 mole
percent, of acid groups. .

Monomers containing carboxyl groups include the olefinically
unsaturated acids, .esters thereof, and anhydrides which contain at

30 least .one carbon to carbon olefinic double bond. More
specifically, these monomers can be selected from olefinically
unsaturated carboxylic acids, esters of such carboxylic acids,
acid anhydrides, sulfonic acids, esters of such sulfonic acids,
and mixtures of any two or more of the foregoing monomers.

35 Olefinically unsaturated carboxylic acid and carboxylic acid

anhydride monomers include the acrylic acids and derivatives

thereof, typified by acrylic acid itself, methacrylic acid,
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6. super absor bent polynmer foanms of the present |nvent|on do not present the
uAdesirabl e risks to human health that may be present in .sone khown
super absorbent foans. The invention also relates to inproved absorbent

pr-oducts, 5 absorbent nenbers and absorbent articles incorporating
t e superabsorbent olynmer foans of the present invention. 94/0286
bel i eved that tN& enhance the fluid handling characterlstlcs o? c%

items by rapidly acquiring fluids and eff|C|entH§]d|str|but|ng and storlng
such fluids, thereby allowing for the 10 acqui'sition and transport of
subsequent Ioadlngs of fluids. As a result, the overall absorptive rate

and cafam ty ;)f suclh pledklitey bic erﬂﬁﬁdcrﬁbidﬁlrﬁ'ﬁlc' SadifCr § dcya-ﬁbeacryhc
ol yrer foam. In a prdF i BEEhETT ARy et AT L 15crotere@p+cé82-re3§rayvhew
forming a reaction m xaerdicomsidsi rbgti-hermmrmrwlomc acid, and Dbeta-steryl
: acrylic acid; maleic acid; and maleic acid anhydride. Other
5 monomers of this type are sorbic acid, alpha-chloro sorbic acid,
angelic acid, cinnamic acid, p-chloro cinnamic acid, itaconic
acid, citraconic acid, mesaconic acid, glutaconic acid, aconitic
acid, fumaric acid, and tricarboxyethylene.
Olefinically - unsaturated sulfonic acid monomers and
10. derivatives thereof include aliphatic or aromatic vinyl sulfonic
acids such as vinylkulfonic acid, allyl sulfonic acid,
vinyltoluene sulforic acid and styrene sulfonic acid; and acrylic
and methacrylic sulfonic acid derivatives such as sulfoethyl
acrylate, sulfoethyl  methacrylate, sulfopropyl  acrylate,
15 - sulfopropyl methacrylate, 2-hydroxy-3-acryloxy propyl sulfonic
acid, 2-hydroxy-3-methacryloxy propyl sulfonic acid and
2-acrylamido-2-methyl propane sulfonic acid.
The carboxyl groups (e.g.,' acid groups) are at least
partially neutralized with cations capable of forming a salt with
20 the monomer to form a monomer having neutralized carboxyl groups.
Such salt-forming cations include, for example, alkali or alkaline
metals, ammonium, substituted ammonium and amines as discussed in
further detail .in U.S. Patent Re. 32,649, Brandt et al., Apri1 19,
1988, incorporated herein by reference. Neutralization is
25 preferably carried out in any conventional manner which results in
at least about 25 mole percent, more preferably at least about 50
mole percent, most: preferably at least about 75 mole percent, of’
the total carboxyl groups being neutralized. The carboxyl groups
are preferably neutralized prior to formation of the substantially
30 water-insoluble polymer foam, e.g., neutralization is preferably
carried out on the monomer or of a water-soluble polymer thereof.
Monomers possessing hydrophilic groups other than carboxyl
groups may be used with the carboxyl group containing monomer.
Other hydrophilic groups inciude hydroxyl groups, amide-groups,
35 amino groups, nitrile groups, and quaternary ammonium salt groups.
Honémers containing such groups are well known materials and are
" described in greater detail, for example, in U.S. Patent 4,076,663
heet Has Been Rel laced :
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i nternal crosslinking agent, and solvent; (11) dispersing a bl ow ng agent
i the reaction mxture; (Ill) stabilizing the dispersion of the bl ow ng
agent in the 20 reaction mxture; (IV) expanding the bl ow ng
agent; (V) reacting the nononer and internal crosslinking agent so as to

fdrma superabs ol ymer material; and (VI) controlling the
di spersion, st a&l(ﬁ)?g&# expansi on, 25 and reactm"s"’@?gﬁs

such t hat t he resul t ant super absor bent pol ¥ foam has a
nor phol ogy- whi ch provides an I nproved abséeptive rate and fluid
di stribution properties. 30 BRI EF DESCRI PTI ON OF THE DRAW NGS V\hi l e the

speci fication concludes;yjh €3 a“padpagtt qul ?,[ |p§bg@+.Pt bé‘g ﬁz u S. Patfnt .

distinctly claimng the present [ nven I on, eved preser
invention will be bettef (3R ssthe f?‘bHFS'E""“"c Qe QesembeRi 13y déHﬁr P'&b'@oﬁtehﬁ
conjunction with the acempacyripogatbdahéredn by referefice. One or more types of such

hydrophilic groups .may be present in the monomer.

‘5 Although this disclosure is generally in terms of the
monomer, it is to be understood that substantially water-soluble
homopolymers, copolymers, or reaction products of the monomer may
also be used in ptace of or in addition to the monomer form. Such
alternative starting materials include substantially water-soluble

10 homopolymers of the monomer and substantially water-soluble
reaction products of the monomer or its homopolymer and the
internal crosslinking agent. For example, a substantially linear,
substantially water-soluble homopolymer can be. formed by
subjecting the monomer to known polymerization conditions. A

15 substantially water-soluble, partially crosslinked polymer may
also be formed by reacting (e.g., by heating). the monomer or
'line-arf polymer thereof with a crosslinking agent such as the
internal crosslinking agents herein. Such a polymer would

typically have a low level of crossiinking, e.g., less than about

20  5X%. '

The above polymers of the monomer (especially a linear
polymer of the monomer) may be preferred starting materials in
order to control. the viscosity of the reaction mixture so as to
aid formation of a foam having a desired morphology, particularly

25 a relatively small cell size. In general, a reaction mixture
using such polymers will have a higher viscoﬁity compared to a
reaction mixture starting with the monomer itself. Use of such
polymers may also be particularly useful where foams having a low
residual monomer content are desired, since residual monomer which

30 may be present in the polymer of the monomer (e.g., a linear
polymer of the monomer) may be removed by known processes, e.g.,
flashing, prior to use in the reaction mixture.

_ The preferred reaction mixture additionally comprises a
substantially water-soluble internal crosslinking agent. Suitable

35 internal crosslinking agents are compounds which are capable of

reacting with the monomer to form a substantially water-insoluble,

preferably superabsorbent, polymer material. Preferably, the
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7 Figure 1 is a photom crograph shomnng a top view of an edge of a

super absor bent pol yner foam of the present invention enlarged approximately
50 tinmes and also a portion of this view enl arged approxi mately 250 ti nes.
5:- Figure 2 |s a phot om crograph showing a top view of an edge of

t he super absor bent mer foamin Figure 1 taken froma plane

per pendi cul ar tBVQ% ane of the edge in Figure 1, enlarged app?%I(PFPéf°é*f‘§
50 tinmes, and also a portion of this view enlarged approxi nately 250 tines.
10 Figure 3 is a plan view of a disposabl® di aper enbodi nent of the
present invention having portions cut-away to reveal underlying

structure, the outer Sypt@ms) CFro&h‘%nﬁinﬁp en %'l'i‘!?bet Eﬁ‘chvi he '?LQ&tr?n‘bhkt%r@
partlally cut-away plan view of sani t I ment
present invention. as an actlvatlon t mperature wh1ch 1s greater than

vaporization temperature of the blowing agent and the critlcaI
temperature. The activation temperature is the temperature, for a

5 given reaction mixture, at which the internal cross]inking agent
will react with the monomer to form a high molecular weight,
network crosslinked polymer. The activation temperature can be
determined by differential scanning calorimetry (i.e., DSC). DOSC.
techniques are genera]iy described in Analytical Calorimetry, Vol.

10 3, Roger S. Porter et al., Plenum Press (1974), pages 17-44,
incorporated herein by reference. Suitable DSC equipment includes
the Perkin-Elmer DSC 7 Series Thermal Analysis System, available
from Perkin-Elmer of Norwalk, CT. A suitable method for
determining the activation temperature is described in the manual

15 Perkin-Elmer 7 Series Thermal Analysis System, Perkin-Elmer, Jan.
1990, incorporated herein by reference.

Suitable internal crosslinking agents include compounds
having at least two polymerizable double bonds; compounds having
at least one polymerizable double bond and at least one functional

20 group reactive with the monomer; compounds having at least two
functional groups reactive with the monomer; and polyvalent metal
compounds which can form ionic linkages. One or more -internal
crosslinking agents may be used. Typical internal crosslinking
agents are described in greater detail in the above cited U.S.

25 Patent 4,076,663. Selection of a particular internal crosslinking.
agent is determined in part by the desired rate of reaction of the
internal crosslinking agent with the monomer at a particular
temperature, which rate can be readily determined by one having
ordinary skill in -the art. The internal crosslinking agent is

.30 preferably selected  from the group consisting of
N,N’ -methylenebisacrylamide, triallylamine, triallylphosphate, and
di- or poly- glycidyl ethers of aliphatic polyvalent alcohols.
Most preferably, N,N’-methylenebisacrylamide is used.

The internal crosslinking agent will typically be present in

35 the reaction mixture in an amount of from about 0.001 mole percent
to about 5 mole percent based on the total moles of monomer
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Figure 5'is a graph showing a rel ationship of viscosity and tenperature for
as reaction mxture of the present invention. 20 : DETAI LED
DESCRI PTI ON OF THE | NVENTI ON The super absor bent polyner foanms of the
present i nvention are capable of absorbing Iarge quantities of flurds
(t.e., liquids) such as wat er and/ or body exudates (e.g., urrnepe&

and are f urt herWo83M0% of retaining such fluids under noderate pressures
25 such as those encountered in the wearing o{ absorbent articles. The
foans are formed of superabsorbent pol yner naterral commonly referred to
as’ hydrogel, hydrocolloid, osnotic and absorbent gellrng material. As used

herein, Superabsorberﬁrepaityﬁﬂr theradirsure S(ubst agboud! |0¥01Natcﬁrabbﬁl§(?doll|®|a€hs by

sllghtly crosslinked, a I y el -formn

material which is capa'gﬁqém L%%go&m ng%énfgs g‘?hq gF qﬁ?d’@"&'ﬂﬁfﬂ?‘&? %l)jOf
fluids such as water and/ o?hEbdaycheuuuaxt@se slnoemammsaena solventr Suitable
materials typically hayavédte abidiudey tﬁyabwrhmwd Rk al ﬂonou&deranavdﬁrtaﬁm

B 3" Tenst about 15 srostivkfie wdpp ey it bkt fITY, scliple "R {30 TN ¥
dry wei ght of the poI ysuperahsochenti| .poipmer " pud ybdowinganigent mntsubstanthﬂy
insoluble. Suitable solvents will also have a vaporization
temperature which is greater than the vaporization temperature of—

the blowing agent and the critical temperature of the reaction

10 mixture, and preferably greater than the activation temperature.

In the preferred embodiment where substantially water-soluble

monomers are used, the solvent 1is preferably water, a

.. water-soluble alcohol (e.g., lower alcohols  such as methanol,

ethanol, propamﬂs', and butanols), or mixtures of any two or more
15 of such compounds. Most preferably, the solvent is ‘water.—

Although the concentrations of the various components of the

reactant mixture may be widely varied as long as the dispersion,

stabilization, expansion, and reaction steps can be effected, the

reaction mixture will generally comprise about 1 part by weight of

20 the monomer to about 1 part by weight of solvent.

The reaction mixture may also contain various optional
components, including surfactants, polymerization initiators, and
viscosity control agents. Conventional additives for absorbent
gelling materials, . such as antioxidants and deodorants, may also

25  be included. |

"It is  particularly desirable to 1include at least one
surfactant in tl_le reaction mixture. The surfactant may be any of
those generally known in the foam art, selected for its ability to
stabilize the dispersion of the blowing agent in the reaction

30 mixture.. The surfactant may aid in the formation of a
superabsorbent polymer foam having a desired morphology. - The
surfactant is believed to be particularly useful for obtaining
relatively small average cell sizes and relatively narrow cell
size distributions by influencing the particle size and particle

35 size distribution of the blowing agent.

Where the solvent is water or water-soluble and the blowing

. agent is substantially water-insoluble, suitable surfactants

rrrriﬁiir‘\’ i



the structure which results when a rel ati vel y nonomer-free gas or 8
relatively nmononer-free liquid is dispersed as bubbles in a liquid

cont ai ni ng _pol yneri zabl e, super absor bent - pol yner - f or mi ng
reactants, followed by expansion of the bubbles and pol ynerization of the
reactants in th%?bi |.d, whi ch surrounds the expanded 5 bubbl es.  The
resul tant pol yme ~Veaxpanded structure can be in the form of ZXCEGISA2868

solidified structure which is an ‘aggregate of cells, the boundaries or
~walls of which cells conprise solid polynerized material. After expansion
and polynerization, the cells thenselves are typically free of the

rel atively nononer freeiddude Jaénidhid | Sbbfdc¥dnts N pobédsSing ObVAPAYAFGFhidN and
" pol yneri zation, had for the.bubbles in . the |iquid dispersion.” Inits
" broadest aspect, the SUE@&&B@SI’%E?EOUB& yn@he {9, Rer fsPTécb?’ééeﬁP PROWde; such
“conprise a superabsor begroups|mayebe mseds i Ihe fpnesente of Hotrhydrophilic geoupsi and
: m xture conprising pydrophobié ) groups may serve to enhance stabilization by
5 preventing phase separation into an "oily" blowing agent phase and
a “"water" reaétant'bhase. A mixture of such groups allows for
tailoring of the surfactant system to enhance stabilization of the
dispersion, depending on the 'respective hydrophilicity or
hydrophobicity of the components of the reaction mixture. In
10 general, as the ratio of hydrophobic groups to hydrophilic groups
in the surfactant increases, stabilization is further enhanced,
provided that sufficient hydrophilic groups to prevent phase
separation are present. Preferably, the surfactant (or surfactant
mixture) is selected to match the hydrophile-lipophile balance
15 (fi.e., HLB) value of the blowing agent. For substantially
water-insoluble blowing agents, the blowing agent is more readily
stabilized as the HLB value of the surfactant decreases. A system
of matching the HLB value of an emulsifier to one or more
ingredients to be emulsified is described in the technical
20 bulletin Meaning gf HLB Advantages and Limitations, ICI Americas
Inc., 1984, incorporated herein by reference.

The nonionic surfactant is preferably selected from the group
consisting of linear  alkoxylated  alcohols, linear
alkylphenoxylated aicohols, and esters thereof. Preferred are the

25 ethoxylated copolymers of sorbitan fatty acid esters such as the
ethoxylated copolymers of sorbitan monolaurate (available as
TWEEN®20, ICI Americas, Inc.) and of sorbitan monooleate
(available as TWEEN®80, ICI Americas, Inc.). Mixtures of the
forementioned surfactants with substantially hydrophobic (i.e..

30 lipophilic) surfactants, may also be used. Suitable hydrophobic
surfactants include sorbitan fatty acid esters such as sorbitan
monolaurate (available as 3SPAN®20, ICI Americas, Inc.) and
sorbitan monooleate (available as SPAN®80, ICI Americas, Inc.).

While the amount of surfactant may be varied, it is generally

35 desirable to use the minimum level needed to effect stabilization

of the blowing agent. Use of the minimum level may prevent or
minimize an adverse impact on the absorptive properties of the
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15 . superabsorbent-polyner-forming reactants which are capable of

bei ng nmade substantially soluble in a solvent and (ii) such solvent. A

bl owi ng agent is dispersed in the reaction mxture, stabilized, and _
expanded so as to forman expanded structure. During or after formation

of the expande ure, the 20 super absor bent - pol ymer-f or m ng
reactants are reg@?g‘&{iis%} as to forma polyner material which is PCT/US94/02868

substantially insoluble in the solvent. (The pol ymser materi al may or nmay
- not be superabsorbent by the tine the reaction has®advanced to the point of
. insoluble polyner formation. | f not superabsorbent at that point, the

(25 polymer 1s further yeavtan foin idofo s IREASurkdctIMPShA BIRIATIY phoyilss o

. di spersion, stabilization, .expangion, .and reaction step: X _ ]
5 sucﬁ that the resultant PEfWteFOs o%‘?ﬂelﬁg% ahﬁ)lsbﬁé)ﬂcéw ¥ 1pkxpicaidyi bpousrdedn an

. absorptive properties, visouht rofr pbautt ogye-trenthehe hawoant esfi thel blb&'ingt ia?ﬁnlt. The
t i i _ e a .
Throughout the ?82@3?‘3\;?‘{*3?? GABA, i 9, chE - SLETIADLBHE S Pl wien
"di spersi on of the bt ow awing jagenthowhichctisonl atent di spepsednsin hthe treaction
bl owi ng agent 1S presentmiixtuttehe form of discrete :

' The optional initiator is particularly useful to initiate
polymerization, generally of the monomer and the internal
crosslinking agent. An initiator is usually preferred since it

10 typically lowers the activation temperature ‘of the internal
crosslinking agent. An initiator is particularly suitable where
an increased rate of reaction is desired, and s therefore
generally preferred for cost-effective manufacturing. In
addition, an initiator is particularly useful where the foam is

15 formed on a wicking substrate. Upon activating the initiator and

' thereby initiating polymerization, the viscosity of the dispersion

' typically increases. The increase in viscosity may serve to
facilitate the formation of a desired foam pattern on the wicking
substrate. _

20 The initiator may be any conventional polymerization
initiator. The initiator is preferably substantially soluble in
the solvent and is selected based, in part, on the intended method
of inducing the reaction of the monomer. Thus, light and heat
activated initiators are useful initiators. For example, where

25  thin films of the foams are desired, a light activated initiator
may be used to effect rapid reaction when the mixture is exposed
to a light radiation source. The optional polymerization
initiators include free radical initiators including, for example,

_ per oxygen compounds such as sodium, potassium, and " ammonium

30 persulfates, capr:y'lyl peroxide, benzoyl peroxide, hydrogen
peroxide, cumene Bydroperoxi-des, tertiary butyl diperphthalate,
tertiary butyl perbenzoate, sodium  peracetate, - sodium
percarbonate, and the like. Conventional redox initiator systems
can also be used, e.g., systems cdmbining the foregoing peroxygen

35 compounds with reducing agents such as  sodium bisulfite,

L-ascorbic acid or ferrous salts. The amount of the initiator
used may be that amount conventionally used ‘in the polymer field.
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particles in the reaction m xture, the blow ng agent particles 35 being
rélatively free of superabsorbent poI ymer - f orm-ng react ants and sol vent.

By "substantially soluble" it is nmeant that the

superabsorbent pol ymer-formng reactant (or ‘ot her component so 9

déscri bed) may be dissolved or dispersed in the solvent such that ﬁ‘é&i r& gym
defined | evel oWOMB23Ractant (or conponent) is extractable fronfGH{Es4/028
solvent. Substantially soluble reactants or conponents are those which can
be di ssolved or dispersed in the 5 sol vent such that at |east about 50%
preferably .at | east about 60% nore preferably at |east about 75% nost

preferably at |east abw&&% ﬂfe tl#"ﬁlaﬁ?rCHQnﬁsegr%*cqu&ergf W t%ham% 5 mole

di ssol ved or di spersed
Substantial Iy insol ubl eeFﬁS&Hs Pt"h%ﬁ"'é"r abeytaf: 001c sonfoficwale pexsentobassdoRrudhe
or 10 other material tptalchelds gf pdigmerizabi@mondment pol yner material of

the superabsorbent pol ymer AR&%@? p?gfeq-ﬁ&r 'oB?%nS?'LoRFonQBf%?l%eédré)actlon mxture

5 is a viscosity control agent. The viscosity control agent

~ generally serves to increase the viscosity of the reaction mixture

and is particularly useful for controlling the particle size of

the blowing agent which is dispersed in the reaction mixture. In

general, as the viscosity of the reaction mixture increases the

10 particle size is more readily controlled. Thus, the. viscosity

- control agent may be used to disperse and stabilize the blowing

agent in the reaction mixture. The viscosity control agent may

also facilitate coating or printing of the stable dispersion onto

a substrate, particularly a wicking substrate. By increasing the

15 viscosity of the reaction mixture, the agent may facilitate the

formation of a desired foam pattern on the substrate. The

viscosity control agent may also prevent or minimize separation of

the solvent from the reaction mixture (i.e., partitioning),

particularly when the stable dispersion-is applied to a wicking

20 substrate, thereby promoting the formation of a uniform product

having optimum properties. Suitable viscosity control agents are

preferably substantially soluble in the solvent. Exemplary

water-soluble viscosity control agents are carboxymethyl

cellulose, hydroxyethyl cellulose, and polyacrylic acid. The

25 viscosity control agent is typically added in an amount of 1less

than about 2%, more typically less than about 1%, by we1ght of the
total monomer.

Formation of a Stable Dispersion

30 A .stable dispersion of a blowing agent is formed in the
reaction mixture by adding a blowing agent to the reaction:
mixture, typically either during or after formation of the

reaction mixture; dispersing the blowing agent; and stabilizing

the dispersion. The blbwing agent is dispersed in the reaction
35 mixture and stabilized so as to form a stable discontinuous phase

of the blowing agent (i.e., "particles” of blowing agent) in the
"l

reaction mixture phase. The blowing agent particles = are




di spersed in the solvent such that |ess than about 50% preferably |ess

t han about 40% nore preferably |ess than about 25% nost preferably Iess -
t han about 20% of such reactant, conponent, 15 reaction product or
other material. which was dissolved or dispersed in the solvent is
eXtractable. A suitable nmethod for deternmining extractable levels is
described in t h&VOrEaReSIETHODS section. Typically, the substanti affl/UsIs/i2ses

i nsol ubl e polymer materials forned herein possess a relatively high weight
average nolecular 20 weight, e.g., of it |east aBout 200,000 grans/ nol e.
Such a high nolecular weight is a typical characteristic of network

linked pol | o _d of network .
Cross i nki ng. "1 cont r VR Sraf b TE adsBieC nfironl s iinking, pasnty e

substantial ly Iinear, i sadvent.he pol ymer nolecule is 25 generally
two-di mensional with no or syitabia BIokim! gestsceimiiudé Osmy | dhiditiodd) Dlowing

f d enbodi t, th b bent | f :
Super absor bent pol yrrer WEPECTFRf Gy B ranb ATy jnsolible Su the, sajvegt and whose

wat er - sol ubl e,  unsht urpardiciensirenean 3@ controlled and sdapiliizéed ghere dkispdriseddin
carboxyl groups; and  the reaction mixture. In addition, the blowing agent will be
capable of controlled expanﬁion. Suitable blowing agents also

have a vaporization temperature (i.e., boiling point) which is

less than the vaporization temperature of the solvent, at a given

10 pressure. The blowing agent will preferably also have a boiling

point which is less than the critical temperature, so as to allow

sufficient expansion of the blowing agent before the formation of

the substantially water-insoluble po]ymer; Exemplary blowing

agents are disclosed in Chemic3) Encyclopedia, H. Lasman, National

15 Polychemicals, Inc,, Vol. 2 at page 534, incorporated herein by

reference. In the preferred embodiment in which water is used as

the solvent, suitable blowing agents are substantially

water-insoluble liquids having a boiling point of less than about

1009C, more preferably less than about 80°C, most preferably less

20 than about 500C. Typically, the blowing agent will have a boiling

point in the range of about -209C to about 809C, preferably about

-209C to about 500C. Such blowing agents include aliphatic and

aromatic hydrocarbons and halohydrocarbons, which may be cyclic or

alicyctic, linear or branched, and saturated or unsaturated.

25 Exemplary blowing agents include the pentanes, hexanes, heptanes,

. benzene, substituted benzenes, chloromethanes, chloroethanes,

chlorofluoromethanes, and chlorofluoroethanes such as described in

the above referenced Chemical Encyclopedia. Preferably a pentane

(e.g., n-pentane,.2-methylbutane, and/or 2,2-dimethylipropane) or

30 1,1,2-trichlorotrifluoroethane is used. While the amount of

blowing agent empioyed can vary over a wide range consistent with

obtaining a foam having a desired morphology, the blowing agent

will generally be added at a level of about 5 to about 50 parts

per 100 parts (by weight) of monomer. Typically, about 20 to

35 about 30 parts of blowing agent per 100 parts (by weight) of
monomer are used.
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(1) a substantially water-soluble internal crosslinki ng agent reacted
wfth the nononer. The preferred - superabsorbent polyner foam is
preferably fornmed by first forming a reaction mixture conprising the

menoner, 35 the i nt er nal crosslinking agent, and a suitable
sdl vent (preferably water). A blow ng agent is then stably dispe ' e
reacti on ni xtur %O Bwed by expansion of the bl ow ng agent ﬁ(gﬁg#émzsw

reaction of the nmonomer and the internal crosslinking agent so as to forma
foam conpri sed of a substantially water-insol ubl¥ pol yner materi al .
(Dependi ng on the reactant type and conditions, the insoluble polyner

~material may or may not beTﬁé‘HﬂBﬁﬂ@c’EE@rﬂt may be afﬁbemﬁ Byeﬁdﬁnﬁ ?ﬁﬁw Stress

further reaction, e.g., neutfﬁgr I, on f carbox rou
crosslinking of the polt§nEr HMough high shgar mixingd, to the "eéﬁl'ri@?'amé‘&‘l"k?eﬂl‘d') if
The di spersion, stabinktesaaryanby exptrndl ing, thndisemadty outist eHsh@bowing agent

control I ed such phase to the reaction mixture phase (as used herein, the viscosity

5 ratio refers to the viscosity of the blowing agent phase divided
by the viscosit} of the reaction mixture phase) and/or by using a
surfactant. The dispersion process is controlled so as to obtain
a desired blowing agent particle size. The particle size of the
dispersed blowing agent influences the cell size (including cell

10 size distribution), the intercommunication of foam channels,‘and
the surface area to mass ratio of the resultant superabsorbent
poiymer foam. Particle size influencing features include the
shear rate, surfactant type, the viscosity ratio, and the isotropy
of the reaction mixture. Preferably, these features are

15 controlled so as to minimize the blowing agent particle size. The
blowing agent is typically dispersed to a particle size of less
than about 10 microns, preferably less than about 5 microns, more
preferably less than about 2 microns. The minimum particle size
is typically about 0.1 microns.

20 For obtaining a relatively small blowirg agent particle size,
it is preferred to use a relatively high shear stress for
dispersing the blowing agent. In general, the higher the rate of
shear, the smaller the average particle size of the blowing agent.
Where particles of substantially uniform size are desired, it is

25 typically preferred to have uniform shear throughout the mixture.

For a given reaction mixture, Slouing agent, temperature, and
shear stress, the particle size of the blowing agent typically
decreases as the viscosity ratio of the dispersed blowing agent
phase to the continuous reaction mixture phase is decreased. As

30 the viscosity ratio decreases, the blowing agent particle size is
more readily controlled to a smaller particle size. Therefore, it
is genéra])y preferred to  minimize the viscosity ratio.
Typically, the dispersion is such that the viscosity ratio is ess
than about 0.5, more preferably less than about 0.25.

35 The viscosity ratio is preferably decreased by using a

viscosity control agent in the continuous reaction mixture phase
and/or a low viscosity blowing agent. The viscosity ratio may
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that the foam has a norphol ogy which may be characterized by 10

isnt’er conmuni cati ng channels and a relatively high surface area to nmass’
ratio. Formation of the Reaction M xture One conponent of the preferred
reaction mxture is a 15 substantially water-soluble nononer

conprising neutralized or neutralizable carboxyl groups; The 102868
preferably contWPAY22502 f i ci ent car boxyl groups such that a |inear polyner
thereof is substantially water-soluble (i.e., _the carboxyl groups are
hydrophilic). M xtures of such nononers nmay aI s?be used. 20 The
nononers conprising carboxyl groups include acid, acid anhydride, and ester

ﬁ;g‘rjgpﬁ?m 2' g'r ggpg‘)”oﬁ§asﬁf4}:e¢§?1ﬂ)%9”wrg K@ih@' ﬁ&cwm ac'oﬂéﬂ%%?sr for egamp?e,

nitrile groups, and quétherwy"%rﬁ"uﬁ?% !’it QPW&"‘PP'EW&H’M y’ea F\%" mixture
nmononmer contains acid t{peactanthydirefers| i ctogr otlmes. shpgrabsurbémt-polymerforming

nmononer contains at l%ﬂ?&rﬂqg’ytmaﬂﬂ\fw@n%&gﬁr WE"QWJFEQ‘E‘%&@ %%gé,}tg

about 10 nol e percent aci d contalrning C
i ncl ude the ol efini%al |hp  general, gs the temperature decreases or the reactant

concentration increases, the viscosity ratio will decrease. The
viscosity ratio will also vary with the reactivity of the specific
superabsorbent-polymer-fdming materials that are present in the
reaction mixture. The reaction conditions and reactant types may
10 be varied to control the rate of reaction in solution and
therefore the solution viscosity. In general, as the reaction
progresses toward formation of the substantially water-insoluble
polymer material (e.g., as a linear polymer of the monomer is
formed), the solution viscosity will increase and the viscosity
15 ratio will decrease. In addition, the viscosity ratio may be
decreased by initially using a substantially water-soluble polymer
of the monomer as a supersbsorbent-polymer-forming material in the
reaction mixture. Where a relatively uniform particle size is
desired, it 1is preferred that the reaction mixture be
20 substantially isotropic, i.e., the components of the reaction
mixture are blended such that they are substantially uniform
throughout the mixture. '
The dispersion having the desired blowing agent particle size
is preferably stabilized prior to the expansion and reaction steps
25 to form the substantially water-insoluble polymer foam.
Preferably, stabilization occurs simultaneously with dispersion.
By “stable”, °“stabilized”, etc., it is meant that the desired
particle size of the dispersed'blowing agent is maintained for a
time sufficient to allow reaction of the monomer and internal
30 crosslinking agent to form the substantially water-insoluble
polymer foam having a desired morphology, e.g., substantially
continuous interconmunicating channels substantially throughout
the foam and a relatively small cell size, Tow density, and high
surface area to mass ratio.
35 Any method of stabilizing the dispersion may be employed.
Preferably, a surfactant is used to stabilize the dispersion. In
general, the smaller and more uniform the blowing agent particles,

T



unsaturated acids, esters thereof, and anhydri des which contain at 30

| east .one <carbon to carbon .olefinic -double bond. Mor e ' : .
specifically, these nononmers can be selected fromol efinically unsaturated
carboxylic acids, esters of such carboxylic acids, acid anhydrides,
~sOlfonic acids, esters of such sulfonic acids, and-m xtures of ?@%nﬁﬁﬁmﬁﬁ
nmore of the forw@d#@Pdononers. 35 A efinically unsatura

carboxylic acid and carboxylic acid anhydride nmononers include the acrylic
acids and derivatives thereof, typified by acry?}c acid itself, nmethacrylic
aci d, ethacrylic acid, alpha-chloroacrylic acid, alpha-cyano acrylic -

aci d, beta-nethyl acryj.c i h, € rotonic agid al pha: phenyl acryljc
acid, beta-acryl oxy 'lbﬂre oﬁ%n?tca(bh%&ha,&f%ﬁ"b%’eg gh_ag%g?rﬁ, %}@PWF(‘,%"QC"“& als
mal ei ¢ acid; and nal dtec aided dbyaraeptwalditng thex Miscosity mtimnerds génerhl.s the

type are sorbic acid, mwehathdl efs@osiaybirGtRCi#t, ANk Csidard. thé NGAM & - the
acid, p-chloro cinnamgc¢ g0|d Ltacopl%hgcbﬂm.C|tracgnB%dagkd, nesa%gghcthe

acid gl utaconic acid,PREELHE jsd2€ O ing agen e more s
dispersion.

Expansion and Reaction

After forming the stable dispersion of the blowing agent

having the desired particle size, the blowing agent is expanded to
10 form an expanded structure, and the monomer or the monomer and the

internal crosslinking agent are reacted to form a substantially

solvent-insoluble polymer (i.e., an expanded, substantially

solvent-insoluble polymer structure is formed). In the preferred

embodiment where the solvent is water, the polymer is
15  substantially water-insoluble. '

The expansion and reaction are controlled such that, by the
time the substantially water-insoluble polymer is formed, the
expanded structure has a morphology substantially as desired in
the superabsorbent polymer foam (the polymer need not be

20 superabsorbent by :the point of insolubility). Preferany{ the
expansion of the blowing agent is controlled along with the
reaction of the monomer or the monomer and the internal
crosstinking agent so as to provide a superabsorbent polymer foam
having substantially continuous infercommunicating channels

25 substantially throughout the foam, an average cell size of less

’ than about 100 microns, a surface area to mass ratio of at least
about 0.2 m/g, and a density of less than about 0.5 g/cm3.

In general, the ‘blowing agent particles of the stabilized
dispersion are expanded so as to avoid excessive coalescence of

30 the blowing agent as it expands, i.e., the blowing agent particles
generally expand in relative proportion to their initial
stibiljzed particle size and shape in the dispersion. Typically,
the blowing agent particles are expanded to about 10 times . their
ofiginal size. During or after expansion (preferably after), the

35 monomer and or moncmer and internal crosslinking agent are reacted
to form the substantially water-insoluble polymer so as to
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acid, fumaric acid, and tricarboxyethylene. Oefinically unsaturated
sul foni c aci d nonomnmer s and 10 derivatives thereof i-nclude aliphatic
or aromatic vinyl sulfonic acids such as vinyl sul fonic aci d,

allyl sul fonic acid, vinyltoluene sulfonic acid and styrene sulfonic
acid; and acrylic and nethacrylic sulfonic acid derivatives such $94/02868
sul foet hyl acryWe94/22502 gy f get hyl met hacryl ate, sul foprop '
acrylate, 15 _sul fopropyl nmethacrylate, 2-hydroxy-3-acryloxy propyl

sul foni c aci d, 2- hydr oxy- 3- net hacr yl oxy prop3 sul fonic acid and
2-acryl am do- 2- et hyI propane sul fonic acid. . The carboxyl groups (e.g.,

acid groups) are rtiall etraliz d wi.th cat ons capabl e of.
forming a salt with 20 Stas ‘zﬁoﬂl?nﬁ¥p‘t"ée4](§:gﬁ‘lc§”% g neHbshanti Bynét&eramszbeble
car boxyl groups. Such splymérofeamgs fatmedds include, for exanple, alkali or

alkaline metas, ammonium filggheray] e&eawgr oFNE A R G?SthQSPfidfgﬁéjsagggt'ﬁd

further detail in U S Patent %3 andt _et
incorporated herein bY® rESEP ﬁEE‘C preeertiss | okt |t5ﬁ reactign mixturg, 45| \the
carried out in any £onvambstantail lyanssterwinsohublesupélymer aoforingasireaboertraBed

mol e percent, nore prefﬁhﬁﬂ%eﬁ}s]&egéta?bf’&’tpéoide an open-celled foam having a
desired morphology. If expansion 1is too rapid or too slow
relative to the formation of the substantially water-insoluble
polymer, the foam may not have a desired morphology, particularly

10 a desired surface area to mass ratio. The elasticity of the
reaction mixture and/or forming polymer should be capable of
supporting the formation of the substantially water-insoluble
polymer material generally in a size and shape proportional to the
expanded blowing agent particles. 1In general, the elasticity of

15 the reaction mixture and/or forming polymer should be capable of
withstanding the vapor pressure of the expanding blowing agént.‘

For any given reaction mixture, there is a critical viscosity
at which a foam having a desired morphology is difficult to
achieve. The critical viscosity corresponds to a critical

20 temperature, described below. The critical viscosity is typically
reached when the monomer or monomer and internal crosslinking
agent have polymerized such that the visco-elastic properties of
the resultant polymer make it difficult to form an open-celled
foam. Therefore, in preparing the foams herein, the blowing agent

25 particles are preferably expanded to form an expanded structure
before the critical viscosity of the reaction mixture is reached.
More preferably, the expanded structure has substantially the
finally desired superabsorbent polymer foam morphology by the time
the critical viscosity is reached. Preferably, at least about

30 90%, more preferably at least about 95%, of the ultimately desired
open cells are formed before the point of critical viscosity.

At the point of critical viscosity, the polymer is typically
substantially water-insoluble. The substantially water-insoluble
polymer may be formed by polymerization of the monomer alone.

35 This reaction can be initiated by heat and/or light radiation.

The resultant polymer may be further reacted to form a

superabsorbent polymer material, e.g., by reacting the polymer
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nol e percent, nost preferably at |east about 75 nole percent, of the total
carboxyl groups being . neutralized. The carboxyl groups are preferably
neutralized prior to formation of the substantially 30 water-insol uble

pol ymer foam e. g , heutralization is preferably carried out on the nononer
or .of a water-s &%ﬁgl ymer thereof. Mnoners possessing hydrophilic
groups ot her than ca groups may be used with the carboxyl JiICH($94/02868
cont ai ni ng nonormer . ther hydrophilic groups include hydroxyl groups,

am de-groups, 35 am no groups, nitrile groups, 23nd quat ernary anmoni um
salt groups. Mononers containing such groups are well known materials and

are described in greatemﬂeaﬂﬂossf,qg"@( teganhnneldtﬁ] gggegsrb%x 73 g@% £ the
d d Feb > 8; U %1%
esued To vestorman on BBERDAS 18/ Bebnscessarule’ N ahe raferved conbadinani where

herein by reference. Oae isterndl ecrogpldoking sgenb tuy greseht | inctiy Pedd i owiQre,
present in the NONOMEr. the polymer is crosslinked by heating the expanded, substantially
' 5 water-insoluble polymer structure to a temperature greater than
the critical temperaturé, generally to at least the activation
temperature. Alternatively or in addition to the internal
crosslinking agent, the polymer structure may be reacted with an
external crosslinking agent.

10 The substantially water-insoluble polymer may also be formed
- by reaction of the monomer (or a substantially water-soluble
polymer thereof) and the internal crosslinking agent. This
reaction is typically initiated by heat, either directly applied
to the reactants or as generated by a monomer polymerization
15 reaction induced by 1ight radiation. The resultant polymer may be
further reacted as may be necessary to form a superabsorbent
polymer material, e.g., by subjecting the expanded polymer
structure to higher temperatures or by reacting the polymer of the
structure with additional crosslinking agent (and neutralizing

20  carboxyl groups of the polymer as may be necessary).

Where the reaction to form a substantially water-insoluble
polymer is initiated by heat, there is a critical temperature at
which the reaction typically occurs. The critical temperature
corresponds to the critical viscosity and thus typically to thé_

25 formation of a substantially water-insoluble polymer. The
critical temperature and critical viscosity will vary with the
particular reaction mixture composition, e.g., the wonomer,
internal ci-osslin-ki_ng agent, and the optional initiator.

The critical temperature may be determined for a given

30 reactien mixture by determining the maximum rate of change in the
viscosity of the reaction mixture as a function of temperature.
The viscosity of the reaction mixture at various temperatures can
be determined by known rheometry methods. As wused herein,
viscosity refers to the apparent viscosity, i.e., viscosity is

35 meant to characterize the full spectrum of fluids or dispersions.

This full spectrum includes simple Newtonian fluids for which
viscosity is the proportionality constant that relates shear force
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5 Although this disclosure is generally in terms of the
mononer, it is to be understood that substantially water-soluble .
honopol ynmers, copol yners, or reaction products of the nonomer may al so be
used in place of or in addition to the nononmer form Such alternative

st'arting materi 8‘5@ i de substantially water-soluble 10 honopol yipis of .
o Aot

t he nmononer -and lally water-soluble reaction products of

nononer or its .homopol ynmer and the internal cros\?vg nki ng agent. For :
exanpl e, a substantially |inear, substantially er-sol ubl e honopol yner
can be formed by subjecting the nononer to known pol ynerization

colndi tions. IA 1§ fsubpéranﬁi'tahwa toegher négak el ea thafirac'wl»)heyocﬁ[vog‘ﬁhiié}h?dand
P har polymer thereor wbieraf TS AR, b5, Fap SR ESTK' T pind® pRCHRTC R 1obTe Tam
crosslinking agents hef®ign, pagiesh sdurmiesynbigh wealleculaypiweaghty polymers and
llow I evel of crosslinkingisperGons |o¥S fnsoll@leaRPielri A mi%ed TRRNALANS P HaYdrBats).
of the nonomer (espegial Jmo/ﬁsa_ !CI Peag pgl%ngr of, tdhe rmngmgé)_t{rax_fe_ Transpor
preferred starting nater IM0§ CANGEPHEr 3PS HRYATABR 1N 9reatessiqefaly imelransport
reaction m xture so as tPhenomenon, Bird, et al., John Wiley & Sons, Inc. (1966), Chpt. 1,
inéorporated herein by reference.
Since the critical temperature may vary with the reaction
rate of a given reaction mixture and therefore the time for which
10 the reaction mixture is maintained at a given temperature, the
viscosities are measured for a raaction mixture which has been
maintained at various temperatures for a constant time period at
each temperature. This is most readily done by using a rheometer
capable of heating a reaction mixture sample at a controlled rate.
15  Suitable rheometers include a Sangamo Visco-Elastic Analyzer and a
Brabender blender and rheometer. The principle of operation of a
blender and rheometer such as the Brabender system is described in
the Handbook of Polymer Scien nd T ogqy, Yol.
Applicati n : in ration, Cheremisinoff, Marcel
20  Dekker Inc. (1989), pages 373-419. Alternatively, the viscosity
of separate samples of a given reaction mixture may be determined
with the viscosity of the individual samples being measured after
being held for a constant time period at a given temperature for a
given sample.
25 The viscosity is plotted as a function of temperature, the
resultant curve typically being as shown in Figure 5. As shown in
Figure 5, the resultant curve has an initial, substantially
linear, slightly sloping part 5a corresponding to a small change
in viscosity per unit change in temperature, and a second part 5b
30 of rapidly increasing slope corresponding to a rapid increase in
viscosity per unit change in temperature. At least the first part
5c of this second part S5b may be described as a ‘parabolic,
corresponding to an exponential increase in viscosity per unit
_ change in temperature. This paraboloid part 5c is followed by a
35 substantially linear, steeply sloping part 5d.
As shown in -Figure 5, the critical temperature (Tc) and
critical viscosity (V¢) are determined from the point of
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ai*d formati on of a foam having a desired norphol ogy, particularly 25 a
rel atively small cell size. |In general, a reaction m xture using such
polyners will have a higher viscosity conpared to a reaction m xture
starting with the nononer itself. Use of such polénE{s may al so be t

articularly us e foans having a | ow resi dual nononer content are
8esi red, S|¥ce f‘& %’g%‘aim)nomer which 30 may be present in the pdGFfRSP4/p3868
the nononer (e.g., a linear polyner of the nonongr) may be removed by known
“processes, e.d., flashlng, prior to use in the ré2ction mxture. The
preferred reaction mxture additionally conprises a substantially

~wat er-sol ubl e internal ﬁfteﬁﬁdctmﬂ W A€M ineSah@lht® td° thd)! SliiBintia)ly 1inear,

crosslinking agents are are ca reac

monomer to form a substShif I’I{/HRR/HE%P"%%H!?SI e Liner tangept, to the substantially
super absorbent, pol ynerineamt ateeply sldpingeparitl Bd. the crithdal NiéwpeAlture and

- crosslinking agent willche; QYChidebdftyt e GEATRIfA H})gx@rapolatmg from the point

5 of intersection to the x-axis (T¢) and the y-axis {Ve).

In some cases the parabolic part 5¢c may not be followed by a
substantially linear part but the curve may, for example, remain
parabolic. In addition, for some systems it may be difficult to
measure the viscosity for all points on the parabolic curve (i.e.,

10 above a certain temperature). In such cases the critical
temperature may be determined through calculus methods. The first
derivative of the curve (viscosity as a function of temperature)
is determined for various temperatures and is plotted as a
function of those temperatures. The resultant curve is typically

15  characterized by a maximum inflection point which corresponds to
the maximum rate of change in the viscosity of the reaction
mixture as a function of temperature. The temperature which
corresponds to this maximum rate of change can be determined
graphically and is the critical temperature.

20 In order to carry out the expansion step before the critical
viscosity is reached, the blowing agent particles of the stable
dispersion will typically be expanded by heating the stable
dispersion to .a temperature which is greater than or equal to the

. vaporization temperature of the blowing agent and less than or

25 'equal to the critical temperature, preferably less than the
critical temperature, most preferably about 50C to about 109C less
than the critical temperature. Therefore, the blowing agent is

- preferably selected such that it will volatilize (vaporize) at
such a temperature. In an alternative embodiment of the present

30  invention, the expansion is caused by decreasing the pressure on
the stable dispersion. In' addition, various combinations of
pressures and temperatures may be selected in order to expand the
dispersion. '

_ Where a decrease in pressure alone is used to expand the

35 Dblowing agent, the critical viscosity is not generally attained in

the expansion step. In such case, it is important to form the

substantially water-insoluble polymer at about the point where the
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has - an activation tenperature which is greater than -the

vapori zation tenperature of the blowing agent and the critical tenperature.
The activation tenperature is the tenperature, for a 5 gi ven reaction
mXture, at which the internal crosslinking agent will react with the
nmonomner to form‘? pyﬂ?%ogol ecul ar wei ght, network crosslinked polyner. The
activation tenpe Q an be determined by differential scanni n@CT/US94/02868
calorinmetry (i.e., DSC). DSC techniques are generally described in

Anal ytical Calorinetry, Vol. 10 3, Roger S. Porteé et al., Plenum Press
(1974), pages 17-44, incorporated herein by reference. .Suitable DSC

equi prrent i ncludes the P L k- Fl C.7.Series Thernpl Anal ysi stem
~available from Perkin- Eﬁ?léb&do_ %Jrav%\}alhés sua..?anh;ﬁygﬂ'et 2% m°ﬁ€’l"%%” 3 pphat
det ermi ni ng the activati$iredpar dber&inpl thamer iThdsl willt hypicahlyalbel8chieved by
Perkin-El mer 7 Series ThiioredsifAgathes tempeySiupl ofPehi dipahdea strd@furel PGt ieast

| nolude compounds hav rmee%?ﬂﬁggk'%@R%ef*‘g%‘fevn%??c%&g?'erea%{fﬁﬁZ<'> i dSonomet or the

i nclude conpounds having a

conpounds havi ng at | eas®ongmer gnd yintennadigressijoking bgend tmdfomt theasubstandially

- functional 20 group reagiter<inébludlé HR1ypoNer; conpounds having at |east

- two It is generally preferred to expand the blowing agent as
slowly as possible. Typically, the blowing agent is expanded--by
heating the stable dispersion to the vaporization temperature of
the blowing agent at a rate of less than about 10C/minute, more
preferably less than about 0.50C/minute, most preferably less than
about 0.1 to about 0.20C/minute. The rate 'of heating may be
increased if a counterpressure is applied to the dispersion in
order to achieve substantially the same rate of expansion as where
only the temperature is increased at the preferred rates.
Alternatively, where a decrease in pressure is used to expand the
blowing agent, a corresponding (at a given temperature) controlled
rate of decreasing pressure may be used to form the expanded
structure.

As. previously stated, the monomer or the monomer and internal
crosslinking agent of the expanded structure are reacted so as to
form an expanded structure comprising a substantially
water-insoluble polymer (i.e., a substantially water-insoluble
foam is formed). Reaction can be caused by heating the expanded
structure to at least the critical temperature. Preferably the
expanded structure is heated to the critical temperature. The
monomer and internal crosslinking agent are then reacted to form a
network crosslinked, typically superabsorbent, polymer. Such
reaction is caused by heating the structure to at least the
activation temperature. The activation temperature may be equal
to or greater than the critical temperature. Preferably, the
reaction mixture is designed (more particularly, the internal
crosslinking agent and/or initiator is selected) such that the
activation temperature is greater than the critical temperature, -
more preferably at least about 109C to about 209C above the
critical temperature. Network crosslinking is described in

——————— greater detail below.
eet Has Been Replaced
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functional groups reactive with the nononer; and pol yval ent netal conpounds
whi ch can formiionic lLinkages. One or nore internal crosslinking agents
may be used. Typical internal crosslinking agents are described in greater
det-ail in the above cited U S. 25 Patent 4,076,663. Selection of a ,
particular internal crosslinking agent is determined in part by the desjred
rate of reacti oWOOM22¥R internal crosslinking agent with the nndﬁmﬁﬁ%ﬁhﬁF
particul ar tenperature, which rate can be readily determ ned by one having
ordinary skill in the art. The internal crossli®f ng agent is 30
preferably sel ected from -.the gr oup consisting ~ of NN

- met hyl enebi sacryl am de, tral | ] L al) yl sp e._an |- al y-
glycidyl ethers of aliphati z@po‘a}é?/%g%’gﬁ’feaglg*cgghég?/§89%bsr?§f)tr’g?e ab&f, mohoné? ¥°r
N, N' - met hyl enebi sacryl aPRlyBer $heeeof) ande thertinternal cenpss) inkinggoenferto farm the

typically be present inpgwork Reo§SankddoPoTymér Ui préferibidRUG iRl ofdePMt@idid
0.001 ol e percent to aPhOeUtragiJmJoelapﬂi%g %onb%?egnyonr‘ets?aeuatl Oiia%wig‘g)l ggsen(gf and to
nonomer
5 prevent or minimize disruption of the expanded structure. Where
_the activation temperature is greater than the critical
temperature, the rate of heating to cause reaction need not be as
slow as the rate of heating to cause expansion. Preferably, the
rate of heating to cause reaction is less than about 109C/minute,
10 more preferably from about 50C about 109C/minute, most preferably
from about 80C to about 109C/minute.-

Although the various components of the stable dispersion may
be selected such that the blowing agent vaporization temperature,
the critical temperature, and the activation temperature are the

15  same, for the preferred foams herein, those components are
selected such that the blowing agent vaporization temperature is
less than the critical temperature which itself is less than the
activation temperature. Most preferably the components are such
that the blowing agent vaporization temperature is from about 59C

20 to about 100C less than the critical temperature which itself is
from about 100C to about 209C Tless than the activation
temperature.

The expansion and reaction conditions are preferably uniform
throughout the &ispersion and/or the expanded structure.

25 Uniformity 1is generally achieved by ensuring a relatively
isotropic reaction mixture and a uniform temperature and/or
pressure throughout the dispersion and/or the expanded structure.
Uniformity of temperature and pressure are influenced by the
heating means, the volume and/or depth of the'ﬂisnersian being

30 reacted, the heat flux (i.e., rate of heating), and the extent of
exothermic heat evolution by the reacting dispersion. Preferably,
these factors are controlled so as to ensure uniform heat transfer
(i.e., temperature gradients across the expanding material are
minimized) throughout . the dispersion and/or the expanded

35 structure. For forming a bulk foam material, a particularly
suitable reactor for ensuring uniform heat transfer is a stirred

—___-__—__——_'—_4_ » I
tube -reactor. In forming thin films (e.g., having a thickness of
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14 present in the mxture (i.e., about 0.01 to about 20 parts by wei ght
based on 100 parts by wei ght of the mononer material). The reaction

m xture also conprises a solvent. Sui t abl e sol vents include any in
which the nononmer and internal 5 crosslinking agent are

substantially soluble and in which the superabsorbent polyner ?&RA
bl owi ng agent W&M2¥Rhstantially insol uble. Suitable solve f/p38es
al so have a vaporization terrperature which is greater than the

vapori zation tenperature of the blow ng agent an®8 he critical tenperature
of the reaction 10 m xture, and preferably greater than the activation

temperature. In the preieLpad I%Qt? {14 QE&]R 5 venfs) éPQﬁé %S+an¥ u[x}] fraﬂy

wat er - sol ubl e nononers are ‘er ab
a wat er - sol ubl'e al coholbe (Sé”b‘b‘el dfler ush CBHG'I‘SW’SUch ‘a&im,hamﬂm*@t%aﬂ&/"
propanol s, and but anol sk)edtroaribean esiiatioanyo tmwrexﬁarseoritfnnd/m regttdbn. For

compounds. Most  pref ey I?‘Relv)(ngcot rFeaﬁltfol'a %nto{h éacé\{\@r{ Jn sl;hcé(,? U‘ghr{égy&d it is

concentrations of the va I OUS
widely varied as | ofg agenerallty sp%fresr% to usebiitraeiol et raddagionsi chipweMery as the

reaction steps can-be efthackness of Mhe foam to be formed increases over about 500 mils,
it is preferred to use infrared and/or electron beam radiation in
order to prevent or minimize nonuniform cell structure. _

The expansion- and/or reaction step can occur in a closed or

100 open enviromment. For example, expansion can take place in a
closed mold. The expansion and/or reaction step may also occur in
an -open system, such as on a web upon which the stable dispersion
has been applied, for example, by extrusion or printing. The
dispersion may be applied to. a temporary or permanent. substrate

15 prior to its expansion and reaction to form the polymer foam.

As previously stated; the substantially water-insoluble
polymer is reacted to form a substantially water-insoluble,
network crosslinked polymer. The reaction is typically caused by
heating the expanded substantially water-insoluble polymer

20  structure to the activation temperature. As noted above, the
activation temperature may be equal to the critical temperature,
in which case crosslinking coincides with insoluble polymer
formation. In such case, no additional reaction is generally
required (although further crosslinking may be used to modify

25  absorptive properties). _ |

Conditions for reacting the substantially water-insoluble
polymer to form a network crosslinked polymer may be selected
consistent with the above teachings from polymerization conditions
such as are generally described in the above referenced u.s.

30 Patent- Re. 32,649 and in U.S. Patent 4,666,983 issued to
Tsubakimoto et al.; and U.S. Patent 4,625,001 issued to
Tsubakimoto et al.. Such reaction conditions generally involve
heating (i.e., thermal activation techniques) the polymer to a
temperature of from about 09C to about 1009C, more preferably from

35  about 20°C to about 80°C, most preferably from about 509C to about:

800C. Temperatures of less than about 800C are preferred for
obtaining foams having a low extractable polymer content.

Sheet Has Been Reﬂlaced

G



reaction mxture will generally conprise about 1 part by weight of 20 t he
mononer to about 1 part by weight of solvent. The reaction m xture may al so
contain various optional conponents, including surfactants, polynerization
| Aktiators, and viscosity control agents. Conventional additives for
absorbent gelling materials, such as anti oxi dants and deodor ant ﬂ%ﬁu@kﬁp
25  be include¥O 9R230% particularly desirable to include at le .on
surfactant in the reaction mixture. The surfactang may be any of those
generally known in the foamart, selected for ité ability to stabilize the
di spersion of the blow ng ‘agent in the feaction 30 mxture. The

surfactant may aid | nCoﬁdhﬁwonEO\iﬂﬁBF'h‘mch Khe p%lﬁ%?efsaﬂﬁﬂfégﬁmd cPaYRin198d)

having a desired norpho act ant bel 1 e
particul arly usef ul for#ﬂ%teéf"’ﬂ]ﬁg ?‘é’ﬂﬁﬁ’\?gl esr'?ﬁ”"'eﬁvg’r Ag¥ E@'F"%ﬁ%‘ék form of
rel atively narrow cel | polymexiizatidnbuadtovatibg iradiadéerci nRatiisacpive,i célectronic,

and particle 35 size gghti ftﬁa%? é’lfeciltb‘ﬁna eQW: '}Qd?ﬂ? arwyﬁrlgﬁ]eeaﬁﬂ'ﬁﬁgme
3

is water or water-s | ubl e an mnqg 'S stanti
wat er - i nsol ubl e, i t apfnyentigp 09L¥ﬂ?§‘ ation techn1qnes

'Netuork' crosslinking refers to the reaction of reactive
sites of the monomer or polymer thereof with the reactive sites of
the internal 'crogslinking agent to form a three-dimensional
polymer network in which there are crosslink bonds between

10 different polymer chains, the polymer chains being generally
attributable to polymerization of the monomer. Sufficient network
crosslinking provides a substantially water-insoluble polymer.
Sufficient network crosslinking, which may or may not be the same
degree as required to 'provide substantial insolubility, also

15 renders the polymer superabsorbent (where a sufficient number of.
neutralized carboxyl groups are present in the polymer). Thus,
additional crossiinking of the insoluble polymer material may be
required in order to render it superabsorbent. The level of

crossiinking of the insoluble polymer material is generally -

20 determined by the reactant type (particularly the crosslinking
agent) and concentration and the reaction conditions. Therefore,
if netessary, the substantia!iy water-insoluble polymer material
can be made superabsorbent by exposing it to more extreme reaction
conditions and/or additional cfoss]inking agent. (Since

25 superabsorbency is also influenced by the level of salt groups in
the poiymer, various degrees of superabsorbency may also be
imparted by neutralizing at least a portion of the salt-forming
groups (e.g., carboxyl groups) of the polymer as previously
described.)

30 The - degree of network crosslinking, i.e., the crosslink
density, may be varied as known in the art to provide various gel
strengths and gel volumes as may be desired. In general, as the
crosslink density increases, the gel strength increases, gel
volume decreases and, at a constant surface area to mass ratio,

35 the rate of absorption decreases. Thus, the degree of network
crosslinking in part serves to determine the absorptive capacity

___#______;______—-——————— and absorptive rate of the superabsorbenrt polymer material and
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15 j ncl ude nonionic surfactants possessing both hydrophilic and hydrophobic

gy oups. One or nore surfactants to provide such groups nay be used..
The presence of both hydrophilic groups and hydrophobic groups nmay serve
to enhance stabilization by 5 preventing phase separation into an

"bily" blowing a ent%ﬁpase and a "water" reactant phase. A m xture of
such groups all 9 ai | oring of the surfactant systemto enhgﬁggls“’ozs‘s
stabilization of the dispersion, depending on the respective
hydrophilicity or hydrophobicity of the componem® of the reaction
m Xt ure. In 10 general , as the rati o of hydrophobic groups to

hydrophilic groups in thg, ?f bt | ent %e\rﬁfs‘b po%g’ob tdah 2t 113 h?greg 5\‘h(7wtwork

enhanced, provided that su s 10 preven
separation are present. @Pé?‘éP&mgyal%"hé" §8P’P¢§ét 'PPc re%wdushrmammndnextwésbh

s selected to match thepdlyméroantent! iopohe | fodnal amﬁea 1prefertedS embodimBat, the
val lue of the blow ng mfig?ﬂt’l crosfﬁrnkn?gugaénqn“oa Xomer are reacted so as to form
‘5 3 substantially water-insoluble superabsorbent polymer material
which is partially network crosslinked so as to akhieve a desired
gel strength and gel volume. :
In the preferred embodiment in which the solvent is water and
the expansion and reaction has occurred at temperatures less than
10 the boiling point of water (i.e., 1000C at 1 atm), the resultant
foam will typically comprise water as absorbed from the reaction
mixture by the superabsorbent polymer material of the foam. Some
level of water is generally desired in the foams in order to
enhance the flexibility and absorptive rate of the foam.
15 Ppreferably, the foam will contain less than about 20%, more
preferably less thian about 10%, most preferably less than about 5%
by weight of water per 100 parts by weight of the superabsorbent
polymer material of the foam. (These preferred percentages

include any water which may be absorbed from the enviromment.) -

20  The level of water may be controlled by varying the amount of

water used in the reaction mixture. In addition, water may be

- added to the superabsorbent polymer foam (e.g., as an external

plasticizer). Although it will usually be unnecessary, the water

content may be decreased by, for example, displacing the water

25 with a lower alcohol such as those described herein and/or by

heating the foam to evaporate the water, e.g., by microwave
radiation. _ '

Where the solvent is other than water, any remaining solvent

may be removed in whole or part from the resultant foam. This is

30 most readily carried out by heating the foam material to a

temperature sufficient to 'evaporate the solvent within a

reasonable time, e.g., near or above the boiling point of the

solvent.

Typically, the components of the reaction mixture and the

35 blowing agent are introduced into a vessel equipped for high shear

mixing, and the stable dispersion as déscribed above is formed in

\ .
the vessel. The blowing agent is then expanded and the monomer
Thxs Sheet Has B :
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wat er -i nsol ubl e bl owi ng agents, the blow ng agent is nore readily
st'abili.zed as the HLB val ue of the surfactant decreases. A system of .
mat chi ng the HLB val ue of an enulsifier to one or nore ingredients to be
emulsified is described in the technical 20 bulletin Meaning of HLB
Advant ages and Limtations, ICl Americas Inc., 1984, incorporated herein by
reference. The n¥@YMR22surfactant is preferably sel ected from t RCTP94/92868
consi sting of . | i near al koxylated ° al cohol s, | i near :

al kyl phenoxyl at ed al cohol s, and esters thereof. Pmaaferred are the 25
ethoxyl ated copol ynmers of sorbitan fatty acid esters such as the

et hoxyl at ed copol yners of -sar bi tag m)g:ﬁl,au,r ate (available as [err],1C .
Arericas, Inc.) and off" JOtHinak Fror)iBkingateent Arsi raasted 4o foxpithe foam The
Anericas, Inc.). M xturdeamfig htypiocaldye shaped dduring aandyors aftérh its formation.
substantial ly hydrophobi |30 . mayd ' [J 1 t

- used. Suitable hydropho%flé:mg rﬂag;c%aﬁfg{e?%@:’u dgﬁ%grﬁﬁ{ngﬁérﬁgt%lapg@'é%@?%tﬂg as
such as sorbitan rmonol auPEt knoym,if; the art 5 form, a)foam byving i defined shape nnd

~and sorbitan nonool edte Giami | abifered [metkdds IfoF SWaping athe Ifogm )incWiel @aitifg,
armount of surfactant rraympf\dm&\’r 'o?dfoﬁn{ng' gpeg,ggﬁ{nal.ly
Casting and molding techniques generally involve introducing
the stable dispersion into a prepared mold cavity (open or closed
mold) and causing expansion and reaction such that the foam
10 conforms to the shape of the mold cavity. Examples of specific
molding techniques for use herein include compression molding,
injection molding, extrusion, or laminating. Forming techniques
involve pe_ffoming'vari-ous operations on the stable dispersion or
foam to modify its shape and/or size. Examples of specific
15 forming techniques for use herein include grinding,- chopping,
cutting, coating and extruding operations. For example, the
stable dispersion may be extruded through an orifice to form a
foam having a shape corresponding to the shape of the orifice.
Further, the stable dispersion may be cast on a surface to form a
20  foam having a desired shape or surface morphology. Any or all of
these techniques may also be used in combination to form the
shaped foam. Any suitable apparatus as are known in the art may
be used to carry out such operations. '
The superabsorbent polymer foams of the present invention are
25 useful in free form, including particulate (includes granules,
chunks, and the like), sheet or other three-dimensional forms. A
particulate foam material can be obtained from a bulk sample of
foam material by a}ny suitable method, e.g., chopping or grinding.
However, in any such process it will generally be desired to make
30 efforts to substantially preserve the morphology {e.g., surface
area to mass ratio) of the foam material as driginally formed. To
form a free (i.e., unsupported) foam sheet, the stable dispersion
is applied to a temporary substrate followed by expansion of the
blowing agent and reaction of the internal crosslinking agent with
35 the monomer to obtain the substantia'l'iy water-insoluble, polymer
foam. The foam is then readily removed from the temporary
substrate. Temporary substrates include any materials known for
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35 - desirable to use the mninmumlevel needed to effect stabilization of .
t He bl owi ng agent. Use of the mninmmlevel- may prevent or mnimze an
adverse inmpact on the absorptive pr'operties of the 16 resultant foam due
td residual surfactant and generally provides a product cost benefit. The
surfactant wil | %pl cally be used in an amount of about one-tenth the

anmount of the bl

ent. The surfactant can be added to the RCTHISH4/02568

m xture or pre-mxed with 5 the blowing agent which is later

dispersed in the reaction mxture. The optionaB2 initiator is

particularly useful to initiate polyrrerization generally of the

nononmer and the i nternab crossl i nki ng e&%mg&n ilnitiator is usually
St

preferred since it 10

UePi cBYTPOSes| ovfe ishagtson "Y%erﬁhq}%v cAnd

the internal crosslinkirejessgpentated etahisheetisor The slable dispursjonsmay dblapplied
where an increased rate gf th@aubdtddtd Dylsny tokbentithal Snethed SF Preparing films or
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prints, for example, knife-coating, spray-coating, reverse-roll
coating, gravure-coating, cold extrusion coating or casting, and
the like. The stable dispersion may be applied to the substrate
to obtain a foam product in a desired shape. Alternatively, the
foam product may be cut to a desired form.

The superabsorbent polymer foams of the present invention are
also useful when joined to a carrier to form an absorbent member.
The carriers may be any carriers as are known in the art such as
nonwoven webs, tissue webs, conventional foams, polyacrylate
fibers, apertured polymeric webs, synthetic fibers, metallic
foils, elastomers, and the like. The carrier may be any material
generally employed for use in absorbent articleﬁ, including
wicking and non-wihking materials. Examples of wicking carriers
include tissue paper (which includes paper toweling). Exaﬁples of
non-wicking carriers include polymer films such as polypropylene.
For use in absorbent articles, a particularly suitable carrier is
paper tissue. For example, suitable paper tissue is disclosed in
U.S. Patent 4,191,609 issued to Trokhan on March 4, 1980; u.s.
Patent 4,529,480 issued to Trokhan on July 16, 1985; and U.S.
Patent 4,637,859 issued to Trokhan on January 20, 1987, each
incorporated herein by reference. Suitable carriers also include
any of the backsheet materials described herein for use in
absorbent articles. The carrier may be of any desired shape and
may be shaped before, during or after joinder with the foam.

The foam may. be Jjoined to the carrier via chemical or
physical bonding methods such as are known including adhesives or
chemicals that react to adhere the foam to the carriers. Joinder
is also meant to include generally non-bonded combinations of the
foam with other materials, e.g., encasing or sandwiching the foam
in or between other materials. Alternatively, the foam can be
Joined to the carrier by applying the stable dispersion to the
carrier and causing expansion and reaction so as to form the foam
on the carrier (i.e., the carrier is a permanent substrate) to
provide a superabsorbent foam-bearing structure. The foams as



general ly preferred for cost-effective manuf act uri ng. In
addition, an initiator is particularly useful where the foamis 15 for med
on a w cking substrate. Upon activating the initiator and thereby
initiating polynerization, the viscosity of the dispersion typically

I ncreases. The increase in viscosity may serve to facilitate the
farmation of a HE&M2P% oam pattern on the wicking substrate. 20PCT/US34/028fe
initiator my. be any conventional polyneri zat ion initiator. The
initiator is preferably substantially soluble in 3%he solvent and is

sel ected based, in part, on the intended nethod of inducing the reaction of

the monomer. Thus, 1igh mﬂ% &eqﬁga&tﬁ.%@ %? H%tdn?t gFlSt § Hsthbay fan. be in

initiators. For exarrpl ere oan® are desired,
light activated initiat@ntipupupor disgontsnuguseferm anipdtterleti on when t he
mxture is exposed to a Ivmyat th&afbaﬁtisoﬂomowmehe caltier (dpéi,onke carrier is

pol ymeri zation initiat Orzlﬁlﬁa'&nguch bs?rx%q' C"ilhe' néarﬂ'iaé r§nd n%a'lﬁd'lﬁ}%r{ago are

exanpl e, per oxygen conb
persul fates,  capryl ylprefpeabdyi orehcteéensﬂsyl thaﬁer%"@le is suffietpak bonding

peroxide, cunene hydrogiy9idalesnd/of thbhitaY) Uft Yhe Folltohtitdcitraer as required
by the intended application. The stable dispersion can be applied
to the entire surface of the carrier or to any portion thereof and
_ in any continuous or discontinuous pattern. Suitable patterns can
10 be selected for tailoring the absorption properties of the
' foam-bearing structure as may be desired. For example, for use in
disposable diapers, par:ticu’lar patterns may be formed to provide
defined absorption properties in d-iépers for female or male use.

In a preferred embodiment of the present invention, the

15 stable dispersion is transferred to and extruded through a
conventional extruder apparatus. An example of an extruder
apparatus is shown in Figures 12-14 of Principles of Polymer
Materials, Second Edition (McGraw-Hill Book Co., 1982) at page
331, which is incorporated herein by reference. The stable

20 dispersion is extruded through the orifice of the extruder
apparatus onto a temporary or permanent web substrate, followed by
the expansion and reaction steps to form a free foam sheet or a
foam-bearing ‘structure. The temperature .and pressure can be
controlled in the extruder so as to control the expansion and

. 25 reaction process. For example, polymerization of the monomer to
form a substantially linear polymer may be caused while the
mixture is in the extruder. Expansié'n and reaction of the linear
polymer, any remaining monomer, and the internal crosslinking
agent to form a substantially water-insoluble foam may then be

30 caused when the dispersion is at or beyond the orifice.

In another preferred embodiment, the stable dispersion is
printed onto  a permanent substrate followed by expansion and
reaction to form a foam-bearing substrate. Exemplary printing
apparatus and techniques include rotogravure and flexographic

35 printing equipment and processes such as disclosed in Flexography

Principles and Practices, 4th Edition, Flexographic Technical
Association, Inc., 1991, incorporated herein by reference. The
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tertiary but yl per benzoat e, sodi um peracetate, sodi um
pércarbonate, and the like. Conventional redox initiator systenms can al so
be used, e.g., systenms conbining the foregoi ng peroxygen 35 conmpounds
wrth- reducing agents such as sodium bisulfite, L-ascorbic acid or
ferrous salts. The anpunt of the initiator used may be that anount
conventional |y Y¥@&/28%% he pol yner fiel d. 17 Typically, the | AFT/US4H28685
used at a level of up to about 5 nole percent, preferably about 0.001 to
0.5 nol e percent, based on the total noles of poP4nerizable nonomer.

Anot her preferred, optional conponent of the reaction mxture 5 iIs a

viscosity control ag%anenIhesug}/{lfa%QSimE b%onsﬂ’%pi(?f aQﬁ%ﬁdgﬁE%s@ehy herein,

serves to increase the viscosity € reaction ur e

particularly useful forPrefenabdy]ing wirkingar materiaki zmorg tpmeferplblyi ngompyésing
which is dispersed in tdea1GRAGE | fABerd,Xhost CprefferaR Paiodl . pudp fibersyi scosity of
the reaction mxture increaﬁleegetf;e wicking substrate is used, it is particularly
5 desirable to print the stable dispersion in a  discontinuous
- pattern on the wicking substrate in order to form an absorbent
member possessing both the capillary absorptive properties of the
wicking material and the osmotic absorptive properties of the
resultant discontinuous pattern of superabsorbent foam. To form
10 the discontinuous pattern, it is generally desirable to use a
stable dispersion having a sufficiently high viscosity such that
wicking of the dispersion into the substrate does not occur to a
substantial extent. In this way, the wicking properties of the
substrate are substantially maintained. In addition, the higher
15 viscosity may prevent or minimize partitioning of the solvent and
the reactants. Tﬁe viscosity can be controlled by any of the
methods discussed herein in reference to forming the stable
dispersion, e.g., -through the use of a viscosity control agent
and/or multi-step reaction process. In addition, it is generally
20 desirable to initiate expansion and reaction to form the foam
within a short time, preferably immediately, after printing of the
stable dispersion onto the substrate. For example, polymerization
of the monomer to form a linear polymer may be initiated by, e.g.,
subjecting the printed dispersion to ultraviolet radiation.
25 Expansion and reaction of the linear monomer, any remaining
-. monomer, and the internal crosslinking agent in the printed
dispersion is then caused, e.g., by subjecting the printed
dispersion to heat. The ultraviolet radiation used to initiate
polymerization of the monomer may be sufficient where the blowing
30 agent has a sufficiently low boiling point and the crosslinking
agent has a suffiéient]y- Jow activation temperature. 1f
necessary, additional sources of heat may be used, e.g., infrared

radiation. | '
“In an especially preferred embodiment, the superabsorbent
35 polymer foam of the present invention is flexibilized.
Flexibilization may be achieved by including suitable “internal”
plasticizers in the reaction mixture, the plasticizers being
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10 . parti’cle- size is nore readily controlled. Thus, the viscosity control
~afjent nmay be used to disperse and stabilize the blow ng agent in the . ;
reaction m xture. The viscosity control agent nay also facilitate coating
or-printing of the stable dispersion onto a substrate, particularly a
wi'cking substrate. By increasing the 15 viscosity of the reactign
m_xturg t he ageWP aci li tatg the formation of ya desired fEGA{USI4/02368
pattern on the substrate. The viscosity control agent nmay aI SO prevent
or minimze separation of the solvent fromthe redtion mxture (i.e.,
partitioning), particularly when the stable di spersi onis applied to a

wi cking 20 substrat e, Yl t he: f tion Q
product havi ng optimm ngg{‘P" '5'2‘ gg 1%8? onFi § & ﬁ“?;"d'ﬁi’? berg\ggﬁfyglearfgmmg
preferably substanti al Imatexi@lisp| Gertan mhe'naionl\aetmcuersampe arsgd as a monomer

wat er -sol ubl e vi scosi teemporfeR®tdfOlthe rAFELNoR mixdhfe, e‘iﬁfé?‘oy{m}h&f‘ 1n admxture
cel | ul ose, hydroxyethyl eIIquse

viscosity control agent % t%FEeﬂ"l"W&dgﬁ%fﬁ%n‘é‘?ﬁun?r"lﬁg?de&"c Eﬂﬁy agetiithe.

2% nore typically I%ss @hampawutofl%osbymmmg‘rst. oSuchhwornomers camrbenselected by
Formation of a Stable DighefaVifd) ordinary skill in the art in view of this disclosure.
The internal plasticizers include unsaturated materials
capable of reacting under the above-described ponmeHzation
conditions to form an addition-type polymer material, or the
10 addition polymer itself. The addition polymers will have a
relatively Jow glass transition temperature (i.e., Tg), e.g., less
than about 250C. The plasticizer may possess hydrophilic groups
such as acid or other functional groups. Suitable internal
plasticizers include olefins, aromatic ethylenically unsaturated
15  monomers, and C1-C24 alkyl esters of unsaturated carboxylic acids.
Preferably, the internal plasticizer is isobutylene or 2-ethyl
hexylacrylate. :
The type and level of internal plasticizer can be selected by
one having ordinary skill in the art in order to obtain a
20  superabsorbent polymer foam having various degrees of 'ﬂexi.bﬂity.
Preferably, the foam is designed such that an absorbent article
such as a diaper or feminine hygiene product is sufficiept]y
compliant so as to readily conform to the general shape and
contours of the wearer’s body.
25 In place of or in addition to the internal plasticizer, an
"external” plasticizing compound may be wused to provide
flexibility 'in the resultant superabsorbent polymer foam.
External plasticizers generally include plasticizing compounds
other than the above addition polymers and
30 addition-polymer-forming materials. Such plasticizers include
hydrophilic compounds and hygroscopic ‘compounds. Exemplary
hydrophilic compounds are water and relatively higher molecular
weight polyols such as polyethylene glycol and polypropylene
glycol having a weight average molecular weight of about 600
35 grams/mole. Pﬁeferably, a hygroscopic compouhd. is used.
Exemplary hygroscopic compounds are glycerol and relatively low
molecular weight polyols such as polyethylene glycol and

This Sheet Has Been Reﬂlaced




30 . A stabl e dispersion of a blowing agent is formed in the reaction
m xture by adding a bl owi.ng-agent. to the reaction mxture, typically either
during or after formation of the reaction m xture; dispersing the blow ng
agent; and stabilizing the dispersion. The blow ng agent is dispersed in
"the reaction 35 m xture and stabilized so as to forma stable
di scont i nuous pi¥@84¥EA0% he bl owi ng agent (i.e., "particles" of bFEHNY/02868
agent) in the reaction mxture phase. The blowing agent particles
are relatively free of the nononer, internal c¥®sslinking agent, and
sol vent. Suitable blow ng agents include any conventional bl ow ng agent
which is substantially i ' i.n_{he,sol vent and.whose 5 article

d adrﬁ? As"tbg%ﬁnlez%%c e%‘va?%ﬂel"gw\e?ﬁ“{rﬂ%e r"@&gﬁ‘ﬁléﬁ weight of

size can be controll ed

m xture. I'n addition, abpwk 290cgramg/majent Meist | preferabdpalthe eftermalt pbistécizer
expansion.  Suitable blﬁwgn@eﬁgents al so- have a vaporization tenperature
(i.e., boiling point) whic The external plasticizers may or may not be reactive or

5 reacted with the required superabsorbent-polymer-forming -
- materials. The plasticizer may be included in the above described
reaction mixture. Alternatively, the superabsorbent polymer foam
may be treated with the external plasticizer after formation of
the foam, e.g., by'spraying or immersion.

=10 The specific amounts of external plasticizer may be selected
by one having ordinary skill in the art to flexibilize the
.. superabsorbent polymer foam to the extent desired. For example,
.- where the plasticizer is included in the reaction mixture and is
reactive with one or more of the superabsorbent-polymer-forming
15 materials, the plasticizer may be used in a stoichiometrically
excessive amount in order to obtain the desired flexibility.
Alternatively, the external plasticizer may be added to the
reaction mixture which is then reacted under conditions
insufficient to cause full reaction of the plasticizer with the

20 required superabsorbent-polymer-forming materials.

Where the substantially water-insoluble polymer material of
the polymer foam is not crosslinked or only partially crosslinked,
the foam may be further reacted so as tc crosslink or further
crosslink the polymer material. As noted above, some degree of

25 crosslinking is " necessary to render the polymer - material
superabsorbent. In addition, further crosslinking miy' also be
desired in order to impart certain absorptive properties to a
polymer foam which is already superabsorbent.

An uncrosslinked foam may result where the substantially

30 water-insoluble polymer material comprises only the monomer in
polymerized form, e.g., where the reaction mixture does not
include an internal crosslinking agent or does include a latent
crosslinking agent. Latent crosslinking agents may also result in
partial crosslinking. By "latent crosslinking agent”, it is meant

35 that the crosslinking agent will not react under the particular

conditions used for reacting the monomer and the internal
~crosslinking agent to form the water-insoluble polymer of the

is Sheet Has Been Replaced

T



| ess than the vaporization tenperature of the solvent, at a given 10
pressure. _The blowing agent will preferably al so have a boil.ing point
which is less than the criti.cal tenperature, so as to allow sufficient
eXpansi on of the blow ng agent before the formation of the substantially

wat er -i nsol ubl e r. Exenpl ary bl ow ng agents are disclosed in
Cheni cal Encycl %&%’ég&l% Lasman, National 15 Polychemnicals, PHt/USH(p2t68

2 at page 534, .incorporated herei n by reference. _In the preferred
embodi nent i n which water is used as the - sol veft, sui tabl e bl owi ng
- agent.s are substantially water-insoluble |liquids having a boiling point

- of less than about [errjoiyRée pf@.f,,erablmusl esstf,f ha&ﬁQQﬁlg[er&Lcn@ t Winternal

preferably | ess 20 than wg éxl ca
have a boiling point in®taid' "&fe a@F"tébU Heeﬁef' 2y lagenk cresﬂ]mkwsea@naw;
about [err] to about [elong. asSthé kdaotiong cagdittiens nreudeledtedhsd | &5 add ensure

~aromatic hydrocar bons and car e@%’

~alicyclic, linear braneﬁgﬁag{ﬂgﬂsat%t&eﬁvﬁké}m nsa uraF?%ESHH]Efrﬁerami
" bl owi ng agents i ncI de ingdu st oneyintesnalerpsghinking agenthahich is eacted
- substituted benzenes, tclibor thetshbstantialipivat@sinsvIgble polymer material.

- chlorof I uoromet hanes, and oflapg of h YRR MR ORRKHYCeRt 1ASSHden’Ehd’ the foam may
be subjected to conditions of time and temperature so as to react-
the latent crosslinking agent into the polymer network of the

10 substantially water-insoluble polymer material of the foam.
Although the required reaction conditions will vary, for example,
with the particular chemistry involved, the reaction generally
involves heating of the foam at temperatures of from about 1000C
to about 2500C for a time of about 1 minute to about 30 minutes.

15 Such reaction typically causes network crosslinking in
substantially all of the polymer material of the foam. As a
result, it typically increases the gel strength (and decreases the
gel volume) of substantially all of the polymer material of the
foam. ‘

20 Partial crosslinking may also result from the reaction of
only a portion of the monomer reactive sites with the internal
crosslinking agent, due, for example, to a stoichiometric
deficiency of internal crosslinking agent in forming the
substantially water-insoluble polymer foam. The polymer material

25 of such a foam (which may already be superabsorbent) can be
further crosslinked after formation of the foam by reaction of the
po‘lymei‘ material with a suitable external crosslinking agent.
External crosslinking results in crosslinking of the polymer
material of the fosm surfaces in contact with the crosslinking

30 -agent, -and depending on the reaction conditions, the subsurface
polymer material. In general, the more extreme the conditions or
reactive the reactants, the more surface and subsurface polymer
material will be crosslinked. Crosslinking can be caused through
various depths of the polymer material of the polymer foam, from

35 the polymer surfaces in contact with the external crosslinking
agent into the interior of the polymer material. In addition,

/" .. » > >
zones of different crosslink densities can be prepared, e.g., by
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t he -above referenced Chenmical Encyclopedia. Preferably a pentane (e.g.,
n-‘pent ane, 2-met hyl but ane, and/or 2, 2-di net hyl propane) or 30

1,1,2-trichl orotrlfl uoroet hane is used. While -‘the anpbunt of blow ng
agent enpl oyed can vary over a w de range consistent with obtaining a foam

havi ng a desired ogy, the blowing agent will generally be added at a
| evel of about 5@4@2%& 50 parts per 100 parts (by weight) of RETNIRN02868

Typically, abaut 20 to 35 about 30 parts of blow ng agent per 100 parts
(by weight) of nononmer are used. 19 The bl owi agent may be di spersed
‘by applyi ng shear stress (e.g., through high shear mxing) to the reaction

mxture and, if necessardéusmé QQBH]%HH&Q %he‘hvitgﬁi’i%t \ﬁaﬁ%trher {uﬁ 1hcérosshnk

bl owi ng agent phase to the reaction mxture as use

viscosity 5 ratio refgé?g'el" 3% b §%’6"§f‘ty‘t6f the,higheski srossdink densidy being
di vi-ded by the viscositytowird hetheeacgol gmerni xéurfeceshasahc Riddhd! BhosdSi NG @ the

intercommunicating channels). In a preferred embodiment, only the

5 surfaces of a foam formed of superabsorbent polymer material are

further crosslinked such that the foam surfaces, including the

surfaces of the intercommunicating channels, have relatively high

gel strengths whi_'le the gel strength and gel volume of _the

subsurface polymer material is generally unchanged. Without

.10 wishing to be bound by theory, it is believed that such

crosslinking may provide a gel strength sufficient to provide

surface dryness of the foam. when wetted (and therefore skin

dryness in use) without significant adverse impact on the osmotic

absorptive capacity and rate. In addition, such surface

15  crosslinking may enhance the capillary absorptive rate. _

Suitable external crosslinking agents include those described

herein in reference to- the internal crosslinking agent.

Preferably, the external crosslinking agent is capable of forming

covalent crosslink bonds with the polymer material. of the foam,

20 i.e., the external -crosslinking agent contains one or more

functional groups or unsaturated groups that are reactive with the

polymer material of the foam. Where the substantially

water-insoluble polymer material contains carboxylic acid groups,

the preferred embodiment of covalent crosslinking generally occurs

25  as a result of the formation of ester, amide, imide or urethane

groups by reaction of the carboxylic acid groups with the

corresponding functional group of the crossiinking agent.

Accordingly, preferred crosslinking agents include polyhydroxy

compounds, polyamines, polyisocyanates, polyamides, polyepoxides

30 and hydroxyepoxide compounds. Preferably, the external

crosslinking agent is a polyhydroxy compound, e.g., polyethylene

glycol, pélypropy]ene glycol, and glycerol. Most preferably,
glycerol is used. '

The polymer foam can be reacted with the external

35  crosslinking agent by first exposing. the foam to the external

crosslinking agent, by, for example, spraying, immersion, or vapor

deposition. The polymer material of the foam is then reacted with
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surf-actant. The di spersion process is controlled so as to obtain a desired
bl'owi ng agent particle size. The particle size of the dispersed bl ow ng g
agent inflfuences the cell size (including cell 10 size distribution), the.
i fit’er conmuni cati on of foam channels, and the surface area.to mass ratio of
the resultant superabsorbent polymer foam Particle size influencing
features includd¥OP#E8hear rate, surfactant type, the viscosityPERUSSH02868]
the isotropy of the reaction mxture. Prefegably, these features
are 15 controlled so as to mnimze the bl owing agent particle size. The
bl ow ng agent is typically dispersed to a particle size of |ess than about
10 microns, preferably thessextbemlaleoss)3nkingr Qgent NGNder PEGHARE félsY dfesimé hamy

bout 2 m . Th I ti |ze s icglly about 0.1 nicrons.
20 2 M Eor obtal ni ot | it ACTR® {9 o&fkﬁg Hhenrepetioncits hee extent
is preferred to use a r@8sdredscfependiyls emahe particudar polyes materiad indeexternal
bl owi ng agent. In generatosstimRiky dhént.t hsuchaédndofiond el é'}@azﬁﬁ' d&erhinBd by

aUbst ant Lal 1y uni £of m oPfekided o b dFF - pepepdfnd’ By ive raasrans chemistr othe
have uniform shear t hr oerpisslinking: reaction say occur spontaneously upon contacting the
polymer foam with the crosslinking agent, but generally has to be
induced by, for example, irradiation or heating. Therefore, the |
external crosslinking agent will be chosen with consideration
10 given to the method of induction.

Some of the external crosslinking agents, such as po'lyhydrdxy
compounds, can also serve as external plasticizers. In general,
any egterna'l crosslinking agent of this type which is not fully
reacted into the superabsorbent polymer material will serve as an

15 external plasticizer. This can be achieved by using a
stoichiometric excess of external crosslinking agent to polymer
material, or by controlling the external crosslinking reaction
conditions so as to avoid complete reaction of the crosslinking
agent with the polymer material. In addition, the water which may

20 be attracted by a hygroscopic crosslinking .agent, for example,
glycerol, may act to plasticize the superabsorbent polymer foam.

The resultant superabsorbent polymer foams of the invention
can be characterized by various absorbency, structural, mechanical
25 and other properties as follows: '

NCY CHARACTER [
Absorptive capacity refers to the capacity of the

superabsorbent polymer foam to absorb and retain fluids with which
30 it comes into contact. Absorptive capacity of the foams herein
can be considered to have two components: an osmotic absorptive
capacity (i.e., gel volume) and a capi]]afy absorptive capacity.
The osmotic absorptive capacity refers to the ability of the .
polymer matei'ia] of the foam to absorb fluids, whereas the
35 capillary absorptive capacity refers to the ability of the foam
channels to absorb fluids (e.g., by wicking). Similarly, the
foams herein have an osmotic absorptive rate (the rate at which
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For, a given reaction mxture, blow ng agent, tenperature, and shear stress,
t-he particle size of the blow ng agent typically decreases as the viscosity
rati o of the dispersed bl owi ng agent phase to the continuous reaction

m-xt ure phase i s decreased. As 30 the viscosity ratio decreases, the

bi owi ng agent particle size is nore readily controlled to a smal l g

particle size.

IUS94102e868

e, it is generally preferred to mnimZe th

viscosity ratio. Typically, the dispersion is such that the viscosity
ratio is | ess than about 0.5, nore preferably |es® than about 0.25. 35

The viscosity ratio

Is preferably decreased by wusing a viscosity

€ VI SCOSI

cont rol agent in the conkknber SEEAT Wbl CHBNRISARLL Fapfrisf! absorppive

vi scosity bl owi ng agent.

2

varying the reaction corf@tei tibe, rate aamhick, therechannglsr absond dluidsdet abnless
concentration of the reaghéfisérigpbeified) GRClused hereirERRE Sabsofptivet Efpacity and
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r3td" ffer to the total (i.e., combined osmotic and capillary)
absorptive capacity and rate.

Absorptive capacity can vary significantly with the nature of
the fluid being absorbed and with the manner in which fluid
contacts the foam. For purposes of this invention, absorptive
capacity is defined in terms of the amount of synthetic urine
absorbed - by any given superabsorbent  polymer foam material in
terms of grams of synthetic urine per gram of foam in a procedure
hereinafter defined (since the specific gravity of the synthetic
urine is .approximately 1.0, absorptive capicity can ‘also be
reported in terms of ml of synthetic urine per gram of foam).

The superabsorbent polymer foams of the present invention are
those which have an absorptive capacity of at least about 10
grams, more preferably at least about 15 grams, most preferably at
least about 50 grams, of synthetic urine per gram of foam.
Superabsorbent polymer foams having this relatively high
absorptive capacity characteristic are especially useful in
absorbent structures and articles since the foams can, by
definition, hold desirably high amounts of discharged body fluids
such as urine.

The absorptive rate is the absorptive capacity measured as a
function of time. The absorptive rate, in grams {g) of synthetic

~ urine per gram of superabsorbent polymer foam per second (sec), is

preferably at least about 0.5 g/g/sec, more preferably at least
about 1 g/g/sec, most preferably at least about 2 g/g/sec.
Absorptive capacity and rate can be determined for any given

‘foam sample using the procedure described in the TEST METHODS

section. ' i -

In addition to a relatively high absorptive capacity and
absorptive rate, the superabsorbent polymer foams preferably also
possess certain gel strength characteristics. Gel strength refers
to the propensity of the foam to deform or spread under stress
once the foam absorbs fluid. Without wishing to be bound by
theory, it is believed that, for a given ;uperabsorbent polymer



nmaterials, including the nonomer and internal crosslinking agent). 5 In
general, as the tenperature -decreases. or ‘the reactant concentration
i ncreases, the viscosity ratio will decrease. The viscosity ratio will .also
vary with the reactivity of t he specific superabsorbent-pol ynmer-form ng
materi al s that a%ﬁ/ﬁfo? |n the reaction m xture. The reaction conditions
and reactant types g varied to control the rate OfCT/US94/02868
reaction in solution and therefore the solution viscosity. In general,
as the reaction progresses toward formation of the substantially

wat er -insol ubl e polymer material (e.g., as a linear polyner of the nononer

is TOf ”?d) t he 'sol uti thaYéﬁQWSiﬁdYgW |s|trér{§ihea§ﬁ Eﬂm‘ih‘? \éb&ﬁ‘aiwd clﬁacxty and
ratio will decrease. rati o decreased

by initially using a su Faﬁiﬂ‘éfify \%&‘i e?s'“gtl r?&l‘&'ﬁrerr‘tﬁ? 'er bFrDP\'(‘)‘iFé’Ps%Qs
a super absor bent - pol yrrermtmmnggttmiserfnh neattnemsacaumnofmthufban Vheeéora,

relatively uniform partigl & Sirdote URPiutithize 1h! sbdofbenk! SLAEEGEs LRt artides

reaction mxture Stant | he component
of the reaction m >5t ur eﬂ'a?’e SBI"e'ﬂEFé’Gb%'Ucm il ft°H'é§/ haYﬁ‘gsﬁb§F%ﬂ¥PF%llﬂe Strength

uni f orm t hr oughout the rindttheegreatest achievable surface area to mass ratio.

It has also been found that gel strength (i.e., gel
deformation tendency) correlates directly with the shear modulus
of the superabsorbent polymer foam. Accordingly, superabsorbent

10 polymer foams having sufficient gel strength to be useful in
absorbent structures and articles of the present invention can be
appropriately characterized by specifying gel strength in terms of
the shear modulus of the foam.

Shear modulus can be conventionally measured, for example, by

15 a procedure which involves the use of a stress rheometer to
determine the ratio of (a) stress applied to a given foam sample
to (b) the resultant strain exhibited by the sample. The foam
sample tested in this manner is swollen to its absorptive capacity
with synthetic urine. The stress to strain ratio is determined,

20 and the shear modulus of the resultant foam sample in dynes/cml is
then subsequently calculated from this ratio. A suitable
procedure for use herein is described in U.S. Patent Re. 32,649
issued to Brandt et al. on April 19, 1988, incorporated herein by
reference.

25 The superabsorbent polymer foams of the present invention
preferably have gel strengths such that these foams exhibit a
shear' modulus of at least about 1 dyne/cm?, more preferably within
the range of from about 1 dyne/cm? to 5 dynes/cm?. Without being
bound by any particular theory, it is believed that foams having

30 such gel strengths will resist deformation upon fluid absorption
and will have a reduced tendency to flow (i.e., the foams are
*"fluid sfab'le'). Thus, the preferred gel strengths may allow the
intercommunicating channels of the foams of the present invention
to be maintained and enlarged when swollen by fluids so that the

35 foam may acquire and transport subseqdent loadings of fluids. The

' preferred gel strengths may also serve to enhance skin dryness.
/ .

"



TFhe. di spersi on havi-ng the desired bl owi ng agent particle size is preferably
stabilized prior to the expansion and reaction steps 25 to form the
substantially water-insol uble polymer = foam Preferably, stabilization
otcurs sinultaneously with dispersion. By "stable", "stabilized", etc., it

i $ meant that th d particle size of the dispersed blow n ent i s
mai nt ai ned for GKld!ﬁ?bgﬂ?]ffIOC| ent to allow reacti onpof t he rmnorrgr"ca' 4/02868
internal 30 crosslinking agent to form the substantially

wat er - i nsol ubl e pol ymer foam having a desired nordhol ogy, e.g.,
substantial ly continuous interconmuni cati ng channel s substantlally

B L L

surface area to nass ratio
di spersion may be enpl opbél. feamst swabl ysen&rsUan aW&mNF%”MseGVQ"o undepi impderate

the dispersion. |In gencomtiniid@ressuressr wherl MUids Wré fdepositbe dat®Vr Gomd SRt
particles, 21 contact with the foams. Isotropic swelling is used herein to mean
5 that the foam swells generally equally in all directions when
wetted. Isotropic-swelling is an important property of the foam
because the superabsorbent polymer material of the foam, cells,
and intercommunicating channels are able to maintain their
relative geometry and spatial relationships even when swollen such
10 that the existing capillary channels are maintained, if not
enlarged, during use (the polymer material, cells and channels get
larger during swelling). Thus, the foam can imbibe and/or
transport through itself additional 1oadings of fluid.

15 STRUCTURAL FEATURES
Specific, somewhat interrelated and interdependent structural
properties of the superabsorbent polymer foams have been
identified as being highly desirable in applications involving

absorption of aqueous body fluids. The several structural - —-

20 properties of the preferred superabsorbent polymer foams can be
summarized as follows:

A)  SURFACE AREA TO UNIT MASS RATIO

The surface area to unit mass ratio is the total area of the
25 superabsorbent po]}mer material surfaces of the foam, including
the surfaces of the cells and intercommunicating channels, to the
total mass of the superabsorbent polymer material. The surface
area to mass ratio is indicative of the rate of fluid uptake,
particularly the osmotic absorptive rate, of the foam. The
30 greater the surface area to mass ratio of the foam, the more area
there is for diffusion of the fluid to be absorbed. Thus, for
foams having a given gel strength characteristic, foams having a

higher surface area to mass are preferred. .
The surface area to mass ratio is also believed to be
- 35  important in uinimizihg deactivation of the superabsorbent'
material of the foam by body fluids containing high molecular

—_— weight components, e.g., blood and menses. If the surface area to
heet Has Been Replaced .
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the ‘nore stable the dispersion. Therefore, stabilization may al so be ai ded

by controlling the viscosity ratio. |In general, the |ower the viscosity
ratio at a given shear, the smaller the particle size of the bl ow ng agent
and the nore stable the 5  dispersion. Expansion and Reaction After

form ng the stab, i rsion of the blow ng agent having the desjired
particlge si ze, th@%fzg%gng agent is expandeg tg 10 for% an expamswmss
structure, and .the nononer or the nononmer and the internal crosslinking
agent are reacted to forma substantially soivent4l nsol ubl e pol yner
(i.e., . an expanded, substantially sol-vent-insoluble polyner structure

I s forned) In the pre ' e olyent = ,.0.$ t er,,
the polymer - is 15 is"g gsﬁ%t | aﬁﬁlﬁemg%ae]r]-’}l?g%\ SB'[‘JebSeq%é %"&'gﬁsﬁh&r a{'\PA?ﬁeC"hr
reaction are control | edSi¥foh3thheligypd tre Physicalindeactivateathe Hfoag or portions

wat er -insol ubl e pol ynethenesff orned, the expanded structure has a
00 5 o5t 501V 25 PSR el BB 3001 DBl iR e
Preferably, the 5  surface area to mass ratio of the superabsorbent polymer foams of
the present invention. In general, any feature which increases
foam capillarity will also increase the surface area to mass
ratio. For example, surface area to mass increases as the cell
size decreases and/or as the number of cells, percent open cells,
10 and/or percent intercommunicating channels increases. Thus, the
surface area to mass ratio may be increased by any of the foam
composition or processing parameters which so influence these
parameters.
The superabsorbent polymer foams herein will typically have a
15 surface area to mass ratio of at Jeast about 0.2 mz/gram;'lnore
preferably at least about 1.6 m2/9, and most preferably at least
about 3 m¢/gram. A suitable method for determining the surface
area to mass ratio (using the Brunauer-Emmet-Teller (BET) gas
adsorption method) is set forth in greater detail in the TEST
20  METHODS -section. ' '

B) PERCENT OPEN CELLS
Polymeric foams may be relatively closed-celled or relatively
open-celled in character, depending upon whether and/or the extent
25 to which, the cell walls or boundaries (i.e., the cell windows)
are filled or taken wup with polymeric material. The
superabsorbent polymer foams of the present invention are
relatively open-celled in that the individual cells of the foam
are for the most part not completely isolated from eich other by
30 polymeric material of the cell walls. Thus, the cells in such
substantially open-celled foam structures have intercellular
openings or "windows" which are large enough to permit ready fluid
transfer from one cell to the other within the foam structure. An
open-celled structure is important for both the capillary
35  absorptive rate and capacity of the foam. Improved capillary
transport also improves the osmotic absorptive rate since a
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expansion of the blowing agent is controlled along with the
réaction of the mononer or the nmononer and the internal crosslinking agent
so as to provide a superabsorbent pol yner foam having substantial ly

corit i nuous I nt er communi cati ng channels 25  substantially througpout
the foam an av | size of less than about 100 m crons, a surface
ar ea tommass raﬁ&@%ﬁ% | east about [err], and a density of |esdCHfER4/02868
about 0.5 [err]. In general, the blow ng agent particles of the stabilized
di spersi on are expanded so as to avoid excessive‘éoalescence of 30 the

bl ow ng agent as it expands, i.e., the blow ng agent particles generally

expand in relative pEARREF %8 ofthe! fiflelabdofbdntObo1Fh@P nil et RE fHeCkEam is
si ze and shape in the di spersion, }yplc I'Ty, the blowng a ent 8 rEﬁc:?ﬁ?
are expanded to about 16"‘%‘ doi the; fTuwf; gi nal size. During or after

expansion (preferably after]n substiddiallyooperseetied StrudBItREELF HHE itPHENRRFU)
cross!i nking agent are &A% Sk orda w1t "GendPR) ek ret VR Sled BRGLEEE® wieh
' 5 the individual cells being defined by a plurality of mutually
connected, three dimensionally branched webs. - The strands of
polymeric material which make up the branched webs of the
open-cell foam structure can be referred to as "struts.” For
purposes of the present invention, a superabsorbent foam is
10 "open-celled® if at least about 25%, preferably at least about
50%, and most preferably at least about 75% of the cells in the
foam structure are in fluid communication with at least one
adjacent cell. Alternatively, the foam may be considered to be
substahtially open-celled if it has an available pore volume which
15 exceeds a minimum value as set forth hereinafter.

In addition, the intercellular openings of the foams herein
are such that the foam has substantially continuous,
intercommunicating channels substantially throughout the foam
network, i.e., the intercellular openings form an interconnecting

20 network of channels which are free of polymer material such that
the foam 1is 1liquid permeable. The channels allow fluids
contacting the foam to be transported via capillary forces (i.e.,
capillary transport channels are formed) to other portions of the
foam so that the total volume of the foam is used in absorbing the

25  fluids. Further,  when swollen, the «cells and the
intercomunicati-ng'channels allow fluids to pass through the foam
either to superabsorbént polymer material remote from the initial
point of fluid contact or to other structures in contact with the
foam. Thus, the foam is considered to be fluid permeable due to

30 ° the cells and the intercommunicating channels. The
intercommunicating channels are believed to enhance the capillary
absorptive rate and capacity. Since the channels allow
distribution of fluids throughout the foam, they also provide
-increased utilization of the fluid-retentive properties of the

35 superabsorbenf polymer of the foam, thereby enhancing the osmotic
absorptive rate of the foam.

I
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+ 22 stabilize the expanded structure (a substantially water-insol uble.
polynmer foamis forned). In general, the rate of .expansion of:- the bl owi ng -
agent and the viscoel astic properties of the reaction mxture as the 5
substantially water-insoluble pol yrner forns are controlled
si'mul t aneously so as to provide an open-celled foam having a des;j

mor phol ogy. yI WOoI822R2 gn is too IOrapi d or too sl owgrel ati#ﬂ?‘foﬁs@
formati on of the substantially water-insol-uble palynmer, the foam nmay not
have a desired norphol ogy, particularly 10 a d@sired surface area to
mass rati o. The elasticity of the reaction m xture and/or form ng pol yner

shoul d be capabl e of SUDDOPHF&%S'II}E ftRe Wﬁﬁe?&ﬁfﬂimeopiliﬁﬁga'}% ak;?cga Jo .allo

ter- | ubl I
Lo the expanded bl ow ngntRgERTIudar gt dary Fipy, qfeFlfide (-ner antarcetinyr dhuis
the reaction m xture acehimonidation)ngmerg yhdeasthabout 25%.capedipeeferably at least
wi thstanding the vapor g uﬁsﬁﬂ ‘iepéenrth%%gﬁ?@f’éﬁg’l})lﬂv‘ﬂ&gtaﬁ%ﬂ% 75§°6efr€‘£% of

given reaction mixture, there is_a Cril Vi SCOSi t
having a desired nbr th“b@? S-s Hher pucfare arga to mass Fatio and the available pore

volume may be indicative of the 1level of cells having
intercellular communication. _

Features which influence the formation of intercommunicating
channels include the level, particle size, and particle size

10 distribution of the blowing agent and control of the expansion and
reaction steps so as to expand the blowing agent prior to the
critical viscosity. '

- C) AVERAGE CELL SIZE AND CELL SIZE DISTRIBUTION

15 Another structural feature of the superabsorbent polymer
foams herein is cell size.- Foam cells will frequently be
substantially spherical in shape. Thus, the size or "diameter" of
such substantially spherical cells 1is a commonly utilized
parameter for characterizing ‘foams in general, as well as for

20 characterizing the preferred superabsorbent polymer foams of the
present invention. Since cells in a given sample of polymeric
foam will not necessarily be of approximately the same size, an
average cell size, i.e., average cell diameter, will often be
specified. Similarly, a cell size distribution reflecting the

25 range of cell sizes may be specified.

Since cell size is a factor that determines the capillarity
of the foam, cell size is a parameter that can directly affect
both the osmotic and capillary absorptive rates of the

~ superabsorbent foams herein. Cell size, in conjunction with the

30 npumber .of cells (which relates to density) may also affect
mechanical properties, including flexibility, of the foams herein.
In general, for a given density, the overall flexibility of the
bulk foam may increase as the éverage cell size decreases.

A number of techniques are available for determining average

35 cell size in foams. These techniques include mercury porosimetry

methods which are well known in the art. The most useful

——————— " technique, however, for determining cell size in foams involves
Sheet Has Been RTlaced
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achi eve. The «critical viscosity corresponds to ‘a critical 20

t enper at.ure, descr.ibed below The critical viscosity is typically reached
when the nononer or nmononer and internal crosslinking agent have

pofymeri zed such that the visco-elastic properties of the resultant polyner
make it difficult to forman open-celled foam Therefore, in preparing the
~foans herein, tNEOBBNI g agent 25 particles are preferably ex /2358
form an expanded structure before the critical viscosity of the reaction

m xture is reached. More preferably, the expandd® structure has
substantially the finally desired superabsorbent polynmer foam norphol ogy by

905 more preferabl y ab Taactosplyaph GER drenent ©a HHah iy FlgyPE A b e
cells are fornmed bef or 8r4iB9%0; thr Sxampler i da| aviphetemiexogragh tafe asojedge opf a
CLi ti cgl t\;lnts::gls: ty\,NaE zcyﬁ(thyrrersu%aabs(ﬁbéml | YfﬁmbSttﬁ’Pt i gieljy Wg}s@drfelr P?gb?lhkﬁ;
of the monomer al one. - 3upe i o 8o BRFLTHRYof Ind HhEEin¥od e TRHAECH, e
light radiation. The edasuenlarged 3opyhd0 timey) isea scale mepresentimged dimension
form a superabsorbent opodoy mRE SHitRE | frtidh arkedY 16 CAC reOGAnGIMArPPORLTBE of 1a
enlarged about 250 times) a scale representing a dimension of 100
microns (Similarly, Figure 2, a photomicrograph of an edge of the
foam of Figure 1 taken from a plane perpendicular to the plane of
10 the edge in Figure 1, has similar scales superimposed on the
portions marked 2a (50X) and 2b (250X)). -Such scales can be used
to determine average cell size via an image analysis procedure.
Image analysis of photomicrographs of foam samples is a commonly
employed analytical tool which can be used to determine average
15 cell size of the foam structures herein. Such a technique is
described in greater detail in U.S. Patent 4,788,225 issued to
Edwards et al. on Nov. 29, 1988, incorporated herein by reference.
From the various cell measurements which are taken in determining
average cell size, a cell size distribution can be easily
20 determined, 1including range and size percentages within such
range. _ )
It is generally desirable to provide foams having the minimum
possible cell size consistent with obtaining the intercellular .
fluid communication and surface area to mass ratio previously
25 described. "As determined by direct photographic measurement, the
-+~ superabsorbent polymer foams of the present invention will
typically have an average cell size of less than about 100
microns, more preférably less than about 50 microns, most
preferably less than about 20 microns. Generally the minimum cell
30 size will be in the range of from about 1 to about 10 microns.
Preferably, at least about 50%, more preferably at least about
75%, most preferably at least about 90%, of the cells will lie
within the above cell size ranges.
The cell size distribution may affect both the osmotic and
35 capillary absorptive rates. For maximizing the capillary
absorptive rate it is believed preferable to provide a narrow cell
— " size distribution, preferably such that the foam has a cell

illiwi



23 with a crosslinkihg agent (and neutralizing carboxyl groups of the

pélyner as may be necessary). In the preferred enbodi ment where an
internal crosslinking agent is present in-the reaction mxture, the polyner .
i s ‘crosslinked by heating the expanded, substantially 5 wat er -i nsol ubl e

pol yner structur ol n?Ien*perature greater than the critical te r
dgenerally to at ?ea’.sg'[’% e activation tenperature. Al ternati ve%@ﬁ&"ﬁﬁ“
addition to the internal crosslinking agent, the polymer structure may
be reacted with an external crosslinking agent. 40 The substantlally

wat er -i nsol ubl e pol yner may al so be fornmed by reaction of the nononer (or a

substantial |y wat er-sol#t;kpjqu .-{T?huet U?”i%()st ?n%ré tiﬁ'e vﬁbﬁ{/'}@'mst 3, shﬂl

crosslinking agent
directly applied to t hMéaE't%fﬁt’@‘Mr"a@"g Fer af‘é‘d the as%mmw absorptive
polynerization 15  reagitePrthenck1qedl shyitut oot viladi v ppeferablyclrid@sel,t alk cells

polymer may be are of the same size). Cell size distributions corresponding to
5 these values are summarized in Table I. It is further believed
that the osmotic absorptive rate is maximized with a foam
morphology having combination of small cells and a wider cell size
distribution such that there is "packing®” of smaller cells among
larger cells. Therefore, for a suitable balance of both osmotic
10 and capillary absorption by the foams herein it is preferred that
the cell distribution value be greater than 1 and less than 3,
most preferably less than 2.

The size of the cells in the superabsorbent polymer foams can
be influenced and controlled by variation of certain foam
15 composition and processing features as described herein,
particularly thosé which influence the particle size of the
blowin§ agent in the stable dispersion. For example, the cell
size is influenced by the viscosity ratio, the shear stress in
forming the dispersion, and the temperature and pressure used in
20 the expansion and reaction steps. For sufficiently flexible
" foams, cell size may also be altered by simply compressing the

solid foam structures after they have been prepared.'
" A narrow cell size distribution may be promoted by proper
selection of a surfactant for a given blowing agent and reaction
25 mixture so as to minimize coalescence of the dispersed blowing
agent particles before and/or during expansion. For example, a
surfactant containing hydrophilic and hydrophobic groups is
generally effective for stabilizing a water-insoluble blowing
agent in a reaction mixture in which the solvent is water. The
30 ratio-of hydrophiljc and hydrophobic groups in the surfactant can
be varied to minimize coalescence of the blowing agent particles,
preferably by matching the HLB values of the surfactant and the
-blowiﬁg agent, thereby promoting 2 uniform cell size distribution.
‘A narrow cell size distribution may also be promoted by_decreasing .
35 the viscosity ratio.
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further reacted as may be necessary to form a superabsorbent pol yner
material, e.g., by subjecting the expanded polymer structure to higher - -
terrperatures or by reacting the polyner of the structure with additional
crosslinking agent (and neutralizing 20 car boxyl groups of the pol yner as
may be necessar the reaction to forma substanti al |
Wa%ler-i nsol ubl & pol ymer(’?i s initiated by heat, there is a cri %/i c a|FCT/US94/02868
tenperature at which the reaction typically occurs. The critical
‘tenperature corresponds to the critical viscosity and thus typically to the
25 formation of a substantially water-insoluble polyner. The
critical tenperature and critical viscosisty will vary wth the particular

- reaction mxture conposition, e.g., the nonomer, internal crosslinking
agent, and the optional initiator. The critical tenperature nay be

determ ned for a given 30 reaction mxture by determ ning the maxi mrum

rate of change in the viscdgsity off the reaction m xture as a fung¢tion of
tenmperature. The viscosityflof the |reagdion m xture at various te rgtures
can be determined by kngwn rhgone@y @ethdfs. As &sed h«=rfé|,n
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35 * nmeant to characterize the full spectrumof fluids or dispersions. This
fdll spectrumincludes sinple Newtonian fluids for which viscosity is the
proportionality constant that relates shear force 24 per unit area‘'to
the negative of the local velocity gradient, and other fluids that are not

typically inclu hIS simple law (e.g., astes, slurries, e

nol ecul ar \/\/elggﬁfi po yners and di spersions o? I nsol ubl e naterigFﬂh%gQ@gs
with soluble materials). 5 These -concepts a@% described in greater
detail in Transport Phenonenon, Bird, et al., John Wley & Sons, Inc.
(1966), Chpt. 1, incorporated herein by reference. Since the critical

tenperature may vary wth H Lon rate of a given reaction m xture and
therefore the tine for%&h'% ﬁﬂéﬁﬁﬁer reaction mxture is maintained at a

gi ven tenperature, the visOessityesf dhe supasabserbendrpal ymesaFoamsn may xinfivence a
\SQ'rlcg dhgts been mai nt ai Rgghedt ofaipePtbimbRAP YAt HEGANI QN AnEPREEAILILS "6 these

foams. Such characteristics include both the osmotic and
capillary absorptive capacities and rates, and foam flexibility.
In general, for a given surface area to mass ratio and cell size,
as the foam density decreases, the osmotic absorptive rate and
capillary absorptive capacity will increase. Importantly, the
density of the superabsorbent polymer foams can also determine the
cost effectiveness of the absorbent articles herein. '

Foam density (in grams of foam material per cubic centimeter
of foam volume in air) is specified herein on a dry basis. Thus.
the amount of any absorbed aqueous liquid, e.g., any residual
liquid which may be left in the foam, for example, after its
formation, 1is disregarded in calculating and expressing foeam
density. Foam density as specified herein does include, however,
any residual solid material such as surfactant, external
plasticizer, etc., which may be present in the superabsorbent
polymer foam. Such residual material may, in fact, contribute
significant mass to the foam material.

Any suitable gravimetric procedure which will provide a
determination of mass of solid foam material per unit volume of
foam structure can be used to measure foam density. For example,
2 gravimétric procedure suitable for use herein is described more
fully in U.S. Patent 5,147,345 issued to Young et al. on September
15, 1992. This paient is incorporated herein by reference. For
those situations where the foam sample preparation procedures
(drying, aging, preflexing, etc.,) might inadvertently alter the
density measurements obtained, then alternate density
determination tests may also be utilized. Such alternative
methods, for example, might include gravimetric density
measurements using a test liquid absorbed within the foam
material. This type of density determination method can be useful
for characterizing very low density foams such as the foams herein
wherein the dry density approximates the inverse of the pore
volume of the foam. See Chatterjee, "Absorbency,” Iextile Science
and Techﬁo]ogx, Vol. 7, 1985, p. 41, incorporated herein by
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each tenperature. This is nost readily done by using a rheoneter capabl e of
heating a reaction mxture sanple at a controlled rate. 15 Suitable
rheoneters include a Sanganp Visco-Elastic Analyzer and a Brabender bl ender
and rheoneter. The principle of operation of a blender and rheoneter such
as the Brabenderwaég}?gal s described in the Handbook of Polynmer_ Scienc
and Technol ogy. . 3. Applications and Processing Operat |PGE’U594'°2858
Cherem.sinoff, . Marcel 20 Dekker Inc. (1989), fpges 373-419.

Al ternatively, the viscosity of separate sanples of a given reaction

m xture may be determined with the viscosity of the individual sanples

bei ng neasured after bedefigreneéd TWy rangeensérambani idE”EsmwieQdf;ﬂ{th&séiEVﬂfter are

tenperature for a give The yi s Slt
function of tenper aturg' ﬁ%hrg%u%téﬁfm&}me txp’i cg'F tfel‘H ergiga ﬁ‘bvﬁ?cf’wass
Figure 5. As shown in dEPgULYe wluese thatuimaant %uﬂvvmamedanb.v nianyal reasonable

substantially |inear, debmhbbta?r'ﬁ@tﬂibtﬁadt 5a correspondi ng to a small

change in viscosity per un| chan r at and a s 0
of rapidly increasihg sl opdtcdfrd yné’ '594] qu'"f'HPtzéa “g?agc ttg

per unit change in tenpapenabserbent pnéamer t frams i consiptent with obtainlng a foam
which has a desired structure of interéommunicatjng channels, cell
size, and surface area to mass ratio. Foam density can be
adjusted by controlling certain foam composition and processing
10 parameters, for example, the addition level of the blowing agent.
The superabsorbent polymer foams of the present invention will
typically have dry basis density values which range from about 0.1
to about 0.5 g/cm3. Density of the superabsorbent polymer foams
herein need not be uniform throughout the structure; i.e., some
15 portions or zones of the foam may have relatively higher or lower
densities than other portions or zones thereof. However, where
the foam has substantially continuous intercommunicating channels
" substantially throughout and a relatively small cell distribution
value, the'density will be substantially uniform throughout.
20
E)  PORE VOLUME
As stated above, for very low density foams, dry density
approximates the inverse of the pore volume. Therefore, pore
volume may serve to provide density measurements for the foams
25 ~ herein. In addition, pore volume can be correlated to the number
of cells, the percentage of open cells, and the percentage of
intercommunicating channels in the foam structure. In general, as
the pore volume increases, the number of cells, number of open
cells, and the degree of fluid intercommunication of foam channels
30 also increases. o
Pore volume is: a measure of the volume of the openings or
cells in a porous foam structure per unit mass of solid material
(i.e., polymer structure plus any residual solids) which forms the
foam structure. Pore volume can be important in influencing a
35 number of performance and mechanical features of the
superabsorbent foams such as described in reference to the foam

/ -
density.
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8¢ of this second part 5b may be described as a parabolic, corresponding to.
an exponential increase in viscosity per unit change in tenperature. This -
par abol oid part 5c is followed by a 35 substantially |inear, steeply
stoping part 5d. As shown in Figure 5, the critical tenperature (Tc) and
critical wviscosit \Vc are determned from the oint of

I nt ersection of ‘Yﬂé‘ We)tangent to the substantially | Pnear, sl ?S'H’t“%?/‘ms‘s
sl oping part 5a and the line tangent to the substggtially |l i near, steeply
sloping part 5d. The critical tenperature and crftical viscosity are
determ ned by extrapolating fromthe point 5 of intersection to the

X-axis (Tc) and the y-axis [Rjre] vollufle SE&IHE bE G rhiHRdPEY 319! sGitaBId eXpeFféntal
not be followed by a subsaﬁgél%Ll _h ear part bug the curye y,, for
exanpl e, remain parabol | B-0¢ éﬁ%l"t?ﬂrﬂ BN ApTHTaLs cindrcation ggyt'tfe actual pore
difficult to neasure thevoluse®fithe stouctire. pSuch experiméntadawetbadsi wildugererally
(i.e., involve the measurement of the volume and/or mass of a test liquid
5 which can be introduced inte the foam ‘structure and which
therefore is representative of the volume occupied by the open
cells of the feam. For this reason the pore volume parameter of
the foams may also be referred to as "available pore volume."®

One conventional way for determining available pore volume

10 experimentally involves the introduction of a low surface tension
liquid such as isopropanol into the foam structure from outside
the foam structure. A procedure for determining available pore
volume using isopropanol is set forth in the above referenced U.S.
Patent 5,147,345. It should be understood, however, that

15 alternative test liquids and procedures may also be used to
determine available pore volume.

It is generally desirable to maximize the pore volume of the
foams herein. The pore volume of the superabsorbent polymer foams
can be influenced and controlled by adjusting'many of the same

20 foam composition and processing parameters as for density
adjustment. For example, pore volume infiuencing features may
include the blowing agent addition level and blowing agent
particle size.

The superabsorbent polymer foams of the present invention

25 will generally have a pore volume of at least about 5 mi/g, more
preferably at least about 10 ml/g, and most preferably at least
about 30 ml/g. Typically the pore volume will range from about 5
to about 40 ml/g. ° Such ranges for pore volume are intended to
be an “inclusive" definition of theoretical pore volume for the

30 foams encompassed by this invention. Thus if any experimental
method which can reasonably be expected to give measurements
approximating theoretical pore volume provides values within the
foregoing ranges, then the foam materials tested by any such
method are within the scope of this invention.

35
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10. above a certain tenperature). In such cases the critical
tenperature may be deternined through cal cul us nethods. The first
derivative of the curve (viscosity as a function of tenperature) is
determned for various tenperatures and is plotted as a function of those

tenperatures. The resultant curve is typically 15 characterizg,fd:raﬁg‘ﬂ 68
maxi mum i nf | ect WOP4B2%t whi ch corresponds to the maximum rate Ve

the viscosity of the reaction mxture as a fun;%i on of tenperature. The
t enper ature which corresponds to this maxi numrafe of change can be
determ ned graphically and is the critical tenperature. 20 I n order

to carry out the expansyoncnpﬁmmgmm m@g@wiltimnogi AE@sity is reached,
t he bl owi ng agent particle

f th t
expanded by heating the stéﬂ? beg; g&@?@‘f"&ﬁ ?%‘S‘QQ{Z 5t Bf%geéﬁ?d W"Pé ‘3?%’3’?%
‘than or equal to the vapbmepatfoams thenpiw aksure cerrtaine ¢ApdWary ayetionaspedi€ics

than or 25 equal togytfage SFéat'C@iplﬂﬂ*yp%ruéﬂbhesp%ﬁfl@r§1Wf¥ce|ﬂ§$ ishagy
the critical tenpegature rg?st pref erably

than the critical Penp8fifrdie.? T'ﬁ%?“éﬁeo?}e t"Fh%es I'{) %“é‘éee‘ﬁt’&es Ee;é’f:gr%f'ﬁlay"f
sel ected such that it mhélpoﬂmmﬂnezuor(kv&mnngeg particular foam per unit mass of

the bulk foam material (i.e., polymer structural material plus
solid residual material). Capillary suction specific surface area
is determined both by the dimensions (i.e., diameter) of the

10 cellular units in the foam and by the size {i.e., length, width
and thickness) of the struts which form cellular units. Capillary
suction specific surface area is thus a way of quantifying the
total amount of solid surface provided by the foam network to the
extent that such a surface participates in absorbency.

15 The capillary'suction specific surface area of an open-celled
foam structure such as the superabsorbent polymer foams of the
present invention is a feature of the foam that influences the
capillarity (or capillary suction) exhibited by the foam.
Although the foam surface area to mass ratio is particu‘laﬂy

20 important for determining the osmotic absorptive rate of the foam,
the foam capillarity may be selected and controlled such that the
superabsorbent polymer foams have a degree of capillarity allowing
transport, e.g., by uicki‘ng, of fluids within the foam structure.
Adjustment of capillary suction specific surface area is thus a

25 suitable means for providing a degree of capillarity for the
superabsorbent polymer foams as may be desired. Foams of
relatively high capillary suction specific surface area may
provide a very desirable combination of high capillary absorptive
capacity and high capillary and osmotic absorptive rates. High

30 specific surface area is a consequence of the fineness of the
struts making up the foam structure.

The capillary suction specific surface area of the
superabsorbent foams is influenced and controlled by adjusting
many of the same composition and processing parameters which

35 affect the foam density and pore volume.

For purposes of this invention, the specific surface area of
any given superabsorbent polymer foam material can and will
usually be determined by a procedure which involves the principle
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such a tenperature. |In an alternative enbodi nrent of the present 30

I ivention, the expansion is caused by decreasing the pressure on the
stabl e "di spersion. In addition, various conbinations of pressures and
temperatures may be selected in ordér to expand the dispersion. Were a
decrease in pressure_alone is used to expand the 35 bl ow ng agent. the
critical wvi scosi"’(?’-‘f’%zs%t generally attained in the expansion st SS.T’USWZ“S
such case, it is inportant to formthe substantiggly wat er -i nsol ubl e

pol ymer at about the point where the 26 expan 2d” structure has
substantially the same norphology as that desired in the final foam This

- will typically be achi egedchyilnges esagt ith.t hen t egEReatpbEedabe t rﬁpema?dedcmn
structure to at |least the critica reaction Qf the

A I terrperatuw to.c%#sbe
monomer or the mononer AREF i At ePHARCE BEY | I Gehg™iB%h DY, BEITI ARG (ibe amount of
substantial |y water-i nseapidilarypopyaker of a low surface tension liquid (e.g., ethanol)

which occurs within a foam sample of a known mass and dimensions.
5 A detailed description of such .a procedure for determining foam

specific surface area via the capillary suction method which is

suitable for use herein is set forth in the above referenced U.S.

Patent 5,147,345. Any reasonable alternative method for

determining capillary suction specific surface area may also be
10 utilized. | .

The superabsdrbent polymer foams herein preferably have a
capillary suction specific surface area of at least about 0.1
m2/g, more preferably at least about 0.5 m2/g, most preferably at
least about 1 mZ/g. Typically the capillary suction specific

15 surface area will be in the range of about 0.1 to about 5 mé/g.
Superabsorbent foams having the above capillary suction specific
surface area values may possess an especially desirable balance of
capillary and osmotic absorptive capacities and rates for aqueous
body fluids such as urine.

20

MECHANICAL FEATURES -

The superabsorbent polymer foams preferably possess
mechanical properties, e.g., flexibility, integrity, softness,
etc., which render such foams especially suitable for use in

25 absorbent articles such as disposable diapers. '

The superabsorbent foams of the present invention are
preferably flexible when intended for use in absorbent articles.
By "flexible® it is meant that the foam material can be used in or
as an absorbent member which will conform to the general shape and

30 contours of the human body. In general, flexible foams can be
deformed or bent to the extent necessary for use in such absorbent
articles without significant damage to their structural integrity
or significant loss of their absorbent properties. '

The superabsorbent polymer foams herein are also preferably

35 sufficiently flexible to withstand compressive or deforming forces
which are encountered during preparation, processing, packaging,

/ » » .
shipping and storing of absorbent articles containing such foam

heet Has Been Reilaced .
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Is+ ts generally preferred to expand the bl ow ng agent as slowy as

possi bl e. Typically, the blow ng. agent- i s expanded by heating the stable

di spersion to the vaporization tenperature of the blowi ng agent at a rate
of "l ess than about [err], nore preferably | ess than about [err], nost
preferably | ess than about 0.1 to about [err]. The rate of hewswsspe
increased if a VUPHESW essure is applied to the dispersionin o 0
achi eve substantially the sane rate of expansi oggas where only the
tenperature is increased at the preferred rates. Alternatively, where.a
decrease in pressure is used to expand the bl ow ng agent, a correspondi ng
(at a given tenperaturwedtecdaitst ol [B5dpesabee ofdiapers easforg exampbesr e anmy geaerad by

to form the expanded shiksbdi Gnd Rarkeedd O s'ayfafo%e@g.e&ofe%meparn %he td¥aper

nononmer and i nternal cror53n| r}k g’gg’nt of the expan structure are .
reacted so as to form ©%%n Q%n oth &he Jorgitudinad oppgh tegnsyerse directions.
substantial 'y water-i nBidpakibdepdiapees gre also agenepsiyntmapkdtgd in the form of
et Foctur o8 SUERETHD | (IREE! g AERVSHOR B0 CBAAIER  pe
compressed by their surrounding packaging. Accordingly, the
. compressive and deforming forces to which the superabsorbent
polymer foam may be subjected during processing and marketing may
be even greater than those which are applied to the foam materials

10 in use.

Given the nature of treatment which the superabsorbent
polymer foams herein must generally withstand, preferred foam
materials of this invention will possess flexibility
characteristics which can be quantified by referencing their -

15 ability to withstand bending without undergoin'g' significant damage
to their structural integrity. Described in the TEST METHODS
section -is a procedure -for determining the ﬂ.exi-bi'lity of the
foams herein by determining whether and how many times a foam

sample of a given specified size can be bent around a cylindrical . __.

20 mandrel at a specified rate without breaking. Particularly
preferred foams of the invention are those which are flexible
enough so that, at their point of use as an absorbent for body
fluids, the (synthetic urine) saturated foam material at 37°C can
be subjected to this bending test without breaking (i.e., the

25 foams exhibit a bending value of at least one cycle). More
"preferably, the foams can be bent at Jeast 2 times, most
preferably at least 5 times, without breaking when subjected to
such a test procedure. ,

 The superabsorbent polymer foams of the present invention

30 preferably possess the additional mechanical attributes of
structural integrity in wuse and softness (i.e., lack of
irritation) to the touch. For example, superabsorbent polymer
foams that will be employed in such absorbent articles as infant
diapers will frequently be subjected to both dynamic and static

35 forces when the wearer walks, runms, crawls or jumps. Such forces
may. tend to rip or tear or otherwise 'fragment the foam structure.

/ Thus, it would be advantageous for foams (particularly foam
HasBeenRe‘laced
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expanded structure' is heated to the critical tenperature. The nononer and
internal crosslinking agent are then reacted to forma network

crosslinked, typically superabsorbent, polyner. Such reaction is-
caused by heating the structure to at |east the activation tenperature. The
activation tenperature may be equal to or greater than the critical

t enper at ure. P y, the reaction mxture is designed (nprRCT/US4/02868
particularly, the internal crosslinking agent and/or initiator is selected)
such that the activation tenperature is greater t¥an the critical
tenperature, nore preferably at | east about [err] to about [err] above the

detai | bel ow | 27 The STEFeIopicteaPeotd BS. Db F R85 b g oFayd i Esent
(or polymer thereof) andtr¥feturat dinkegrity dasmininizegtheydneidepce wfnfaametearing or
networ k crosslinked pol yfregmenting éhaisebl y slow in order to avoid
The superabsorbent foams may also be used in absorbent
5 articles in configurations wherein the foam material surface may
come into close proximity to the wearer’s skin. Accordingly, it
would be very desirable for the surface of the super'absorben-t
foams herein to be acceptably soft and non-irritating to the
touch. '
10
MISCELLANEOUS PROPERTIES
For use as fluid absorbents in absorbent articles, the
superabsorbent polymer foams herein preferably possess relatively
Tow levels of extracfab'le polymer material. It is believed that
15 polymer material extracted by body fluid once the superabsbrbent
polymer material of the foam forms a hydrogel can alter both the
chemical and physical characteristics of the body fluid to the
extent that such fluid is more slowly absorbed and more poorly -
held by the superabsorbent polymer foam containing absorbent
20 article. Such effects are described in the above referenced U.S.
Patent Re. 32,649. As a result, leaching of polymer into the body
fluid to be absorbed can result in less efficient utilization of
the superabsorbent polymer foam in the absorbent articles and a
greater incidence of undesirable Teakage of body fluid from the
25 article.
~ Extractable polymer levels of the superabsorbent polymer
foams herein can be determined by contacting a sample of the foam
with a synthetic urine solution for the substantial period of time
(e.g., at least 16 hours) which is needed to reach extraction
30 equilibrium, by then filtering the swollen foam material from the
supernatant liquid, and finally by then determining the _po'lymer
content of the filtrate. Such a method for determining the
extractable polymer content for carboxylic and sulfonic acid based
superabsorbent polymer materials which is suitable for use herein
35 s described in the above referenced U.S. Patent Re. 32,649.
R Preferred superabsorbent po]yiner- foams of the present
Been Replaced

" T

invention possess two types of extractable polymer content



tthe-rapid volatilization of any residual blow ng agent and to 5 pr event
of mnimze disruption of the expanded structure. \Were the activation

t enperature is greater than the critical tenperature, the rate of
heating to cause reaction need not be as slow as the rate of heating to
cause expansion. Preferably, the rate of heating to cause reactlon | 63
t han about [err]wo re preferably from about [err] about [e E’Hﬁ'&
preferably fromabout [err] to about [err]. Although the various corrponents
of the stable dispersion may be selected such t 2} the bl ow ng agent

vapori zation tenperature, the critical tenperature, and the activation

tenperature are the 15 chaFﬁf@nstﬂQi tlbe,s PEeRG EVedCehatl GRARTR LTSN ambiHISGF

conponents are selected. s oW ng ﬁ ent apori zation

tenperature is |ess thdft ﬁfg‘ﬁq t'?‘b‘éﬂ"e"t e?fbe?’%%t mADE LR sEAte jad which {3ygh
t he activation tenperatexteactbbld mpteafiel aisl yeadhed carep dmport sntawéetis wedardhtd the

the bl owi ng agent vaporﬁ?zaﬁcat@g?tc GAPRAMGES bP O™ GRBHIbSbAAL S1ymdrO foam.

about [err] less than t erature I's fro
[err] to about [%rr]Accordiagly.,the f‘FP@"bof@f‘Pﬁi‘&t PBHYREE FRams; herein P"ef"‘b”
have an initial extractable polymer content, i.e., the level of

extractable polymer which is removed after one hour in contact
with synthetic urine, of no more that about 7.5% by weight, more
preferably no more than about 5% by weight of the foam. In
10 addition, the foams preferably also have an equilibrium
extractable polymer content, i.e., the equilibrium level of
extractable polymer removed after, for example, sixteen hours in
contact with synthetic urine, of no more than about 17% by weight,
more preferably no more than about 10% by weight of the foam
15 sample. '

In addition, preferred superabsorbent polymer foams of the
present invention exhibit a particular relationship between
absorptive capacity and equilibrium extractable polymer content,

~as described in the above referenced U.S. Patent Re. 32,649. Such

20 preferred foams can be prepared in accordance with the general
teachings of U.S. DPatent Re. 32,649 which are pertinent to such
polymer materials. For example, the extractable polymer content

may be minimized by a controlled, minimum utilization of initiator
(when used) and/or the use of relatively low temperatures for

25 reaction of the monomer and/or internal crosslinking agent (e.g.,'

from about 200C to about 800C).

APPLICATIONS
30 The superabsorbent polymer foams can be used for many
purposes in many fields of use as are known in the foam art. The
foams are particularly suitable for use in applications where it
is desirable to absorb and/or retain fluids, for example, in
absorbent articles; paper tissue (including toweling); packing
35 containers; drug delivery devices; wound cleaning devices; burn
treatment devices;' ion exchange column materials; construction
materials; agricultural or horticultural materials such as seed

R —
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Ehe: expansi on and reaction conditions are preferably uniformthroughout
the di spersion and/ or the expanded structure. 25 Uniformty is" '
generally achieved by ensuring a relatively isotropic reaction
ntxture and a wuniform tenperature and/or pressure throughout the
dr spersion and/or the expanded structure. Uniformty of tenperature and
p[egsure are iﬁﬁ?ﬂ 2 By the heating neans, the vglune agglorpﬁsﬂFﬁm 68
the dispersion being 30 reacted, the heat flux (i.e., rate of heating),
and the extent of exothernmic heat evolution by the reacting dispersion.
Preferably, these factors are controlled so as to ensure uniform heat

transfer (i.e., tenper l,apt .S 0SS . 8Xp I Q enial_ are
m ni m zed) throughou?swét{%thﬁtgge%§?§%9§ %at&gfxoaﬁé. ?{1}@ ‘gded%g'na(]eas% such .as
structure. For formni ridudee BY|4ilf dewataaingr pgants o maseniade| farl $he prevastion of

reactor for ensuring urjelOfo¥ndtaoh, idessichaRts, Sndhaidifydohtred matesiads., | n
formng thin films (e.g., %Xhﬂg 91‘ %HL culs'qsées a'gzorptioznsproperties of the foam, the

5 superabsorbent polymer -foam is especially suitable for use as an
absorbent core material in absorbent articles, especially
disposable absorbent articles. As used herein, the term
"absorbent article" refers to devices which absorb and contain
body exudates, and, more specificaliy, refers to devices which are

10 placed against or in proximity to the body of the wearer to absorb
‘and contain the various exudates discharged from the body. 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

15 ' discarded after a single use and, preferably, to be recycled,
composted or otherwise disposed of in an environmentally
compatible manner). An “unitary® absorbent article refers to
absorbent articles which are formed of separate parts united
together to form a coordinated entity so that they do not require

20 separate manipulative parts like a separate holder and liner. A
preferred embodiment of an absorbent article of the present
invention is the unitary disposable absorbent article, diaper 20,

shown in Figure 3. As used herein, the term “"diaper" refers to an
absorbent article generally worn by infants and incontinent

25 persons that is worn about the lower torso of the wearer. It
should be understood, however, that the present invention is also
applicable to other absorbent articles such as incontinent briefs,
incontinent undergarments, diaper holders and liners, feminine
hygiene garments, sanitary napkins, pantiliners, and the 1like.

30 Figure 3 is a plan view of the diaper 20 of the present
invention in its flat-out, uncontracted state (i.e., with elastic
induced contraction removed) with portions of the structure being
cut-away to more clearly show the construction of the diaper 20
and with the portion of the diaper 20 which faces away from the

35 wearer, the outer - surface 52, oriented towards the viewer. As

shown in Figure 3, the diaper 20 preferably comprises a liquid
pervious topsheet 24; a liquid impervious backsheet 26 joined with

[ —
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frorm about 1 m| to about 500 mls) of the foam it will generally be

suitable to wuse wultraviolet, infrared, mcrowave and/or electron beam
radi ati on to cause expansion and/or reaction. For achieving a rapid rate
of* reaction in such thin films, it is 5 generally preferred to use

ultravi ol et radl‘g% However, as the thickness of the foamtoﬁg_’_ fornme
| ncr eases over a?&:f% mls, it is preferred to use infrared a 61,894/02868

el ectron beamradiation i.n order to prevent or g|n1ze nonuni f orm cel
structure. The expansion and/or reaction step can-occur in a closed or 10
open environnent . For exanple, expansion can take place in a closed

mol ﬂ The expaBSI on andﬁé)rtobﬂﬁefsjtzggl %heibs'b"g?(esn?| ﬁ&ﬁOQﬁu(eheak‘i‘ngarll Qgﬁﬁnfyﬁk?me
oxanple, by extruston ofoG et AHRee (ESCRIIE ey B sl st dges 8)
tenporary or permanent Besjdionede brsweenprlthﬁ ttopaheet exparadontiendbackahéetone;
to formthe pol yner foamasfﬁ%n@d eé’id‘é“%'a“e]ss'[ﬁt eglast’i@ edS‘l'Ff fﬂ{ﬁkahiy elastic
wat er - i nsol ubl e pol ¥ ai i f rct eg‘ ?ast K
wat er -i nsol ubl e, vvorE SEotearinsie pBH/ﬁe ?'hé'grﬁ'ééf'? dR-is typically
caused by heati ng the  exPrendéapers2bsisashawal iny Figuriees - tonhavellah coutep Oduy Fde
52, 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, and a periphery 60 which is defined by the outer
10 edges of the diaper 20 in which the longitudinal edges are
designated 62 and the end edges are designated 64. (While the
skilled artisan will recognize that a diaper is usually described
in terms of haviﬁg a pair of waist regions and a crotch region
between the waist regions, in this application, for simplicity of
15 terminology, the diaper 20 is described as having only waist
' regions, each of the waist .regions including a portion of the
diaper which would fypica]-iy be designated as part of the crotch
region). The inner surface 54 of the diaper 20 comprises that
portion of the diaper 20 which is positioned adjacent to the
20 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
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
25 formed by at least a portion of the backsheet 26 and other
components joined to. the backsheet 26).

Figure 3 shows a preferred embodiment of the diaper 20 in
which the topsheet 24 and the backsheet 26 have length and width
dimensions generally larger than those of the absorbent core 28.
30 The topsheet 24 and the backsheet 26 extend beyond the edges of

_the absorbent core 28 to thereby form the periphery 60 of the
diaper 20. While the topsheet 24, the backsheet 26, and the
absorbent core 28 may be assembled in a variety of well known
configurations, preferred diaper configurations are described
35 generally in U.S. Patent 3,860,003 entitled "Contractable Side
Portions for Disposable Diaper” which issued to Kenneth B. Buell
on Jan. 14, 1975; and U.S. Patent 5,151,092, "Absorbent Article

N
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20 - structure to the activation tenperature. As noted.above, the
activation tenperature may be equal to the critical tenperature, in which
case crosslinking coincides with insoluble polyner fornation. I n such
caSe, no additional reaction is generally required (although further

crosslinking may be used to nodify 25 absorptive properties). | 1]
for reacting t OMBSntially water-insoluble polymer to forn15%ﬁ3g%%¢§af

crosslinked pol ymer may be sel ected consi stent m%%h t he above teachings
from pol ynmerization conditions such as are generafly described in the above
‘referenced U S. 30 Patent Re. 32,649 and in U S  Patent 4,666,983

i ssued to Tsubaki noto ywigh Dydhmic EPdic Wadst FR3t&A! Ha\f]in§_2§1PQQJ-isph§e%uﬁgsiﬁ&t

(e Mhermal acti var | DA FHGE e FhTohe 109 or Kengeth B Le stealof oF Seh
about [err] to about [ ed%h] 19%&r ccapheb€rwibich fisorm&drporatieduthefenr byt vefdrende.
[err], nost preferably firemaabaiy [ EFJrrE@ bREguFAibhs  FICTEPERENNRS Bhpers
oS oy an 00U Lerg ] b ehe 5o Yhsclasdd "m0 "W hent 4 688176 edred
extractable poly BUht ate »8U8, entitled

"Disposable Absorbent Article Having Elasticized Flaps Provided
Hith.Leakage Resistant Portions" issued to Mohammed. I. Aziz and
Ted L. Blaney on Feb. 28, 1989; U.S. Patent 4,695,278 entitled
"Absorbent Article Having Dual Cuffs®™ issued to-Michael I. Lawson
10 on Sept. 22, 1987; and U.S. Patent 4,816,025 entitled “Absorbent
Article Having a Containment Pocket” issued to John H. Foreman on
March 28, 1989. These patents are incorporated herein by
reference.
The topsheet 24 is positioned adjacent the body surface 102
15 of the absorbent core 28. The topsheef 24 is compliant, soft
feeling, and non-irritating to the wearer’s skin. Further, the
topsheet 24 is liquid pervious, permitting liquids (e.g., urine)
to readily penetrate through its thickness. A suitable topsheet
may be manufactured from a wide range of materials, such as porous
20 foams; reticulated foams; apertured plastic films; or woven or
nonwoven webs of natural fibers (e.g., wood or cotton fibers),
synthetic fibers (e.g., polyester or polypropylene fibers), or a
ccmbination of natural and synthetic fibers. There are a number
of manufacturing techniques which may be used to manufacture the
25 topsheet 24. For example, the topsheet 24 may be a nonwoven web
of fibers, the web being spunbonded, carded, wet-laid, meltblown,
hydroentangled, combinations of the above, or the 1like. A
preferred topsheet is carded and thermally bonded by means well
known to those skilled in the fabrics art. A preferred topsheet
301 comprises a web of staple length polypropylene fibers such as is
manufactured by Veratec, Inc., a Division of International Paper
Company, of Walpole, Maésachusetts under the designation P-8.
The topsheet 24 may be joined to the absorbent core 28 and to
the backsheet 26 by attachment means {not shown) such as those
35 well known in the art. Suitable attachment means are described
herein with respect to joining the backsheet 26 to the absorbent

/ . [ P L]
core 28. As wused herein, the term "joined encompasses
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29 Condi tions under which the polyner is maintained can al so include, for
exanpl e, subjecting the polyner to any conventional form of polynerization
activating radiation. Radi oactive, electronic, ultraviolet, or
etéctromagnetic radiation are suitable alternative 5 conventi onal

pol ymeri zati on 5}?8%}2&%5 "Networ k" crosslinking refers to the ﬁgqsw&s&f

reactive sites nomer or polynmer thereof with the reacti es of
the internal crosslinking agent to forma three-gﬁmnsi onal pol ynmer network
i n which there are crosslink bonds. between 10 ferent polymer chains,
the polyner chains being generally attributable to polynerization of

th;a rTDrlorTelr. bISuffi fi ent cagfx}wfit_ieﬁmﬁéﬂtebyi:{(igewuﬁwf Q%iqﬁreéutvs;étﬁtrédiltbythe other
hot “be the sane Hegr ee. S1enenh it &FiERd, 1B 1 ERRCelraRt Dot Fhe Gthe 1 frent. and
al so 15 renders the psbyfiguratipes abscebycthe (elesent dssindireitdpt seaumridrtoofthe
neutralized carboxyl grQyRér @hément CBLNIFfHRirghhPOdIREID to TAtéFmediate member(s)
5 which in turn are affixed to the other element. In a preferred
embodiment of the present invention, the topsheet 24 and the
backsheet 26 are joined directly to each other in the diaper
periphery 60 and are indirectly Jjoined together by directly
Jjoining them to the absorbent core 28. The topsheet 24 or
10 backsheet 26 may be directly joined to the absorbent core
comprising the superabsorbent foam by forming the foam on the
topsheet material or backsheet material. Alternatively, e.g.,
where the absorbent core 28 is a free superabsorbent foam sheet or
a foam-bearing structure (e.q., paper tissue comprising the
15  superabsorbent foain), the topsheet or backsheet may be joined to
the core by any attachment means such as are known in the art.
The backsheet 26 is positioned adjacent the garment surface
100 of the absorbent core 28. The backsheet 26 may be joined to
the absorbent core 28 by forming the foam 6n_ the backsheet
20 material or, e.g., where a free superabsorbent polymer foam sheet
or other foam-bearing structure is used as the absorbent core 28,
byﬁttachment means (not shown) such as those well known in the
art. For example, the backsheet 26 may be secured to the
absorbent core 28 by a uniform continuous layer of adhesive, a
25 patterned layer of adhesive, or an array of separate lines,
spirals, or spots of adhesive. Adhesives which have been found to
be satisfactory are manufactured by H. B. Fuller Company of St.
Paul, Minnesota and marketed as HL-1258 or H-2031. The attachment
means  will preferably comprise an open pattern network of
30 - filaments of adhesive as is disclosed in U.S. Patent 4,573,986
entitled "Disposable Waste-Containment Garment™, which issued to
Minetola, et al. on March 4, 1986, more préferably several lines
of adhesive filaments swirled into a spiral pattern such as is
illustrated by the apparatus and methods shown in U.S. Patent
35 3,911,173 issued to Sprague, Jr. on Oct. 7, 1975; U.S. Patent
4,785,996 issued to Ziecker, et al. on Nov. 22, 1978; and U.S.
———  Patent 4,842,666 issued to Werenicz on June 27, 1989. Each of
is Sheet Has Been RTlaced ' '
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addi tional crosslinking of the insoluble polyner material may be required
in order to render it superabsorbent. The |evel of crosslinking of
the insoluble polymer material 1is generally 20 determ ned by the
reactant type (particularly the crosslinking agent) and concentration and
the reaction conditions. Therefore, if necessary, the substanti a|

wat er - i nsol ubl ewﬁb’f"{ﬁﬁﬂz mat eri al can be made superabsorbent by e&%@%@lﬁ‘?
to nore extrene reaction conditions and/ or addi t i onal crosslinking
ageént . (Since 25 super absorbency is al so i nfRuenced by the | evel of
salt groups in the polyner, various degrees of superabsorbency may al so be

| nparted by neutrali zi I portij on . I t-for.mng,gro
(e.g., carboxyl groups)ngioesat hgﬁgéqt?/nersgs prlg‘\g/‘}régétéadeshg?{%‘ed: S’QSOW?&'E"“'
The degree of networkitegpratdeglynkithe), attachment (maans . may seqmpri seenkaaty bopds,

beI vari ed as kngwndi n t;h&sanir}e bondp) Q@ LelSon i ibﬁh@s,gﬁt\laﬁit{(ﬁwﬁhﬁca&nﬁblﬂel or any
voLues s my be sl g | ORI Sk Bt BT o0 SRk i

the gel strength increases, u ecreases a t sur
area to mass ratio,5 35 attaghmeptimeans agarer knawpninjdhe antes. Thus, the

degree of network The backsheet 26 is impervious to liquids (e.g., urine) and
is preferably manufactured from a thin plastic film, although
other flexible liquid impervious materials may also be used. —As
used herein, the term “"flexible" refers to materials which are
10 compliant and will readily conform to the general shape and
contours of the human body. The backsheet 26 prevents the
exudates absorbed and contained in the absorbent core 28 from
wetting articles which contact the diaper 20 such as bedsheets and
undergarments. The backsheet 26 may thus comprise a woven or
15 nonwoven material, polymeric films such as thermoplastic films—of
polyethylene or polypropylene, or composite materials such as a
film-coated nonwoven material. Preferably, the backsheet is a
thermoplastic film having a thickness of from about 0.012 mm (0.5
mil) to about 0.051 mm (2.0 mils). Particularly preferred
20 materials for the backsheet include RR8220 blown films and RR5475
'cast films as manufactured by Tredegar Industries, Inc. of Terre
Haute, IN. The backsheet 26 is preferably embossed and/or matte
finished to provide a more clothlike appearance. Further, the
backsheet 26. may permit vapors to escape from the absorbent core
25 28 (i.e., breathabie) while still preventing exudates from passing
through the backsheet 26.

The absorbent core 28 is positioned between the topsheet 24
and the backsheet 26. The absorbent core 28 is generally
compressible, conformable, non-irritating to the wearer’s skin,

30 and capable of absorbing and retaining liquids such as urine and

other certain body exudates. As shown in Figure 3, the absorbent

‘core 28 has a garment surface 100, a body surface 102, side edges

82, and waist edges 83. The absorbent core 28 may be manufactured

in a wide variety of sizes and shapes (e.g., rectangular,

35 hourglass, "T"-shaped, asymmetric, etc.). As shown in Figure 3,

: the absorbent core preferably has a modified T-shape. The,
'-—_—‘_-_’_’—-_— absorbent core may include one or more layers of absorbent
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crosslinking in part serves to determ ne the absorptive capacity and
absorptive rate of the superabsorbent polynmer material and 30 thus of
t he superabsorbent polyner foam The degree of network crosslinking also
i nfl uences the residual nmononer and extractable polyner content of the
f oam In a prea@i#ﬁﬁhnenbodinent, the internal crosslinking agent and

S

nononmer are reacte 0 as to form5 a substantially water-i ns dTyR84/02868
super absor bent -pol yner material which is partially network crosslinked so
as to achieve a desired gel strength and gel vol > In the preferred

enbodi nent in which the solvent is water and the expansion and reaction has

occurred at tenperaturemat&assid hang 19 mﬁl@e J%?'ié'dyngof’o'l MuidlabdBitent ( imaterials
[err] at 1 atm), the resulta?t fo e water

absorbed fromthe react QW% 43P 'Bydl"r?@séﬁ 3&&%5&&@ t°‘§8hﬁt?é‘i"'bﬁﬁi drtigles.
of the foam Sone |evel Toé tetadr absrbentercapigitgest r the i absotbent ocore 28 shalad,

to however, be compatible with the design loading and the intended
5 use of the diaper 20. Further, the size and absorbent capacity of
the absorbent core 28 may be varied to accomodate wearers ranging

from infants through adults.

The absorbent core 28 comprises the superabsorbent polymer
foam of the present invention. The superabsorbent polymer foam

10 can be incorporated into the absorbent core 28 in any of the forms
described herein (e.g., particulate, sheet form, or joined to a
substrate) according to any conventional  method. For
superabsorbent foam in particulate form, the foam can be
incorporated into the diaper in the same manner as conventional

15 particulate superabsorbent or absorbent gelling materials.
Alternatively, a free foam sheet, cut or formed to a desired size,
may be incorporated as the absorbent core 28 or as one or more of
the layers of the absorbent core. In still another embodiment,
the superabsorbent foam is incorporated as formed on one or more

20 of the diaper components (e.g., the topsheet 24, another absorbent
core material such as a layer of tissue paper, or the backsheet
26), the diaper component serving as’ ' a permanent substrate
(carrier). In a preferred embodiment, the superabsorbent polymer
foam is formed on an absorbent carrier, more preferably a carrier

25 providing fast wicking properties such as tissue paper, such that
the composite absorbent material acts as the absorbent core.

The absorbent cores of the present invention may consist
solely of one or more (a multiplicity of) layers of the
superabsorbent polymer foam or foam-bearing carriers of the

30 present invention; may comprise a combination of layers including
the foams or foam-bearing carriers; or any other absorbent core
configuration including one or more of the foams or foam-bearing
carriers. Thus, the absorbent core can also comprise conventional
absorbent core materials. Examples of other suitable absorbent

35 materials are creped cellulose wadding; meltblown polymers

including coform; chemically stiffened, modified or cross-linked
cellulosic fibers; tissue, including tissue wraps and tissue

R —
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enhance the flexibility and absorptive rate of the foam 15 Preferably,
the foamw Il contain less than about 20% nore preferably tess than
about 10% nost preferably 1ess than about 5% by wei ght of water per 100
pafts by wei ght of the superabsorbent polymer material of the foam

(These preferred ercentages include any water which may be a b‘%ﬁ‘g om
t he environmentW§ 9482502 The | evel of water may be controlled by 3%3' m[xhse

anount of water used in the reaction m xture. 'é;; addition, water nay be
added to the superabsorbent polyner foam (e.g., ds an external _
pl asticizer). Although it wll usually be unnecessary, the water content

may be decreased by, fqamﬂmspi etoﬁUeﬁE’hﬁl‘il ngabtsbpoewet Sfoafe; (%rji&eﬁt | QpBhges;
al cohol such as those describ e ere| &ng 8% heat i n
ti

evaporate the water, eSgnvensions chWé\'/' VYMFS A he‘%’tﬂ'%ﬁ g9glling
ot her than water, any mabeiiailsg(ed. veruarhamm,reimwwngn filbrdlue, Opolpamers or

fromthe resul tant foama;mﬁsy ;S §P an@%uﬂa@@ﬁ'ﬂ ! ?ﬁratéﬁraf' . Ctbindons of

heating the foam nmateri al t enperat ure icient to evaporate .
the solvent within Q‘F%rdébﬁ'abl e time, e.g., near or above the boiling
point of the The absorbent core preferably comprises a carrier web of

fiber material and the superabsorbent polymer foam of the present
invention. Such cores can be prepared by any process or technique
which provides a fibrous carrier web and the foam. In a preferred

10 embodiment, the absorbent core 1is formed by air-laying a
substantially dry mixture of fibers, densifying the resultant web
if desired or necessary, and then forming the superabsorbent foam
on the web. The air-laid web will preferably comprise
substantially unbonded fibers and will preferably have a moisture

15 content of 10% or .less. The foam can be formed by printing the
stabilized dispersion on the web as desired and then expanding and
reacting the dispersion so as to form the superabsorbent foam on
the web. The foam can be present on the web in particular areas
of the web and/or in a pattern so as to provide absorption

20 properties designed for the intended use of the diaper 20. For
example, the web having foam formed thereon can be designed

 according to the absorption requirements for boy and girl wearers.
The web having the superabsorbent foam formed thereon can then be
. incorporated into the diaper 20 by any conventional method.

25 Various types of fiber material can be used in the carrier
web. Any type of fiber material which is suitable for use in
conventional absorbent products is also suitable for use in the
carrier web. Specific examples of such fiber wmaterials include
cellulose -fibers, modified cellulose fibers, rayon, polypropylene,

30 and polyester fibers such as polyethylene terephthalate (DACRON),
hydrophilic nylon (HYDROFIL), and the like. Other fiber materials
include cellulose acetate, polyvinyl acetate, polyamides (such as
nylon), bicomponent fibers, tricomponent fibers, mixtures thereof,
and the 1like. Hydrophilic fiber materials are preferred.

35 Examples of suitable hydrophilic fiber materials in addition to

some already mentioned are hydrophilized hydrophobic fibers, such

as surfactant-treated or silica-treated thermoplastic fibers

is Sheet Has Been Replaced
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solvent. Typically, the conponents of the reaction mxture and the 35
bl*owi ng agent are introduced into a vessel equipped for high shear.m xing,
and the stable dispersion as described above is forned in the vessel. The
bl’lowi ng agent is then expanded and the nononer 31 and i nternal
criosslinking agent are reacted to formthe foam The foam is typically

shaped during WRAMEER2after its formation. Shapi ng may be acHCEEI4/PA368

any conventional shaping techniques as are known in the art to forma foam
havi ng a defined shape and 5 . size. Pref er r e®*met hods for shapi ng the

foam i ncl ude casti ng,

nmol di ng, or form ng operations. Casting and nol di ng

techni ques general l'y i nyedived] "tdrodusapnd, t FomS halofe FinsPSicH 42 h&fgﬁé%.ene or

prepared nold cavity (o
reaction such that the
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polyurethanes and the like. In fact, hydrophilized hydrophobic
fibers which are in and of themselves not very absorbent and
which, therefore, do not provide webs of sufficient absorbent
capacity to be useful in conventional absorbent products, are
suitable for use in the absorbent members of the present invention
by virtue of their good wicking properties. This is because, in
the structures herein, the wicking propensity of the fibers is as
important, if not more important, than the absorbent capacity of
the fiber material.itself due to the high rate of fluid uptake of
the superabsorbent polymer foams of the preseni invention which
are included in the core. Hydrophobic synthetic fibers can also
be used, but are less preferred. ' _
For reasons of availability and cost, cellulose fibers are
generally preferred for use herein as the hydrophilic fiber

~material of the absorbent core. Most preferred are wood pulp

fibers which are also referred to as airfelt.

Other cellulosic fiber materials which may be useful in
certain absorbent cores herein are chemically stiffened cellulosic
fibers. Preferred chemically stiffened cellulosic fibers are the
stiffened, twisted, cur]_ed cellulosic fibers which can be produced
by internally crosslinking cellulose fibers with a crosslinking
agent. Types of stiffened, twisted, curled cellulosic fibers
useful as the hydrophilic fiber material of the absorbent cores
herein are described in greater detail in U.S. Patent 4,822,453
entitled “Absorbent Structure Containing Individualized,
Crosslinked Fibers Having Reduced Residuals And Fibers Thereof®,
issued to Herron, et al. on Dec. 26, 1989; U.S. Patent 4,889,597
entitled "Process For Making Wet-Laid Structures Containing
Individualized Stiffened Fibers", issued to Bourbon, et al. on
Dec. 26, 1989; and U.S. Patent 4,898,642 entitled "Twisted,
Chemically Stiffened Cellulosic Fibers And Absorbent Structures
Made Therefrom", issued to Moore, et al. on Feb. 6, 1990. Each of
these patents are incorporated herein by reference. '

The relative amount of fiber material and superabsorbent
polymer foam in the resultant web can be most conveniently



nol di ng techni ques for use herein i ncl ude conpression nolding, injection
nol di ng, extrusion, or lamnating. Form.ng techniques involve perform ng
varjous operations on the stable dispersion or foamto nodify its shape

and/or  si ze. Exanpl es of specific 15 formng techniques for use
herein include grinding, chopping, cutting, coating and extrudin
oper ati ons. Fo le, the stable dispersion may be extr udé’&Tf‘ﬁg‘Uﬂ?ﬁﬂ’

an orifice to forma foam having a shape corresponding to the shape of the
orifice. Further, the stable dispersion may be &%t on a surface to forma
20 foam having a desired shape or surface norphology. Any or all of

0  h surface
Ay sui tabl ¢ appar at e S8 Sest i sai, 6L VA fefcnt e Th 1BeCRBREns palPe.

such operations. The superiiisachend forps Pyatarablyarentadin tfifam abauted¥ tonakoutiB%.
are 25 useful in fraeréogreferabg! £rdnngbopdr $% ol absut ¢5%\.Clavidemosyr prafersbly

chunks:, and Lhe ) 1K) 1Bk et JR5DRS shABosT ST RhBR o fdlSprébpant core, of
material by any sui% abltdensupessbsorbent pelymenifeamor This ranerptratdapyves the nfoam
any such process it wildapgp@céxpresseldcincermetof @ Wakght ratio of fiber to foam.
This ratio ﬁay range from about 98:2 to about 2:98. For most
absorbent cores, the optimum fiber-to-foam weight ratio is in the
range of from about 95:5 to about 25:75, most preferably from
10  about 90:10 to about 40:60.

In an alternative embodiment, the diaper 20 comprises a

dual-layer absorbent core comprising an absorbent member and a

sheet of the superabsorbent polymer foam of the present invention.
Typically the foam sheet is positioned subjacent the absorbent

15 member (i.e., between the absorbent member and the backsheet 26).

The absorbent member serves to quickly collect and

temporarily hold discharged liquids and to transport such liquids

by wicking from the point of initial contact to other parts of the

absorbent member .and to the foam sheet. The absorbent member ...

‘20 preferably comprises a web or batt of fiber materials. Various
types of fiber material can be used in the absorbent member such
as the fiber materials previously described herein. Cellulosic
fibers are generally preferred for use herein, wood pulp fibers
being especially preferred. The absorbent member can also contain

25 specific amounts of a particulate, absorbent, polymeric
composition. The absorbent member, for example, can contain up to
about 50% by its uéight of the polymeric composition. In the most
preferred embodiments, the absorbent member contains from 0% to
about 8% by its weight of a particulate, absorbent, polymeric

30 composition. In alternatively preferred embodiments, the
absorbent member comprises chemically stiffened cellulosic fibers
as previously described. Exemplary embodiments of the absorbent
member useful in the present invention are described in U.S.
Patent 4,673,402 entitled "Absorbent Article With' Dual-Layered

35 Cores" which issued to Paul T. Weisman, et al. on June 16, 1987;

and U.S. Patent 4,834,735 entitled 'High Density Absorbent Members

Having Lower Density and Lower Basis Weight Acquisition Zones"

[
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30 " efforts to substantially preserve the norphology (e.g., surface area
to mass ratio) of the foammaterial as originally formed. To forma free
(i.e., unsupported) foam sheet, the stable dispersion is applied to a
tenporary substrate foll owed by expansi on of the bl ow ng agent and reaction
of the internal klng agent with 35 the nononer to obtain the
substantially vvat%cgﬁf ubl e, pol yner foam The foam is thePCT/UE4MR86§

removed from the tenporary substrate. Tenporary substrates include any
mat eri al s known for 32 such pur pose, e.g.,66 [err] sheet s,
[err] sheet s, and rel ease-coated netal sheets The stable di spersion

) re arin

ey be applled o, the SUISLips RuuBNERld 20l BL9Y, sl HRLL htents
coating, gravure-coati ng“‘ecbefc‘}béx!lmsrspmteﬁ)dterﬂge by ceferemcy. AAbsorbent! mbmbers
The stabl e di spersion maavisy adpitiopshet Qoﬁ@earﬁfﬂ}%t @4 s Pi AP LBhE l?avfiﬁ’@nl Tower
product in a desired Sr“y%eradﬂ 35%51%}|¥§ﬂ a' lower average basis weight per unit area
5 than the storage zone so that the acquisition zone may effectively
and efficiently rapidly acquire discharged liquid are especially

preferred for use herein.

The absorbent member can be of any desired shape, for

example, rectangular, oval, oblong, asymmetric, or
10 hourglass-shaped. The shape of the absorbent member may define
the general shape of the resulting diaper 20.

The foam sheet of the present invention need not be the same
size as the absorbent member and can, in fact, have a top surface
which is substantially smaller or larger than the top surface area

15 of the absorbent member. The foam sheet can be smaller than the
absorbent member, for example, having a top surface area from
about 0.10 to about 1.0 times that of the absorbent member. More
preferably, the top surface area of the foam sheet will be only

from about 0.10 to about 0.75, and most preferably, the top -

20 surface area of the foam sheet will be only from about 0.10 to
about 0.5 times that of the absorbent member. Alternatively, the
absorbent member is smaller than the foam sheet and has a top
surface area from about 0.25 to about 1.0 times, more preferably
from about 6.3 to-about 0.95 times that of the foam sheet. In

25 this alternative embodiment, the absorbent member preferably
comprises chemically stiffened cellulosic fibers. '

The foam sheet is preferably placed in a specific positional
relationship with respect to the backsheet and/or the absorbent
member in the diaper. More particularly, the foam sheet 1is

30 positioned generally toward the front of the diaper so that the
foam sheet is most effectively located to acquife and hold
discharged liquids.

In alternatively preferred embodiments, a multiplicity of
foam sheets, preferably from about two to about six foam strips or

35 sheets, may be used. Further, additional absorbent 1layers,

members, or structures may be placed into the absorbent core. For

example, an additional absorbent member may be positioned between
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f oam product may be cut to a desired form The superabsorbent polyner foans
of the present invention are 10 . also.useful when joined to a carrier to
form an absorbent nmenber. The carriers may be any carriers as are known in
the art such as nonwoven webs, tissue webs, conventional foans,

pol yacryl ate fibers, apertured polynmeric webs, synthetic fibers, netallic
foils, el astomer?,oyé %he |ike. The carrier may be any material PCT{US94/02868
generally enployed for wuse in absorbent articles, including w cking
and non-wi cking materials. Exanples of wicking &arriers include tissue
paper (which includes paper toweling). Exanples of non-w cking carriers

i ncl ude polyner filns sych as pql ypropylene. For use in absorbent articles,
a particularly suitabl eQE%rfar"@rscﬁeépzﬁ'% k'b%%é?* Pels ta. pravide sespryeccapacity for
sui tabl e paper tissue i 4heliabshchesti ¢areUami/oPas chiyerd, 8D di§OPibute Udquids passing
Trokhan on March 4, 198Qhrddglf-thEafdaRt 2 i TEak J

16, 1985; and U.S. Patentr4:63ff7, o |ss'ge§2 9‘%Z*g’%'oﬁﬂﬁﬁg%%gjaﬂ%a?gﬁfﬁ‘?“‘;5%#, or
each incorporated herei f®bi"s cfoapesheet. g, The,pfoam - sheeto may splep jHgennasivedy be

any of the backshéet positdénedl dveriethe i biesdrbéntr aiemberf OSo akSeto i Be positioned
absorbent articles. Thepealebh Ahe EopshisetOindBe I6SdrbEst RORRG. 2N
' In an alternative embodiment of the absorbent cores of the
present ‘invention, the absorbent core comp_ris'es a laminate (a
layered absorbent core) containing at least one, and optionally
10 two or more, layers of superabsorbent polymer foam particles of
the present invention. The laminates preferably comprise layers
or webs of fibrous materials such as previously described,
preferably a sheet of absorbent material, such as tissue paper.
Such layered absorbent structures are more fully described in U.S.
15 Patent 4,578,068 entitled "Absorbent Laminate Structure” issued to
Timothy A. Kramer, et al. on March 25, 1986, which patent is
incorporated herein by reference. Additional methods and
apparatus for making such laminates are described in U.S. Patent
4,551,191 entitled "Method For Uniformly Distributing Discrete
20 Particles On A Moving Porous Web®, issued to Ronald W. Kock, et
al. on Nov. 5, 1985, which patent is incorporated herein by
reference. .
The relative amount of fiber material and particulate
superabsorbent polymer foim may be the same as previously
25 described with respect to the foam formed on a carrier web. In
addition, the foam particles may be dispersed in various weight
ratios throughout different regions and thicknesses of the
absorbent core. For example, the mixture of fiber material and
~ the foam particles may be disposed only in certain portions of the
30 absorbent core. Preferably, the absorbent core contains an
uniformly distributed mixture of hydrophilic fiber material and
the foam particles. The foam particles may be substantially
uniformly dispersed (thoroughly dispersed) throughout the entire
absorbent core as' disclosed in U.S. Patent 4,610,678 entitled
35 “"High-Density Absorbent Structures®, issued to Weisman, et al. on
Sept. 9, 1986, which patent is incorporated herein by reference.
The foam particles may alternatively be distributed in regions or
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may ‘be shaped before, during or after joinder with the foam The foam may
be joined to the carrier via chemical or physical bendi-ng nethods such as
are, known- i ncl udi ng adhesi ves or 30 chem cal s that react to adhere the
fdamto the carriers. Joinder is also nmeant to include generally _

non- bonded conbi pations of the foamwith other materials, e.g., encasing or
sandwi chi ng the P6WM3%%20; bet ween ot her material s. Al ternat i veXGT/U§62868
foam can be joi.ned to the carrier by applying the stable dispersion to the
35 carrier and causing expansion and reaction s as to formthe foam on
the carrier (i.e., the carrier is a pernmanent substrate) to provide a

| oi.ped to

The carrier by any one. SPrEpARLd B Buaher BincentiTTons Bf thy Eodsy than do other
di scontl nuous form or pdeENS. OX\FOPES + hEOF ceMample.f BrSyedatentt We6993823 dssued to
(i.e., the carrier is akepknbevyen] etsudist foat @rt. 13he 19871 gk &6105890an f D3Fbent
“mat eri al are member having a particulate, absorbent, polymeric composition-
5 distributed in a positive gradient through at least a portion of
the thickness of the absorbent. member. Prefe'rably, the
concentration gradient along the thickness dimension has the
lowest concentration at or near the surface of the absorbent
member which receives liquids (i.e., the top surface) and the
10  highest concentration at or near the back surface of the absorbent

member. This paterit is incorporated herein by reference.

An alternative embodiment of the layered absorbent cores.of
the present invention is a “pouch® containing the particulate,
superabsorbent polymer foam. The pouch is a layered absorbent

15 core as described above wherein the number of fibrous webs équa]s
two. The fibrous webs are joined to. each other around their
periphery so as to form a large pocket in the middle of the pouch.
The foam particles are encased between the fibrous webs in the
pocket. Thus, the pouch is similar to a tea bag in that the foam

20 particles are free to swell and absorb within the pouch. The
fibrous webs of the pouch preferably comprise a nonwoven material
as are known in the art with the nonwoven webs being heat sealed
about their periphery, although other means for sealing the webs
together as are known in the art, such as adhesives or ultrasonic

25 bonds, may also be used

The absorbent cores herein can contam a variety of optional
materials in addition to the fiber materials and the
superabsorbent polymer foam. Such optional materials can include,
for example, fluid distribution aids, antimicrobials, pH control

30 agents, odor control agents, perfumes, etc. If present, these

' optional components will generally comprise no more than about 30%
by weight of the absorbent cores herein.

The diaper 20 preferably further comprises elasticized leg
Cuffs 32 for providing improved containment of liquids and other

35 body exudates. Each elasticized leg cuff 32 may comprise several

different embodiments for reducing the leakage of body exudates in
the leg regions. (The leg cuff can be and is sometimes also
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5 " preferably selected such- that there is sufficient bonding
(physi cal and/or chemical) of -the foamto the carrier as required by the

i nt ended application. The stabl e dispersion can be applied to the entire
surface of the carrier or to any portion thereof and in any centinuous or
di'sconti nuous pattern. Suitable patterns can 10 be selected for
tailoring the YBIEEE2on properties of the foam bearing st r RETHISI4/H2868
may be desired. For exanple, for use in disposablg diapers, particular
patterns may be formed to provide defined absorption properties in diapers
for female or male use. In a preferred epbodi nent of the present invention,
the 15 stable dispersieberredsto tasahed dahds, side faags, BxéridAeeurfsNr UGNastac

COMMEnt "L spene 0" PRI, ool seFAAMEAE 0.57 ey BB gpcrives o
Second Edition (MG aw MisRospilskdiaper whgh)pravidesce comtractibieHegi epening having
L TLBod T oogh e A ST e, ke r S Bt g, 40, prvie
te)e(.rr{)gr ary or pe?man nt \ﬁi#téﬁb%ef'r 3?%, c?ﬁﬁlfﬂﬁé&%{)gtﬁgﬁimaﬁé'o&agﬁ 4,909,803
reaction steps to form &ntitded i Mispesiable Absorbent aMntihcter Hayings Elasticized Flaps”
The tenperature and priesfedr €o A23f, eR€al. on March 20, 1990, describes a disposable
diaper having “stand-up" elasticized flaps (barrier cuffs) to

improve the containment of the leg regions. U.S. Patent 4}695,278

10 entitled "Absorbent Article Having Dual Cuffs” issued to Lawson on

Sept. 22, 1987, describes a disposable diaper having dual cuffs
including. a gasketing cuff and a barrier cuff. While each

etasticized Teg cuff 32 may be configured so as to be similar to

any of the leg bands, side flaps, barrier cuffs, or elastic cuffs

15  described above, it is preferred that each elasticized leg cuff 32

comprise at least an inner barrier cuff comprising a barrier flap

and a spacing elastic member such as described in the above

referenced U.S. Patent 4,909,803. In a preferred embodiment, each

elasticized leg cuff 32 additionally comprises an elastic

20 gasketing cuff with one or more elastic strands, positioned

outboard of the barrier cuff such as described in the above

referenced U.S. Patent 4,695,278. | |

The diaper 20 preferably further comprises elastic waist

features 34 that provide improved- fit and containment. The

25 elastic waist features 34 at least extend longitudinally outwardly

from the waist edges 83 of the absorbent core 28 and generally

form at Jeast a portion of the end edges 64 of the diaper 20.

Thus, the elastic waist features 34 comprise that portion of the

diaper at least extending from the waist edges 83 of the absorbent

30 core 28 to the end edges 64 of the diapef 20 and is intended to be

placed adjacent the wearer’s waist. Although disposable diapers

are generally constructed 30 as to have two elastic waist
features, one positioned in the first waist region and one '
positioned in the second waist region, diapers can be constructed
35 with a single elastic waist feature encircling the wearer.
Further, while the elastic waist features or any of their
constituent elements can comprise a separate element affixed to
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contTolled in the extruder so as to control the expansion and 25 reaction
priocess. For exanple, polynerization of the nonomer to forma substantially
linear polyner may be caused while the mixture is in the extruder.

Expansi on and reaction of the linear polyner, any relrr}al ni ng rm_norrelr, b?nd
the internal cro | nki agent to forma substantially water-insoluble
foam may t hen bea’?OJ‘ Sseg when the dispersion is at or beyond ROTEUS94/02868 -
orifice. In anather preferred enbodi ment, the stable dispersion is printed
onto a permanent substrate followed by expansion &hd reaction to forma

f oam beari ng substrate. Exenpl ary printing apparatus and techgl gues

I ncl ude rotogravure and e phigC i q roces

such as di sclgosed in [ertfhh E‘@w& %es%ge e@ﬁréatE{:I gg‘s& jﬁ[ﬁ“’%&ft?@ abe “preferably
FI exogr aphi ¢ Techni cal DY "oﬂs qmgxterg_sggrl ofi pther pekements kErthendiaper such

reference. The 34 persnethenbackshéett r26 cor nghe  tOpshednly24,OfpreFb¥idy both the
di scussed . herein, backsheet 26 and the topsheet 24. ' _

5 The elasticized waist features 34 may be constructed in a
number of different configurations including those described in
U.S. Patent 4,515,595 issued to Kievit, et al. on May 7, 1985 and
the above referenced U.S. Patent 5,151,092, each of these
references being incorporated herein by reference.

10 The diaper 20 also comprises a fastening system 36 which
forms a side closure which maintains the first waist region 56 and
the second waist region 58 in an overlapping configuration such
that lateral tensions are maintained around the circumference of
the diaper to maintain the diaper on the wearer. The fastening

15 system may take on a number of configurations such as adhesive
tape tabs, mechanical closure tape tabs, fixed position fasteners,
or any other means for tensioning the elasticized waist feature as
are known in the art. Exemplary fastening systems are disclosed
in U.S. Patent 4,846,815 entitled "Disposable Diaper Having An

20 Improved Fastening Device" issued to Scripps on July 11, 1989;
U.S. Patent 4,894,060 entitled "Disposable Diaper With Improved
Hook Fastener Portion" issued to Nestegard on Jan. 16, 1990; U.S.
Patent 4,946,527 entitled "Pressure-Sensitive Adhesive Fastener
And Method of Making Same® issued to Battrell on .Aug. 7, 1990;

25 U.S. Patent 3,848,594 entitled "Tape Fastening System for
Disposable Diaper" issued to Buell on Nov. 19, 1974; U.S. Patent
Bl 4,662,875 entitled "Absorbent Article" issued to Hirotsu, et
al. on May 5, 1987; and the hereinbefore referenced U.S. Patent
5,151,092; each of which is incorporated herein by reference. 1In

30 a preferred embodiment, the fastening system comprises a dual
tension fastening system such as disclosed in the hereinbefore
referenced U.S. Patent 5,151,092.

In a prefer}'ed embodiment, the diaper also comprises
elasticized side panels 30 disposed in the second waist region 58.
35 (As used herein, the term "disposed” is used to mean that an

element(s) of the diaper is formed (joined and positioned) in a
T

particular place or position as a unitary structure with other



preferably a wicking material, nore preferably conprising cellulosic
fi'‘bers, nost preferably wood pulp fibers. Wiere a wi cking substrate is
used, it is particularly 5 desirable to print the stable dispersion
in a discontinuous pattern on the w cking substrate in order to forman
absor bent nmenbery, ing both the capillary absorptive properties of the
w cking materi al ngi?ﬁi osnotic absorptive properties of the r e SGT{USAY/02868
di scontinuous pattern of superabsorbent foam Tg form 10 t he

di sconti nuous pattern, it. is generally desirate to use a stable

di spersion having a sufficiently high viscosity such that w cking of the

di spersion into the subgtemehes n t
this way, the w cking pr Jert I dpeﬁ.e @fap@FW?% g‘i);e%r*g%%gé#%h WT%PF@ to aA&her

mai ntained.  In additi&fmephe h?'ljh@‘r‘pis 3 tigized side é’@éﬁ‘(s 6 provide an
m i mze partitioning oelaslhecaﬁdyvettlensmdet Featuesctthatit providesha woaA€ Oonifyrtable

be control | ed by any of aﬁ&%oﬁ'ﬁhp £ %?“ﬁﬁ?ﬁiaﬂgr&n?oh@b?ffﬁim e diaper to

form ng the stable gl sper5| on, ough Vi SCO y
agent and/or multi-3tep ’P‘-’eé’&?l’%‘n ﬁ’o%‘t%é'"‘"ﬂnt'b?édlfﬂ othroyghopt; @Bnéﬂm |af mear

desirable to initiate ewgldnpistnwisendtheddipernhisd been Modded ditAnexudates since the

' elasticized side panels allow the sides of the d-ia-pe'r to expand
and contract. The elasticized side panels 30 further provide more '
effective application of the diaper 20 since even if the diaperer

10 pulls one elasticized side panel 30 farther than the other during
application (asymmetrically), the diapei' 20 will “self-adjust"
during wear. While the diaper 20 of the present invention
preferably has. the elasticized side panels 30 disposed ‘in the
second waist region 58; alternatively, “the diiper 20 may be

15  provided with elasticized side panels 30 disposed in the first
waist region 56 or in both the first waist region 56 and the
second waist 'region 58.

While the elasticized side panels 30 may be constructed in a
number of configurations, examples of diapers with elasticized

20 side panels positioned in the ears (ear fiaps) of the diaper are
disclosed in U.S. Patent 4,857,067, entitled "Disposable Diaper
Having Shirred tars" issued to Wood, et al. on Aug. 15, 1989; U.S.
Patent 4,381,781 issued to Sciaraffa, et al. on May 3, 1983; U.S.
Patent 4,938,753 issued to Van Gompel, et al. on July 3, 1990; and

25 the hereinbefore referenced U.S. Patent 5,151,092; each of which

. are incorporated herein by reference. Preferably, each
elasticized side panel 30 comprises ear flaps and an elastic side
panel member operatively associated therewith, such as dlsclosed
in the above referenced U.S. Patent 5,151,092.

30 The diaper 20 1is preferably applied to a wearer by
positioning one of the waist regions, preferably the second waist
region 58, under the wearer’s back and drawing the remainder of
the diaper between the wearer’s 1legs so that the other waist
region, preferably the first waist region 56, is positioned across

35 the front of the wearer. The diaperer then wraps the elasticized
side panel around the wearer, generally while grasping at least a
portion of the fastening'system 36. The elasticized side panels
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within a short tine, preferably i mediately, after printing of the stable
dirspersion onto the substrate. For exanple, polymerization of the nonomer -
to forma linear polyner may be initiated by, e.g., subjecting the printed
di'spersion to ultraviolet radiation. 25 Expansidon hand {eact : on of the
| i'near nononer emmi ning - nononer and the interna
crosslinking agth &F-‘H’ the printed di spersion is then caused, P&CTQUSM/BT}GS
subjecting the.printed dispersion to heat. The ultraviolet radiation used
to initiate polyherization of the nonomer may be 7@ufficient where the
blowing 30 "agent has a sufficiently |ow boiling point and the

crosslinking agent hasy;f t§#’1fca'lf(;)’ %Eté%en&é& naa%hsd%t%&)aurmlg rﬁé?é;l&ratwn s0

| f necessary, additional sources
radiation. In an especi aFItp FNSPER rt@d”@n’ﬁbﬁ rehishapaof stheewedreor bdhe fastening

pol yner foam of theystemeixesécured N\gendradlly ati 6r tof teXbilelrl sififace 52 of the
Fl exi bilization may be gg;ayeﬂ/etq P%e&{‘%' gden?.hsw t abl e I nt er nal .

pl asticizers in the 'Iast|C|zers bei ng
5 Another preferred embodiment of a wunitary disposable

absorbent article of the present invention is the catamenial pad,
sanitary napkin 420, shbvm in Figure 4. A:c used herein, the term
"sanitary napkin® refers to an absorbent article which is worn by -
females adjacent to the pudendal region, generally external to the

10 urogenital region,” and which is intended to absorb and contain
menstrual- fluids and other vaginal discharges from the wearer’s
body (e.g., blood, menses, and urine). Interlabial devices which
reside partially within and partially external of the wearer’s
vestibule are also within the scope of this invention. As used

15 herein, the term "pudendal” refers to the externally visible
female genitalia.

Figure 4 is a plan view of a sanitary napkm 420 embodying
the present invention prior to it being placed in the undergarment
of the wearer. As shown in Figure 4, a preferred sanitary napkin

20 construction comprises a liquid pervious topsheet 424, an
absorbent core 428, a liquid impervious backsheet 426, and a
fastening system 436 for securing the sanitary napkin to.the
undergarment of the wearer. While the topsheet 424, the absorbent
core 428, and the backsheet 426 may be assembled in a variety of

25 well-known configurations, a preferred  sanitary napkin
configuration is shown and described generally in U.S. Patent
4,687,478 entitled "Shaped Sanitary Napkin With Flaps®" issued to
Van Tilburg on ‘Aug. 18, 1987, wherein the sanitary napkin 420
additionally has flaps 432 and 432’. Other preferred sanitary

30 napkin configurations are described generally in U.S. Patent
4,950,264 entitled "Thin, Flexible Sanitary Napkin®" issued to
Osborn on Aug. 21, 1990; U.S. Patent 4,589,876 entitled "Sanitary
Napkin® issued to Van Tilburg on May 20, 1986,; U.S. Patent
4,425,130 entitled "Compound Sanitary Napkin" issued to DesMarais

35 on Jan. 10, 1984; and U.S. Patent 4,321,924 entitled "Bordered

Disposable Absorbent Article" issued to Ahr on March 30, 1982.

Each of these patents are hereby incorporated herein by reference.
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35 reactive with at | east one of the superabsorbent-polyner-formng .
materials. Certain internal plasticizers may be used as a nononer .
component  of the reaction mxture, either solely or in adm xture with other
mbnomer s descri bed above, provided that they nmeet the 5 description of -
t hose nononers. Such nononers can be selected by one having ordinary skil
in the art in vi¥B¥R25j s di scl osure. The internal pIastlC|zersl’ﬂ:'ﬁ’é’\é’?j'ﬂm“8
unsaturated materials capable of reacting under the above-described-

pol ynerization conditions to forman addition-typ® polyner material, or the
10 addition polyner itself. The addition polyners wll have a

relatively low glass transi Mnﬂpo@segwy‘agﬁﬁaé* npaﬁk]n %)nbofmgnt’ Slareqisdl%gﬁisg% in

about [err]. The plasticizer rou
or other functional @heodp%eratursuuaﬂ%moeldmp\é\dﬁacowﬂ!a\mautm@erfsntmlmetary

ol efins, aromatic ethylgipkead | Yhevemat ur@ired eddmple MORQAFEIbIe afuikfigirrﬁhoakkyire
esters of unsat ur at ed C@ﬁ%rb | i C.ac Prefgrabl a

~plasticizer is isobutyl ed 1é't h hléQ e t’%aa\t ePquatw os. W0 93/01785
: 5 entitled 'Stretchable Absorbent Articles,” Osborn, et al.; and WO

93/01781 entitled "Curved, Shaped Absorbent Article," Johnson, et
al.. Both of these references were published on Feb. 4, 1993, and
are incorporated herein by reference. Other sanitary napkin
embodiments useful herein are disclosed in U.S. Patent 5,009,653

10 issued to Osborn on Aprii 23, 19§l; and U.S. Patent 4,917,697
issued to Osborn, III, et al. on April 17, 1990. In still other
alternative embodiments, components or regions of the sanitary
napkin may be further structurally modified by folding, bending,
corrugating, stacking of layers and affixing of layers to each

15 other. The modifications may be made by including one or more—of
the structures described in European Patent Application
Publication Nos. 0,335,252 and 0,335,253 published in the name of
Buell on Oct. 4, 1989; and PCT International Publication No. WO
92/07535 published'ih the name of Visscher, et al..

20 Figure 4 shows a preferred embodiment of the sanitary napkin
420 in which the topsheet 424 and the backsheet 426 are
co-extensive and have length and width dimensions generally larger
than those of the absorbent core 428 to form the flaps 432 and
432°. The topsheet 424 is joined with and superposed on the

25 ~ backsheet 426 to form the periphery of the sanitary napkin 420.
The sanitary napkin 420 has an inside surface 454 and an outside
surface 452. In general, the outside surface 452 extends from one
end edge 464 to the other end edge 464 and from one longitudinal
edge 462 to the other longitudinal edge 462 and is the surface

30 farthest from the wearer during use of the sanitary napkin. When
a backsheet 426 is used, it typically forms the outside surface
452. The inside surface 454 is that surface opposite the outside
surface 452 and in the embodiment shown is typically formed by the
topsheet 424. In general, the inside surface 454 is that surface

35 coextensive with the outside surface 452 and which is for the
greater part in contact with the wearer wher the sanitary napkin

——— 420 is worn.
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Fhe type and |l evel of internal plasticizer can be sel ected by one having
ofrdinary skill in the art in order to obtain a 20 super absor bent pol ymer"
f oam havi ng various degrees of flexibility. Preferably, the foamis

desi gned such that an absorbent article such as a diaper or femnine

hygi ene product iciently conpllant so as to readily confo

gggeral ghape a#ﬁ%@urs of the wearer's body. 25 I n plé(gaéﬁ%f'}"gﬁgs
in addition to.the internal plasticizer, an "external" plasticizing
conpound may be wused to provide flexibility 'in the resultant
superabsorbent polynmer foam External plasticizers generally include

pl asticizi.ng conpounds ot herln the tpraferred esibb@iment oﬁib.(h!esamta diabkﬂﬂ 420 as

pol ymer s and 30 [ r fo n
pl asticizers include hygfr;{'k)'fohlQ I?%Q{-QE ‘dun S g“c’lg'?i?ggr d@g?ﬂ)l c89ﬂ5’5usrﬁ§s
Exenpl ary hydrophilic cdkpishment a'PQ!'b%t 442 apemprisingi \P@hyﬂmgmmmh@butmr the

wei ght hpo| yol s suchI as pntméhsdrfmfM%Gﬂhhg%hpﬁﬁﬁiﬁkﬂ 2E Al YL Pb1dasy I19fer
referably. o hygrosdst chod 3018 Rk 0 R arll ETEALRIT srtached, 3o the

conpounds are gl ycerol aﬁge&vee i U@I jttaghment member 442.
Since a preferred embodiment of the sanitary napkin 420 of
the present invention comprises flaps 432 and 432’, the fastening
system 436 comprises flap attachment members 446 and 446’
10 comprising adhesive on the flaps 432 and 432’ to maintain the .
flaps 432 and 432’ in position after the flaps 432 and 432’ have
been wrapped around the edge of the crotch. portion of the
undergarment. A release liner {not shown) is also positioned over
each of the flap attachment members 446 and 446’ to protect the
15 adhesive until the sanitary napkin 420 is used, the release liner
being removed and “the flap being wrapped around the edge of the

crotch portion of the undergarment.

The topsheet 424 may comprise any of the topsheet materials
previously described in reference to the diaper embodiment of the
20 invention. A preferred topsheet comprises an apertured formed
film. Apertured formed films are preferred for the topsheet
because they are pervious to body exudates and yet non-absorbent
and have a reduced tendency to allow liquids to pass back through
and rewet the wearer’s skin. Thus, the surface of the formed film
25 -“which is in contact with the body remains dry, thereby reducing
body soiting and creating a more comfortable feel for the wearer.
Suitable formed films are described in U.S. Patent 3,929,135
entitled "Absorptive Structures Having Tapered Capillaries" which
issued to Thompson on Dec. 30, 1975; U.S. Patent 4,324,246
30 entitled "Disposable Absorbent Article Having A Stain Resistant
Topsheet® which issued to Mullane, et al. on April 13, 1982; U.S.
Patent 4,342,314 entitled “Resilient Plastic Web Exhibiting
Fiber-Like Propert'ies" which issued to Radel, et al. on Aug. 3,
: 1982; U.S. Patent 4,463,045 entitled "Macroscopically Expanded
35 Three-Dimensional Plastic Web Exhibiting Non-Glossy Visible

Surface and Cloth-Like Tactile Impression” which issued to Ahr, et
N

al. on July 31, 1984; and U.S. Patent 5,006,394 entitled




nmol ecul ar weight polyols such as polyethylene gl ycol and 36

pol ypropyl ene gl ycol having a wei ght average nol ecul ar wei ght of about 200
grans/ nole. Mst preferably, the external plasticizer is glycerol. The
external plasticizers may or may not be reactive or 5 react ed W th

t he required “ﬁygﬁéggsorbent pol ymer-formng materials. The plasticizer
|

may be included

bove described reaction nixture. AlternatPGRSp4/02468

super absor bent pol yner foam nmay be treated with tpg external plasticizer

~after formation of the foam e.g., by spraying or

I nmer si on. 10 The

speci fic anounts of external plasticizer my be selected by one having
ordinary skill in the artMulbilayexiflherect hﬁmupgf@bs,ggp@d“uttopgl ygp(r?n g;rﬂt Q,

- the extent desired.

For)gg¥ampl g, ow}ﬁ %1 8ag$nqlﬁrg$ tg' grlfc%?{;lga%e& herem by reference.

reaction mxture and is reactlve W t
super absor bent - pol yrer - fhenPreferred topsheet for the present invention is the formed

5

10

15

20

25

30

35

film described in one or more of the above patents and marketed on
sanitary napkins by The Procter & Gamble Company of Clnc1nnat1,
Ohio as "DRI-WEAVE."

The topsheet 424 has two sides (faces or surfaces), includwng
a body-facing side (toward the wearer) and a garment-facing side
(core-facing side). The body-facing side of the topsheet 424
generally forms at least a portion of the inside surface 454 of
the sanitary napkin 420. In a preferred embodiment of the present
invention, the body surface of the formed film topsheet is
hydrophilic so as to help liquid to transfer through the topsheet
faster than if the body surface was* not hydrophilic so as to
diminish the likelihood that menstrual fluid will flow off the
topsheet rather than flowing into and being absorbed by the
absorbent core. In a preferred embodiment, surfactant is
incorporated into the polymeric materials of the formed film
topsheet such as is described in U.S. Patent Application Serial
No. 07/794,745 entitled “Absorbent Article Having A Nonwoven and
Apertured Film Coversheet®™ filed on November 19, 1991 by Aziz, et
al., which is incorporated herein by reference. Alternatively,
the body surface of the topsheet can be made hydrophilic by
treating it with a surfactant such as is described in the above
referenced U.S. Patent 4,950,264 issued to Osborn.

- The backsheet 426 may comprise any of the backsheet materials
previously described in reference to the diaper embodiment of the
invention. Preferably, the backsheet is a polyethylene film
having a thickness of from about 0.612 mm (0.5 mil) to about 0.051
mm (2.0 mils). Exemplary polyethylene films are manufactured by
Clopay Corporation of Cincinnati, Ohio, under the designation
P18-0401 and by Ethyl Corporation, Visqueen Division, of Terre
Haute, Indiana, under the designation XP-39385. The backsheet is
preferably embossed and/or matte finished to provide a more
clothlike appearance. Further, the backsheet 426 may permit
vapors to escape from the absorbent core 428 (i.e., breathable)
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15  materials, the pl asticizer may be used in a stoichionetrically
eXcessive anount in order to obtain the desired ' flexibil bty:.-
Alternatively, the external plasticizer may be added to the reaction
mXxture which is then reacted under conditions insufficient to cause

full reaction of sticizer with the 20 required
~ super absor bent - pgjld}r%@% ornming materials. Wiere the substanti al | yPCT/US94/02868

wat er -i nsol ubl e polyner nmaterial of the polyner foamis not crosslinked or
only partially crosslinked, the foam may be furt_h'é? reacted so as to
crosslink or further crosslink the polynmer material. As noted above, sone

degree of 25  crosslinkipi®e st$11 pR&RAS Eyexﬁﬁi?tesr meﬁﬁ(sﬁ%tﬁ@yu\égﬁi\s bagksheet

mat eri al” superabsorbent.  In addition, fdrther crossli
desired in order to irrpaﬂ‘P'certai n absorptive properties to a polyner foam
whi ch is al ready superabsor Jbatabsérbent @oee H28 Nis fod iddonedbbetwes the WosdhRet 124

bstantially 30 - watergyn y tertak..C rises_,onl he
fnl;ningp : ﬁ pgl ymer i zed fagpmipée%!c?s"\%ggrse%{.hagar g_é@?ik%ens #1 xt oYk r%@@fﬂ%t polymer
i'nclude an internal %r os@l"?'%l&fngh%tgﬁﬁﬁe'ﬁr igyentipmc| Jhe foamat max be incorporated

crosslinking agent. Lat eintothessbsorbentGongcint theTBamehsrer CsUpteviidusly described
in reference to ‘the diaper embodiment of the present invention.
In a preferred embodiment, the absorbent core 428 comprises the
superabsorbent polymer foam formed on an absorbent carrier, more
10 preferably a carrier providing fast wicking properties such as
tissue paper, such that the composite absorbent material acts as
the absorbent core. The absorbent core preferably comprises a
carrier web of fiber material. Suitable fiber materials and cores
include those described in reference to the diaper embodiment of
15 the present invention. In a preferred embodiment, the absorbent
core is formed by air-laying a substantially dry mixture of
fibers, densifying the resultant web if desired or necessary, and

then forming the superabsorbent foam on the web.
In a preferred embodiment of the present invention, an
20 acquisition layer may be positioned between the topsheet 424 and
the absorbent core 428. The acquisition layer may serve several
functions including improving wicking of exudates over and into
the absorbent core 428. There are several reasons why the
improved wicking of exudates is important, including providing a
25 more even distribution of the exudates throughout the absorbent
core 428 and allowing the sanitary napkin 420 to be made
relatively thin. (The wicking referred to herein may encompass
the transportation.of liquids in one, two or all directions (i.e.,
in the x-y plane and/or in the z-direction)). The acquisition
30 layer may be comprised of several different materials including
nonwoven or woven webs of synthetic fibers intluding polyester,
polypropylene, or polyethylene; natural fibers including cotton or
cellulose; blends of such fibers; or any equivalent materials or

combinations of materials.

35 In use, the sanitary napkin 420 is secured on the inside of
the crotch portion of an undergarment with the pressure-sensitive
adhesive fastener side of the sanitary napkin 420 toward the
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partial crosslinking. By "latent crosslinking agent", it is neant 35

t Hat the crosslinki-ng agent will not react under the particular conditions..
used for reacting the nonomer and the internal crosslinking agent to form

t hee mater-insoluble pol yner of the 37 pol ymer f oam Thus, t he
prbviously desgh Eﬁm internal crosslinking agents may be used as |atent
crosslinking agent s as ltong as the reaction conditions are sel ectREF/g894/62868
to ensure |atent reaction. However, the reaction_m xture will preferably 5

i nclude at | east one internal crosslinking agent ich is reacted to form
the substantially water-insoluble polymer material. Wiere a |atent
crosslinking agent has haetctipeetioh F ir&amda& aﬁﬁnﬁ“bkﬁfst ep,‘(t Qn&QS%%hPQ?rves

of time and tenperature S0 t.o,react - t crgsslin
the pol ymer network of tars1s t@% Tan %‘d‘ﬂs?’%ﬂ‘?ﬁ &Ir é?e"l'ﬁ%o‘lyéb?"b 3ol Jherelease
material of the foamlipet Hsupemoved ﬁfetheedthaemmommbeﬁdwzl s the | danitary

vary, for exanple, napkin 420 is secured in position by pressing the exposed
5 pressure-sensitive adhesive fastener 442 firmly against the crotch

material of the undergarment. The release liner is removed from

the flap attachment members 446 and 446’ to expose the adhesive.

The flaps 432 and 432’ are then folded under the crotch material

of the undergarment and secured in position by pressing the

10 exposed adhesive fastener 446 and 446’ firmly against the crotch
material of the undergarment, to form a double wall barrier.

TEST METHODS . :
In déscribing the present invention, a number of fluid
15 handling, structural and mechanical characteristics of the
. superabsorbent foams are set forth. In some instances, procedures
for determining and measuring certain of these characteristics are
described above or are referenced from other patents or

publications.. In the remaining instances, such characteristics ..

20 ©can be determined and measured using the following test fluids and
test methods.

-In each of the test methods, it is important that the foam
sample to be tested has essentially the same morphology of the
foam sample as originally formed. Thus, the foam materials should

25 be tested without any preliminary mechanical treatment which is
likely to disturb the morphology, e.g., such as sieving or
grinding. Where it is necessary or desired to use a cut piece of
foam, efforts should be made to avoid edge densification such as
described in reference to flexibility testing.

30 1) TEST FLUIDS - SYNTHETIC URINE

The synthetic urine utilized in the following tests is a salt
solution in distilled water with the surface tension of the

solution adjusted to 45 dynes/cm with about 0.0025% of an

octylphenoxy polyethoxy ethanol surfactant (Triton X-100, from
35 Rohm and Haas Co.). Such a synthetic urine solution comprises 15
parts of 1% Triton X-100, 60 parts NaCl, 1.8 parts of CaCl;.2H70,
3.6 parts of MgCl2.6H20 and 6000 parts of distilled water.
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with t he particul ar chemistry invol ved, the reaction general ly invol ves
heati ng of the foam at. tenperatures of fromabout [err] to about [err] for
a tinme of about 1 minute to about 30 m nutes. 15 Such reaction

typically causes net wor k crosslinking in substantially all of the
pol ymer materi al % foam As aresult, it typically increases the gel
strength (and decrease he gel volune) of substantially all of t ﬂﬁ%ﬁs

material of the.foam 20 Partial crosslinking may al so result from
the reaction of only a portion of the nonomer reacd®ive sites with the
internal crosslinking agent, due, for exanple, to a st0|ch|onetr|c

deficiency of internal 2) crggﬁjmm-ﬂ Oagﬁ@ffRBE'N@Y ch% Ql[
substantial ly mater-lnsolubl ﬁéﬁﬁﬁ erra

such a foam (which may alre

f
Robhoat b RND RO, /LT e AARRCIEST

crosslinked after formation ébsdrhewfeoamphywyeasﬁd ORat¥ the pel ydeternine®r byl a
with a suitabl e external Fﬂﬁé{h@klan fgg%\t tﬁm swal‘n o§§g£neﬁtng 't[‘igtjligsthe

i n crosslinking of the p

with the crosslinkin
t he subsurface
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14 691 whighgARROsRYIWE EAPART tyhand Rate iofntheofielim i orte, be
ca]cu]ated A sample of superabsorbent polymer foam is placed

within a tea bag, immersed in an excess of Synthetic Urine for a
specified period of time, and then centrifuged for a specific
period of time. The ratio of superabsorbent polymer foam final

weight after centrifuging minus initial weight (net fluid gain) to .

initial weight determines the Absorptive Capacity. Rate can be
calculated from the Absorptive Capacity as a function of time.

The following procedure is conducted under standard

laboratory conditions at 23°C (739F) and 50% relative humidity.
Using a 6 cm X 23 cm cutting die, the tea bag material is cut,
folded in half lengthwise and sealed along two sides with a
T-bar sealer to produce a 6 cm X 6 cm tea bag square. The tea
bag material utilized is a grade 1234 heat sealable material,
obtainable from C. H. Dexter, Division of the Dexter Corp.,
Windsor Locks, Connecticut, U.S.A., or equivalent. Lower
porosity tea bag material should be used if required to retain
fine particles of foam material. 0.200 grams plus or minus
0.005 grams of the superabsorbent polymer foam material is
weighed onto a weighing paper and transferred into the tea bag
and the top (open end) of the tea bag is sealed. An empty tea

-bag is sealed at the top and is used as a blank. Approximately

300 milliliters of Synthetic Urine are poured into a 1,000
milliliter beaker. The blank tea bag is submerged in the
Synthetic Urine. The tea bag containing the superabsorbent
polymer foam material (the sample tea bag) is held horizontally
to distribute the material evenly throughout the tea bag. The
tea bag is laid on the surface of the Synthetic Urine. The tea
bag is allowed to wet, for a period of no more than one minute,
and then 1is fully submerged and soaked for 60 minutes.
Approximately 2 minutes after the first sample is submerged, a
second set of tea bags, prepared identically to the first set
of blank and sample tea bags, is submerged and soaked for 60



pol ymer material. In general, the more extreme the condit’ions or reactive

the reactants, the nore surface and subsurface polyner material wll be

crqosslinked. Crosslinking can be caused through various depths of the

pol ymer material of the polyner foam from 35 t he pol yner surfaces in

contact with the external crosslinking agent into the interior

pol yner mat eri alO %4#25%di ti on, zones of different crosslink den%F%R§%m¥§W

be prepared, e.g., by 38 causi ng crossllnklng in a stepw se manner..

Thus a crosslink gradient can be forned with the hlghest crosslink density

bei ng toward t he pol ymer surfaces (1 ncluding t hose of t he
“intercommuni cating chamimitel. ihn theprsaher mgmheeMA@ditR@NTFiran| Jett he ABter the

surfaces of a foam fOr?Egsc?tnbeg&'ps%ﬁ?bﬁ?ﬁeb%En%ﬁ%%ﬂﬁg ?ﬁleeéaﬁ?"f ég eo; ug inhgbrag

crossl i nked such that oam surt aces s of
i nt er communi cati ng chasABRIes, hihee ted| hagh vaney promph iy ctemevade fusing tondsd frem

gel strength and gel vaheimymthet{te Urine. The samples are then centrifuged as
5 'described below. The centrifuge used is a Delux Dynac II
Centrifuge, Fisher Model No. 05-100-26, obtainable from the
Fisher Scientific Co. of Pittsburgh, PA, or equivalent. The
centrifuge should be equipped with a.direct read tachometer and
“an electric brake. The centrifuge is further equipped with a
10 cylindrical insert basket having an approximately 2.5 inch
(6.35 cm) high outer wall with an 8.435 inch (21.425 cm) outer
diameter, a 7.935 inch (20.155 cm} inside diameter, and 9 rows
each of approximately 106 3/32 inch (0.238 cm) diameter
circular holes equally spaced around the circumference of the
15 outer wall, and having a basket floor with six 1/4 inch (0.635
cm) diameter circular drainage holes equally spaced around the
circumference of the basket floor at a distance of 1/2 inch
(1.27 cm) from the interior surface of the outer wall to the
center of the drainage holes, or an equivalent. The basket is
20 mounted in the centrifuge so as to rotate, as well as brake, in
unison with the centrifuge. The sample tea bags are positioned
in the centrifuge basket with a folded end of the tea bag in
the direction of the centrifuge spin to absorb the initial
force. The blank tea bags are. placed to either side of the
25 corresponding sample tea bags. The sample tea bag of the
second set must be'pldced opposite the sample tea bag of the
first set; and the blank tea bag of the second set opposite the
blank tea bag of the first set, to balance the centrifuge. The
centrifuge is started and allowed to ramp up quickly to a
30 stable speed of 1,500 rpm, a timer is set for 3 minutes. After
3 minutes, the centrifuge is turned off and the brake is
applied. The first sample tea bag and the first blank tea bag
are removed and weighed separately. The procedure is repeated
for the second sample tea bag and the second blank tea bag.
35 The absorptive capacity (AC) for each of the samples is
calculated as follows:
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stibsurface polymer material is generally unchanged. Wthout 10 . wi shing

to be ‘bound by theory, it is believed that such crosslinking may
pravide a gel strength sufficient to provide surface dryness of the foam
when wetted (and therefore skin dryness in use) without signifhgaht adver se
i Mpact on the ospmti sorptive capacity and rate. In addition,

_ SlrIEh surface 15%44?25'@% i nEi ng nmay enhance the capillary absor pt4CIEUSI402868
~ Suitable external crosslinking agents include those described herein in
reference to the internal  crosslinking agenF° Preferably, the
external crosslinking agent is capable of forn1ng coval ent crosslink bonds

with the polymer material OAC khesamgPén tedObag | we‘% ht tJ?? Cther i+ e minus blank
crosslinking -agent contains unet | ona| &%ou ps

unsaturated groups that are reageﬁ \”égvﬁ‘ﬁh k?éetBBI‘SFﬁE'F’ u t"BPFSaISUPeW“’thEt
f oam Were = the substantlm'llvyemva‘bm wenghtt)ibdry  pupleyabsorbent epoiymer foam
contains car boxylic acid groupswe,rgn@) preferred enbodi nent of coval ent

as aresult of the formation of ester,

cr oSSl IKI 1 Gener oLy 00 e st 5avathy ol b e, obin o Cbe
with the corresponding average iabsuriptivgr caacity oftthe twor samplésnki ng agent.
The Absorptive Rate (AR) can be calculated as follows:
AR = (AC for a given sample)/(time of sample submersion)
For example, 10 sets of samples and blanks are prepared
10 and soaked/submerged as for the Absorptive Capacity test,
except' that one set of sample and blank is removed at one
minute intervals and spun as for the Absorptive Capacity test.
The Absorptive Capacity and Absorptive Rate is then calculated
at various time intervals as desired, as described above.
15 B) ' ABSORPTIVE CAPACITY AND RATE / BLUE DEXTRIN TEST
Absorptive cap"acity in terms of grams of synthetic urine
absorbed per gram of superabsorbent polymer foam is determined
by sweﬂing the foam samples in several aliquots of Synthetic
Urine. The amount of such Synthetic Urine actuaﬂy absorbed by
20 the foam is determined by a procedure which involves use of a
Synthetic Urine 'solution containing Blue Dextrin so that
optical absorbence measurements can be used to calculate the
amount of Synthetic Urine that is not taken up by the foam.
(a) Blue Dextrin Solution Preparation
25 ‘A 0.03% Blue Dextrin (BD) solution is prepared by
dissolving 0.3 parts of Blue Dextrin (Sigma D-5751) in 1000 )
parts of Synthetic Urine (SU) solution. The resulting solution
has an absorbence of about 0.25 at its absorbence maximum of
617 nm.
30 . (b) Foam Equilibration
Aliquots of the superabsorbent polymer foam to be
tested are swelled in: (i) 20 parts of Synthetic Urine (SU)
solution and (ii) 20 parts of Blue Dextrin (BD) solution. The
suspension in the Blue Dextrin (BD) solution is prepared in
35 duplicate. In most instances, 0.1-0.2 parts of dry foam
material (to 20 parts SU or BD) is required to give a
sufficiently high spectrophotometer reading relative to the
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Acco?dingly, preferred crosslinking agents include polyhydroxy conpounds

pol yam nes, polyi socyanates, polyam des, pol yepoxi des 30 and _

hydr oxyepoxi de conpounds. Pref erably, t he ext er nal crossllnklng

agent i s a pol yhydroxy conpound, e.g., polyethylere glycog, TEolypropylene
| ycol, and I Most referably, glycerol is used. e

?ogn1 can g x&é@@%ﬁmzmnth ?he exteyna? %5 crossl i nki ng agé%F"é%mn&“

first,exp05|ng.the foamto the external crosslinking agent, by, for

exanpl e, spraying, immersion, or vapor depositioﬁ? The pol yner material of

the foamis then reacted with 3 9 the external crosslinking agent under
conditions of tine andatmemtxur&fswnfcb%cﬂm :fo C%S%o&ﬁ%frsgﬁﬁ%mﬁo% EPe
nmer mate nd na

ST g Mg i O RTICR TR U AR T
skilled in the art. Deypffiicient dort see¥idagt equildhvdomsitoy bet hetained. After
equilibration, a > 3ml aliquot of supernatant is separated from
5 each suspension by decantation followed by centrifugation.
(c) Absorptive Capacity Determination
The optical absorbency (ABS) of each supernatant is
determined spectropﬁotometrica]]y with an accuracy of 0.001
absorbence unit. The Synthetic Urine solution is used as an
10 ABS=0.0 reference. The absorbency of the supernatant from the
Synthetic Urine suspension without Blue Dextrin should not
exceed 0.01 absorbence unit; higher values indicate scattering
from residual foam particles or residual additives, and further
centrifugation is necessary. The absorbency of the Blue
15 Dextrin supernatants should exceed the absorbency of the Blue
Dextrin reference solution by at least 0.1 absorbence unit.
Absorbency values below this range indicate the need to adjust
the amount of superabsorbent polymer foam used to prepare the
suspension.
20 (d) Absorptive Capacity Calculation
_ The Absorptive Capacity of the superabsorbent poiymer
foam in gms/gm is calculated from (i) the weight fraction of
‘the foam in the suspension and (ii) the ratio of the excluded
volume to the total volume of the suspension. Since Blue
25 Dextrin is excluded from the foam due to its high molecular
weight, this ratio is related to the measured absorbencies.
The following equation is used to calculate the Absorptive
Capacity: _ °
' m Sol -
30 Absorptive Capacity = (gms superabsorbent polymer foam)

{ABS BD Solution)
[ 1 - (ABS BD supernatant - ABS SU supernatant) ]

Absorptive Rate (AR) can be determined from the Absorptive
Capacity as a function of time in the same manner as for the

35 above Tea Bag Test, i.e., AR = AC/time. For example, the
Absorptive Capacity can be determined by testing a number of
samples which have been swelled in Synthetic Urine for several
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cfosslinking reaction may occur spontaneously upon contacting the pol ymer
fgamwith the crosslinking.agent, but generally has to be jnduced by, for
exanple, irradiation or heating. Therefore, the external crosslinking agent
wiTl be chosen with consideration 10 given to the nethod of induction.
Sone of the ext e, p2sslinking agents, such as pol yhydroxy conmpounds,
can al so serve as ex’fzjis; nal plasticizers. |In general, any extern T/US94/02868
crosslinking agent of this type which is not fully reacted into the

super absorbent polynmer material will serve as an ext er nal

pl asti ci zer. This can be achieved by wusing a stoichionetric excess

of external crosslinki ngm@ggeHiod RabyITer, "Rt ey i ghg 96 Wu?@”frﬁ%HJl@g Hb%

t I l'i nki actl so as to avoid conple
of he crossl i ki ng aaichithh AE RIS BALSnatte Of JELerRingtl A1 BAmat el addor
which may 20  be attraobtihubys abborpt berc auree ofosisdorpldivegep3eity, vemus time
exanpl eq gl ycerol, My q3Cleqhf iBLATbA Cpdy° Be btifiel 2By OLARE! aP PhoitHihode2BPe

The resul tant superabsorbent pol ymer
characterized by va’i ofetes}ep figsnthe ‘ét‘r"ﬂc%r‘&]“t‘ﬂﬁ%héfﬁﬂbah‘CZ‘Sthe Ahsprot tver

properties as follows: Rate can be determined.
3) BET SURFACE AREA TO UNIT MASS

The specific surface area to unit mass (m2g) of the
superabsorbent polymer foam is determined using the

10 Brunauer-Emmet-Teller (BET) gas adsorption method. This method

involves adsorbing a monolayer of a gas (Nitrogen (N2}) on a

. known mass of a superabsorbent polymer foam sample at liquid

.~ nitrogen temperatures. The adsorbed N2 is then desorbed by

raising the temperature of the sample (thermal desorption) and

15 detected by a thermal conductivity detector (TCD) whose output

is connected to an integrating recorder. The peak area of the

desorbed N2 is thus known. Replicate desorption peaks are

recorded for each sample, the average of which is the signal

area (A). After the sample analysis, the instrument response

20 (Acal) 1is determined by injecting known amounts (V¢) of

Nitrogen gas (99.99 %+) into the system and the instrument

response is recorded via the integrating recorder. Acal is the

average of the several instrument responses obtained upon

injecting the known amounts of N3. The A, Aca], and V¢ values

25 are then used to determine the specific surface area of the
sample using the multi-point BET calculation.

The specific equipment used for these analyses is
obtainable from the Quantachrome Corporation ({Syosset, NY) and
consists of the Quantector Outgassing Station, the Flow

30 Controller, and the-Quantasorb Jr. Sample Analysis Unit. These
instruments are used as described in the operating manuals for
the Quantasorb Junior® Sorption System, 2/1985, incorporated
herein by reference. Various specific N2-Helium mixtures
obtained by mixing pure N2 and pure helium via the Flow

35 Controller are used as the adsorbate gas. '

0.75 grams + 0.05 grams of foam sample is weighed into the
glass sample cell (about 2.5 ml) of the apparatus. The glass
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ABSORBENCY CHARACTERI STICS Absorptive capacity refers to the
capacity of - the superabsorbent polyner foamto absorb and retain fluids
wi t.h which 30 it comes into contact. Absorptive capacity of the foans
herein can be considered to have two conponents: an osnotic absorptive
cdpacity (i.e.,_qgel volune) and a capillary absorptive capacity._The
osnotic absorptl“gla city refers to the ability of the pol yrrerwwpéqss

of the foamto. absorb fluids, whereas the 35 capillary absorptive
capacity refers to the ability of the foam chann&Ps to absorb fluids
(e.g., by w cking). Simlarly, the foans herein have an osnotic

absorptive rate (the r | e .po, L al.nabsqr _
fluids) and a capill are&gbg%’}t\gﬂﬁ@ ruéﬁ éqm‘%]{}hégrée{‘%égeﬁaammﬁ:}%ﬁ Fh?hia%cﬁzor?né’fs
absorb fluids). Unl edBe oinsdrymest. spthe f5adplesaaras eutgassed withe aa39elminye

capacity and rate ref eHeliamt Heow Oising( ithe. QuamedtioredoPSADRiiMe aHEFfEEiRint | abY)
remove any gases other than Helium from the sample, typically a
5 minimum of 4 hours. After outgassing, the gas flow is changed
"~ to a specific N2-Helium gas mixture. The glass sample cell is
immersed in liquid Nitrogen and allowed to reach equilibrium.
An adsorption curve is generated. The adsorbed N2 is then
desorbed by removing the liquid Nitrogér_r and immersing the
10 glass' vial in warm tap water. The adsorbed N2 generates a
desorption curve and a peak value (used to calculate the signal
area (A)). Adsorption/desorption measurements are performed on
each sample using different Np-Helium gas mixtures.
The specific surface area Sq is calculated as follows:
15 Sg = S¢/W; _
wherein W is the weight of the sample and St equals Xp(6.02 X
1023)Acs; - '
wherein Acs is the adsorbate cross sectional area. For N2, St
becomes Xp(3.483 X 103)m2; wherein X equals 1/(S + I}). § is
20 the slope and I is the Y-intercept of the plot of 1/X[{Po/P) -
1] versus P/Pg,

~

In calculating the x and y values for the above plot, X
equals (A)Xc/(A)cal. A is the signal area; Aca] is the
calibration area; and Xc equals PaMaVc/6.235 X 104 T. P, is
the ambient pressure; M; is the molecular weight of the
adsorbate which for Nz becomes 28.0134; V. is the calibration
volume; and T is the ambient temperature in OK. P is the
partial pressure of the absorbate; and Py, the saturated vapor
pressure, equals Pg + Pa; wherein Pg is the vapor pressure
(above ambient) and P, is the ambient pressure.

4) DETERMINATION OF FLEXIBILITY

'Foam flexibility can be quantified by referencing a test
procedure which is a modification of the ASTM D 3574-86 test
used to determine flexibility of cellular organic polymeric
foam products. Such a modified test utilizes a foam sample
which is 7cm X 0.8cm X 0.8cm and which has been saturated to
its absorbent capacity (i.e., soaked in Synthetic Urine for

25

30

35
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5 " absorptive capacity and rate. Absorptive capacity can vary
skgnificantly with the nature of the fluid being absorbed and with the
manner in which fluid contacts the foam For purposes of this invention,
absorptive capacity is defined in ternms of the anmount of synthetic urine 10

absor bed by any giv uper absorbent polyner foammaterial in
grans of synt het‘?@’g&f‘wg per gramof foamin a procedure herei naﬁ&}%’%z“s

defined (since.-the specific gravity of the synthe%kc urine is approxi mately
1.0, absorptive capacity can also be reported in ternms of m of synthetic
urine per gramof foam. 15 The superabsorbent polymer foans of the
present invention are thsse YWimihutesyowiah SRRAEYI ULingaPAQTtY. OThallSyhBiatic

oLt 10,9 o e P aGeR ke, AR BV ef “Phund "o Shcsribete
polymer  foans havi ngcykingeical reandrely @ty a wpifiermorateapfol ptapydn Eapesonds
characteristic are espgainakhe endsefofl then sePipomeenlt JhéUGaM &5 ddsidered
Lo 5 nee e feamp e BY fiehll Ut edi®f flRSk"@WRIAG Thil ATRTYS. O
if it passes one bending cycle.
It is important that the cutting process used to make the
foam samples does not introduce edge defects in the foam strip.
The foam strips of the requisite size should be cut from larger
10 blocks of the same material using a sharp reciprocating knife
saw. Use of this or an equivalent type of sharp cutting device
serves to substantially eliminate sample edge flaws and edge
densification effects which could have adverse impact on the
accuracy of certain of the measurements made in carrying out
15 the test procedure. In addition, cd1iper or thickness
measurements should be made when the absorbent S;ructure sample
is under a confining pressure of 0.05 psi (350 Pa).
5) EXTRACTABLE LEVELS DETERMINATION (I.E.,  INSOLUBLES
CONTENT) _
20 The solubility/insolubility of a particular component,
material, etc. (hereinafter “sample”) in the solvent s
determined by determining the extractability of the component
or material in the solvent at ambient temperature (about 22°C).
Extractability is determined by a gravimetric procedure wherein
25 the sampie to be tested is mixed with the solvent, the mixture
is filtered, and the weight of the resultant residue is
determined. '
_ Into a 500 m1 Erlenmeyer flask is weighed accurately (to +
0.1mg) about 0.25 grams of the sample to be tested (Ws). 250
30 ml of the solvent is added, and the mixture is stirred siowly
for 1 hour. After this hour has passed, stirring is stopped
and the mixture is filtered using an Erlenmeyer flask fitted
with a pre-ﬁeighed_O.dS micron filter paper. The tare weight
of the filter is (ip). After filtration, the filter paper with
35 residue is removed from the funnel and dried in a 120°C oven
for 1 hour. The filter paper is cooled and reweighed to obtain
(Wr). (Wr) - (Wp) equals the weight of the residue (r).
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The absorptive rate is the absorptive capacity neasured as a 25 function
of* time..  The absorptive rate, in granms (g)- of synthetic urine per gram of
super absor bent pol yner foam per second (sec), is preferably at |east about
0.5 g/g/sec, nore preferably at |east about 1 g/g/sec, most preferably at

| east about 2 g/ g}ﬁ sorptive capacity and rate can be determ ned for
any given 30 ?ﬁ'ﬁﬁl e using the procedure described in the TREFUS94/02868

METHODS section. In addition to a relatively high absorptive capacity and-
absorptive rate, the superabsorbent polyner foans8Preferably al so possess
certain gel strength chardcteristics. strength refers 35 to-t he

propensity of the foamto dg&g{q (5), E,&rgo gndaers nde?ﬁ;?”&%t£ﬂ.§p§ %g]dm] of

absorbs fluid. Wthout ws eory,
that, for a given super &Psovd |déi yhisred ang) fﬂﬁt@eﬂaindarkbegéﬂtsrrewms

the capillary absorptivearisp&cifoly thedsample in order to obtain a blank weight (Wb).
The blank filter paper is pre-weighed (Wbf). Wb - Wbf equals
5 the blank residue (br). The adjusted sample residue (ar)
equals (r) - (br). '
The level of extractables equals [(ar)/(Ws)] x 100.

EXAMPLE 1
10 A superabsorbent polymer foam may be formed as follows:
Approximately 250 grams of aqueous (50% by weight) acrylic acid
are 75% neutralized to sodium acrylate using 0.1N NaOH. To
avoid the formation of polyacrylic acid, the neutralization is
performed 'by gradually adding the NaOH to the acrylic acid
15 solution with gentle mixing and cooling (with dry ice). L
A reaction mixture is prepared as follows:
200 grams of the above prepared aqueous sodium acrylate
solution; 0.50 grams N,N’-methylbisacrylamide; 1.3 grams V-50
. (2,2’ -azobis(2-amidinopropane) dihydrochloride, available from
20 Wako Chemicals USA, Inc.); and 20 grams PEG-600 (polyethylene
glycol having a weight average molecular weight of about 600,
available from the Union Carbide Co. of Danbury, Connecticut)
are added to a 1 liter glass reactor fitted with temperature
_and pressure controls and a high shear mixing ibparatus (e.q.,
25 an "Ultra Turray" mixer, available from the Tekmar Company of
Cincinnati, Ohio). The reactor is at ambient temperature
(about 220C) and pressure (about 1 atm). A mixture of 60 grams
of Freon 1,1,2 (1,1,2-trichlorotrifluoroethane, available from
Aldrich Chemical of Hi'l'uaukee, Wisconsin); 3.5 grams SPAN®20
30 (sorbitan monolaurate, available - from Aldrich Chemical); and
6.5 grams TWEEN®20 '(e.thoxylated sorbitan monolaurate, available
from Aldrich Chemica]) is then added to the reactor. This
latter mixture is prepared in advance by adding the components
to a reactor similar to the one described above and mixing
35 well. _
The reaction mixture is mixed at about 850 rpm- for about
10 minutes to stably disperse the Freon 1,1,2. The mixing
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the “capillary and osnotic absorptive rates may be increased by increasing.
the surface area to mass ratio of the foam Therefore, it is desirable to
uti.lize in absorbent structures and articles 5  those superabsorbent

pol ymer foans havi ng an adequate gel strength and the greatest achievable

surface area to lo. It has also been found that gel stre e,
gel defornmation ‘P&ﬁ?@#@{/) correlates directly with the shear mdmséﬁm?ﬂe-
super absor bent . pol yner foam Accordingly, superabggrbent 10 pol ymer foans
having sufficient gel strength to be wuseful in absorbent structures and

articles of the present invention can be appropriately characterized by
speci fying gel strengt happaratusnss Gheh hembVe Fradne Ubi spérsibe. T AaFdamSpruct

R, o b COmnen PTG s, 42 TRk eyt Pe A G g
(a) stress applied to amdjintainingdihestenpreatuse (a3) 609 fer aboutadt houn:aifpl owed
ol s Shabyp e oy e 80 SRS 00 seapat st 80
i g.ldet er ni neg, 20 agndhéﬁemt%rearﬂ%du{’ s '“dfm{kr%é rﬂo(jtlﬁ'fegntg’f od’%?&ﬁi)’?ge' ?ﬁe
[err] is . temperature to 1200C and maintaining it at 1209C for about 30
: minutes. The reactor 1is then cooled to about ambient
temperature {(about 229C). _ —
A mixture of 5 grams of glycerol and 25 grams of isopropyl
10 alcohol is added to the foam in the reactor to impregnate the
foam with the mixture. The temperature of the reactor is then
increased to and maintained at 180°C for about 1 hour. The
o reactor is cooled to ambient temperature (about 220C), after
' which the foam is removed from the reactor and openly placed in
15 a humidified room (80% relative humidity) for 6 hours. .
An open-celled superabsorbent polymer foam so formed would
have the following properties: a gel volume (i.e., absorptive
capacity) of 50 g/g; a swelling rate (i.e., absorptive rate) of
2.8 g/g/sec; an average cell size of 30 microns with a standard
20 deviation of + 16 microns; and a surface area to mass ratio of
0.48 ml/g. '

While particular embodiments of the present invention have
been illustrated and described, it would be obvious to those
25 skilled in the art that various other changes and modifications
can be made without departing from the spirit and scope of the
invention. It is therefore intended to cover in the appended
claims all such changes and modifications that are within the
scope of this invention.
30

35
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A

t Hen' subsequently cal culated from—tHhi :,

A—sui.tabl e procedure

ratio:
fo'r use herein is-descri-bed in U S. Paj hssued to Brandt et
<on April 19, 1988, incorporated her The
superabsor bent pol yner foans of the pre pref erably have gel

. stfengths such that these foams exhibit

us of at | east about 1

“Terr], more pref¥PA%i t hin the range of from about 1 [err] toPET{USp4/92863

Wthout bei ng bound by any particul ar t heory

is believed that foans

havi ng 30 such gel strengths will resist d@?orrratlon upon fluid :
absorption and V\n#‘ﬁuﬁ@ve a reduced tendency to flow (i.e., the foans are

- "fluid stable")

the preferred gel strengths may all ow t he

| i ntercommuni cat| chadiymét 1ddne Jh%?é@ r‘?ifeot 12 tﬁéteﬁe%mhﬁé/e‘{”a' %;hréf?( yD8f

. mai ntai ned and enl ar ged swol

" acquire and transport @ﬂﬁég’qwﬂecle&;ﬂf‘ﬁﬁg B'qurﬁﬁﬁfge'% H‘H\é’“ﬁ"r E‘Péerr gg]&m"y

strengths nmay al so seropentoells:rthapolymdnfmardh;mgs

(a) asurface area to mass ratio of at Ieast 0. 2 mzlg,

(b} an average cell size of less than 100 microns, preferably less
than 50 microns, more preferably less than 20 microns; and

(c) adensity of less than 0.5 glcm3; and preferably

(d) a cell size distribution value of less than 5, more preferably of

from 1 to 3.

2. The polymer foam of Claim 1 wherein said superabsorbent polymer
material comprises reactants capable of forming said superabsorbent
polymer material; said reactants ‘being capable of being made

substantially soluble in a solvent

said solvent preferably being selected from water; a substantially water-
soluble solvent,  preferably lower alcohols; or mixtures thereof, said

solvent more preferably being water;

said reactants preferably comprising:

(8) a substantially water-soluble, unsaturated monomer comprising
neutralized carboxy! groups, preferably a monomer derived from
acrylic acid, maleic acid, methacrylic acid, fumaric acid, itaconic
acid, maleic anhydride, ethylacrylate, butylacrylate, or mixtures

thereof; and

(b) - a substantially water-soluble, internal crosslinking agent which is
capable of reacting with said monomer to form a substantially
water-insoluble polymer material; said agent preferably being
selected from compounds having at least two polymerizable
double bonds, compounds having at least one polymerizable
double bond and at least one functional group reactive with said
monomer, compounds having at least two functional groups
reactive with said monomer, and polyvalent metal compounds
which can form ionic linkages; said agent more preferably being
selected from N, N'- methylenebisacrylamide, ftriallylamine,
triallylphosphate, and di- or poly- glycidyl ethers of aliphatic

polyvalent alcohols;

AR



42 Another feature of the foans of the—present T nventi oh I's that the foans
swel | generally isotropically, evenpunggs HaPskes Rlghc&onf i ni ng: pressures,

when fluids are deposited onto or co V\nththefoams
Isotropl c swelling is used herein tomu MH.HM the foam swells
general |y equall;évd% di rections &a otropic swelling is an
| nportant property © e foam because the superabsorbent pol yner ¥4(02868
of the foam cells, and intercomunicating chﬁgnel s are able to naintain

their relative geonetry and spatial rel ationsfps even when svvol I en such 10
that the existing ot ar ged,
during use (the pol yrre%‘r%mnéaétagﬁal“}i Bgﬁgr%‘;égnd%{ @h@%r{’z%gé'ﬁgt"w a k %
swel | i ng). Thus, ~t K& @ PIOWIRG agent whigh iscsubstantisty tnsah@pmnntsaxmsougm lsas!el f
addi ti onal | oa]gl ngs ofldwingdageth preferably comprlsmg substantxall vS WaErliHEALble
FEATURES Specific, so ent .str a
properties of the ;’Eé)g@%hggg%@hﬁé @é&%?i {%%ﬁ%u 6835 B'Eé"néhgh’ Fﬂh’

as being highly desir @ PARdegSIryctdre; ons | nvoI vi ng absor ption aqueous

body fluids. — The . qevflabank ‘Bl Wted to form a superabsorbent polymer material

which is substantially insoluble in said solvent;

said reactants preferably being expanded and reacted in the presence
of a material selected from a surfactant, an initiator, a viscosity control
agent, or mixtures thereof.

3. The polymer foam of Claim 1 or 2 wherein the foam is flexibilized by a
plasticizer.

4. The polymer foam of any one of the preceding Claims wherein said
polymer material additionally comprises an external crosslinking agent.

5. An absorbent member comprising: (i) a wicking web; and (ii). the
polymer foam of any one of the preceding Claims, the foam preferably
being disposed on said wicking web, more preferably in a discontinuous
pattern. '

6. An absorbent article comprising a liquid impervious backsheet and an
absorbent core, said absorbent core comprising the polymer foam' of
any one of Claims 1-4 or the absorbent member of Claim 5.

7. The absorbent article of Claim 6, additionally comprising a liquid '
pervious topsheet joined to said backsheet, wherein said absorbent
core is positioned between said topsheet and said backsheet.

8. A method of making‘ an open-celled polymer foam, the method
characterized by the steps of:

() forming a reaction mixture comprising:

(a) a substantially Water-soluble, unsaturated monomer
comprising neutralized carboxy! groups, preferably a monomer
derived from acrylic acid, maleic acid, methacrylic acid,

* [3 L M S * ]



20" properties of the preferred su sor bent pol r foanms can be
suiymari zed as follows: A)  SURFACE. h&ﬁﬂdfﬂeﬂﬁ dRATI O The surface

area to unit mass ratio is the total super absor bent
pofyrrer material surfaces of the foam “m surfaces of the cells
and i ntercommuni_cating channels, to th mass of the superabsorbent

pol ymer materi alWO¥PR% yrface area to mass ratio is indicative ®CT{US49286%

of fluid uptake, particularly the osnotic sorptive rate, of the foam
.The 30 greater the surface area to mass rat9% of the foam the nore area

there is for diffusion of the flu q, be absarbed f.or avi ng
a given gel strength charact@P#&s |aE'dt' f'@&ﬂg'chﬁ?}i"n@aée'ﬁlﬂﬁypr'g%rr F&\—)’%CM@&
mass are preferred. The sur butytacaylste, pomirduresitbenecf,i s al so believed to be
35 inportant in ninigj Zh“%ub@@ﬁﬁéﬂwa\k&t@ﬂsoﬂiﬂe thﬁemﬁup&béémmaeragem
material of the foam by bod !ﬂij sfcont%@ln%tg %agém ecul ar qpt '
conponents, e.g., blood and Bs.Of) freg ¢ orm a
: superabsorbent polymer material, said agent preferably being
selected from compounds having at least two polymerizable
double bonds, compounds having at least one polymerizable
double bond and at least one functional group reactive with
said monomer, compounds having at least two functional
groups reactive with said monomer, and polyvalent metal
compounds which can form ionic linkages, said agent more
preferably being selected from-N,N'-methylenebisacrylamide,
triallylamine, triallylphosphate, and di- or poly- glyc:dyl ethers
of aliphatic polyvalent alcohols; and
(c) a substantially water-soluble solvent, preferably selected from
water, a lower alcohol, or mixtures thereof, more preferably
water;

said reaction mixture preferably additionally comprising a material
selected from a plasticizer, a surfactant, an initiator, a viscosity control
agent, or mixtures thereof;

(It) dispersing a .substanﬁally water-insoiuble blowing agent in said
reaction mixture to form a dispersion of particles of said blowing
agent in said reaction mixture, said blowing agent preferably having
a vaporization temperature of less than 50°C;

(Ill) stabilizing said dispersion to form a stable dispersion of said
blowing agent particles in said reaction mixture;

(IV) - expanding said blowing agent particles to form an expanded
structure, said expansion preferably comprising: (i) increasing the
tempe'rature of said stable dispersion, preferably to a temperature
which is greater than or equal to the vaporization temperature of
said blowing agent, less than the activation temperature of said
reaction mixture, and less than the vaporization temperature of said
solvent; or (ii) decreasing the pressure on said stable dispersion;

| REN WA



43 mass ratio is too smal |, such conponents, due to their nol ecul ar size,
are believed to physically deacti vat e This8heeidiayBesn d ons thereof. For the.

above reasons, it is desirable to nmaxi urface area to mass
rafi o of the superabsorbent polyner foa ent invention. In

geheral , any feaw %l ch increases foamcapillarity will also increase

- the surface area (5) R atio. For exanpl e, surface area to nmasBCT/US94/02868
i ncreases as the cell size decreases and/or as,the nunber of cells, percent
- open cells, 10 and/ or percent intercomunic qng channel s i ncreases.’

| Thus, the surface aregnt i i NG ny.of the.foam
| conposition or proces i)ngeggtrﬁ@n% er"gJ ﬁ|eé%%go§?élﬁﬁ%§%{:§'¥_’5ﬁd@9piqe§ﬁé?2&@

| The superabsorbent pol ynet $UPRFaPseehent, pRiymer: ypaterial| ysaidy eeactios preferatice
| aL ea to_ga[ss r?t i 0 gf at doerpsisingsubjedting daid éicpénmﬂes?t)d@fcﬁjreft@lﬂhéfnﬁl récﬁgtlién
about 1. err], and nost_pr r .at | t _ rl. sui tabl e
met hod for determ ning £ o Sl@bfa%gkéﬁoﬁ, Jn%?g p:ae?é}%ly Jp%rpnklng Ahealfng said
expanded structure to a temperature which is greater than or equal

to the activation temperature of said reaction mixture and less than -

the vaporization temperature of said solvent; and

(V1) controlling said dispersion step (II); said stabilization step (lll), said
- expansion step (IV), and said reaction step (V) to form a polymer
foam comprising a plurality of mutually connected struts of said
superabsorbent polymer material to form open cells such that the
foam has: '

(a) a surface area to mass ratio of at least 0.2 m2lg;

(b) an average cell size of less than 100 microns, preferably less
than 50 microns, more preferably less than 20 microns; and

(c) adensity of less than 0.5 glcm3;'and preferably

(d) a cell distribution value of less than 5, more preferably of from
1t03;

said control step (V1) preferably comprising:

(i) controlling the particle size of said blowing agent particles in
said dispersion step (ll) such that said particles’ have an
average particle size of less than 10 microns, said particle size
control preferably comprising controlling the visbosity ratio of
said blowing agent to said reaction mixture, said viscosity ratio
control preferably comprising adding a viscosity control agent to
said reaction mixture;

(i) using a nonionic surfactant having hydrophilic and hydrophobié
groups in said stabilization step (lll);

(iii) exbanding said blowing agent particles in said expansion step
. (IV) by increasing the temperature of said stable dispersion at a
rate of less than 1°C/minute; and

(iv) reacting said monomer and said internal crosslinking agent in
~ said reaction step (V) by heating said expanded structure at a
rate of less than 10°C/minute.
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area to mass ratio (using the Brunauer-Emet-Teller (BET) gas adsorption
met hod) is set forth in greater. detail in the TEST 20 METHODS section. B)
PERCENT OPEN CELLS Pol yneric foanms nay be relatively cl osed-celled or
ref;ati vely open-celled in character., dependi ng upon whether and/or the
extent 25 to %%Pﬁé?ge cell walls or boundaries (i.e., the cell w ndows
are filled or n up with polyneric material. TGE/US4/028
super absor bent -pol yner foans of the present ifjvention are relatively
open-celled in that the individual cells of the foamare for the nost part

not conpletely isglat e | yer .| terial .of .the
cell walls. T-hus,g' th@%:é{eﬁsm |§fc§l3g1&1%s%db&§&%%%¥zfp B\?’r%ggntb%eﬁ@peg{ ‘f‘%?&Hgg the

structures have i nt erRUYMET fRaMopithan gxtepnal cipsstinkiBg agantch are | arge enough
to permt ready fluid transfer fromone cell to the other within the foam

structure. An opepscC u : i i ant o for-  both h -
capillary 35 abg%r gtilge\e/g'n?@%é (gﬁ]g{l %rgpasts:io{ yg‘g%({'%@q%ag?mp%‘r%q o'\'?édgtep of .
capi |l ary transport #X3emalyplgsiicizingthepalymeefa@sor ptive rate since a

This Sheet Has Been Replaced
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44 greater area of the superabsorbent polyner material of the foamis
exposed to the fluid. In substantlally open-celled structures.of the type -
useful herein, the foamwill gener al Slth ¢tflat ed character with 5
the individual cells being defined b aﬂ f mutual |y connected,
. thf ee di nensi ona\h{l Vi ﬁ%r nched webs. f pol ymeric materi al
" which make up t h¥%p? Bﬁed webs of the open ceII f oam st r uct ur e PEAfPSR02868
referred to as."struts.” For purposes of the present invention, a
superabsorbent foamis 10 "open-celled" if at |east about 25% preferably
at | east about 50% and nost preferably at %m about 75% of the cells in
| the foam structure are in fluid communicati ith at | east one adj acent
cell. Aternatively, the foammay be cqgsidered to be substantially
open-celled if it has an avail abl e pore}{vol ume which 15 exceeds a m ni num
val ue as set forth hereinaf} nterce%ll ar, openi ngs of
the foans herein ’ " i

ot



are. such that the foam' has substantially continuous,:
|r§erconnun|cat|ng channel s substantially t hr oughout t he. foanrnetmnrk

.er, the intercellular openings form an i nterconmnecting 20 net wor k of
: chahnels mhrch are free of pol ymer mafThis Skt HaslBken R ce he foam is liquid

".pef meabl e. ?#ﬂ; al | ow qur e foamto
transported VI a capl ry forces (i. w nsport chanﬁgfgjsﬁﬁﬂg'“a

formed) to other portions of the foanrso vol une of the foam
is used in absorbing the 25 fluids. Furt her, mhen swol | en, t he
cells and t he intercomruni cati ng channel s aIIom1qurds to pass through
the foameither to superabsorbent polyner material renbte fromthe initial
point of fluid contact or to other structures in contact with the foam

Thus, the foamis considered to be fluid perneable due to 30 t he cells

and the intercommunicating channels.” 2/4 The i nt er comuni cati ng
channel s are believed to enhance the capillary absorptive rate and
capacity. Since the channels all ow distribution of fluids throughout

the foam they also provide increased utikjzation ofgghe fluid-retentive
properties of the 35 super absor bent pol. ‘er of th?; oam (36er eby

enhanci ng t-he osnotic
(HINL) 058080808888
1 ,. Eefesaisiisigtetetatatl)
yrreyd

0,0,0,0,08,0,8,0,0,0,050 |
= || sEsgsssiatsioncizasanatis ¢




al&scﬁ ptive rate of the foam 45 Preferably, the intercellul ar openings
are-such to allow intercellular capillary flowof fluids (i.e.,
intercellular fluid communication) anong at |east about 25% nore

préferably at |east about 50% percent, nost preferabty at |east about 75%
pe‘?cent, of 5 the cells. -The surface ea la. § ratio and the :
avai | abl e pore WPIE25%my be indi®® a5 | evel of ®@EF{U$94/02868
havirng intercellul ar communi cation. F m l i nfluence the formation
of intercommunicating channels includé _ \iParticle size, and

- particle-size 10 di stribution of the blow ng agent and control of the

. expansion and reaction steps so as to expand the blow ng agent prior to the

critical viscosity. QO AVERAGE CELL SIZE AND CELL SIZE DI STRI BUTI ON 15
. Anot her structural feature of the superabsorbent polyner

374
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f dans herein is cell size. Foam cells wll frequently be
substantially spherical in shape. Thus, the size or .diameter of. such
substantially spherical cells is a comonly wutilized paraneter for
characterrzrng foanms in general, as well as for 20 characterizing the
preferred super a3 YsRe8h polyner foanms of the present invention. Since
cetls in a given sanple of polyneric foamwill not necessarily b&CEfUSI402868
approxi mately t-he same size, an average cell size, i.e., average cel
dianeter, will often be specified. Simlarly, a cell size distribution
reflecting the 25 range of cell 'sizes may be specified. Since cell size
is a factor that determnes the capillarity of the foam cell size is a
paranmeter that can directly affect both the osnotic and capillary
absorptive rates of the superabsorbent foans herein. Cell size, in
conjunction with the 30 nunber of <cells (which relates to density)
may also affect nechanical properties, including flexibility, of the
foanms herein. In general, for a given density, the overall flexibility of
the bul k foam may increase as the average &l|/14size decreases. A nunber of
techni ques are avail able for determ ning average
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(centipolse)
]
'
' :
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These techni ques include mercury porosigEN

35 cell sizein foans. y
nmefhods whick are well known in the art The nost usefgfnes

t echni que, however, P@Tdet er m nwvergo TY[QBGANZATION/ O] ves \&&8

si gpl e phot ogr aphi ¢ neasurenent of a foam

dr avi ngs, #Lar GNAL ASPECHRON IR Di&ﬁ”ﬂ?ﬁm; T Sobp Rt meeaTy e
super absor bmumrnitmunt@ss«ﬁmbd'wé prese'nt |(u)meiimmme8upmwposed wm94msoz
portion of |t heagiotsn] mr2agr aph mar ked 1q1A(1t[he 5 A e enl arged about 50
times) is d scale representing a di nensiion |6® Cansi ad Bﬂ%r‘ﬂ?‘b‘ﬂ“o‘”’
| b (a rectgngul ar portion of Ia enla ab 50 ti

representin &%&"&Pﬁ'ﬁwpﬁlﬁ‘"& N Wﬁw %in%ge'iﬁ?@aﬂgééﬁ&%mmaﬁ

phot om cr og
per pendi cul
scal es Supe
scal es can
Procedure.

Ay ikeradtiodl FiliR gl Dte: of thma‘.anm@mﬁ)
ar -to the plane of 10 t he edge

fae?N the portions marked 2
be UseEssso det ezdMaREINBUTIADE Celd

gure 180K B2, mmmsp.samnnm.uz
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(54) Title: SUPERABSORBENT POLYMER FOAM

1 (57) Abstract

An improved superabsorbent polymer foam having a morphology to provide improved absorptive properties is disclosed. The foam
preferably comprises a superabsorbent polymer formed from a substantially water-soluble, unsawrated monomer baving neutralized carboxyl
groups and a substantially water-soluble internal crosslinking ageat. The monomer and crosslinking agent are expanded in the presence of a
subsunually water-insoluble blowmg agent and a suitable solvent and reacted to fonm a superabsorbent polymer foam lmvmg substantially
continuous, intercommunicating channels substantially throughout the foam and a relatively high surface area to mass ratio. Methods for
makmgthcfoamandabsorbentpmducts.membexsmdamclesconmnmglhefoammalsodlsclosed
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| mage analysis of photonicrographs of foam sangesy y—enpteyed
anal yt.scal - tool which can be used to deternine a!f%gggg Kgg BBl Y e dﬁﬁék
“the ggam'structures herein. Such a technique ifs "ﬂft‘gﬁjpgigr' Fbpﬁﬁdgi
deta in U S. Patent 4,788,225 issued to Edwar|ds &f23(8) onP R.500 pagdyy)
“incorporated herein by reference. From the variols-taY P8t aEeaesngdntos pegedds
are taken in determ ning average cell size, a de ABstest i sPRgeHuiEs onpeged .Be
~easily 20 determ ned, including range and |size percentages V%J%%f
~such range. It is generally desirable to provi de HARROMRHECRIPTHE.! fum

.possi bl e cell size consistent wwth obtaining the rntercerrurar rturd

communi cation and surface area to nBgsrRARSORBEN ﬁ%ﬂmbﬁlm‘\RS described. As
t

determ ned by direct photographi c neasurenent, e super absor bent pol yner
foans of the present invention will typically have an average cell size
of |l ess than abut 100 microns, nore preferably |ess than about 50

m crons, nost pfeferably |ess than about 20 mcrons. Cenerally the m ni num
cell 30 size will be in the range of fromabout 1 to about 10 mi crons.
Preferably, at |east about 50% nore preferably at |east about

10 ACKGR F T NV
A) FIELD OF THE INVENTION
The present invention relates to superabsorbent polymer foams
and, more particularly, to an improved superabsorbent polymer foam
15 having a morphology which provides improved absorptive properties,
e.g., substantially continuous intercommunicating channels
substantially throughout thé foam and a felatively high surface
area to. mass ratio. The superabsorbent polymer foams of the
present invention are especially useful in absorbent members which
20 Can be incorporated into absorbent articles such as diapers, adult
incontinence  pads, sanitary napkins, and the like. The present
invention also relates to methods for producing such a
superabsorbent polymer foam. '

8) BACKGROUND INFORMATION

% *Superabsorbent® polymer materials (also known as hydrogels,
hydrocolloids, osmotics and absorbent gelling wmaterials) are
generally capable of absorbing large quantities of fluids such as
water and body exudates and are further capable of retaining such

30 absorbed fluids under moderate pressures. These absorptive

characteristics make such materials especially useful for

incorporation into absorbent articles such as diapers, sanitary
napkins, and the like.

The art teaches superabsorbent foams formed of superabsorbent

35 polymer material. For examplg, u.s. Patent 4,529,739 issued to

Scott et al. on July 16, 1985 and U.S. Patent 4,649,164 issued to

Scott et al. on March 10, 1987, teach a foamed, water-swellable,

polymeric water absorbent material prepared by contacting "2
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75% nost preferably at |east about 90% of the cells will lie within the
above Lell size ranges. The cell size distribution may affect both the

osnoti“c and 35 capillary absorptive rates. For maximzing the
capyllary absorptive rate it is believed preferable to provide a narrow
cell size distribution, preferably such that, the foam has a cell 47
distribution value of at nost 5, nore preferably at nost 3, still nore

preferably at nost 2. For the fastest capillary absorptive rate, the cel
di stribution val uepolympr efcapatilley tf (ihaeing ahl watkiswariabdé tdher&aABE Inde) .

b Tabl oo Clt oCofATe i AERPROMATE 4 atig ol EAEn ChHndafeft TRl € °C
maxi mi zed with a f8hrA¥ErYASIR\thRaGIAgme B IRshat Yon Batentnt 1808375 issnead o
wi der cell size di s61 Bbardnam etiCEI ! het Rebeuwaryi 28, P29de navd EurspEdh | Pitese! | s
among | arger cells o MNELElR" fio. 8595338 UpdbT PiredP By 2BESrdihn P8F NocteiBdr' 21,
1988, teach an acrylate superabsorbent composition having an '
improved rate of absorbency, low residual acid content and a low
acrylate monomer content, formed by uniformly reacting a mixture
of acrylic acid, an alkali metal salt of carbonic acid, aluminum
10 acetate, sodium persulfate and water using a microwave heat
source. U.S. Patent 5,154,713 issued to Lind on October 13, 1992,
teaches a superabsorbent polymer having an increased rate of water
absorption obtained by the addition, preferably prior to
po]ymerization,'of a carbonate blowing agent to a monomer solution
15 of the monomers used to form the superabsorbent polymer. L
The art also teaches foams containing particulate, non-foamed
superabsorbent materials. See, for example, U.S. Patent 4,394,930
issued to Korpman on July 26, 1983; U.S. Patent 4,415,388 issued
to Korpman on November 15, 1983; and Great 8ritain Patent
20 Application 2136813A published by Korpman on September 26, 1984.
These references teach foam products prepared from solid}
particulate superaﬁsorbent polymer, a blowing agent, and a liquid
polyhydroxy compound. U.S. Patent 4,725,629 issued to Garvey et
al. on February 16, 1988, teaches a superabsorbent polyurethane
25  foam based on an- interpenetrating polymer network of a crosslinked
polyurethane and crosslinked addition polymer, prepared by forming .
the polyurethane foam in the presence of addition poiymerizable
monomers, a crosslinking agent and a free radical initiator.
While the above foams may be useful absorbent materials, they
30 have nqt shown to be optimal for use in disposable products
because their -absorptive properties tend to be. limited. The
superabsorbent foams formed of superabsorbent material tend to be
characterized by discontinuous channels. Such foams tend to
possess a relatively large average cell size and wide cell size
35 distribution, i.e., the foams have a relatively large diameter
capillary structure in which the capillary diameter varies widely
and randomly. It is believed that the large average cell size and
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10 and capillary absorption by the foans herein it is preferred that the
cel | d¥stribution val ue be greater than 1 and less than 3, nost preferably
| ess than 2. The size of the cells in the superabsorbent polymer foans can
be ¥nfl uenced and controlled by variation of certain foam 15 conposition
and processi ng features as described herein, particularly those
which infiuence the particle size of the blohing agent in the stable

di spersion. For exanple, the cell .size is influenced by the viscosity

ratio. Lhe shear suseaftifiole’ Erafnéia AARETShOns 3 L BFdRIPHALHY ©aand

pressure used in xpansi on reaction
sufficiently fl exirBl & ivekmd owcgynface ziﬁ!'ePrafp sy Mdigy %"éf’ey‘ﬁy the fasmotic
conpressi ng the solabsoripe@a yate!Gisunets opfiml . t ryaddavionhet iprisglaewed. tht

narrow cell size digtri bee pr; t Pr r se t of
surfactant for a gl@é tﬁ?% "méenff arﬁgﬂfegﬁ"p‘ 23% P%&el géc:”assflo
m ni ni ze coal esScen(ﬂeStmbtlh‘@"d initr Sthe prwthgf’fagé}ﬂ't‘ﬂi)ah @I°!!s byecapidiayd/ or

ﬂug I ngheﬁpanSI on. t'FQﬁsp%i‘ﬁ”ﬂlhfbu g wfmna@trmmeal NTREs Myidki Cathion | 6F athd

_b?/o\rMoP]go ' ¢ groups d si.lg‘eapyer ra&épgrttf e&l \e/vetiegr i?t gﬁie\l&d ngo A m&erbo{hnsmeubl e
osmotic and capillary absorptive properties of such foams, more
particularly the capillary absorptive capacity and rate and the

10 osmotic absorptive rate. Thus, the absorptive rates and
capacities of such foam products tend to be limited.

In a composition in which particulate superabsorbent polymer
materials are present in a foam made of non-superabsorbent
material such as polyurethane, the foamed portion of the

15 composition is not superabsorbent as defined herein since it does
not have sufficient ability to retain absorbed fluids. Therefore,
although the superabsorbent particulate portion of the structure
may be able to retain fluids, the overall capacity of the foam to
absorb and retain fluids is 1limited. Further, the overall

20 absorptive properties of the foam tend tc be limited due to the
relatively low surface area to mass ratio of the particulate
portion relative to the foam portion. This is believed to be
particularly important for absorption of body fluids containing
high molecular weight components, e.g., blood and menses. Such

25 components are believed to deactivate particulate superabsorbent
materials due to their large molecular size relative to the
particulate material. The high molecular ueight components may
also deactivate regions of a foam characterized by a discontinuous
channel. In addition, the use of polyurethane materials in

30 applications intended for human contact such as diapers presents
concerns over the potential toxicity of materials that may be used
to prepare the polyurethane. .

Thus, there is a continuing need in the field of
superabsorbent materials to provide materials having faster

35 absorptive rates and greater absorptive capacities. More
particularly, there is a need to provide absorbent articles having
such improved absorptive properties while reducing the overall
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agent in a reaction mxture in which the solvent is water. The 30 ratio
of hydrophlllc and hydrophobic groups in the surfactant can be varied to

m nim ze coal escence of the blow ng agent particles, preferably by matching
t he¥HLB val ues of the surfactant and the bl owi ng agent, thereby pronoting a
uniformcell size distribution. A narrOM/ceil size distribution may al so be
pronoted by decreasi ng 35 the viscosity ratio. [err] 49 D) FOAM

DENSI TY Density of thh&nayp%rfamorawbemhmuefoecms aﬂﬁn‘i‘bér&f L:Hﬁ'&q?@s amu@ber
of performance and ne

characteristics ﬁEFﬁggpe bgf’hc"s?[\glmc gé#ﬁt | Cﬁ“&'ﬁd"ees%"" Ko to SHadtans.

Additionally, it 1s desirable to provide such materials and
absorbent articles in a cost-effective manner, e.g., by rapid,
simple and safe manufacturing techniques.
It is thgrefore an object of the pfesent invention to provide
a superabsorbent polymer foam having an improved. absorptive rate
and improved fluid distribution properties. An additional object
of the present invention is to provide a Superabsorbent polymer
foam having a morphology which provides an increased absorptive
rate, particularly characterized by a high surface area to mass
ratio. Another object of the present invention is to provide such
a superabsorbent polymer foam which does not present undesirable
 risks to human health. In addition, it is an object of the
present invention to provide a cost-effective method of making
such foams. '
An additional object of the present invention is to provide
absorbent products, members and articles having . improved
absorptive rates. Another object of the present invention is to
provide absorbent members whose absorptive properties are tailored
to the requirements of their intended application. An additional
object of the present invention is to minimize the thickness of
absorbent articles while providing improved absorptive properties.

10

15

20

25 SUMMARY OF THE INVENTION

The present invention relates to a superabsorbent polymer
foam comprising superabsorbent polymer material. In a preferred
embodiment, the superabsorbent polymer material of the foam is
formed from a substantially water-soluble, unsaturated monomer
comprising neutralized carboxyl groups reacted with a
substantially water-soluble internal crosslinking agent. In a
preferred embodimerit, the monomer and internal crosslinking agent
are expanded in the presence of a blowing agent and a solvent so
as to form an expanded structure, the solvent being a solvent for
35 the monomer and internal crosslinking agent but not for the

blowing agent or the superabsorbent polymer material (preferably

30
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capillary absorptive capacities and rates, and foamflexibility. In
generak, for a given surface area to mass ratio and cell size, as the foam
density decreases, the osnotic absorptive rate and capillary absorptive
capacity will increase. Importantly, the 10 density of the

super absor bent polyner foanms can al so detegm ne the cost effectiveness of

t he absorbent articles herein. Foamdensity (in grams of foam material per
cubic centimeter of foamvolunme in air) is specified herein on a dry basis.

T aui d whi ch oy oL o T CApihdBd pLe 1 rupfeced koldiEIgM e 8 s
di gregarded in %:la o JPEY ﬁbe JRAOWE AR Siinﬁarnr\ia%agwgr?@. ‘Fﬂ‘&miﬁeﬁﬂtgheas, |
speci fi ed herei n sipesatisnchenticpolymewc\materiaby Theséxpansion smd irdactimn carieal
~such as  surfactaptrolle@sueh 1Akt RhaStdsel Rk - suBbrabsot¥ahe holferbfoaR 36Nt 1 0
- the superabsorbent 20 ol r foam Such residual nmaterial may, in
fact, contribdte %i“ﬁﬁ‘?q"i]&fn%%s%mtvéd%%é" f‘&‘&?ﬂ"ﬁat‘gf?%ﬂt.'V%ﬁ?‘%u?"@‘&%l'@y
- gravimetric procebirchanddtehized| by psubstdatialthet contrinuaus ointefcomasicatimol i d
Lgﬁg} tmat elr:iof' eggrc Rhé1sV SLBSTEN QR 1P ARrGlghbat Uhe fAR Dfy USPehdtPvdi§aRtyne foam
' Y- nzhﬁ%ice area to mass ratio, small average cell size, and low
density. '
10 It is believed that the superabsorbent polymer foams of the
present invention have improved absorptive rates and capacities
‘relative to known superabsorbent foams. It has been found that
when a foam of the present invention is contacted with fluids, the
foam swells generally isotropically even under moderate confining
15 pressures, absorbs and transports such fluids into and within the
intercommunicating channels, and imbibes such fluids into the
superabsorbent polymer material of the foam, where they are
retained. Since the foam has substantially continuous
" intercommunicating channels substantially throughout the foam
20 strucfure, it tends to rapidly absorb fluids by substantially
unrestricted capillary transport, particularly in the vertical
direction. In addition, since the intercommunicating channels
allow distribution of fluids throughout the foam, they provide
increased utilization of the fluid-retentive (osmotic absorptive)
25 properties of the polymer making up the foam. Once saturated to
its osmotic absorptive capacity, 1t 1{is believed that the
intercommunicating channels of the foams herein provide improved
capillary absorptive capacity. The foams of the present invention
have a relatively high surfice area to mass ratio which enhances
30 the osmotic absorptive rate of the polymer material. Thus, the
overall absorptive rate and capacity of the foam tends to be
maximized.
The morphology of the foams of the present invention may also
minimize deactivation of the superabsorbent material of the foam
35 by high molecular weight fluids. In addition, the present foams
tend to possess greater flexibility as compared to known foams
formed of superabsorbent polymer material. Additionally, the
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25 a gravimetric procedure suitable for use herein is described nore
fully Fn U.S. Patent 5,147,345 issued to Young et al. on Septenber 15,

1992. This patent is incorporated herein by reference. For those situations
wher e the foam sanpl e preparation procedures (drying, aging, preflexing,

etc.,) mght inadvertently alter the 30 density measur enent s
obt ai ned, - t hen -alternate density-deéermnation tests may also
be wutilized. Such alternative nethods, for exanpl e, m ght

i ncl ude gravinetric tpe%%igy asur?nents using a test,llﬂuid absor bed
within the foam mat3¥PFEA°SoRagn Pé/%é‘eﬁf BRMsiofy thet aresenht iiBYEEIOM AP Wb be -
useful 35 for charasemdr thé mgdesirablleonisksntd thumdéno e th uttat amayt be present

herein wherein the gr goﬁepﬁdwkyﬁ@gp{%&m& kbe inverse of the pore vol une
" Absor

.of the foam See Chatterjee, [ ency," Textile Science and Technol ogy,
Vol . 7, 1985, p. 41, ind@rpoyeatiad Rdseivelntes tosdimproved cabsarbewtcproguetss for
foam density sej fabisbrientecinenbérar amd> absorbent articles incorporating the

superabsorbent polymer foams of the present invention. It is
believed that the foams enhance the fluid handling characteristics
of such items by rapidly acquiring fluids and efficiently
distributing and storing such fluids, thereby allowing for the
10 acquisition and transport of subsequent loadings of fluids. As a
result, the overall absorptive rate and capacity of such products,
members and articles is increased.
The present invention also relates to methods of making the
superabsorbent polymer foams. In a preferred embodiment, the foam
15 is prepared by: '
(I) forming a reaction mixture comprising the monomer,
internal crosslinking agent, and solvent;
(11) dispersing a blowing agent in the reaction mixture;
(III) stabilizing the dispersion of the blowing agent in the
20 reaction mixture;
(IV) expanding the blowing agent;
(V) reacting the monomer and internal crosslinking agent so
as to form a superabsorbent polymer material; and
(VI) controlling the dispersion, stabilization, expansion,
25 and reaction steps such that the resultant
superabsorbent polymer foam has a morphology which
provides an improved absorptive' rate and fluid
distribution properties.

30

BRIEF DESCRIPTION OF THE DRAWINSS
While the specification concludes with claims particularly

pointing out and distinctly claiming the present invention, it is
believed that the present invention will be better understood from

35 the following description in conjunction with the accompanying
drawings in which:
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intended to be inclusive, i.e., they are i nt ended t o enconpass density
values- that may be determned by any reasonable experimental test
mat_‘hod. 5 It is generally preferred to mnimze the density of the
super absor bent pol ymer foams consistent with obtaining a foam which has a
desired structure of intercomunicating channels, cell size, and surface
area to mass ratio. Foam density can bejyadjusted by controlling certain
f oam conposi tion and processing 10 paranmeters, for exanple, the addition
| evel of the blow ng agent. The sugerabsorbent Rolyner f oans of the present
invention will typicalfigutendeisird phatanicepgnaph yshowinges tARi tiewr ahge edaem
ﬁﬁ?gf n0- 1 50 afogtofoa%@éﬁiﬁt%ﬁrbeﬁerr]tﬁontwirﬁfoﬁmf U girabedt’ brveht ival enlargddoans
need no e unifor ughou tru € |le6.:.S
portions or zones '(ﬂpr?ﬂ@a?%]img&raémﬁﬁv@dr g?i"[ i%@?’ﬁu/{'ﬁpghferethaf ﬁggme%'ﬁéé%escﬁ ties
thgn ot herI porti onappooximetely 2ifctimels. However, where the foam has
substantial |y gonti nuogyyid2e §OfTPHBLGALFYFas ARBRInG & LIDpt Aiki af |ah edge
t hroughout and a [Reg ag:ij@er%rs Ib cel | di@?{lﬁg%t i Pnngvallﬁg thF densl‘tg/ will
be substantially uMi th¢ ns¥ Ggg%' gAt polymer foam in Figure 1'taken from a plare
perpendicular to the plane of the edge in Figure 1, enlarged
approximately 50 times, and also a portion of this view enlarged
approximately 250 times.
10 Figure 3 is a plan view of a disposable diaper embodiment of
the present invention having portions cut-away to reveal
underlying structure, the outer surface of the diaper facing the
- viewer. : '
Figure 4 is a partially cut-away plan view of a sanitary
15 napkin embodiment of the present invention.
Figure § is a graph showing a relationship of viscosity and
temperature for a reaction mixture of the present invention.

20 TA CRIPTION OF N
The superabsorbent polyﬁer foams of the pfesent invention are
capable of absorbing large quantities of fluids (i.e., liquids)
such as water and/or bodj exudates (e.g., urine or menses) and are
further capable of retaining such fluids under moderate pressures,
25 such as those encountered in the wearing of absorbent articles.
The foams are formed of superabsorbent polymer material, commonly
referred to as hydrogel, hydrocolloid, osmotic and absorbent
gelling material. -As used herein, "superabsorbent polymer® means
a substantially water-insoluble, slightly crossiinked, partially
30 neutralized, hydrogel-forming polymer material which is capable of
absorbing and retaining large quantities of fluids such as water
and/or body. exudates. Superabsorbent polymer materials typically
have thé ability to absorb and retain, under moderate pressures,
such fluids in an amount of at least about 10 times, preferably at
35 - least about 15 timés, most preferably at least about 50 times, the
dry weight of the polymer material. By *puiymer foam" is meant
the structure which results when a relatively monomer-free gas or
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E) PORE VOLUME As stated above, for very |low density foans, dry density
approximates the inverse of the pore vol une. Therefore, pore vol une may
serve to provide density neasurenents for the foans 25 herein. In
addi ti on, pore volune can be correlated to the nunber of cells, the
percentage of open cells, and the percentage of interconmunicating channel s

in the foamstructure. |In general, as the p®&re volune increases, the
nunber of cells, number of open cells, and the degree of fluid

I nt er conmruni cati on 0 channel ncreases. Pore volune is a
neasure of the vol u%é%*ﬂmﬁ SRR ﬁ"g? b}q"dgl\ssdfsri’eésﬁo%t?gbméérﬁ"sfr‘dSPU’re

per unit mass of sotandainingri al Rolymerizadeyner ssupamhsoebeptmlw forminiual
sol i ds) which for WBreTabearft@amoﬂNéGtW @xpansiod F Umb??sﬂap@g TW\QFfﬁQﬁoH n
ani ca

fl 35 t
IOP utGRgl ggpgr absorPe %‘*f o%{méﬁﬁrﬁs%%sim“dgd "Bh‘hr cfUEF Qs the ¢ ﬁ@e‘ﬁlégf{nes

density. 5 bubbles. The resultant polymerized, expanded structure can be in
the form of a porous solidified structure which is an aggregate of
cells, the boundaries or walls of which cells comprise solid
polymerized material. After expansion and polymerization, the
cells themselves are typically free of the relatively monomer free
10 gas or liquid which, prior to expansion and. polymerization, had
formed the bubbles in the liquid dispersion. -

In its broadest aspect, the superabsorbent polymer 'foams of
the present invention comprise a superabsorbent polymer material
formed from a reaction mixture comprising (i)

15  superabsorbent-polymer-forming reactants which are capable of
being made substantially soluble in a solvent and (ii) such
solvent. A blowing agent is dispersed in the reaction mixture,
stabilized, and expanded so as to form an expanded structure.
During or after formation of the expanded structure, the

20 superabsorbent-polymer-forming reactants are reacted so as to form
a polymer material which is substantially insoluble in the
solvent. (The polymer material may or may not be superabsorbent by
the time the reaction has advanced to the point of insoluble
polymer formation. If not superabsorbent at that point, the

25 polymer is further reacted in order to render it superabsorbent.)
The dispersion, stabilization, expansion, and reaction steps are
controlled such that the resultant polymer foam has a morphology
to provide improved absorptivé properties, which morphology may be
characterized. by substantially continuous intercommunicating

30 channels substantially throughout the foam and a relatively high
surface area to mass ratio. '

A "dispersion of the blowing agent" in the reaction mixture
means that the blowing agent is present in the form of discrete
particles in the reaction mixture, the blowing agent particles

35 being relatively free of superabsorbent-polymer-forming reactants
and solvent. By “"substantially soluble"” it is meant that the
superabsorbent-polymer-forming reactant (or other component so
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51 Pore volune can be determ ned by any suitable experinental method which
w Il give an accurate indication of the actual pore volune of the
structure. Such experimental methods will generally involve the measurenent
of. the volume and/or mass of a test liquid 5 which can be  introduced
into the foam structure and which therefore is representative of the
vol une occupied by the open cells of the fogm For this reason the pore
vol une paraneter of the foans nay al so be referred to as "avail abl e pore
vol une."” One conventional way for determ ning avail able pore volunme 10
experinental |y i ndesueibed hanaynber dilssni vexh oofdiapbsedsin the solvansi suthl tigui d

such as i sopropang]. ﬁlmlﬂ?lk h%g?i‘?@&“ ShydiCt bf etfnt{ OF(ERHEE‘?-' d?m‘t h‘?OHIDQMt is

structure. A procedure et er mi ni_ng avai
i sopropanol is sete*tE¥qtable, frop tﬂbo\f‘é"?'@f er%ﬁééﬁ‘tw“é] F‘h‘t“é}ﬂ "95‘3‘3!1
It should be urdmpcrieatsl, arenohedecwhicht bad bkSdissallved RAt disperdedSin dh‘equ ds

and - pr ocedur e mvsouﬁé.&osua? 36t TRaFCUBIE e AkARbEy AR et Ui !

i's generally esirab
0%, more preferably at least about 75%, nost preferably at least

about 80%, of the reactant or component which was dissolved or
dispersed in the solvent is extractable. *Substantially
insoluble® means that a reactant, component, reaction product, or
10 other material (including the superabsorbent polymer material of
' the superabsorbent polymer foam) so described can be dissolved or
dispersed in the solvent such that less than about 50%, preferably
less than about 40%, more preferably less than about 25%, most
preferably less than about 20%, of such reactant, component,
15 reaction product or other material which was dissolved or
dispersed in the solvent is extractable. A suitable method for
determining extractable levels is described in the TEST METHODS
section. Typically, the substantially insoluble polymer materials
formed herein possess a relatively high weight average molecular
20 weight, e.g., of at least about 200,000 grams/mole. Such a high
molecular weight 1is a typical characteristic of network
crosslinked polymers having a certain degree of network
crosslinking. .In contrast, "substantially soluble polymers" are
typically substantially linear, f.e., the polymer molecule 1is
25 generally two-dimensional with no or only a ninima‘l degree of
crosslinking.
In a preferred embodiment, the superabsorbent polymer foam
comprises a superabsorbent polymer material formed from:
(I) a substantially water-soluble, unsaturated monomer
30 . comprising neutralized carboxyl groups; and
{I1) a substantially water-soluble internal crosslinking
agent reacted with the monomer.
The preferred superabsorbent polymer foam is preferably
formed by first forming a reaction mixture comprising the monomer,
35 the internal <crosslinking agent, and a suitable solvent
(preferably water). A blowing agent is then stably djspersed in
the reaction mixture, followed by expansion of the blowing agent

This is ﬂne replacement shoet

Date: {3 SEP 8%



foanms herein. The pore volunme of the superabsorbent polynmer foans can be

I nfl uehced and control |l ed by adjusting nany of the sane 20 f oam
conposition and processing paraneters as for density adjustment.

Fory exanpl e, pore vol une influencing features may include the bl ow ng agent
addition | evel and bl owi ng agent particle size. The superabsorbent polyner
foans of the present invention 25 wll gene}%lly have a pore vol une of at
| east about 5 m /g, nore preferably at |east about 10 m /g, and nost

preferably at | east / | .C L !
fromabout 5 to aboat?tab%tcﬁ?% mr ﬁesm-ggﬂrra%dg‘ghig?t%rag é\f@fﬂ@k%égﬁh?rﬁged
c

_ g uch I .
to be an "inclusi A" t0q&PTm 4 | faam sompRissAc Is“ﬁgFE‘t\}BﬁGWH‘$’(Y"’EWé“%
f oanms enconpassed kpolyhersmaterdal. o(Deperiding anf tlenyezctant itypertaad cond itdonsyhi ch

f can reasonably be e X | QB teiq N i cal
.pore vol ume provi dgﬁé‘gvgf\ﬁoﬂgﬁeﬁ ﬁ‘#ﬁ thg‘%ﬁg{eﬁe%%?@%geéwtﬂﬁeguéﬁgqogg?n&
materials tested byadnPaxy tdereforaoreaite Jurther Teactionyp&-of PeytTal LN on.
35 ' of carboxyl groups and/or further crosslinking of the polymer
material to render it superabsorbent.) The dispersion,
stabilization, expansion, and reaction steps are controlled such
that the foam has a morphology which may be characterized by
10 intercommunicating channels and a relatively high surface area to
mass ratio.

Formation of the Reaction Mixture
One component of the preferred reaction mixture is a

15 substantially water-soluble monomer comprising neutralized or
neutralizable carboxyl groups. The monomer preferably contains
sufficient carboxj'l groups such that a linear polymer thereof is
substantially water-soluble (i.e., the carboxyl groups are
hydrophilic). Mixtures of such monomers may also be used.

20 The monomers .comprising carboxyl groups include acid, acid
anhydride, and ester group containing monomers. These monomers
may also contain other hydrophilic groups, such’ as hydroxyl
groups, amide-groups, amino groups, nitrile groups, and quaternary
ammonium salt groups. Preferably, the monomer contains acid type

25 hydrophilic groups. More preferably, the monomer contains at
least about 5 mole percent, most preferably at least about 10 mole
percent, of acid groups. '

Monomers containing carboxyl groups include the olefinically
unsaturated acids, 'esters thereof, and anhydrides which contain at

30 Jeast .one carbon to carbon olefinic double bond. More
specifically, these monomers can be selected from olefinically
unsaturated carboxylic acids, esters of such carboxylic acids,
acid anhydrides, sulfonic acids, esters of such sulfonic acids,

. and mixtures of any two or more of the foregoing monomers.

35 Olefinically unsaturated carboxylic acid and carboxylic acid
anhydride monomers include the acrylic acids and derivatives
thereof, typified by acrylic acid itself, methacrylic acid,
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52 F) CAPI LLARY SUCTI ON SPECI FI C SURFACE AREA Anot her structural feature
of thevpreferred superabsorbent polyner foams herein is a certain capillary
suction specific surface area. Capillary suction specific surface area
is,»inb5 general, a nmeasure of the test-|iquid-accessible surface area
of the polymeric network formng a particular foamper unit mass of the
bul k foam'material (i.e., polymer structuraliamaterial plus solid residual
material). Capillary suction specific surface area is determ ned both by

t he di nensi ons units in the foam

| ar
and by the size (i ?ﬁutrﬁ‘arrete ) Gﬁ’rﬂ" &3%%5&1??2'5'5#‘81‘ glrhaseyane samﬂm
formcel lul ar uni tSCldG:akﬁtlal-leybmrybn n:pdc(if eC, &Mbgﬂﬁe ag:ﬁ@ﬂ, aFphabphe
network (0 the ex i AEM "%“gﬁr# BP DRFGHiBNRL OULAE i%soFe?gn&rryas,
The capillary suct fdH1ipedsidic maj ?\‘Ca@é‘ﬁr eH‘dodeﬁ‘@péﬁidceinhwlﬂaam()ther
structure suchSas wdmemersp@fablsiar ibgpe apelsorbic fa@?dF adphd-2Rloro sorbic acid,
angelic acid, cinnamic acid, p-chloro cinnamic acid, itaconic
acid, citraconic acid, mesaconic acid, glutaconic acid, aconitic
icid. fumaric acid, and tricarboxyethylene.
Olefinically - unsaturated sulfonic acid monomers and
10  derivatives thereof include aliphatic or aromatic vinyl sulfonic
acids such as vinyISulfonic acid, allyl sulfonic acid,
vinyltoluene sulfonic acid and styrene sulfonic acid; and acrylic
and methacrylic sulfonic acid derivatives such as sulfoethyl
acrylate, sulfoethyl  methacrylate, sulfopropyl  acrylate,
15 sulfopropyl methacrylate, 2-hydroxy-3-acryloxy propyl sulfonic
acid, 2-hydroxy-3-methacryloxy propyl sulfonic aci¢ and
2-acrylamido-2-methyl propane sulfonic acid.
The carboxyl! groups (e.g., acid groups) are at least
partially neutralized with cations capable of forming a salt with
20 the monomer to form a monomer having neutralized carboxyl groups.
Such salt-forming cations include, for example, alkali or alkaline
metals, ammonium, substituted ammonium and amines as discussed in
further detail .in U.S. Patent Re. 32,649, Brandt et al., April 19,
1988, incorporated herein by reference. Neutralization is
25 preferably carried out in any conventional manner which results in
at least about 25 mole percent, more preferably at least about 50
mole percent, most- preferably at least about 75 mole percent, of
the total carboxyl groups being neutralized. The carboxyl groups
are preferably neutralized prior to formation of the substantially
30 water-insoluble polymer foam, e.g., neutralization is preferably
carried out on the monomer or of a water-soluble polymer thereof.
Monomers possessing hydrophilic groups other than carboxyT
groups may be used with the carboxyl group containing monomer.
Other hydrophilic groups include hydroxyl groups, amide-groups,
35 amino groups, nitrile groups, and quaternary ammonium salt groups.
Monomers containing such groups are well known materials and are
described in greater detail, for example, in U.S. Patent 4,076,663
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present invention is a feature of the foamthat influences the capillarity
(or capillary suction) exhibited by the foam Although the foam surface
area to mass ratio i.s particularly 20 i nportant for determning the
osrioti c absorptive rate of the foam the foamcapillarity nay be sel ected
and control |l ed such that the superabsorbent polyner foans have a degree of
capillarity allowing transport, e.g., by wicking, of fluids within the foam
structure. Adjustnment of capillary suction specific surface area is thus a
25 sui t abl e nmeans, for pr V|d|ngta egregeof capillarity

super absorbent  polifisd fkry OnpEebryacy 128y 1974‘0&% Uéf Pite“t
relatively high cam,nsmw sintst:ed)rtosmnffman anuDécemberi13q 187V ; (Whooh Gateéntyery

desirabl e conbi natigg copémtE@WeL%ﬁ\r By at&g;@hbve oggpaplmwe §l shioghsuéa o

capillary and osrmtlcasoplve ra pecific surface ar
a consequence of t HYdrQARdhiss greupstiay ke m%nﬁe?m. the @ I?)“Q"Hé f oam struct ure.
The capillary s sucti oAithamgti fthis disdlasere aisageneiral Iyheik Upamabodr Rppt

1o oo eBMARE ST b it 86" 10,8l r-sahue,
and pore vol une. homopolymers, copolymers, or reaction products of the monomer may.
also be used in place of or in addition to the monomer form. Such
alternative starting materials include substantially water-soluble
10 homopolymers of the monomer and substantially water-soluble
reaction products of the monomer or its homopolymer and the
internal crosslinking agent. For example, a substantially linear,
substantially water-soluble homopolymer can be formed by
subjecting the monomer to known polymerization conditions. A
15 substantially water-soluble, partially crosslinked polymer may
also be formed by reacting (e.g., by heating). the monomer or
linear polymer thereof with a crosslinking agent such as the
internal crosslinking agents herein. Such a polymer would
typically have a low level of crossiinking, e.g., less than about
20 5X%.

The above polymers of the monomer (especially a linear
polymer of the monomer) may be preferred starting materials in
order to control the viscosity of the reaction mixture so as to
aid formatiocn of a foam having a desired morphology, particularly

25 a relatively small cell size. In general, a reaction mixture
using such polymers will have .a higher viscosity compared to a
reaction mixture starting with the monomer itself. Use of such
polymers may also be particularly useful where foams having a low
residual monomer content are desired, since residual monomer which

30 may be present in the polymer of the monomer (e.g., a linear
polymer of the monomer) may.be removed by known processes, e.g.,
flashing, prior to use in the reaction mixture. "

The preferred reaction mixture additionally comprises a '
substantially water-soluble internal crosslinking agent. Suitable

35 internal crosslinking agents are compounds which are capable of
reacting with the monomer to form a substantially water-insoluble,
preferably superabsorbent, polymer material. Preferably, the
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For purposes of this invention, the specific surface area of any given
super absorbent polyner foam material can and will usually be determn ned by
a procedure which involves the principle 53 of capillary suction. In
such a procedure, capillary suction specific surface area is determ ned by
measuring the amount of capillary uptake of a |ow surface tension |iquid
(e.g., ethanol) which occurs wi'thin a foam 83anple of a known nmass and

?i mensi ons].c 5 A detail ed description of such a procedure for determ ning
oam speci fic surface area via. the capi]l suctiqn hod jch i

Sui T abl e for use. HORErTA erassyiak}Fe raaent #RLY BB dveh Balrndceact R mixdys,

5, 147, 345. Any hascasmnaduitévation t ctemperature nwhichd i$ orgrdatesr nthanngthe

CCber apoorbept  po JUGFATRE NARERIILERCMENRRIE din tid wcube,
specific surface a emperatuge. | g%@cgﬁg,sforb_t&mpe¥ature is the I%emperaé’ur‘e. or a
5 given reaction mixture, at which the internal crosslinking agent
will react with the monomer to form a  high molecular weight,
network crosslinked polymer. The activation temperature can be
determined by differential scanning calorimetry (i.e., DSC). DSC.
techniques are generally described in Analytical Calorimetry, Vol.
10 3, Roger S. Porter et al., Plenum Press (1974), pages 17-44,
incorporated herein by reference. Suitable DSC equipment includes
the Perkin-Elmer DSC 7 Series Thermal Analysis System, available
from Perkin-Elmer of Norwalk, CT. A suitable method for
determining the activation temperature is described in the manual
15 Perkin-Eimer 7 Series Thermal Analysis System, Perkin-Eimer, Jan.
1990, incorporated herein by reference. .

Suitable internal crosslinking agents include compounds.
having at least two polymerizable double bonds; compounds having
at least one polymerizable double bond and at least one functional

20 group reactive with the monomer; compounds having at least two
functional groups reactive with the monomer; and polyvalent metal
compounds which can form ionic linkages. One or more internal
crosslinking agents may be used. Typical internal crosslinking
agents are described in greater detail in the above cited U.S.

25 Ppatent 4,076,663. Selection of a particular internal crosslinking
agent is determined in part by the desired rate of reaction of the
internal crosslinking agent with the monomer at a particular
temperature, which rate can be readily determined by one having
ordinary skill in -the art. The internal crosslinking agent is

30 preferably selected from the group  consisting of
N,N'-methy‘lenebi'sacrylamide, triallylamine, triallylphosphate, and
di- or poly- glycidyl ethers of aliphatic polyvalent alcohols.
Most preferably, N,N’-methylenebisacrylamide is used.

The internal crosslinking agent will typically be present in

35 the reaction mixture in an amount of from about 0.001 mole percent
to about 5 mole percent based on the total moles of monomer
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[err], nore preferably at |east about 0.5 [err], nost preferably at |east
about ¢[err]. Typically the capillary suction specific 15 surface area
will be in the range of about 0.1 to about 5 [err]. Superabsorbent foans
hayi ng the above capillary suction specific surface area val ues nay .possess
an especially desirabl e balance of capillary and osnotic absorptive
capacities and rates for aqueous body fluigg such as urine. 20 MECHANI CAL
FEATURES The super absor bent pol yrer f oans preferably possess
mechani cal properties, e.g., flexibility, integrity, softness, etc., which
render such foanspeesgeti i [thesmixtabe e f.er, Labout n0.23 toahhnn&b&ﬁtpaarts il es

such s di sposabl gefingpaased THI00HRRE AAEIRROTr {IRPHNonEE matfida1 pr esent

invention are prefer y bl e en |n t énded use_ln a 8 g
articles. By flexibl |'E“F§‘°r?edﬁf‘ fat? f%e‘%ﬁ?ﬁ%t‘er%"é?’"ﬁan gitalley in
or as an absorbensolventer inblude wahy denfwehicht othehe mgsoweral arhapeteanal 30

contours of tge hEFG%@lHﬁHX? éﬁtg‘iP@r?dbstIrIt%n '%oﬁm@s ah@" 1P ewifih OpsEed or
bent to the eXten;uprL?'gt?ssoiger% polylljngre‘ Iarrludsubclowin so;geenr{ are substantially
insoluble. Suitable solvents will also have a vaporization
temperature which is greater than the vaporization temperature of -
the blowing agent and the critical temperature of the reaction
10 mixture, and preferably greater than the activation temperature.
In the preferred embodiment where substantially water-soluble
monomers are used, the solvent is preferably water, a
water-soluble alcohol (e.g., lower alcohols such as methanol,
ethanol, propanols, and butanols), or mixtures of any two or more
15 of such compounds. Most preferably, the solvent is water.—
Although the concentrations of the various components of the
reactant mixture may be widely varied as long as the dispersion,
stabilization, expansion, and reaction steps can be effected, the
reaction mixture will generally comprise about 1 part by weight of
20 the monomer to about 1 part by weight of solvent.

The reaction mixture may also contain various optional
components, including surfactants, polymerization initiators, and
viscosity control agents. Conventional additives for absorbent
gelling materials,. such as antioxidants and deodorants, may also

25 be included.

It is particuiarly desirable to include at least one
surfactant in the reaction mixture. The surfactant may be any of
those generally known in the foam art, selected for its ability to
stabilize the dispersion of the blowing agent in the reaction

30 mixture.. The surfactant may aid in the formation of a
superabsorbent bo]ymer foam having a desired morphology. The
~ surfactant is believed to be particularly useful for obtaining
relatively small average cell sizes and relatively narrow cell
size distributions by influencing the particle size and particle

35 size distribution of the blowing agent.

Where the solvent is water or water-soluble and the blowing
agent is substantially water-insoluble, suitable surfactants
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articles without significant damage to their structural integrity or
signifi‘tant | oss of their absorbent properties. The superabsorbent pol yner
foans herein are also preferably 35 sufficiently flexible to withstand
conpr essi ve -or deform ng forces which are encountered during preparation,
processi ng, packagi ng, shipping and storing of absorbent articles
cont ai ni ng such foam 54-materi al s. Di sb%sable di apers, for.
exanple, are generally packaged and narketed in a fol ded condition

sherel n the. 61 aper fioh gl S AhAEd LR Elalet 5ol QOB ket SFAhEPRS feoe

directions. Di sposq‘ |a ers are gene ormof 5
stacks of fol ded War , gr\f&HP%-h @Faé’ﬁs mﬁ?e‘“"cfé‘?ﬁ‘a%e@ erpyidonpicdssed

by their surroundjrogps may,ktiegum TH&:CpOéfhmgltyf botmmycﬁvﬁﬁfﬁ&sgi#@psbaﬂﬂ
S o bt oo HACHRRED  ohile MR B0ERY 039" BANICE AT IR ey,

whi ch are appli%®d tRS‘WHE‘PQ);RM#&?EN“&FBOﬂ into an *oily” blowing agent phase and

a “"water® reactant phase. A mixture of such groups allows for

tailoring of the surfactant system to enhance stabilization of the

dispersion, depending on the respective hydrophilicity or

hydrophobicity of the components of the reaction mixture. In

10 general, as the ratio of hydrophobic groups to hydrophilic groups

| in the surfactant increases, stabilization is further enhanced,

provided that sufficient hydrophilic groups to prevent phase

separation are present. Preferably, the surfactant (or surfactant

mixture) is selected to match the hydrophile-lipophile balance

15 (i.e., HLB) value of the blowing agent. For substantially

water-insoluble blowing agents, the blowing agent is more readily

stabilized as the HLB value of the surfactant decreases. A system

of matching the HLB value of an emulsifier to one or more

ingredients to be emulsified is described in the technical

20  bulletin Hmm_o_uLLM_an.u.ggs_:_d_u_m.ﬁm; ICI Americas

Inc., 1984, incorporated herein by reference.

The nonionic surfactant is preferably selected from the group
consisting. of linear alkoxylated alcohols, linear
alkylphenoxylated alcohols, and esters thereof. Preferred are the

25 ethoxylated copolymers of sorbitan fatty acid esters such as the

| ethoxylated copolymers of sorbitan monolaurate (available as

TWEEN®20, ICI Americas, Inc.) and of sorbitan monooleate

(available as TWEEN®80, ICI Americas, Inc.). Mixtures of the

forementioned surfactants with substantially hydrophobic (i.e.,

30 lipophilic) surfactants, may also be used. Suitable hydrophobic

surfactants include sorbitan fatty acid esters such as sorbitan

monolaurate (available as SPAN®20, ICI Americas, Inc.) and
sorbitan monooleate (available as SPAN®80, ICI Americas, Inc.).

While the amount of surfactant may be varied, it is generally

35 desirable to use the minimum level needed to effect stabilization
of the blowing agent. Use of the minimum level may prevent or
minimize an adverse impact on the absorptive properties of the
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10 In use. Gven the nature of treatnent which the superabsorbent polyner
foanms Kerein nust generally withstand, preferred foammaterials of this

i nvention will possess flexibility characteristics which can be -
quantified by referencing their 15 ability to withstand bendi ng w t hout
under goi ng significant damage to their strucfgiral integrity. Descri bed

I n the TEST METHODS section is a procedure for determning the flexibility
of the foans herein by determ ning whether and how many tines a. foam sanpl e
of a given specifi edsglitast Foam dee Bonresddwainduefactdntnahdi genler@Qy promidbsed at

a specified rate pryddchosdst ﬂ%‘i\@ﬁi’i‘ NOFhe ;fﬁﬁ&tﬁ‘ﬂ'uﬁﬁ'lﬁyﬁ{&ﬁ?i rbedusfeaamﬁapf

the invention are thos e enou hei r 0|nt
of use as an absor F8#§" eif\g? &989 9ne uhﬁt %Hgtm? {89 %ﬂﬁ"&r atB

foam materi al at [ esurfactant ben debaddetictb tthe trwast ive mlixtyret estpren-mlxedltmth

breaking (i.e th%hg5bloJIR§m§gelﬂxmthkﬁ id DBeRed Ngis F?Jeue Ofth@t red@3sf Oone
cycle). I\/bre prefer oans can be bent at | east t1mes, nost
preferably at | eastmikt '{"Pnes wi t hout breaki ng when subj ect ed to such a test
procedure. | The optional initiator is particularly useful to initiate

polymerization, generally of the monomer and the internal
cros'sHhkiug agent. An initiator is usually preferred since it

10 typically lowers the activation temperature of the internal
crosslinking agent. An initiater is particularly suitable where
an increased rate of reaction is desired, and is therefore
generally preferred for cost-effective manufacturing. In
addition, an initiator is particularly useful where the foam is

15 formed on a wicking substrate. Upon activating the initiator and
thereby initiating polymerization, the viscosity of the dispersion
typically increases. The increase in viscosity may serve to
facilitate the formation of a desired foam pattern on the wicking

. substrate.

20 The initiator may' be any conventional polymerization
initiator. The initiator is preferably substantially soluble in
the solvent and is selected based, in part, on the intended method
of inducing the .reaction of the monomer. Thus, 1ight -and heat
activated initiators are useful initiators. For example, where

25 thin films of the foams are desired, a light activated initiator
may be used to effect rapid reaction when the mixture is exposed
to a 1light radiation source. The optional polymerization
initiators include free radical initiators including, for example,
per oxygen. compounds such as sodium, potassium, and ammonium

30 persulfates, capr'y‘lyl peroxide, benzoyl peroxide, hydrogen
peroxide, cumene hydroperoxides, tertiary butyl diperphthalate,
tertiary  butyl perbenzoate, sodium  peracetate, sodium
percarbonate, and the like. Conventional redox initjator systems
can also be used, e.g., systems combining the foregoing peroxygen

35 compounds with reducing agents such as’ sodium bisulfite,
L-ascorbic acid or ferrous salts. The amount of the initiator
used may be that amount conventionally used in the polymer field.
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The superabsorbent pol ynmer foans of the present invention 30 preferably
possess the additional nmechanical attributes of structural integrity
in use and softness (i.e., lack of irritation) to the touch. For

exanpl e, superabsorbent polynmer foans that will be enployed in such
absorbent articles as infant diapers will frequently be subjected to both
dynam c and static 35 forces when the weager wal ks, runs, crawls or
junps. Such forces nmay tend to rip or tear or otherw se fragnment the foam
structure. Thus, it woul d be advantageous for foans (particularly foam

55 sheets) which alypitddlpe theciditintohi & waethet a devedvef spf £o @beutt 5 mole

structural integrigercént, prefetabty LdRut NE0IERGC0 & m?'FS}aH%Fc‘aeﬂf.i gﬂsﬁf on the

5 Mot cles i - gkl JATEE Bb ROV IBREIEAt] e BOPIam mat or 1 al surf ace nmy come
into close proximty tAnother prefewreds optiionalAcampoukntgdfy the treaction mixture
5 is a viscosity control agent. The viscosity control agent
generally serves to increase the viscosity of the reaction mixture
and is particularly useful for controlling the particle size of
the blowing agent which is dispersed in the reaction mixture. In
general, as the viscosity of the reaction mixture increases the
10 particle size is more readily controlled. Thus, the viscosity
control agent may be used to disperse and stabilize the blowing
agent in the reaction mixture. The viscosity control agent may
also facilitate coating or printing of the stable dispersion onto
a substrate, particularly a wiciting substrate. By increasing the
15 viscosity of the reaction mixture, the agent may facilitate the
formation. of a desired foam pattern on the substrate. The
viscosity control agent may also prevent or minimize separation of
the solvent from the reaction mixture (i.e., partitioning),
particularly when the stable dispersion-is applied to a wicking e
20 substrate, ‘thereby promoting the formation of a uniform product
having optimum properties. Suitable viscosity control agents are
preferably substantially soluble in the solvent. Exemplary
water-soluble viscosity control agents are carboxymethyl
" cellulose, hydroxyethyl cellulose, and polyacrylic acid. The
25 viscosity control agent is typically added in an amount of less
than about 2%, more typically less than about 1%, by weight of the
total monomer.

Formation of a Stable Dispersion
30 A .stable dispersion of a blowing agent is formed in the

reaction mixture by adding a blowing agent to the reaction
mixture, typically either during or after formation of the
reaction mixture; dispersing the blowing agent; and stabilizing
the dispersion. The blowing agent is dispersed in the reaction
35 mixture and stabilized so as to form a stable discontinuous phase
of the blowing agent (i.e., "particles" of blowing agent) in the
reaction mixture phase. The blowing agent particles are
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woul d be very desirable for the surface of the superabsorbent foans herein
to be acceptably soft and non-irritating to the touch. 10 M SCELLANEQUS
PROPERTI ES For use as fluid absorbents in absorbent articles, the
super absor bent pol yner foans herein preferably possess relatively |ow
| evel s of extractable polynmer material. It is believed that 15 pol ymer
mat eri al extracted by body fluid once the sqgerabsorbent pol ymer materi al
of the foamforms a hydrogel can alter both“The chem cal and physical
characteristics of the body fluid to the extent that such fluid is nore

sl owl y absorbed anfeVaieeipopFdey ofietié Ryndmee, SAREFMPSOFRISTHnkPRY MEEAL,f @RdN
cont ai ni ng absorbeF‘;“%Q'R article. -Such effects are described in the above
nt Re.

referenced U. S. Pafe e. 32,649. As a result, |eaching of polyner into
the body fluid to be absidrblel blowingsagents ninclude efafiy ceanventiondl zbtawdmg of

the superabsor bent sty Which! 9aMdb3tinteaMys IEAUb1AIThi EhESoTveht 2afld SRDSS

| nci dence of ugdesbarratt% e Is(?zaeka 5 gef c%gf%]uuwagdfsrtoag}lti%d Z\Snen &rsgale:psleg' in

the reaction mixture. In addition, the blowing agent will be

capable of controlled expansion. Suitable blowing agents also

have a vaporization temperature (i.e., boiling point) which 1is

less than the vaporization temperature of the solvent, at a given

10 pressure. The blowing agent will preferably also have a boiling

point which is less than the critical temperature, so as to allow

sufficient expansion of the blowing agent before the formation of

the substantially water-insoluble polymer. Exemplary blowing

agents are disclosed in Chemical Encyclopedia, H. Lasman, National

15  Polychemicals, Inc,, Vol. 2 at page 534, incorporated herein by

reference. In the preferred embodiment in which water is used as

the solvent, suitable blowing agents are substantially

water-insoluble liquids having a boiling point of less than about

1009C, more preferably less than about 80°C, most preferably less

20  than about S00C. Typically, the blowing agent will have a boiling

point in the range of about -200C to about 80°C, preferably about

-209C to about 500C. Such blowing agents include aliphatic and

aromatic hydrocarbons and halohydrocarbons, which may be cyclic or

alicyclic, linear or branched, and saturated or unsaturated.

25 Exemplary bloﬁing agents include the pentanes, hexanes, heptanes,

. benzene,' substituted benzenes, chloromethanes, chloroethanes,

chlorofluoromethanes, and chlorofluoroethanes such as described in

the above referenced Chemical Encyclopedia. Preferany | pentine

(e.g., n-pentane, 2-methylbutane. and/or 2,2-dimethylpropane) or

30 1,1,2-trichlorotrifluoroethane is used. While the amount of

blowing agent employed can vary over a wide range consistent with

obtaining a foam having a desired morphology, the blowing agent

will generally be added at a level -of about 5 to about 50 parts

per 100 parts (by weight) of monomer. Typically, about 20 to

35 about 30 parts of blowing agent per 100 parts (by weight) of
monomer are used.
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Extract abl e polyner | evels of the superabsorbent polyner foans herein can
be determ ned by contacting a sanple of the foamw th a synthetic urine
solution for the substantial period of time (e.g., at least 16 hours) which
I s ineeded to reach extraction 30 equilibrium by then filtering the
swol l en foam material fromthe supernatant liquid, and finally by then
determ ning the polyner content of the fi{drate. Such a nethod for
determining the extractable polymer content for carboxylic and sul fonic
aci d based superabsorbent polyner materials which is suitable for use

herein 35 i s descri lJbe blowidg: agbnty may ciec désperded).by. agplytnyt shear 32rds49.
Preferred superahgog be@ﬁroupf?lt?ﬁgﬁr qefaP%u(u)gﬁf to téﬂ@ re&é?ﬁﬁnﬁiitW@%\POqf

possess two types of “extrac ter

It is believed thdCCHHRRY ¢ BY Q%F%H"éﬁ'ﬂ)&h? ”dﬁc%iﬂ‘ JatimpE the Biowing agente
foam and t he rat e phasevtoCthesreaat toni mixtuadphasei(es iudkd iherdinacthedviscosity

I mportant Wi thy reqagg, tReéMCto the viscosity of the blowing agent phase divided
by the viscosit§ of the reaction mixture phase) and/or by using a
surfactant. The dispersion process is controlled so as to obtain
a desired blowing agent particle size. The particle size of the
dispersed blowing agent influences the cell size (including cell

10 size distribution), the intercommunication of foam channels, and
the surface area to mass ratio of the resultant superabsorbent
polymer foam. Particle size influencing features include the
‘shear rate, surfactant type, the viscosity ratio, and the isotropy
of the reaction mixture. Preferably, these features are

15 controlled so as to minimize the blowing agent particle size. The
blowing agent is typically dispersed to a2 particle size of less
than about 10 microns, preferably less than about 5 microns, more
preferably less than about 2 microns. The minimum particle size
is typically about 0.1 microns.

20 For obtaining a relatively small blowing agent particle size,

" it is preferred to use a relatively high shear stress for
dispersing the blowing agent. In general, the higher the rate of
shear, the smaller the average particle size of the blowing agent.
Where particles of substantially uniform size are desired, it is
25 typically preferred to have uniform shear throughout the mixture.
For a given reaction mixture, blowing agent, temperature, and
shear stress, the particle size of the blowing agent typically
decreases as the viscosity ratio of the dispersed blowing agent
phase to the continuous reaction mixture phase is decreased. As

30 the viscosity ratio decreases, the blowing agent particle size is
more readily controlied to a smaller particle size. Therefore, it
is generally preferred to minimize the viscosity ratio.
Typically, the dispersion is such that the viscosity ratio is less
than about 0.5, more preferably less than about 0.25. '

35 The viscosity ratio is preferably decreased by using a
viséosity control agent in the continuous reaction mixture phase
and/or a low viscosity blowing agent. The viscosity ratio may
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-absorptive performance of the superabsorbent polyner foam 5
Accordingly, the superabsorbent polyner foans herein preferably have an
initial extractable polyner content, i.e*, the level of extractable polyner
whi ch is renoved after one hour in contact with synthetic urine, of no nore
t hat about 7.5% by weight, nore preferably no nore than about 5% by

wei ght of- the foam In 10 addi tion, tbg foans preferably also
have an equilibriumextractable polynmer content, i.e., the equilibrium

| evel of extractable polyner renoved after, for exanple, sixteen hours in
contact with synt h&ksiocbervarded obiy rvermgetlteha-nwﬂiomtcoha%lbys Wefiog g xampTe €

B i on, " pr ot orr of w"é??ﬁ‘“"w oL Bhe Blrkton’ 3 Thd et Gaid

exhibit a particul Grepetant| onﬁ?b"‘bet en tQSsor&S‘PFWSE‘éHS%'IPP&W&ﬁdme‘“S
equi i brium ext racmahkealpol inrdading nthe monomer ded dntdad] ldi-oiﬂenlaihgvtgent)

referenced U &. Pafr?ngeﬁﬁ'ag]?’z a§49the8“€§hp%patuﬁ9reJe@F%a%%s Po %h %%tar\;jtz 649

prepared in accordanc he gener al "teac
whi ch are perti nenfoncentration, Jnorassesyythe j wiscost !—‘o?’“éﬁa!'r’dl edeqrngse The
extractabl e pol yneviscosityntatio will also vary with the reactivity of the specific

superabsorbent-polymer-forming materials that are present in the

reaction mixture. The reaction conditions and reactant types may

10 be varied to control the rate of reaction in solution and

therefore the solution viscosity. In general, as the reaction

progresses toward formation of the substantially water-insoluble

polymer material (e.g., as a linear polymer of the monomer is

formed), the solution viscosity will increase and the viscosity

15 ratio will decrease. In addition, the viscosity ratio ma); be

decreased by initially using a substantially water-soluble polymer

of the monomer as a supersbsorbent-polymer-forming material in the

reaction mixture. Where a relatively uniform particle size is

desired, it 1is preferred that the reaction mixture be

20 substantially isotropic, i.e., the components of the reaction

mixture are blended such that they are substantially uniform
throughout the mixture. '

The dispersion having the desired blowing agent particle size

is preferably stabilized prior to the expansion and reaction steps

.. & to form the substmtia'lly water-insoluble pd'lymer foam.

Preferably, stabilization occurs simultaneously with dispersion.

By “"stable®, °®stabilized®, etc., it is meant that the desired

particle size of the dispersed blowing agent is maintained for a

time sufficient to allow reaction of the monomer and internal

30  crosslinking agent to form the substantially water-insoluble

polymer foam -having a desired morphology, e.g., substantially

continuous intercommunicating channels substantially throughout

the foam and a relatively small cell size, low density, and high

surface area to mass ratio.

35 Any method of stabilizing the dispersion may be employed.

Preferably, a surfactant is used to stabilize the dispersion. In

general, the smaller and more uniform the blowing agent particles,
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may be mnimzed by a controlled, mnimumutilization of initiator (when
used) and/or the use of relatively |low tenperatures for 25 reaction of

t he nononer and/or internal crosslinking agent (e.g., fromabout [err] to
abaut [err]). APPLI CATI ONS 30 The superabsorbent polynmer foans
can be wused for many purposes in many fields of use as are known in the
foamart. -The foans are particularly suitabJe for use in applications where
it is desirable to absorb and/or retain fluids, for exanple, in absorbent
articles; paper tissue (including toweling); packing 35 cont ai ners; drug
delivery devi ces; thoumode citabld the désperssin. bumaréﬁoeal rﬁltilsndsa/thsﬁ,uylaqgo

exchange col um e S iy C 0 I i cuktural r
horti cgl tural n%%l gfés’elds& hgg’z#wﬂg’b ths‘;ﬁ%b&t (‘).?g{v?/at eh r%‘i“smq éhe
materials; and i nsa‘ﬁ"rlt&ﬂe Yd8Cosd bt hratios 3t dde gdyervi sheariather i smal lege the

materials for theppreicdat sdre o§f the blowing agent and the more stable the
5 dispersion.

nsion an 0

After forming the stable dispersion of the blowing agent

having the desired particle size, the blowing agent is expanded to
10 form an expanded structure, and the monomer or the monomer and the

internal crosslinking agent are reacted to form a substantially

solvent-insoluble polymer (i.e., an expanded, substantially

solvent-insoluble polymer structure is formed). In the preferred

embodiment where the solvent s water, the polymer is
15  substantially water-insoluble. .

The expansion and reaction are controlled such that, by the
time the substantially water-insoluble polymer is formed, the
expanded structure has a morphology substantially as desired in
the superabsorbent polymer foam (the polymer need not be

20  superabsorbent by :the point of insolubility). Preferably, the

' expansion of the blowing agent is controlled along with the
reaction of the monomer or the monomer and ~the internal
crosslinking agent so as to provide a superabsorbent polymer foam
having substantially continuous intercommunicating channels

25 substantially throughout the foam, an average cell size of less
than about 100 microns, a surface area to mass ratio of at least
about 0.2 m2/g, and a density of less than about 0.5 g/em3.

In general, the blowing agent particles of the stabilized
dispersion are expanded so as to avoid excessive coalescence of

30 the blowing agent as it expands, i.e., the blowing agent particles
generally expand in relative proportion to their initial
stabilized particle size and shape in the dispersion. Typically, -
the blowing agent particles are expanded to about 10 times their
original size. During or after expansion (preferably after), the

35 monomer and or monomer and internal crosslinking agent are reacted
to form the substantially water-insoluble polymer so as to
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dew formation, dessicants, and huni dity control materials. Because of the

uni que: absorption properties of the foam the 5 super absor bent pol yner
foamis especially suitable for use as an absorbent core nmaterial in
absorbent articles, especially disposable absorbent articles. As

used herein, the term'absorbent article" refers to devices which absorb
and contairn body exudates, and, nore specifizgally, refers to devices which
are 10 pl aced against or in proximty to fhe body of the wearer -to absorb
and contain the various exudates discharged fromthe body. The term

"di sposabl e is usestdbdl eienthe expomted betrabaeebaNtsuBtantl A3y WiteR iREA BN
i ntended to be | au g?“gp f%?mqt hgﬁ% e restored or reused as an absorbent
9 re i de 0

article (i.e., the e inten e 15 di scarded after a single use
and, preferably, to belfclgrertld, thomadeafd expansion infr whecblowingpegend and i n

anf envi rongent gl I yhe:ovpﬁlbbbds&id_fmaﬁafe)-tifesArbfd"ﬂ][H' t Pkt 1o DR BRIt a5 akhd Cl €

oot her to 1 opm a ulktahfiatfy (UaReh pEaryBld boime T oMy ARG, cobbem e
separ at e mani pul at BiRuIpEnecysly |s® assdpaprevideolneppemdelliedefoam Aapimf ex r ed

embodi nent of an aBesire€Nhorphblegdye Ot BRpaAsFSHENis too rapid or too slow

relative to the formation of the substantially water-insoluble

polymer, the foam may not have a desired morphology, particularly

10 a desired surface area to mass ratio. The elasticity of the

reaction mixture and/or forming polymer should be capable of

supporting the formation of the substantially water-insoluble

polymer material generally in a size and shape proportional to the

expanded blowing agent particles. In general, the elasticity of

15 the reaction mixture and/or forming polymer should be capable of

withstanding the vapor pressure of the expanding blowing agent.

For any given reaction mixture, there is a critical viscosity

at which a foam having a desired morphology is difficult to

achieve. The critical viscosity corresponds to a critical

20  temperature, described below. The critical viscosity is typically

reached when the monomer or monomer and internal crosslinking

agent have polymerized such that the visco-elastic properties of

the resultant polymer make it difficult to form an open-celled

foam. Therefore, in preparing the foams herein, the blowing agent

25 particles are preferably expanded to form an expanded structure

"~ before the critical viscosity of the reaction mixture is reached.

More preferably, the expanded structure has substantially the

finally desired superabsorbent polymer foam morphology by the time

the critical viscosity is reached. Preferably, at least about

30 90%, more preferably at least about 95%, of the ultimately desired

open cells are formed before the point of critical viscosity. .

At the point of critical viscosity, the polymer is typically

substantially water-insoluble. The substantially water-insoluble

polymer may be formed by polymerization of the monomer alone.

35 This reaction can be initiated by heat and/or light radiation.

The resultant polymer may be further reacted to  form a

superabsorbent - polymer material, e.g., by reacting the polymer
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i nvention is the unitary di sposabl e absorbent article, diaper 20, shown in
Figure 3. As used herein, the term"diaper" refers to an absorbent article
generally worn by infants and incontinent 25 persons that is worn about
the | ower torso of the wearer. It should be understood, howewer, that the
present invention is also applicable to other absorbent articles such as
i ncontinent briefs, incontinent undergarnent2d diaper holders and |iners
f em ni ne hygi ene garnents sanitary napkins, pantiliners, and the like. 30
Figure 3 is a plan sent jnvention |Et|ts

Vbﬁ p Siaper 2 t he P%ﬁ
flat-out, uncontra® sf'éﬁ‘é ynking agept fand neytralizipg, capbaxyhrawRs 8
renoved) with port ipohymeof as lwaysbe mecmerﬂei nin cthe- preferted embod iment awlieyeshow

the construction oOfgyt h&eﬂﬁﬂpﬁos@irﬁ@ﬂgﬁéﬂ tiPeprQPéntt' ’PrPtﬂZ Fe?@h@h Eirﬁ‘igur%o

which faces away fr out er su face oriente

towards the viewer. Re/ﬂ? !Wﬁﬁmﬁs|9T°F$ijﬂF y hegting & r*xﬁiﬁﬁﬁﬁef§¥P§&ﬂ“§“1‘¥
conprises a |idui dwateninsod ublep podymer24trutive]itiod ai tpmpevature beeatemetian26

joined with the critical temperature, generally to at least the activation
' temperature. Alternatively or in addition to the internal
crosslinking agent, the polymer structure may be reacted with an
external crosslinking agent.

10 The substantially water-insoluble polymer may also be formed
by reaction of the monomer (or a substantially water-soluble
polymer thereof) and the internal crosslinking -agent. This
reaction is typically initiated by heat, either directly applied
. to the reactants or as generated by a monomer polymerization
15 reaction induced by light radiation. The resultant polymer may be
further reacted as may be necessary to form a superabsorbent
polymer material, e.g., by subjecting the expanded polymer
structure to higher temperatures or by reacting the polymer of the
structure with additional crosslinking agent (and neutralizing

20 carboxyl groups of the polymer as may be necessary).

Where the reaction to form a substantially water-insoluble
polymer is initiated by heat, there is a critical temperature at
which the reaction typically occurs. The critical temperature
corresponds to the critical viscosity and thus typically to the

25 formation of a substantially water-insoluble polymer. The
critical temperature and critical viscosity will vary with the
particular reaction mixture composition, e.g., the monomer,
internal crosslinking agent, and the optional initiator.

The critical temperature may be determined for a given

30 reactien mixture by determining the maximum rate of change in the
viscosity of the reaction mixture as a function of temperature.
The viscosity of the reaction mixture at various temperatures can
be determined by known rheometry methods. As used herein,
viscosity refers to the apparent viscosity, i.e., viscosity is

35 meant to characterize the full spectrum of fluids or dispersions.

' This full spectrum includes. simple Newtonian fluids for which
viscosity is the proportionality constant that relates shear force
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58 the topsheet 24; an absorbent core 28 (having a garnent surface 100, a
body swsurface 102, side edges 82, and waist edges 83) positioned
between the topsheet 24 and the backsheet 26; elasticized side
panel s 30; elasticized |leg cuffs 32; elastic 5 wai st features 34; and a
fastening system 36. The diaper 20 is shown in Figure 3 to have an outer
surface 52, an inner surface 54 opposed to thg outer surface 52, a first
wai st region 56, a second wai st region 58 opposed to the first wai st region
56, and a periphery 60 which is defined by the outer 10 edges of the
di aper 20 in whicPer UM aremgptthei negativaigésthealacadiewslgrityetr@ientndandhe
?Rdt edgg_s are desi gﬂﬂfeledfgﬂds (h\glﬁl b€ thde 6jﬁil:#ﬁ fdiugéd by iﬂis}[ SR8 Vaw
at a diaper is uspally described in terns of havi a r ofy wai st
regions and a crot cﬁe'rgégi Bﬁétrféf vvesgﬂr'f‘ﬁé’ w4 P%&ﬂ’)ﬂ‘g, 'feﬁgffthi ROTYRRNS cand; on,
for sinplicity of 16ispersions refl desplublehmatetiialsemizd withdestubloamteriglslavi ng
3_”' y wa:/\;; LGQIP{‘Z,T&%Eh clei;\céplﬂ? \aﬂiié,sﬁeict@@bémsid n&iﬁ@?ﬂ?déaﬁprtihﬁﬂrﬂfsgﬂle
I aper i ch wou i cal ly he, desi gna . part .o e C eql on) .
The inner surface 5&%@'@9@’ c#%5$eF§2%‘cdng'Pia€‘égyt&h§?"s' fhe. (1%8), Enpt. 1,
incorporated herein by reference.
Since the critical temperature may vary with the reaction
rate of a given reaction mixture and therefore the time for which
10 the reaction mixture is maintained at a given temperature, the
viscosities are measured for a reaction mixture which has been
maintained at various temperatures for a constant time period at
each temperature. This is most readily done by using a rheometer
capable of heating a reaction mixture sample at a controlled rate.
15 Suitable rheometers include a Sangamo Visco-Elastic Analyzer and a
Brabender biender and rheometer. The principle of operation of a

blender and rheometer such as the Brabender system is described in

the Handbook of Polymer Science and Technology, Vol. 3:
1 n n r in ration, Cheremisinoff, Marcel

20 Dekker Inc. (1989), pages 373-419. Alternatively, the viscosity

. of separate samples of a given reaction mixture may be determined

with the viscosity of the individual samples being measured after

being held for a constant time period at a given temperature for a

given sample. '

25 The viscosity is plotted as a function of temperature, the

s - resultant curve typically being as shown in Figure 5. As shown in

Figure 5, the resultant curve has an i$nitial, substantially

1inear, slightly sloping part 5a corresponding to a small change

in viscosity per unit change in temperature, and a second part 5b

30 of rapidly increasing slope corresponding to a rapid increase in

viscosity per unit change in temperature. At least the first part

. 5¢ of this second part 5b may be described as a parabolic,

corresponding to an exponential increase in viscosity per unit

- change in temperature. This paraboloid part 5c is followed by a
35 substantially linear, steeply sloping part 5d.

As shown in -Figure 5, the critical temperature (T¢) and

critical viscosity (V¢) are determined from the point of

~--‘I'l_'nis'istlsle'«replacéments,hauat
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portion of the diaper 20 which is positioned adjacent to the 20 wearer's
body during use (i.e., the inner surface 54 generally is forned by at |east
a portion of the topsheet 24 and other conponents joined to the topsheet
24).. The outer surface 52 conprises that portion of the diaper 20 which
IS positioned away fromthe wearer's body (i.e., the outer surface 52
generally is 25 formed by at |east a portion of the backsheet 26 and
ot her conponents joined to the backsheet 2643 Figure 3 shows a preferred
enbodi ment of the diaper 20 in which the topsheet 24 and t he backsheet 26

have | ength and mnd h diJjen eperal | er than.tho f the

absor bent core 28.! Hsecqﬁg gpih% 8y t&ﬁ%e"?hg % @gaﬂft é‘ﬁﬁl“ﬁeyond
the edges of the alisghtherxlopingep@d bo mﬂetheblﬂnkotmentetpéuhemws%nﬁmﬂdf t he
di aper 20. ~ Wil qjq {&e fs@@éph ©§10ing sm lsacksmeekr&ﬁca\ Hirhp &mu@%ﬂabe”t

core 28 may be asse vari et

known c t
preferred di aper c,c(‘)'hﬂcgur‘é‘tsFBﬁiéya?'@ \ééwr%édbéﬁ*"ﬁéﬂ&r‘ﬁg {Ta i ?:‘““t
Pat ent 3, 860, 303 aft inteesectfomito akheakiaxis STge aRdrthe graxio(VE) sposabl e

? aper Og‘é"hi ch issued i KaaneldisCene®yitdboPit Bit 5 hay fohSbe Hat1dked by 3! oN!

substautia]ly Tinear part but the curve may, for example, remain
parabolic. In addition, for some systems it may be difficult to
measure the viscosity for all points on the parabolic curve (i.e.,

10 above a certain temperature). In such cases the critical
temperature may be determined through calculus methods. The first
derivative of the curve (viscosity as a function of temperature)
is determined for various temperatures and is plotted as a
function of those temperatures. The resultant curve is typically

15 characterized by a maximum inflection point which corresponds to
the maximum rate of change in the viscosity of the reaction
mixture as a function of temperature. The temperature which
corresponds to this maximum rate of change can be determined
graphxcally and is the critical temperature.

20 In order to carry out the expansion step before the critical
viscosity is reached, the blowing agent partic1es of the stable
dispersion will typically be expanded by heating the stable
dispersion to a temperature which is greater than or equal to the
vaporization temperature of the blowing agent and less than or

25 'equal to the critical temperature, preferably 1less than the
critical temperature, most preferably about 50C to about 100C Jess
than the critical temperature. Therefore, the blowing agent is
preferably selected such that it will volatilize (vaporize) at
such a temperature. In an alternative embodiment of the present

30  jnvention, the expansion is caused by decreasing the pressure on
the stable dispersion. In addition, various combinations of
pressures and temperatures may be selected in order to expand the
dispersion.

Where a decrease in pressure alone is used to expand the

35 blowing agent, the critical viscosity is not generally attained in
the expansion step. In such case, it is important to form the

~ substantially water-insoluble polymer at zbout the point where the
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59 Wth Dynamic Elastic Wai st Feature Having A Predi sposed Resilient

Fl exural Hi nge", which issued to Kenneth B. Buell, et al. on Sept. 29,
1992; each of which is incorporated herein by reference. Alternatively
preferred configurations for disposable diapers 5 herein are also

disclosed in US. Patent 4,808,178 entitled "Di sposabl e Absorbent
Article Having El asticized Fl aps Provided Wty Leakage Resistant Portions”
issued to Mohanmmed |. Aziz and Ted L. Blaney on Feb. 28, 1989; U.S. Patent
- 4,695,278 entitled "Absorbent Article Having Dual Cuffs" issued to M chael
| . Lawson 10 on Seppanded strogtureahas Sultambitadhy theSdameOM&rpbotdgy| &l that

"Absorbent Article lHayired dn ot FindEFoaOCHR{s WitPUBRHiILN 190bE ddhi&REECERN
on March 28, 1989.. nc

reference. The topsH@gYeEgi"sqeéhgg‘t&'ﬁ%Bé%ﬁg%r gtﬁj e%%'?ﬁ?gé g‘gﬁﬁ’/‘: eg?e:‘tgcéPﬁP?sES

of the absorbent cortbe2d.iticaie tempesatawe 1o cagsec veqrtiemtof theompnomer or the
monomer and internal crosslinking agent to form the substantially
water-insoluble polymer. _

It is generally preferred to expand the blowing agent as
slowly as possible. Typically, the blowing agent is expanded- by
heating the stable dispersion to the vaporization temperature of
the blowing agent at a rate of less than about l°C/minute, more
preferably Tess than about 0.59C/minute, most preferably less than
about 0.1 to about 0.20C/minute. The rate of heating may be
increased if a counterpressure is applied to the dispersion in
order to achieve substantially the same rate of expansion as where
only the temperature is increased at the preferred rates.
Alternatively, where a decrease in pressure is used to expand the
blowing agent, a corresponding (at a given temperature) controlled
rate of decreasing pressure may be used to form the expanded
structure. '

As previous'l,y' stated, the monomer or the monomer and internal
crosslinking agent of the expanded structure are reacted so as to
form an expanded structure comprising a substantially
water-insoluble polymer (i.e., a substantially water-insoluble
foam is formed). Reaction can be caused by heating the expanded
structure to at least the critical temperature. Preferably the
expanded structure is heated to the critical temperaturé. The
monomer and internal crosslinking agent are then reacted to form a
network crosslinked, typically superabsorbent, polymer. . Such
reaction is caused by heating the structure to at least the
activation temperature. The activation température may be equal
to or greater than the critical temperature. Preferably, the
reaction mixture is designed (more particularly, the internal
crosslinking agent and/or initiator is selected) such that the
activation temperature is greater than the critical temperature,
more preferably at least about 100C to about 200C above the
critical temperature. Network crossiinking is described in
greater detail below.
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feeling, and non-irritating to the wearer's skin. Further, the topsheet 24
Is liquid pervious, permtting liquids (e.g., urine) to readily penetrate
through its thickness. A suitable topsheet may be manufactured froma w de
rapge of materials, such as porous 20 foans; reticulated foans; apertured
plastic filnms; or woven or nonwoven webs, of natural fibers (e.g., wood or
cotton fibers), synthetic fibers (e.g., pojyester or polypropylene '
fibers),or a conbination of natural and synthetic fibers. There are a
nunber of manufacturing techni ques which may be used to manufacture the 25
topsheet 24. For exdhpl eatet lod theptingeto Zdausayrmtmmmfmnemomhemf(oh bers,

the web being Sp%lp eﬁ.erﬁéf)deiﬂd t’}ﬁtﬁ@rﬂr(l f&biﬁ'mm e?‘%ﬁgg o sﬂ'get g

conbi nati ons

oV
carded and ther nd'lei‘ﬂ’f"ﬁoﬁ ?We?re%mg“%el’F R"rfcfﬁﬁbt‘b ﬂ?dsé“ ﬁﬂ’?‘lé& R¥Pighe
fabrics art. A prtbkerapid tvopstidézat3on ofcomyr iresidual welowirg sigept eardertgt h
pol ypropyl ene fi u r si on
of Internati ?nal ti’I(?‘Dagf)ee“ri 6t n?i?nhﬁegF %Feﬁdeﬁﬁl\gﬁs aﬁgé;ftsghﬂﬁgr tﬁéf"e
desi gnati on P-B. e %‘iﬁﬂgh @f' 2hiemperatyre oiﬁed'ﬂ?‘!’he hags ot %nt“@&f‘@‘% and
to the backsheet t2fipdratutel,atlierrate of aeatng to sdagse reacioiion areed hwtebe as

slow as the rate of heating to cause expansion. Preferably, the
rate of heating to cause reaction is less than about 109C/minute,

10  more preferablj from about 59C about 109C/minute, most preferably
from about 89C to about 109C/minute.

Although the various components of the stable dispersion may
be selected such that the blowing agent vaporization temperature,
the critical temperature, and the activation temperature are the

15 same, for the preferred foams herein, those components are
selected such that the blowing agent vaporization temperature is
less than the critical temperature which itself is less than the
activation temperature. Most preferably the components are such
that the blowing agent vaporization temperature is from about 50C

20 to about 100C less than the critical temperature which itself is
from about 100C to about 209C less than the activation
temperature.

The expansion and reaction conditions are preferably uniform
throughout the ﬂispersion and/or the expanded structure.

25 Uniformity 1s generally achieved by ensuring a relatively
isotropic reaction mixture and a uniform temperature and/or
pressure throughout the dispersion and/or the expanded structure.
Uniformity of temperature and pressure are influenced by the
heating means, the volume and/or depth of the dispersion being

30 reacted, the heat flux (i.e., rate of heating), and the extent of
exothermic heat evolution by the reacting dispersion. Preferably,
these factors are controlled so as to ensure uniform heat transfer
(i.e., temperature gradients across the expanding material are
minimized) throughout the dispersion and/or the expanded

35 structure. For forming a bulk foam material, a particularly
suitable reactor for ensuring uniform heat transfer is a stirred
tube reactor. In forming thin films (e.g., having a thickness of
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35 well known in the art. Suitable attachnment means are described herein
W th respect to joining the backsheet 26 to the absorbent core 28. As
used herein, the term "joined" enconpasses . 60 configurations
whereby an elenent is directly secured to the other element by affixing the
el enent directly to the other elenment, and configurations whereby the
element is indirectly secured to the other eJgment by affixing the el ement
to internedi ate nmenber(s) 5 which in turnare affixed to the other
elenment. In a preferred enbodi nent of the present invention, the topsheet

24 and the backshedro@boute 1jmilnes aboutc600 Wily) eAche Ofodf] iitrhiﬂmegedhﬁl@{]
em

peri phery 60 and ang ih4gi tly, jqrhe r irectly joinin t
to the absorbent bgor%%gbsg e _tg%é;;s ]eEe'?g%Z‘Fbr%f)_ regacwiﬁggfve Zg"d/ﬁﬁy
be directly join®deckran heam radjabianche cause cxpansien sandgor (neaction. For
super absor bent foarchievigg ndi Neapideriteavforeidtiod oS NRRh EREnCIFidhs, Qt s

backsheet mat erg al 'genéal']atlw B%#e\é'%&' 'to dse9ultraviolet radiation. However, as the
thickness of the foam to be formed increases over about 500 mils,
it is preferred to use infrared and/or electron beam radiation in
order to prevent or minimize nonuniform cell structure.

The_ expansion. and/or reaction step can occur in a closed or

10  open environment. For example, expansion can take place in a
closed mold. The expansion and/or reaction step may also occur in
an open system, such as on a.web upon which the stable dispersion
has been applied, for example, by extrusion or printing. The
dispersion may be applied to a. temporary or permanent substrate

15 - prior to its expansion and reaction to form the polymer foam.

As previously stated, the substantially water-insoluble
polymer is reacted to form a substantially water-insoluble,
network crosslinked polymer. The reaction is typically caused by
heating the expanded substantially water-insoluble polymer

20  structure to the activation temperature. As noted above, the
activation temperature may be equal to the critical temperature,
in, which case crosslinking coincides with insoluble polymer
formation. In such case, no additional reaction is generally
required (although further crossiinking may be used to modify

25 absorptive properties). _ |

Conditions for reacting the substantially water-insoluble
polymer to form a network crosslinked polymer may be selected
consistent with the above teachings from polymerization conditions
such as are generally described in the above referenced U.S.

30 patent- Re. 32,649 and in U.S. Patent 4,666,983 issued to
Tsubakimoto et al.; and U.S. Patent 4,625,001 issued to
Tsubakimoto et al.. Such reaction conditions generally involve
heating (i.e., thermal activation techniques) the polymer to a
temperature of from about 09C to about 1000C, more preferably from

35  about 200C to about 80°C, most preferably from about 500C to about

: 800C. Temperatures of less than about B09C are preferred for
obtaining foams having a low extractable polymer content.
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where the absorbent core 28 is a free superabsorbent foam sheet or a

foam hearing structure (e.g., paper tissue conprising the 15

super absorbent foam, the topsheet or backsheet may be joined to the core
by;any attachment neans such as are known in the art. The backsheet 26 is
positi oned adjacent the garnent surface 100 of the absorbent core 28. The
backsheet.- 26 nay be joined to the absorbent gore 28 by form ng the foam on
t he backsheet 20 material or, e.g., where a free superabsorbent pol yner
foam sheet or other foambearing structure is used as the absorbent core
28, by attachnent FReadidiqnsounderontyirh stihe hpod ymerh bs maimyalined,oam ajl so tindlude .

For exanple, the fprERR!, sdfetBihg BRe potaereto iy cbfverbfdabefdmceor e 28

by a .uniform continupus _]ayer of .adhesive 5 tterned |ayer_ of,

adhesi ve, or an aPil’Lﬁ?)‘eB'f"gé%r é‘ftgvafeiis"ﬁesfadgﬁi%f"& sf)ﬁ%rm%c&df%’ o@%ﬁﬁ%‘éhe.
Adhesi ves whi ch hauttrasieletolardetestnomageetiicfradi stipn are switablecaltesnatiye H
B. Fuller Compgny epnvehtidnat! polhdHigfaba tRprhigaéket ed as HL-1258 or H 2031.

The attachment TEANS Vhierubre: Sragelinkiig melntolBEY RO SRS
"Di sposabl e Wast e- €btesaof ithetmoGomereor 'polymer cthereafuwitht the reactive sites of
the internal crosslinking agent to form a three-dimensional
polymer network in which there are crosslink bonds between

10 different polymer chains, the polymer chains being generally
attributable to polymerization of the monomer. Sufficient network
crosslinking provides . a substantially water-insoluble polymer.
Sufficient network crosslinking, which may or may not be the same
degree as required to provide substantial insolubility, also

15 renders the polymer superabsorbent (where a sufficient number of

" neutralized carboxyl groups are present in the polymer). Thus,
additional crosslinking of the insoluble polymer material may be
required in order to render it superabsorbent. The level of
crosslinking of the insoluble polymer material is generally -

20 determined by the reactant type (particularly the crossiinking
agent) and concentration and the reaction conditions. Therefore,

- if necessary, the substantially water-insocluble polymer material
can be made superabsorbent by exposing it to more extreme reaction
conditions and/or additional crosslinking agent.  (Since

25 superabsorbency is also influenced by the level of salt groups in
the polymer, various degrees of superabsorbency may also be
imparted by neutra!iiing at least a portion of the salt-forming
groups (e.g., carboxyl groups) of the polymer as previously
described.) '

30 The degree of network crossiinking, 1i.e., the “crosslink
density, may be varied as known in the art to provide various gel
strengths and gel volumes as may be desired. In general, as the
crosslink density increases, the gel strength increases, gel
volume decreases and, at a constant surface area to mass ratio,

35 the rate of absorption decreases. Thus, the degree of network
crosslinking in part serves to determine the absorptive capacity
~and absorptive' rate of the superabsorbent polymer material and
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M netola, et al. on March 4, 1986, nore preferably several |ines of
adhesiwve filanments swirled into a spiral pattern such as is illustrated by
t he apparatus and met hods shown in U S. Patent 35 3,911,173 issued to
Sprsague, Jr. on Cct. 7, 1975; U. S. Patent 4,785,996 issued to Ziecker, et
al. on Nov. 22, 1978; and U.S. Patent 4,842,6666 issued to Werenicz on June
27, 1989. - Each of 61 t hese patents ang | ncor por at ed herein

by reference. Alternatively, the attachnment nmeans may conprise heat
bonds, pressure bonds, ultrasonic bonds, dynam c nechani cal bonds, or any
other suitable atthehrmdnthe nipaabsorbent opdlywert ifo@s. The deljr&ae of network

attachnment neans as %fsllfmwa il'}gtﬂ?lﬁintces Tﬁ Pﬁ%qg@ﬂe?’%”bﬂ%ﬁgﬁl‘ts"ﬂlﬁ s to

liquids (e.g. urlne) and nanu
fil'm although ot hePolymex; BP'éeM qef d"’PQer‘é\im oulh riatrneferred nuybqsihwtbethsed

As used herein, the intermal fdressibhiing” ffent SaddomsTidherF 1adk Sredbtdd sé'R to form
5 a substantially water-insoluble superabsorbent polymer material
which is partially network crosslinked so as to achieve a desired
gel strength and gel volume. :
In the preferred embodiment in which the solvent is water and
the expansion and reaction has occurred at temperatures less than
10  the boiling point of water (i.e., 1009C at 1 atm), the resultant
foam will typically comprise water as absorbed from the reaction
-mixture by the superabsorbent polymer material of the foam. Some
level of water is generally desired in the foams in order to
enhance the flexibility and absorptive rate of the foam.
15  Preferably, the foam will contain less than about 20%, more
preferably less thin about 10%, most preferably less than about 5%
by weight of water per 100 parts by weight of the superabsorbent
polymer material of the foam. (These preferred percentages
include iny water which may be absorbed from the environment.) -
20  The level of water may be controlled by varying the amount of
water used in the reaction mixture. In addition, water may be
added to the superabsorbent polymer foam (e.g., as an external
- plasticizer). Although it will usually be unnecessary, the water
content may be decreased by, for example, displacing the water
- 25 with a lower alcohol such as those described herein and/or by
o . heating the foam to evaporate the water, e.g., by microwave
radiation. ' | '
Where the solvent is other than water, any remaining solvent
may be removed in whole or part from the resultant foam. This is
30 most readily carried out by heating the foam material to a
temperature  sufficient to evaporate the solvent within a
reasonable time, e.g., near or above the boiling point of the
solvent. '
Typically, the components of the reaction mixture and the
35 Dblowing agent are introduced into a vessel equipped for high shear
mixing, and the stable dispersion as described above is formed in
the vessel. The blowing agent is then expaﬁded and the monomer
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10 conpliant and will readily conformto the general shape and
contows of the human body. The backsheet 26 prevents the
exudat es absorbed and contained in the absorbent core 28 fromwetting
artd cl es which contact the diaper 20 such as bedsheets and undergarnents.
The backsheet 26 may thus conprise a woven or 15 nonwoven material,
polynmeric filnms such as thernoplastic filng—of pol yet hyl ene or

pol ypropyl ene, or conposite materials such ds a filmcoated nonwoven

mat eri al . Preferably, the backsheet is a thernoplastic filmhaving a

thi ckness of fromasbduter@aDi?os9Vinking dgenl areOreagbsdito fArRhe fodh. (7nd

mils). Parti cul . pr erials for t bagkshget .i.ncl ude
RR8220 bl own fi | ngggﬁr:_d'%Rgifsgxﬁgs%%??‘ﬂ:agy%ﬁ" 8E¢ d?g‘if byFSTriogmA PR -
I ndustries, Inc. &hariag rmay-beitaghieved byhanygorvenbianadoshaping déchnidiies as
enbossed and/or mard eknbwii inhee tartPEO VIR & fRIRChEH/iRG Nl | de®iRiAPSRlpRNGfd

core 25 28 B 3 0ty o Eraftnted Wefbdes” 3B hapfosl R Kol HielitE s g
passi ng through t meldiagk onctormivg. opratiamsor bent core 28 is positioned .
between the topsheet géstaRg andNio1dPAg tebMilques’Generall}e indIver ftPoduciry € 28
I's generally the stable dispersion into a prepared mold cavity (open or closed
mold) and i:ausing expansion and reaction such that the foam
10 conforms to the shape of the mold cavity. Examples of specific
molding techniques for use herein include compression molding,
injection molding, extrusion, or laminating. Forming techniques
~involve performing various operations on the stable dispersion or
foam to modify its shape and/or size. Examples of specific
15 forming techniques for use herein include grinding, chopping,
'cutting. coating and extruding operations. For example, the
stable dispersion may be extruded through an orifice to form a
foam having a shape corresponding to the shape of the orifice.
Further, the stable dispersion may be cast on a surface to form a
20 foam having a desired shape or surface morphology. Any or all of
these techniques may also be used in combination to form the
shaped foam. Any suitable apparatus as are known in the art may
be used to carry out such operations.
The superabsorbent polymer foams of the present invention are
25 * yseful in free form, fncluding particulate (includes granules,
chunks, and the 1ike), sheet or other three-dimensional forms. A
particulate foam material can be obtained from a bulk sample of
foam material by a'ny suitable method, e.g., chopping or grinding.
However, in any such process it will generally be desired to make
30 efforts to substantially preserve the morphology (e.g., surface
area to mass ratio) of the foam material as originally formed. To
form a free (i.e., unsupported) foam sheet, the stable dispersion
is applied to a temporary substrate followed by expansion of the
blowing agent and reaction of the internal crosslinking agent with
35 the monomer to obtain the substantially water-insoluble, polymer
foam. The foam 1is then readily removed from the temporary
substrate. Temporary substrates include any materials known for
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conpressi ble, conformable, non-irritating to the wearer's skin, 30 and
capabl € of absorbing and retaining |iquids such as urine and other certain
body exudates. As shown in Figure 3, the absorbent core 28 has a garnent
surf ace 100, a body surface 102, side edges 82, and wai st edges 83. The
absorbent core 28 may be manufactured in a wide variety of . sizes and

shapes (e.g., rectangular, 35 hourgl ass, ., T-shaped, asymetric, etc.).
As shown in Figure 3, the absorbent core pﬁeferably has a nodified
T- shape. The absorbent core may include one or nore |ayers of absorbent

Comonty used | i e TRy | o e L, - and
absor bent capacity "6f e?’r?éc%t‘&%r“ggﬁ]ts ,sgg)e&é. 2§%§h%ﬂsﬁ', gﬁ%‘%g{eornl gﬂgg%é a'telagf Zl
with the design | odii tie anbstrate byt @ydeonventional amephod o€ rrepgning Ailms or
Further, the size gqnfdSqHoPekanpR2Ckdi¥e Loat iRy, 2BpRIYIESILIAAS Gedérserpibe
varied to acconpdate wearers rangin
. coating, gravure}%oaé%ng, cold extrusion coating or casting, and
the like. The stable dispersion may be applied to the substrate
to obtain a foam product in a desired shape. Alternatively, the
foam product may be cut to a desired form.
The superabsorbent polymer foams of the present invention are
10 also useful when joined to a carrier to form an absorbent member.
The carriers may be any carriers as are known in the art such as
nonwoven webs, tissue webs, conventional foams, polyacrylate
fibers, apertured polymeric webs, synthetic fibers, metallic
foils, elastomers, and the like. The carrier may be any material
15 generally employed for use in absorbent articles, including
wicking and non-wibking materials. Examples of wicking carriers
include tissue paper (which includes paper toweling). Examples of
non-wicking carriers include polymer films such as polypropylene.
For use in absorbent articles, a particularly suitable carrier is
20 paper tissue. For example, suitable paper tissue is disclosed in
U.S.’ Patent 4,191,609 issued to Trokhan on March 4, 1980; U.S.
Patent 4,529,480 issued to Trokhan on July 16, 1985; and u.s.
Patent 4,637,859 issued to Trokhan on January 20, 1987, each
incorporated herein by reference. Suitable carriers also include
- 25 any of the backsheet materials described herein for use in
- absorbent articles. The carrier may be of any desired shape and
may be shaped before, during or after joinder with the foam.
The - foam may. be Jjoined to the carrier via chemical or
physical bonding methods such as are known including adhesives or
30 chemicals that react to adhere the foam to the carriers. Joinder
is also meant to include generally non-bonded combinations of the
foam with other materials, e.g., encasing or sandwiching the foam
in or between other materials. Alternatively, the foam can be
joined to the carrier by applying the stable dispersion to the
35 carrier and causing expansion and reaction so as to form the foam
on the carrier (i.e., the carrier is a permanent substrate) to
provide a superabsorbent foam-bearing structure. The foams as
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frominfants through adults. The absorbent core 28 conprises the

super abisor bent polyner foam of the present invention. The superabsorbent
pol ymer foam 10 can be incorporated into the absorbent core 28 in any of
the-forns described herein (e.g., particulate, sheet form or joined to a
substrate) accordi ng to any conventi onal met hod. For
superabsorbent foam in particulate forn]33the foam can be

i ncorporated into the diaper in the same manhéer as conventional 15
particul ate superabsorbent or absorbent gelling materials.

Al ternatively, a fridnédato theetarreer byr ahpromedof OtteseeRdtheds dakCbe MY abe

the_absor bent cor o cORETRBE b H¥cEneRulls, POCBE o3idtBT S 0C LS or bant f oam
i s incorporated as fornéhererthentoaprisnfermedon the carrieni Hper, therserniersis
L sdiie paper op the e e peTrrare (Y PO aitefianayfve o
pleffr;ﬁeﬁ?pglrjbst at epr(egﬁﬁli’ﬁér)s.e]f@eﬂ pﬁ"&?er&ég eﬁﬁggi nt ,s"f?fléﬁ%eg"g “onding
super absor bent pol y(physticadnandfof mhemitadh ofnthe foamdnt theacarirder asorequired
preferably a carri ey 2he inRérdél ipplicatidn. Wi Yhel SEAbIPE YISHerisFn ehwmea&pﬂasue
paper, such that to the entire surface of the carrier or to any portion thereof and
in any continuous or discontinuous pattern. Suitable patterns can
10 be selected for tailoring the absorption properties of the
foam-bearing structure as may be desired. For example, for use in
disposable diapers, particular patterns may be formed to provide -
defined absorption properties in diapers for female or male use.
In a preferred embodiment of the present invention, the
15 stable dispersion is transferred to and extruded through a
conventional extruder apparatus. An example of an extruder
apparatus is shown in Figures 12-14 of Principles of Polymer
Materials. Second Edition (McGraw-Hill Book Co., 1982) at page
331, which is incorporated herein by vreference. The stable
20 dispersion is extruded through the orifice of the extruder
apparatus onto a temporary or perﬁanent web substrate, followed by
the expansion and reaction steps to form a free foam sheet or a
foam-bearing ‘structure. The temperature and pressure can be
controlled in the extruder so as to control the expansion and
25 reaction process. For example, polymerization of the monomer to
form a substantially linear bo'lymer may be caused while the
mixture is in the extruder. Expansion and reaction of the linear
polymer, any remaining monomer, and the internal crosslinking
agent to form a substantially water-insoluble foam may then be
30 caused when the dispersion is at or beyond the orifice. '
In another preferred embodiment, the stable dispersion is
printed onto a permanent substrate followed by expansion and
reaction to form a foam-bearing substrate. Exemplary printing
apparatus and techniques include rotogravure and flexographic
35 printing equipment and processes such as disclosed in Elexography
Principles and Practice Ath ition, Flexographic Technical
Association, Inc., 1991, incorporated herein by reference. The
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t he conposite absorbent material acts as the absorbent core. The absorbent
cores of the present invention nmay consi st solely of one or nore (a
multiplicity of) layers of the superabsorbent polyner foam or foam bearing
carsriers of the 30 present invention; nmay conprise a conbination of

| ayers including the foans or foambearing carriers; or any other absorbent
core configuration including one or nore of_the foans or foam bearing
carriers. Thus, the absorbent core can al so”Conprise conventional absorbent
core materials. Exanples of other suitable absorbent 35 materials are

creped cellul ose pepastn®0;subbBiat®! Ay bRO! dFET 6 | RRdsedi diQc G368 Merein,
chemcally stlffengp qgg%fled Qrkpross-lln ed cellulosic fibers: tissue,
i ncl udi ng tissue AYEPY t sayjeking gmatexjal, . mare -~ prfprably ofagerising
absorbent foans; cedbglmslerfibewsyomséspreferabdntwoodapiulp fSbewsr.absor bent

pf"bygﬁgs poﬁ;d rgbggrbﬁme 98k iWg MRILSEFARLS 8- dhed, PAkL 116Ul AFEicul BAlyUdi Ng
o i's desirable to print the stable dispersion in a discontinuous
pattern on the wicking substrate in order to form an absorbent
member possessing both the capillary absorptive properties of the
wicking material and the osmotic absorptive properties of the
resultant discontinuous pattern of superabsorbent foam. To form
10 the discontinuous pattern, it. is generally desirable to use a
stable dispersion having a sufficiently high viscosity such that
wicking of the dispersion into the substrate does not occur to a
substantial extent. In this way, the wicking properties of the
"substrate are substantially maintained. In addition, the higher
15 viscosity may prevent or minimize partitioning of the solvent and
the reactants. The viscosity can be controlled by any of the
methods discussed herein in reference to forming the stable
dispersion, e.g., -through the use of a viscosity control agent
and/or multi-step reaction process. In addition, it is generally
20 desirable to initiate expansion and reaction to form the foam
within a short time, preferably immediately, after printing of the
stable dispersion onto the substrate. For example, polymerization
of the monomer to form a linear polymer may be initiated by, e.g.,
subjecting the printed dispersion to ultraviolet radiation.
25 Expansion and reaction of the linear monomer, any remaining
monomer, and the internal crosslinking agent in the printed
dispersion s then caused, e.g., by subjecting the printed
dispersion to heat. The ultraviolet radiation used to initiate
polymerization of the monomer may be sufficient where the blowing
30 agent has a sufficiently low boiling point and the crosslinking
agent has a sufficiently Jlow activation temperature. If
necessary, additional sources of heat may be used, e.g., infrared
radiation. '
In an especially preferred embodiment, the superabsorbent
35 polymer foam of the present invention is flexibilized.
Flexibilization may be achieved by including suitable *internal”
plasticizers in the reaction mixture, the plasticizers being
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materials); or any equivalent material or conbinations of 5
materials. The absorbent core preferably conprises a carrier web of fiber
mat eri al and t he superabsorbent polynmer foam of the present invention. Such -
cor.es can be prepared by any process or techni que which provides a fibrous
carrier web and the foam In a preferred 10 enbodi mrent, the absorbent
core is formed by air-laying a substantially dry m xture of fibers,
densifying the resultant web if desired or nggessary, and then form ng the
super absorbent foamon the web. The air-laid web wll preferably

T8 content of 100 ar L ae (Pt AL oRE b he SUpSFisaRtart WA ek, firniag!t ©
stabilized di spersi %ﬂeshﬂ?hé Rﬁgg“é?s‘@&@eapma%’ﬁéﬁ "@ip@nﬁ?%g‘gﬁqu"@%"t i ng
t he di spersion so aeompenentr af tthe veasdicrbyixturet - ¢idher molehe onetn admixtioam
can be present on t@ghgthermétbmers HedériBe®uboté, (pPEv iR ﬁﬂqlﬂ{eyi&h& the
pattern so as tg) prgwcde z%t‘gsor‘,ott'!gﬁrje 20 Fr.opgrtles gle5| gned for]t e
i ntended use of °t he9HCEHRHIOB P BONAPEre.  OHEh MORORENS TR) PO ATl eeA by
t hereon can be desiepechavingoondinaryt skilfcirmbborapt i innviesqof thihediscibsureboy
and girl wearers. The internal plasticizers include unsaturated materials
capable of reacting under the above-described polymerization
conditions to form an addition-type polymer material, or the
10 addition polymer itself. The addition polymers will have a
relatively Tow glass transition temperature (i.e., Tg), e.g., less
than about 250C. The plasticizer may possess hydrophilic groups
such as acid or  other functional groups. Suitable internal
plasticizers include olefins, aromatic ethylenicaIIy unsaturated
15 monomers, and C1-C24 alkyl esters of unsaturated carboxylic acids.
Preferably, the internal plasticizer is isobutylene or 2-ethyl
hexylacrylate.
The type and level of internal plasticizer can be selected by
one having ordinary skill in the art in order to obtain a
20 superabsorbent polymer foam having various degrees of flexibility.
Preferably, the foam is designed such that an absorbent article
such as a diaper or feminine hygiene product is sufficiently
compliant so as to readily conform to the general shape and
contours of the wearer’s body. '
25 In place of or in addition to the internal plasticizer, an
"external® plasticizing compound may be wused to provide
flextbility in the resultant superabsorbent polymer foam.
External plasticizers generally include plasticizing compounds
other . than the above addition polymers and
30 addition-polymer-forming materials. Such plasticizers include
hydrophilic compounds and hygroscopic compounds. Exemplary
hydrophilic compounds are water and relatively higher molecular
weight polyols such as polyethylene glycol and polypropylene
glycol having a weight average molecular weight of about 600
35 grams/mole. Preferably, a hygroscopic compound is used.
Exemplary hygroscopic compounds are glycerol and relatively low
molecular weight polyols such as polyethylene glycol and
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The web havi ng the superabsorbent foam fornmed thereon can then be

I ncorporated into the diaper 20 by any conventional nethod. 25 '
Various types of fiber material can be used in the carrier web. Any type of
fiber material which is suitable for use in conventional absorbent products
Is also suitable for use in the carrier web. Specific exanples of such
fiber materials include cellulose fibers, noggfied cellulose fibers; rayon,
pol ypr opyl ene, 30 and polyester fibers such as polyethylene terephthalate
(DACRON), hydrophilic nylon (HYDROFIL), and the like. OQrher fiber materials
i ncl ude cellul ose ROLYRTOBY1ens| glxcay | haxdng at weighd! yeariage snol el br a@ight! of) |

bi component fi bers apbit czgdp?n@@ diebern t e d
Hydrophilic fiber a ma‘terl I'lol“rle pr'@f“eparr)eérgwrig$ h:% Qﬁft]eg{;’ﬂo g}?%dbr

hydrophi lic fiber rdt®yYe 5T *‘in addition to sone al ready nentioned are
hydr ophi |l i zed hydrophofhe ekterng] plashicizersumdyaciramtayt netitbed reactive or

silica-treateds t NGegtyedaStfth 71 B S reqfifed  superabsorbent-polymer-forming -
materials. The plasticizer may be included in the above described
reaction mixture. Alternatively, the superabsorbent polymer foam
may be treated with the external plasticizer after formation of
the foam, e.gq., by'spraying or immersion.

10 The specific amounts of external plasticizer may be selected
by one having ordinary skill in the art to flexibilize the
superabsorbent polymer foam to the extent desired. For example,
where the plasticizer is included in the reaction mixture and is
reactive with one or more of the superabsorbent-polymer-forming

15 materials, the plasticizer may be used in a stoichiometrically
excessive amount in order to obtain the desired flexibility.
Alternatively, the external plasticizer may be added to the
reaction mixture which is then reacted under conditions
insufficient to cause full reaction of the plasticizer with the

20 required Superabsorbent-polymer-forming materials.

Where the substantially water-insoluble polymer material of
the polymer foam is not crosslinked or only partially crosslinked,
the foam may be further reacted so as tc crosslink or further
crosslink the polymer material. As noted above, some degree of

25 crosslinking 1is necessary to render the -polymer material
superabsorbent. In addition, furthér crosslinking m&y_ also be
desired in order to impart certain absorptive properties to a
polymer foam which is already superabsorbent.

An uncrosslinked foam may result where the substantially

30 water-insoluble polymer material comprises only the monomer in
polymerized form, . e.g., where the reaction mixture does not
include an internal crosslinking agent or does include a latent
crosslinking agent. Latent crosslinking agents may also result in
partial crosslinking. By "latent crosslinking ageat", it is meant

35 that the crosslinking agent will not react under the particular
conditions used for reacting the monomer and the internal
crosslinking agent to form the water-insoluble polymer of the
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derived, for exanple, from polyol efins such as pol yethyl ene or

pol ypropyl ene, pol yacrylics, pol yam des, pol ystyrenes,
pol yuret hanes and the |ike. In fact, hydrophilized hydrophobic fibers
which are in and of thenselves not very absorbent and 5 whi ch,

therefore, do-not provide webs of sufficient absorbent capacity to be
useful in-conventional absorbent products, gpe suitable for use in the
absor bent nenbers of the present invention gy virtue of their good w cking
properties. This is because, in the structures herein, the w cking
propensity of the polymers | Soams 10 Thus,npavheanprevibusigt ndeseribepor tsyeirnalt han

{he ansorbent capaglist: fkihbdehEEmal ekl ab! Piteht UiSsifinkll Hehs @l © O

fluid uptake of the Supera oamns nven

whi ch are included!ong t‘ﬁe ther éeaCt%r%ﬂﬁHbﬁPﬂs s¥ngt H@t‘?‘étef‘l Ber s cth Qi‘lsg'tf be
used, but are |ess)jtentcrdaetionlS However, Fihe Feutoos miktureaw Hbipreferabhd

ﬁ;gﬁopﬁf: : g' ?fge“ P&{ﬁdé‘ t 9@{%‘? ﬁ&é ¥BPJrﬁ§)FQ§-€&1WinHS%§ ff.ﬁ.' E‘q %?rié ‘éted
wood pul p fibers mo‘nnartaeaﬁt@étaréflmyeutsb-iasomh enome@tmerii& | ul os. c

fiber materials which grerebg 1ateitucrosslinking agent has been used, the foam may
be subjected to conditions of time and temperature so as to react-
the latent crosslinking agent into the polymer network of the

10 substantially water-insoluble polymer material of the foam.
Although the required reaction conditions will vary, for example,
with the particular chemistry involved, the reaction generally
involves heating of the foam at temperatures of from about 1000C
to about 2500C for a time of about 1 minute to about 30 minutes.

15 - Such reaction typically causes network crosslinking in
substantially all of the polymer material of the foam. As a
result, it typically increases the gel strength (and decreases the
gel volume) of substantially all of the polymer material of the
foam. ‘

20 Partial crosslinking may also result from the reaction of .
only a portion of the monomer reactive sites with the internal
crosslinking agent, due, for example, to a stoichiometric
deficiency of internal crosslinking agent in forming the
substantially water-insoluble polymer foam. The polymer material

25 of such a foam (which may already be superabsorbent) can be
further crosslinked after formation of the foam by reaction of the
polymer material with a suitable external crosslinking agent.
External crossiinking results in crossiinking of the polymer
material of the foam surfaces in contact with the crosslinking

30 agent,-and depending on the reaction conditions, the subsurface
polymer material. In general, the more extreme the conditions or
reactive the reactants, the more surface and subsurface polymer
material will be crosslinked. Crosslinking can be caused through
various depths of the polymer material of the polymer foam, from

35  the polymer surfaces in contact with the external crosslinking
agent into the interior of the polymer material. In addition,
zones of different crosslink densities can be prepared, e.g., by
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20 certain absorbent cores herein are chemcally stiffened cellulosic
fibers. Preferred chemcally stiffened cellulosic fibers are the stiffened,
twi sted, curled cellulosic fibers which can be produced by internally
crosslinking cellulose fibers with a crosslinking agent. Types of
stiffened, twisted, <curled cellulosic fibers 25 useful as the
hydrophilitc fiber material of the absorbent jgores herein are described in
greater detail in U S Patent 4,822,453 entitled " Absor bent Structure
Cont ai ni ng | ndi vi dual i zed, Crosslinked Fibers Having Reduced Resi dual s
And Fi bers Ther eof tausiipguechssbinking onn &t stepwiser mnoer26, Thuess; dresliskt ent

4,889,597 30 ent thﬂgnt "cPFlo @Sﬁomgd)rmtﬁ/biﬂenﬁlgh\&i éﬁ'sﬁ"llnﬁt Mﬁtit'i Qfelng

Cont ai ni ng Ind|V|duaI|5e fened Fi L e Bou

Dec. 26, 1989; and'@¥agd p %nt PR Y68 Gﬂré‘ﬁ'ﬁt ig" '@ted °€ﬁem° al It§}°

Stiffened Cell ul osnntechﬁmumﬁtanmrhém) Sin ucﬂmrfelsrewaelm«)dmne;‘ oty the

I ssued to Morg, etsu#ace?'l)f':gbfoaﬁ {_ﬂﬁ\% ﬁ%ﬁébr%sooi‘%ent g??.?ﬁrpﬂit"é?ﬁﬁ qr
ence. at|

i ncor porated herein refer nount mat er i and
H{:ﬁ‘-e

super absor bent pol ¥ F oerasshinked F'é‘é‘ulq‘%t °i’%1n‘"l5' a“'r!’ést pdyding &he |y

surfaces of the intercommunicating channels, have relatively high
gel strengths while the gel strength and gel volume of the
subsurface po\ymeé material s generally unchanged. Without
10 wishing to be bound by theory, it 1{s believed that such
crosslinking may provide a gel strength sufficient to provide
surface dryness of the foam when wetted (and therefore skin
dryness in use) without significant adverse impact on the osmotic
absorptive capacity and rate. In addition, such surface
15  crosslinking may enhance the capillary absdrptive'rate.- —
Suitable external crosslinking agents include those described
herein in reference to the internal crosslinking agent.
Preferably, the external crosslinking agent is capable of forming
covalent crosslink bonds with the polymer material of the foam,
20 j.e., the external crosslinking agent contains one or more
functional groups or unsaturated groups that are reactive with thé
polymer material of the foanm. Where the substantially
water-insoluble polymer material contains carboxylic acid groups,
the preferred embodiment of covalent crosslinking generally occurs
25  as a result of the formation of ester, amide, imide or urethane
groups by reaction of "the carboxylic acid groups with the
corresponding functional group of the crosslinking agent.
Accordingly, preferred crosslinking agents include polyhydroxy
compounds, polyamines, polyisocyanates, polyamides, polyepoxides
30 and hydroxyepoxide ~ compounds. Preferably, the external
crosslinking agent is a polyhydroxy compound, e.g., polyethyiene
glycol, polypropylene glycol, and glycerol. Most preferab1y,
glycerol is used.
The polymer foam can be reacted with the external
35 cross]inking agent by first exposing the foam to the external
crosslinking agent, by, for example, spraying, immersion, or vapor
deposition. The polymer material of the foam is then reacted with
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65 expressed in ternms of a weight percentage of the absorbent core. The
absorbent cores preferably contain fromabout 2% to about 98% nore
preferably from about 5%to about 75% and. nost preferably from about 10%
to.about 60% by wei ght of the absorbent core, of 5 t he super absorbent
polymer foam This concentration of the foam can be expressed in terns of
a weight ratio of fiber to foam This ratio3sray range from about 98:2 to
ab;)_ut 2: 98. Eor nost absorbent cores, the optinmum fiber-to-foam wei ght
ratio is in the range of from about 95:5 to about 25:75, nost preferabl
from10 about 9Ckhe0 eXbRTARbUELTOSH dRKing  ageqt “&F‘E"er?f’d'f’ﬁ/’é’“énﬂégitﬁ@nt‘,"d %/he

%ﬁgg{ ggdcgrrg[]i Sf&m}g&taﬂuﬁ - k%fett)imsourobeauseortbe coepatiish ngoarthabeatdntnt

Movention. Typi cal 49 vdfa BARFIACEP tRE Harburil polvBB alet NF fHacoBBmy)

15 nenber (i.e., beroseldnkinge agensor buish ¢andbiions Myt b readidyndatermigpd byhe

absorbent mender onpeENi9ted lin tiiapk! Y DeperdiCon theéNEeaction chemistry, the
crosslinking réaction may occur spontaneously upon contacting the
polymer foam with the crosslinking agent, but gen.era'l'ly has to be
induced by, for example, irradiation or heating. Therefore, the
external crosslinking agent will be chosen with consideration

10 given to the method of induction.

Some of the external crosslinking agents, such as polyhydroxy
compounds, can also serve as external plasticizers. In general,
any external crosslinking agent of this type which is not fully
reacted into the superabsorbent polymer material will serve as an

15 external plasticizer. This can be achieved by using a
stoichiometric excess of external crosslinking agent to polymer
material, or by controlling the external crosslinking reaction
conditions so as to avoid complete reaction of the crosslinking
agent with the polymer material. In addition, the water which may

20 be attracted by a hygroscopic crosslinking agent, for example,
glycerol, may act to plasticize the superabsorbent polymer foam.

The resultant superabsorbent polymer foams of the invention
can be characterized by various absorbency, structural, mechanical
25 and other properties as follows:

ABSORBENCY CHARACTERISTICS

Absorptive capacity refers to the capacity of the
superabsorbent polymer foam to absorb and retain fluids with which

30 it comes into contact. Absorptive capacity of the foams herein
can be considered to have two components: an osmotic absorptive
capacity (i.e., gel volume) and a capillary absorptive capacity.

The osmotic absorptive capacity refers to the ability of the
polymer material of the foam to absorb fluids, whereas the

35 capillary absorptive capacity refers to the ability of the foam
channels to absorb fluids (e.g., by wicking). Similarly, the
foams herein have an osmotic absorptive rate (the |_~ate at which
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tenporarily hold discharged |iquids and to transport such |iquids by

wi cking fromthe point of initial contact to other parts of the absorbent
menber and to the foam sheet. The absorbent nenber 20 preferably
conprises a web or batt of fiber materials. Various types of fiber
material can be used in the absorbent menber such as the fiber materials
previ ously described herein. Cellulosic fibfgs are generally preferred for
use herein, wood pulp fibers being especially preferred. The absorbent
menber can al so contain 25 specific anount s of a parti cul at e,

abs?r_bent, t polbynfuhieCE/ﬂt)mQ?ﬁattbﬁm ;fbﬁ%r@brs]ﬂubeil)t aﬁ?@eéapiiﬂrrytewﬁpﬁtﬁvetcﬁn
contain up to abou i ght. e_po ri.c_conposition. 1n the
nmost ‘preferred errbo???rel%,- Qaﬁ%vﬁt)s%h‘ﬁgnttkﬁeﬁ’g‘gpg{grﬁbé?&snar“é)‘?ﬁ)O% Pefessout
8% by its wei ght ofotherwise sperified, avs drskénkerepoltheeabsorfbive capapityi tandn.

In alternatively rapécfefereth tRTIGEIITRALE,, codtiRedOiMbPRN
conpri ses chem ajl#ﬁstiffened gg*lulogﬁc fibg?s ag prev?ﬁﬂgnggggi}vﬁéd.

Exenpl ary enbodi nmen °'Eﬁﬁﬁ"|§‘.%ﬁ§ 0T Enber useful in the pr esent
i nvention are descri bedbserpti® cEpicdhy canpovaBy 4dgnifiitantlgdvithother hutoke of

Article Wth Dual - Lynderrghd3Deind Ohtssorbdti §1d iwithiCthe! nahAdt v Wi§ER "Pidiq
al. on June 16, 1987:
contacts the foam. For purposes of this invention, absorptive

capacity {is defined in terms of the amount of synthetic urine
10 absorbed by any given superabsorbent polymer foam material in
terms of grams of synthetic urine per gram of foam in a procedure
hereinafter defined (since the specific gravity of the synthetic
urine is approximately 1.0, absorptive capacity can also be
reported in terms of ml of synthetic urine per gram of foam).
15 The superabsorbent polymer foams of the present invention are
- those which have an absorptive capacity of at least about 10
grams, more preferably at least about 15 grams, most preferably at
least about 50 grams, of synthetic urine per gram of foam.
Superabsorbent polymer foams having this relatively high
20 absorptive capacity characteristic are especially useful in
absorbent structures and articles since the foams can, by
definition, hold desirably high amounts of discharge& body fluids
such as urine.

The absorptive rate is the absorptive capacity measured as a

25 function of time. The absorptive rate, in grams (g) of synthetic
urine per gram of superabsorbent polymer foam per second (sec), is
preferably at least about 0.5 g/g/sec, more preferably at least
about 1 g/g/sec, most preferably at least about 2 g/g/sec.

Absorptive capacity and rate can be determined for any given

30 foam sample using the procedure described in the TEST METHODS

- section. _ :

In addition to a relatively high absorptive capacity and
absorptive rate, the superabsorbent polymer foams preferably also
possess certain gel strength characteristics. Gel strength refers

35 to the propensity of the foam to deform or spread under stress
once the foam absorbs fluid. Without wishing to be bound by
theory, it is believed that, for a given superabsorbent polymer
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and U.S. Patent 4,834,735 entitled "H gh Density Absorbent Menbers Havi ng
Lower BPensity and Lower Basis Wi ght Acquisition Zones" 66 issued to

M guel Al emany, et al. on Miay 30, 1989. These patents are hereby

i ncor porated herein by reference. Absor bent nenbers having a storage zone
and an acquisition zone having a | ower average density and a | ower average
basis weight per unit area 5 t han the stoE?ge zone so that the

acqui sition zone may effectively and efficiently rapidly acquire discharged
liquid are especially preferred for use herein. The absorbent menber can be

of any desired shapatefial exdagel estrengﬂhectmhgldbﬁﬂary afb@dr?t,iveb caﬁbdi@?gandnb
Ty Get i ne the genat CORILENORRY BARET: auseFeEDERes hall B FRERRNL B o7
the present inventii®SreRsdng tbe susfadecareanto sase ratio pf thpstoamenThenefpres, and
can, in fact, have @ tigpdésiritieCto utilize in absorbent structures and articles
5 those superabsorbent polymer foams having an adequate gel strength
and the greatest achievable surface area to mass ratio.

It has also been found that gel strength (i.e., gel
deformation tendency) correlates directly with the shear modulus
of the superabsorbent polymer foam. Accordingly, superabsorbent

10 polymer foams having sufficient gel strength to be useful in
absorbent structures and articles of the present invention can be
appropriately characterized by spécifying gel strength in terms of
the shear modulus of the foam.

Shear modulus can be conventionally measured, for example, by

15 a procedure which involves the use of a stress rheometer to
determine the ratio of (a) stress applied to a given foam sample
to (b) the resultant strain exhibited by the sample. The foam
sample tested in this manner is swollen to its absorptive capacity
with synthetic urine. The stress to strain ratio is determined, . ...

20 and the shear modulus of the resultant foam sample in dynes/cml is
then subsequently calculated from this ratio. A suitable
procedure for use herein is described in U.S. Patent Re. 32,649
issued to Brandt et al. on April 19, 1988, incorporated herein by
reference.

25 The superabsorbent polymer foams of the present invention
preferably have gel strengths such that these foams exhibit a
shear modulus of at least about 1 dyne/cmZ, more preferably within
the range of from about 1 dyne/cm? to § dynes/cm. Without being
bound by any particular theory, it is believed that foams having

30 such gel strengths will resist deformation upon fluid absorption
and will have a reduced tendency to flow (i.e., the foams are
"fluid stable®). Thus, the preferred gel strengths may allow the
intercommunicating channels of the foams of the present invention
to be maintained and enlarged when swollen by fluids so that the

35 foam may acquire and transport subsequent loadings of fluids. The
preferred gel strengths may also serve to enhance skin dryness.
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which is substantially smaller or larger than the top surface area 15 of
t he absorbent nenber. The foam sheet can be snaller than the absorbent
menber, for exanple, having a top surface area from about 0.10 to about 1.0
times that of the absorbent nenber. More preferably, the top surface area
of the foamsheet will be only from about 0.10 to about 0.75, and nost
preferably, the top 20 surface area of thg,foamsheet will be only from
about 0.10 to about 0.5 tinmes that of the absorbent nenber. Alternatively,

t he absorbent menber is smaller than the foam sheet and has a top surface

a[)ea f(r)ognSab_out 0.25 tmabﬂutfeitnﬁetdm& founiscoprtae prakdnt fnvem dROIN that3 to
about 0. tinmes that a 12 I S |t t]

enbodi rent, the a sgf)({gg%t %w%r@mryee?@e'gr]%f eirsgb'l%éi%agw'r.i%veeg Cuﬁéér}fcﬁﬁyate
stiffened cell ul osFNfAniNgr Brespueess owhAns fiwids; are,depasitesd Pty HrcgoRe, ipto
speci fic positionatontattiiwitnthe Foums.n Isvtpopic swellhy baaked @ereianth aeard he

10750 "posi 1| gt dFE, o BREYs GHRERIRET dEVIY Cinfat) BFrect R, WL
foam sheet is nwettedef flsetriopiq swelldngtisdan tigportantii propestyy ofhthed foam
di scharged |iqui dSpecause the superabsorbent polymer material of the foam, cells,
and intercommunicating channels are able to maintain their
relative geometry and spatial relationships even when swollen such
10 that the existing capillary channels are maintained, if not
enlarged, during use (the polymer material, cells and channels get
larger during swelling). Thus, the foam can imbibe and/or
transport through itself additional loadings of fluid.
15 : STRUCTURAL FEATURES
- Specific, somewhat interrelated and interdependent structural
properties of the superabsorbent polymer foams have been
identified as being highly desirable in app'l_icatiohs involving
absorption of aqueous body fluids. The several structural - -
20 properties of the preferred superabsorbent polymer foams can be -
summarized as follows:

A)  SURFACE AREA TO UNIT MASS RATIO

The surface area to unit mass ratio is the total area of the
25 superabsorbent polymer material surfaces of the foam, including
'..*. > the surfaces of the cells and intercommunicating channels, to the
total mass of the superabsorbent polymer material. The surface
area to mass ratio is indicative of the rate of fluid uptake,
particularly the osmotic absorptive rate, of the foam. The
30 greater the surface area to mass ratio of the foam, the more area
there is for diffusion of the fluid to be absorbed. Thus, for
foams haviﬁg- a given gel strength characteristic, foams having a

higher surface area to mass are preferred.
The surface area to mass ratio is also believed to be
35 jmportant in minimizing deactivation of the superabsorbent
miterial of the foam by body fluids containing high molecular
weight components, e.g., blood and menses. If the surface area to
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In alternatively preferred enbodinments, a nultiplicity of foam sheets,
preferably fromabout two to about six foamstrips or 35 sheets, may be

used. Further, additional absorbent |ayers, nmenbers, or structures nay
be placed into the absorbent core. For exanple, an additional absorbent
menber may be positioned between 67 the foam sheet and the backsheet to

provi de reserve capacity for the absorbent cp{e and/or a layer to
distribute |liquids passing through the foam sheet to other portions of the
absorbent core or to the foam sheet. The foam sheet may al so
alternatively be 5mass patia iiontwb smaldr, stdte comppnentscndue MENMIRIr mlecdlar t O

be DoSt L oned bet vty e WAVRIRA!cq il I8 LEUTSHR Fon o, Hhrt g e

alternative enbodi npnt’ of the absor core he present i
absorbent core conpP®®8%: a | aminate (a | ayered absorbent core) cont aining

at | east one, and opti éoml the lébovet weasonsporie, if adegivabife Step awaxhlmideb the
pol ymer foam pgrti glfGcefarea to mass ratio of the superabsorbent polymer foams of
the present invention. In general, any feature which increases
foam capillarity will also increase the surface area to mass
ratio. For example, surface area to mass increases as the cell
size decreases and/or as the number of cells, percent open cells,
10 and/or percent intercommunicating channels increases. Thus, the
surface area to mass ratio may be increased by any of the foam
composition or processing parameters which so influence these

parameters. |
The superabsorbent polymer foams herein will typically have a
15  surface area to mass ratio of at least about 0.2 mZ/gram,'more
preferably at least about 1.6 m2/9, and most preferably at least
about 3 m2/gram. A suitable method for determining the surface
area to mass ratio (using the Brunauer-tmmet-Teller (BET) gas
adsorption method) is set forth.in greater detail in the TEST

20  METHODS section.

B) PERCENT OPEN CELLS
Polymeric foams may be relatively closed-celled or relatively
open-celled in character, depending upon whether and/or the extent
25 to which, the cell walls or boundaries (i.e., the cell windows)
are filled or taken up with polymeric material. The
superabsorbent polymer foams of the present invention are
relatively open-celled in that the individual cells of the foam
are for the most part not completely isolated from each other by
30  polymeric material of the cell walls. Thus, the cells in such
substantially open-celled foam structures have intercellular
openings or "windows” which are large enough to permit ready fluid
transfer from one cell to the other within the foam structure. An
open-celled structure 1is important for both the capillary
35 absorptive rate and capacity of the foam. Improved capillary
transport also improves the osmotic absorptive rate since a
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the present invention. The |am nates preferably conprise |layers or webs of
fibrous materials such as previously described, preferably a sheet of
absorbent material, such as tissue paper. Such | ayered absorbent structures
are nore fully described in U S. 15 Patent 4,578,068 entitled "Absorbent.
Lam nate Structure issued to Tinothy A Kraner, et al. on March 25, 1986,
whi ch pat.ent is incorporated herein by rgference. Addi ti onal

nmet hods and apparatus for making such | am nates are described in U S
Patent 4,551,191 entitled Method For Uniformy Distributing Discrete 20

Particles On A MgragteroirdiSot\@heé ,supsrabesrbent BoNymed Mtekindkof ehe foam QN

Nov. 5, 1985, whi tent,, 18 .jncorporated herein by reference. The
rel ati ve anount ofe&P?%gr gﬁépgrégfa'and particul at e superabsorbent pol ynmer

foam may be the saife substanpiadly opsnycelded sfuctureedfnithe txpgpasefulo the
foam fornmed on-a qareimr th€Foam Wil Rd@héradly Habe d PaticaRitedCilasadtry With

Chi Cknosses oft t hehindi Ay TesePs ‘t43pH e thed' oy L hodIELBF fitiany
mat erial and the feoaneqtad: i three danensdonnldyobeanched ywebs. cefheaistrandst iafns of
the : polymeric material which wmake up the branched webs of the
open-cell foam structure can be referred to as "struts.”™ For
purposes of the present invention, a superabsorbent foam is
10 "open-celled” if at least about 25%, preferably at least about
50%, and most preferably at least about 75% of the cells in the
foam structure are in fluid communication with at least one
adjacent cell. Alternatively, the foam may be considered to be
substantiaIly open-celled if it has an available pore volume which
15  exceeds a minimum value as set forth hereinafter.

In addition, the intercellular openings of the foams herein
are such that the foam has substantially continuous,
intercommunicating channels substantially throughout the foam
network, i.e., the intercellular openings form an interconnecting

20 network of channels which are free of polymer material such that
the foam is 1liquid permeable. The channels allow fluids
contacting the foam to be transported via capillary forces (i.e.,
capillary transport channels are formed) to other portions of the
foam so that the total volume of the foam is used in absorbing the

25  fluids. Further, when swollen, the «cells and the

: intercommunicating'channels allow fluids to pass through the foam

- either to superabsorbént polymer material remote from the initial
point of fluid contact or to other structures in contact with the

foam. Thus, the foam is considered to be fluid permeable due to

30 ° the <cells and the intercommunicating channels. The
intercommunicating channels are believed to emhance the capillary
absorptive rate and capacity. Since the channels ‘allow
distribution of fluids throughout the foam, they also provide
jncreased utilization of the fluid-retentive properties of the

35  superabsorbent polymer of the foam, thereby enhancing the osmotic
absorptive rate of the foam.
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30 absorbent core. Preferably, the absorbent core

uni formy distributed mxture of hydrophilic fiber materi al

contains an
and the foam

particles. The foamparticles nay be substantially uniformy dispersed

(thoroughly dispersed) throughout the entire absorbent core

as di scl osed

in US  Patent 4,610,678 entitled 35 Hi gh-Density Absor bent
Structures”, issued to Wisman, et al. on Qgpt. 9, 1986, which patent is
i ncorporated herein by reference. The foamparticles may alternatively be
di stributed in regions or 68 zones whi ch have hi gher concentrations of
the foam than do ot hePrefegablys dhezdnterceliudar copemphgs, aveSsuchattontallow

4,699, 823 i ssued bpdrebi RNGFEIP11aP) Pbw O Flds {fe. ] Hifercdi ARAPSPIAN
Al °

t hi ckness of tlaboutaBS@%rpeecent, nmosibepreferabl pfatr Aédsy, abaulhd%omant.abfon

bsor bent mber h b ol
Gistributed in o GOEMRIGEBRE MM eteaaﬁw%évte'léas imoxd g

gradient along thgpl e§kd1€S TnélisUPFIte Cdredao WS ratio and the available pore

volume may be indicative of the 1level of cells having-

10

15

20

25

30

35

intercellular communication.

Features which influence the formation of intercommunicating
channels include the level, particle size, and particle size
distribution of the blowing agent and control of the expansion and
reaction steps so as to expand the blowing agent prior to the
critical viscosity.

C) AVERAGE CELL SIZE AND CELL SIZE DISTRIBUTION

Another structural feature of the superabsorbent polymer
foams herein is cell size. Foam cells will frequently be
substantially spherical in shape. Thus, the size or "diameter® of
such substantia1ly spherical cells is a commonly utilized
parameter for characterizing foams in general, as well as for
characterizing the preferred superabsorbent polymer foams of the
present invention. Since cells in a given sample of polymeric
foam will not necessarily be of approximately the same size, an
average cell size, i.e., average cell diameter, will often be
sp'ecified. Similarly, a cell size distribution reflecting the
range of cell sizes may be specified. '

Since cell size -is a factor that determines the capillarity
of the foam, cell size is a parameter that can directly affect
both the osmotic and capillary absorptive rates of the
superabsorbent foams herein. Cell size, in conjunction with the
number:.of cells (which relates to density) may also affect
mechanical properties, including flexibility, of the foams herein.
In general, for a given density, the overall flexibility of the
bulk foam may increase as the average cell size decreases.

A number of techniques are available for determining average
cell size in foams. These techniques include mercury porosimetry
methods which are well known in the art. The most useful
technique, however, for determining cell size in foams involves
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| owest -concentration at or near the surface of the absorbent nenber which
receives liquids (i.e., the top surface) and the 10 hi ghest concentrati on
at or near the back surface of the absorbent nenber. This patent is

i ncorporated herein by reference. An alternative enbodi nent of the |ayered
absorbent cores of the present invention is a "pouch" containing the
particul ate, superabsorbent. polyner foam 4ghe pouch is a | ayered absorbent
15 core as descri bed above wherein the nunber of fibrous webs equals two.
The fibrous webs are joined to each other around their periphery so as to
forma | arge pocksimpi® phbtogriaphlicemesisuremenpofich.fomsanpten Fdgureclcef the

encased between tmNﬁﬁ?rOlﬁrWQhﬁndlE tli"? POSK&Bmé“BHFapht e IQQU@Hgé Sefsign | ar
to a tea bag in that the foa

cl es free to s absorb
Wt hin the Souan. UPIRAT'T; iaTaBtashetol ‘oRn®S R theer rBat CnEPTtaERs
nonwoven mat eri al Supertmpestch@nnthe portsoaraf the iphotosiccognepte markedslhdiiyg heat

| ed about ¢h
fggefhe? ou asr ee' éwﬁéﬁﬂ*ﬁﬁf]&’ ab@tht *seuanegt hgra NRENS rEBFesiﬁl?i' N diRéhsI6PS

, t
bonds, may al so b&f P0efm: Whet Sbsﬂ?n"suc "E’iﬁ‘gs{he]z‘\elg?sf:@r 85:1&5‘ P\°’h°\%/aH ety

of optl()nal enlarged about 250 times) a scale representing a dimension of 100
microns (Similarly, Figure 2, a photomicrograph of an edge of the
foam of Figure 1 taken from a plane perpendicular to the plane of

10 the edge in Figure 1, has similar scales superimposed on the
portions marked 2a (50X) and 2b (250X)). Such scales can be used
to determine average cell size via an image analysis procedure.
Image analysis of photomicrographs of foam samples is a commonly
employed analytical tool which can be used to determine average

15  cell size of the foam structures herein. Such a technique {is
described in greater detail in U.S. Patent 4,788,225 issued to
Edwards et al. on Nov. 29, 1988, incorporated herein by reference.
From the various cell measurements which are taken in determining

average cell size, a cell size distribution can be easily

20 determined, including range and size percentages within such
range. .

It is generally desirable to provide foams having the minimum
possible cell size consistent with obtaining the intercellular
fluid communication and surface area to mass ratio previously'

25 ‘described. As determined by direct photographic measurement, the

t - superabsorbent polymer foams of the present invention will-
typically have an average cell size of less than about 100
microns, more preferably less than about 50 microns, most
preferably less than about 20 microns. Generally the minimum cell

30 size will be in the range of from about 1 to about 10 microns.
Preferably, at least about 50%, more preferably at least about
75%, most preferably at least about 90%, of the cells will lie
within the above cell size ranges. '

The cell size distribution may affect both the osmotic and

35 capillary absorptive rates. For maximizing the capillary
absorptive rate it is believed preferable to provide a narrow cell
size distribution, preferably such that the foam has a cell
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material s in addition to the fiber materials and the

super abbsor bent pol ynmer foam- Such optional materials can include, for
exanple, fluid distribution aids, antim crobials, pH control 30 agents,
odor control agents, perfunes, etc. |If present, these optional conponents
wi Il generally conprise no nore than about 30% by wei ght of the absorbent
cores herein. The diaper 20 preferably furt@er conprises elasticized |eg
cuffs 32 for providing inproved contai nment of |iquids and ot her 35 body
exudates. Each elasticized leg cuff 32 may conprise several different
enbodi nents for redlmrmlgxttihm vaduk adeatomostody moredmtederiblyt dtembstg 3y esgii bins.

(The leg cuff can Pﬂg?éamiluﬁﬂii 2 S or th?gfis%?f l}ﬂrﬁ blsﬁvq:tli)%r‘ds

side flaps, barri er ﬁl ast cuf ?
Patent 3, 860, 003 dé%'émt!@scﬁ af ﬁen [ I‘S\MFEH"B 1oJi bbe. g all cells
contracti bl e | eg openiofigtiea\siang aze) deCélapizndistrabotioner coreéspondiag neorber s

to provide an 5 these values are summarized in Table I. It is further believed
that the osmotic absorptive rate is maximized with a foam
morphology having combination of small cells and a wider cell size
distribution such that there is “packing” of smaller cells among
larger cells. Therefore, for a suitable balance of -both osmotic
10 and capillary absorption by the foams herein it is preferred that
the cell distribution value be greater than 1 and less than 3,
most preferably less than 2.
The size of the cells in the superabsorbent polymer foams can
be influenced and controlled by variation of certain foam
15  composition and _processing features as described herein,
particularly those which influence the particle size of the
blowing agent in the stable dispersion. For example, the cell
size is influenced by the viscosity ratio, the shear stress in
forming the dispersion, and the temperature and pressure used in
20 the expansion and reaction steps. For sufficiently flexible
foams, cell size may also be altered by simply compressing the
solid foam structures after they have been prepared.
A narrow cell size distribution may be promoted by proper
selection of a surfactant for a given blowing agent and reaction
25 mixture so as to minimize coalescence of the dispersed blowing
agent particles before and/or during expansion. For example, a
surfactant containing hydrophilic and hydrophobic groups is
- generally effective for stabilizing a water-insoluble blowing
agent in a reaction mixture in which the solvent is water. The
30 ratio-of hydrophilic and hydrophobic groups in the surfactant can
be varied to minimize coalescence of the blowing agent particles,
preferably by matching the HLB values of the surfactant and the
blowing agent, thereby promoting a uniform cell size distribution.
A narrow cell size distribution may also be promoted by decreasing
35 the viscosity ratio.
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5 elasticized leg cuff (gasketing cuff). U S Patent 4,909, 803
entitlsed "D sposabl e Absorbent Article Having El asticized Flaps" issued to
Aziz, et al. on March 20, 1990, describes a disposabl e diaper having
"st.and-up"” el asticized flaps (barrier cuffs) to inprove the containnent of
the leg regions. U S. Patent 4,695,278 10 . entitled "Absorbent Article
Having Dual Cuffs" issued to Lawson on Sept. 22, 1987, describes a
di sposabl e di aper having dual cuffs including a gasketing cuff and a
barrier cuff. While each elasticized leg cuff 32 may be configured so
as to be sinmilar to any of the |eg*bands, side flaps, barrier cuffs, or
elastic cuffs 15 descri bed above, it is preferred that each el asticized
| eg cuff 32 conprise at |east an inner barrier cuff conprising a barrier
flap and a spacing el astic nenber such as described in the above referenced

U. S. Patent 4,909,803, In a preferred enbodi nent, each elasfticiged |eg
cuff 32 additionally conpfiseg an elgstic 20 qgasketijn@ <cuff with
one or nore elastic] strandls, <pgsifi ond Quiboary @f & hel Bargier cuff
such as described in fhe gboye r&f & eRced Q). 5. ‘APat eBt U4,%95, Z7&E The di aper
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features 34 that provide inproved fit and containnent. The 25

el astie waist features 34 at |east extend longitudinally outwardly fromthe
wai st edges 83 of the absorbent core 28 and generally format |east a
portion of the end edges 64 of the diaper 20. Thus, the elastic wai st
features 34 conprise that portion of the diaper at |east extending fromthe
wai st edges 83 of the absorbent 30 core 28%to the end edges 64 of the

di aper 20 and is intended to be placed adjacent the wearer's wai st.

Al t hough di sposabl e di apers are generally constructed so as to have
two elastic wai ) f GAMIBENSINE positioned in the first waist region and

wh s stngle el 2& RS oET R slesHaBlbragns PR] FaesPoafE SuodPEISnGR, A her |
whil e the el astic waben d¢fcapenfoomapre aayd glechardical comaracterdsticel efiethesecan
conprise a separatgaé eNefichel thav@dtdrastics/Oidd18déli BBEH  tRY. oshéGc edmdstic
wai st features capifqgiy ggg%tg%f%&'@ﬁpacities and rates, and foam flexibility.

In general, for a given surface area to mass ratio and cell size,

as the foam density decreases, the osmotic absorptive rate and

capillary absorptive capacity will increase. Importantly, the

10 density of the superabsorbent polymer foams can also determine the

cost effectiveness of the absorbent articles herein.

Foam density (in grams of foam material per cubic centimeter
of foam volume in air) is specified herein on a dry basis. Thus
the amount of any absorbed aqueous liquid, e.g., any residual

15 Tiquid which may be left in the foam, for example, after its
formation, is disregarded in calculating and expressing foam
density. Foam density as specified herein does include, however,
any residual solid material such as surfactant, external
plasticizer, etc., which may be present in the superabsorbent

20 polymer foam. Such residual material may, in fact, contribute
significant mass to the foam material.

Any suitab1e ‘gravimetric procedure which will provide a
determination of mass of solid foam material per unit volume of
foam structure can be used to measure foam density. For example,

25 - & gravimetric procedure suitable for use herein is described more .

- fully in U.S. Patent 5,147,345 issued to Young et al. on September
15, 1992. This patent is 1ncdrporated herein by reference. For
those situations where the foam sample preparation procedures
(drying, aging, preflexing, etc.,) might inadvertently alter the

30 densfty measurements obtained, then alternate  density
determination tests may aiso be .utilized. Such alternative
methods, for example, might include gravimefric density
measurements using a test 1liquid absorbed within the foam
material. This type of density determination method can be useful

35 for characterizing very low density foams such as the foams herein
wherein the dry density approximates the inverse of the pore
volume of the foam. See Chatterjee, "Absorbency," Jextile Science
and Technology, Vol. 7, 1985, p. 41, incorporated herein by
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constructed as an extension of other elenents of the diaper such as the
backsheet 26 or the topsheet 24, preferably both the backsheet 26 and the
topsheet 24. 5 The el asticized wai st features 34 nay be constructed
in a nunber of different configurations including those described in U S
Pat ent 4,515,595 issued to Kievit, et al. on May 7, 1985 and the above
referenced U. S. Patent 5,151,092, each sof these references being

i ncorporated herein by reference. 10 The di aper 20 al so conprises a
fastening system 36 which forms a side closure which maintains the first

wai st region 56 antRferRhC8ecdhe nAases fPpedioan dsgsity st SOEth hessinafter are
configuration suchirterded! 2bebel incdusivensi are tibynane NBiendedund édtompass

Lo eoence of W RA0ehRD TR B8 ol W07 M Bhgrondbe
adhesi ve tape tabsexpretietalctestcmelh9de tape tabs, fixed position fasteners,
Er any OIPﬁre gﬁins forig GiESng?Téﬂ(]l} !’ﬁ'e‘féﬂ?ﬁ!icbzﬁﬁ\imﬂ;étﬁhﬁeﬁww ?Saﬂ?’atent
(755, s’ b1 e BHEIRBERL BPLARF" it SR b Y38, bR o
Devi ce" issued to ¥dehds vdegined structuggpf intercommunicating channels, cel
size, and surface area to mass ratio. Foam density can be
adjusted by controlling certain foam composition and processing
10 parameters, for example, the addition level of the blowing agent.
The superabsorbent polymer foams of the present invention will
typically have dry basis density values which range from about 0.1
to about 0.5 g/cm3. Density of the superabsorbent polymer foams
herein need not be uniform throughout the structure; i.e., some
15 portions or zones of the foam may have relatively higher or lower
densities than other portions or zones thereof. However, where
the foam has substantially continuous intercommunicating channels
substantially throughout and a relatively small cell distribution
value, the density will be substantially uniform throughout.
20
E) PORE VOLUME |
As stated above, for very low density foams, dry density
approximates the inverse of the pore volume. Therefore, pore
volume may serve to provide density measurements for the foams
25  herein. In addition, pore volume can be correlated to the number
of cells, the percentage of open cells, and the percentage of
intercommunicating channels in the foam structure. In general, as
the pore volume increases, the number of cells, number of open
cells, and the degree of fluid intercommunication of foam channels
30 also increases. _
Pore volume is a measure of the volume of the openings or
cells in a porous foam structure per unit mass of solid material
(i.e., polymer structure plus any residual solids) which forms the
foam structure. Pore volume can be important in influencing a
35 number of performance and mechanical features of the
superabsorbent foams such as described in reference to the foam
density.
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U S. Patent 4,894,060 entitled "Di sposable D aper Wth | npfoved Hook
Fastener Portion" issued to Nestegard on Jan. 16, 1990; U.S. Patent
4,946,527 entitled Pressure-Sensitive Adhesive Fastener And Met hod of
Maki ng Sane" issued to Battrell on Aug. 7, 1990; 25 U S. Patent
3,848,594 entitled "Tape Fastening System for D sposable D aper”
I ssued .to Buell on Nov. 19, 1974; U.S. Patﬁxint Bl 4,662,875 entitled
Absorbent Article" issued to Hirotsu, et al”. on May 5, 1987; and the
her ei nbefore referenced U. S. Patent 5,151,092; each of which is

i ncorporated herein Byre ao®inencan b ddPermined gl any eshicdtiediexpurimertl®

fastening syste Y . t | '
i sctosed i - themeEieg: HER AUl Blue EROARIE Wl dBoh BF e o5 lat pore
preferred enbodivatume of the stoyciyee. Sychoexpesipentalmethodsivid) genewdlde

panel s 30 di sposqfvdiNetitht RS GhedfioFt tHeC@d1uRe IR/ FOmass( 66 ausest Mequen, the
term "di sposed”

I s, ysed to_ne ' '
(j oined and Bosi f'ﬁb edﬁ‘"i _nb_ea S&’%’?@‘{?sz‘“ﬁ ggggf)&g%%gh%"gﬁ"%sa "%n':"lsiéfjsr e
structure with othenefore is representative of the volume occupied by the open
cells of the foam. For this reason the pore volume parameter of
the foams may also be referred to as “"available pore volume.®

One conventional way for determining available pore volume

10 experimentally involves the introduction of a low surface tension
liquid such as isopropanol into the foam structure from outside
the foam structure. A procedure for determining available pore
volume using isopropanol is set forth in the above referenced U.S.
Patent 5,147,345. It should be . understood, however, that

15 alternative test liquids and procedures may also be used to
determine available pore volume. '

It is generally desirable to maximize the pore volume of the
foams herein. The pore volume of the superabsorbent polymer foams
can be influenced and controlled by adjusting many of the same

20 foam composition and processing parameters as for density
adjustment. For example, pore volume influencing features may
include the blowing agent addition 1level and blowing agent
particle size. _

The superabsorbent polymer foams of the present invention

25 will generally have a pore volume of at least about 5 ml/g, more
preferably at least about 10 ml/g, and most preferably at least
about 30 ml/g. Typically the pore volume will range from about §
to about 40 ml/g. ° Such ranges for pore volume are intended to
be an "inclusive® definition of theoretical pore volume for the

30 foams encompassed by -this invention. Thus if any experimental
method which can reasonably be expected to give measurements
approximating theoretical pore volume brovides values within the
foregoing ranges, then the foam materials tested by any such
method are within the scope of this invention.

35
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71 elenments of the diaper or as a separate elenment joined to another

el ement of the diaper.) The el asticized side panels 30 provide an
elastically extensible feature that provides a nore confortable and
contouring fit by initially conformably fitting the diaper to 5 t he
wearer and sustaining this fit throughout the tine of wear well past when
the di aper has been | oaded with exudates singe the el asticized side panels
all ow the sides of the diaper to expand and contract. The el asticized side
panel s 30 further provide nore effective application of the diaper 20 since
even if the di aperfgr IAPILUARY |SUCDION SHESSF iCCBURFACEIAREA panel 30 farther t han

the other during appl 'Iﬁ:@h\eq'n A@@éippﬁt "fog Al y)of Elbeeig'eﬁgfredtﬁ er l}sggléw

"sel f-adjust” durin the ' di aper
i nvention preferat® Y‘Fﬁi‘s ft°HE5 ehereinciyea §Fb&$‘paﬁéﬂ"§‘30 ont:spwedsnenlﬁlne
second wai st regi garbie alresr nEUabV’ﬂh)‘y tieioh afRci PR nayfdee hbPea f¥,0vnded

Dok Che T el rdadied o OB Seh 11 b el SRSt 10
the polymeric network formmg a particular foam per unit mass of
the bulk foam material (i.e., polymer structural material plus
solid residual material). Capillary suction specific surface area
is determined both by the dimensions (i.e.; diameter) of the

10 cellular units in the foam and by the size (i.e., length, width
and thickness) of the struts which form celluler units. Capillary
suction specific surface area is thus a way of quantifying the
total amount of solid surface provided by the foam network to the
extent that such a surface participates in absorbency.

15 The capiﬂary'suction specific surface area of an open-celled
foam structure such as the superabsorbent polymer foams of the
present invention is a feature of the foam that influences the
capillarity (or capillary suction) exhibited by the foam.
Although the foam surface area to mass ratio is particu'lar"ly

20  important for determining the osmotic absorptive rate of the foam,
the foam capillarity may be selected and controllied such that the
superabsbr_bent polymer foams have a degree of capillarity allowing
transport, e.g., by wicking, of fluids within the foam structure.
Adjustment of capillary suction specific surface area is thus a

25 suitable means for providing a degree of capillarity for the

.- superabsorbent polymer foams as may be desired. Foams of
relatively high capillary suction specific surface area may
provide a very desirable combination of high capillary absorptive
capacity and high capillary and osmotic absorptive rates. High

30 specific surface area is a consequence of the fineness of the
struts making up the foam structure. _

The capillary suction specific surface area of the
superabsorbent foams is influenced and controlled by adjusting
many of the same composition and processing parameters which

35 affect the foam density and pore volume.

For purposes of this invention, the specific surface area of
any given superabsorbent polymer foam material can and will
usually be determined by a procedure which involves the principle
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While the elasticized side panels 30 may be constructed in a nunber of
configurations, exanples of ‘diapers with elasticized 20 si de panel s
positioned in the ears (ear flaps) of the diaper are disclosed in U S.
Patent 4,857,067, entitled "D sposabl e D aper Having Shirred Ears" issued
to Wod, et al. on Aug. 15, 1989; U. S. Patent 4,381,781 issued to
Sciaraffa, et al. on May 3, 1983; U. S. Pateng 4,938, 753 issued to Van
Gonpel, et al. on July 3, 1990; and 25 t he>ferei nbefore referenced U.S.
Patent 5, 151,092; each of which are i ncor porat ed herein by

reference. Pref foalﬂa}{ﬂlarﬁa%tt%@ﬂ i1al ZQeh Sk dFrdR8dife, 30aFiA TRy SRRt R
flaps and an el astic Sl erat] eg E%assom ated therew tor}
a

0
such as disclosed iSRetH cagﬁ{}gcfe?@t"eﬂée tgrein reasuring ghe, amgynt ,
The diaper 20 isapptlarerudthake ofppl e sutfaceatension énqwldy(msutethnnoig one

of the waist regi O%nclproﬁf:@rrsam%ﬁh? ﬁ%%ﬁtg?’@b?ta rkﬁWnORaQBand“ﬂﬁénstn&?s
wearer's back and gh Wlte\ﬁe g gﬁler r g&e &r en wear er'
legs so that the gre g ’rs§§? ot fsé‘f;holbif PHREYTE F%T“'Pé‘gl 91""56
is positioned acrospeSific sinfate carteaobid theveapittary Stctidn oyethaed whiieln dsr aps
ltgzste' :St i cized sidgipae! fat’ Q4P hebbfn YEXER" fordh N hd %biNY rErdtercdd 1%.20
Patent 5,147,345. Any reasonable alternative method for
determining capillary suction specific surface area may also be
10 utilized.
The superabsorbent polymer foams herein preferably have a
capillary suction specific surface area of at least about 0.1
m2/g, more preferably at least about 0.5 mé/g, most preferably at
least about 1 mz/g. Typically the capillary suction specific
15 surface area will be in the range of about 0.1 to about 5 ml/g.
Superabsorbent foams having the above capillary suction specific
surface .area values may possess an especially desirable balance of
capillary and osmotic absorptive capacities and rates for aqueous
body fluids such as urine.
20
_ MECHANJCAL FEATURES
The superabsorbent polymer foams preferably possess
mechanical properties, e.g., flexibility, integrity, softness,
etc., which render such foams especially suitable for use in
25 absorbent articles such as disposable diapers.
The superabsorbent foams of the present invention are
preferably flexible when intended for use in absorbent articles.
By "flexible" it is meant that the foam material can be used in or
as an absorbent member which will conform to the general shape and
30 contours of the human body. In general, flexible foams can be
deformed or bent to the extent necessary for use in such absorbent
articles without significant damage to their structural integrity
or significant loss of their absorbent properties.
. The superabsorbent polymer foams herein are also preferably
35 sufficiently flexible to withstand compressive or deforming forces
which are encountered during preparation, processing, packaging,
shipping and storihg of absorbent articles containing such foam
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portion of the fastening system 36. The el asticized side panels 72 will
typically be extended and tensioned during this operation so as to conform
to the size and shape of the wearer. The fastening systemis secured
(generally at or to the outer surface 52 of the diaper) to effect a side
closure. 5 . Anot her preferred enbodinent of a wunitary

di sposabl e absorbent article of the presentgjnvention is the catameni al
pad, sanitary napkin 420, shown in Figure 4. As used herein, the term
"sanitary napkin" refers to an absorbent article which is worn by femal es
adj acent to the peaterdals.r egDosposyBeer diapyrsxt €omalexampiehe i@ ganesgdyi t al

region, and whi ch g &adged egfaeq\awetabsea b 31?@8&@"&?&&1%”@%&% {Heuhﬁja;peﬁ"?‘”d

ot her vagi nal di scharg én Y‘veare , hense
urine). Interl abicare Sofalded i bathy gpsﬂm 1ap vﬁ"t‘PﬁVﬁ"%G‘fﬁ&H?’ﬁlly
external of the wbasposablevaliapéns arar @l genetdlhy nmirket&coipe thé fdvims of

invention. Ag USQacks of folded diapers, which stacks are contained and
compressed by their surrounding packaging. Accordingly, the
compressive and deforming forces to which the superabsorbent
polymer foam may be subjected during processing and marketing may
be even greater than those which are applied to the foam materials
10 in use.

Given the nature of treatment which the superabsorbent
polymer foams herein must generally withstand, preferred foam
materials of  this invention will - possess flexibility
characteristics which can be quantified by referencing their

15 ability to withstand bending without undergoing significant damage
to their structural integrity. Described in the TEST METHODS
section .is a procedure for determining the flex{bility of the
foams herein by determining whether and how many times a foam
sample of a given specified size can be bent around a cylindrical

20 mandrel at a specified rate without breaking. Particularly
preferred foams of the invention are those which are flexible
enough'so that, at their point of use as an absorbent for body
fluids, the (synthetic urine) saturated foam material at 37°C can
be subjected to this bending test without breaking (i.e., the

25 foams exhibit a bending value of at least one cycle). More
preferib1y.' the foams can be bent at 1least 2 times, most
preferably at least 5 times, without breaking when subjected to
such a test procedure.

The superabsorbent polymer foams of the present invention

30 preferably possess the additional mechanical attributes of
structural integrity in wuse and softness (i.e., lack of
irritation) to the touch. For example, superabsorbent polymer
foams that will be employed in such absorbent articles as infant
diapers will frequently be subjected to both dynamic and static

35 forces when the wearer walks, runs, crawls or jumps. Such forces
may. tend to rip or tear or otherwise fragment the foam structure.
Thus, it would be advantageous for foams (particularly foam
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15 herein, the term"pudendal” refers to the ‘externally visible female
genitalia. Figure 4 is a plan view of a sanitary napkin 420 ermbodying the
present invention prior to it being placed in the undergarment of the
wearer. As shown in Figure 4, a preferred sanitary napkin-20  construction
conprises a liquid pervious topsheet 424, an absorbent core 428, a

I i quid i npervious backsheet 426, and a fastening system 436 for securing
the sanitary napkin to the undergarnent of Fﬁ% wearer. Wile the topsheet
424, the absorbent core 428, and the backsheet 426 may be assenbled in a

varlety of 25 we o ugat S e
napki n conflguratl(E)lplmilig(?\;\E'('JI\/\C/;]l gﬁé tgegcr+ g metn'grs it >4 Sbve §mhéﬁhi’

4,687,478 entit| edStRUcIBEY dakRTity thld'b"lEl"h‘zW'f’}F I’If?%\%“?"sé’ueg"f“o Vﬁ”'gTPrbur g
on Aug. 18, .1987 fhsgmentirighén adei t ary napkin 420 additionally has flaps
432 and 432 Q her pﬁﬁéebhgéhﬁg&bw yfo?igg mggplﬁ'l% Gf’”mwrﬁi | §H38rbenit ©

descri bed generally Fl exi bl e

Sanitary Napki & | 3%ticdes oinoR9nf {updtiang wh Eﬂe‘"lé%r}%l“ grat Pﬁ*‘gnf"ﬁéf‘%g‘ 376
entitled Sanitary cblakintd tRseegrokimivantolithe uwearert sVaki0, Accoddingly). St

Pat ent would be very desirable for the surface of the superabsorbent
foams herein to be acceptably soft and non-irritating to the
touch. '

10
_ MIS NEOUS PROPERT

For use as fluid absorbents in absorbent articles, the
superabsorbent polymer foams herein preferably possess relatively
low levels of extractable polymer material. It is believed that

15 polymer material extracted by body fluid once the superabsérbent
polymer material of the foam forms a hydrogel can alter both the
chemical and physical characteristics of the body fluid to the
extent that such fluid is more slowly absorbed and more poorly
held by the superabsorbent polymer foam containing absorbent

20 article. Such effects are described in the above referenced U.S.
Patent Re. 32,649. As a result, leaching of polymer into the body
fluid to be absorbed can result in less efficient utilization of
the superabsorbent polymer foam in the absorbent articles and a
greater incidence of undesirable leakage of body fluid from the

25 article.

Extractable polymer levels of the superabsorbent polymer
foams herein can be determined by contacting a sample of the foam
with a synthetic urine solution for the substantial period of time
(e.g., at least 16 hours) which is needed to reach extraction

30 equilibrium, by then filtering the swollen foam material from the
supernatant liquid, and finally by then determining the polymer
content of the filtrate. Such a method for determining the
extractable polymer content for carboxylic and sulfonic acid based
superabsorbent polymer materials which is suitable for use herein

35 s described in the above referenced U.S. Patent Re. 32,649.

Preferred superabsorbent polymer foams of the present
invention possess two types of extractable polymer content
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4,425,130 entitled "Conpound Sanitary Napkin" issued to DesMarais 35 on
Jan. 1.0, 1984; and U. S. Patent 4,321,924 entitled "Bordered D sposabl e
Absorbent Article issued to Ahr on March 30, 1982. Each of these patents

are hereby incorporated herein by reference. 73 'Nunerous other sanitary
napki n enbodi nents are disclosed in the literature and could provide
configurations for the sanitary napkins heg ei n. For exanpl e,

suitable configurations are described in &CT International
Publication Nos. WD 93/01785 5 entitled "Stretchabl e Absorbent

Articles," Gsborn, cﬁirﬁltemsw@lsvwlwwlﬂe&leﬂat 'tﬁite%oﬂﬂrmd,toﬁiaﬂﬁshnt of
Absorbent Article," gohn thes references we

publ i shed on Feb. &£¥ ﬁﬁ@%boﬂ% n’&?t'&?%r 1“ncH'Fp PéTeG“ htheei ratepyt I"'E?‘g‘r ek,
O her sanitary n&pkrrarctgbrbomtmfmls iss déacheharei imppretanti stthoseghrdntd).the

4,917,657 1 ssugd o ipberre. Prprrareal 0, W, subdbsdaht Mier) redfl
’ ’ ISSU% %ccor%?ngnly. tLé superabsmgl;]ent po ymer foams herein preferably

have an initia'l extractable polymer content, i.e., the level of
extractable polymer which is removed after one hour in contact
with synthetic urine, of no more that about 7.5% by weight, more
preferably no more than about 5% by weight of the foam. In
10 addition, the foams preferably also have an equilibrium
' extractable polymer content, i.e., the equilibrium level of
extractable polymer removed after, for example, sixteen hours in
contact with synthetic urine, of no more than about 17% by weight,
more preferably no more than about 10% by weight of the foam

15 sample. '
In addition, preferred superabsorbent polymer foams of the
- present invention exhibit a particular relationship between
absorptive capacity and equilibrium extractable polymer content,
as described in the above referenced U.S. Patent Re. 32,649. Such
20 preferred foams can be prepared in accordance with the general
teachings of U.S. Patent Re. 32,649 which are pertinent to such
polymer materials. For example, the extractable polymer content
may be minimized by a controlled, minimum utilization of initiator
(when used) and/or the use of relatively low temperatures for
25 reaction of the monomer and/or internal crosslinking agent (e.g.,

- - from about 200C to about 800C).

APPLICATJONS

30 The superabsorbent polymer foams can be wused for many
purposes in many fields of use as are known in the foam art. The
foams are particularly suitable for use in applications where it
is desirable to absorb and/or retain fluids, for example, in
absorbent articles; paper tissue (including toweling); packing

35 containers; drug delivery devices; wound cleaning devices; burn
treatment devices; ion exchange column materials; construction
materials; agricultural or horticultural materials such as seed
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alternative enbodi nents, conponents or regions of the sanitary napkin may
be further structurally nodified by folding, bending, corrugating, stacking
of layers and affixing of layers to each 15 other. The nodifications may
be, made by including one or nore-of the structures descri bed in

Eur opean “Pat ent Application Publication Nos. 0,335,252 and 0, 335, 253
publ i shed.in the nane of Buell on Cct. 4, 1989; and PCT International

Publ i cation No. W) 92/07535 published in thééhanme of Visscher, et al.. 20
Figure 4 shows a preferred enbodi nent of the sanitary napkin 420 in which

Wl Gt h i mensi ong Sé*ﬂs%'-*é?r*y’%?gi'%‘lfﬁéﬁe?ﬁaﬁséﬁa R Pt G, G858, SN
formthe flaps 432 sduigesgp oil dewateringspgants msterialp oferedhevipravention of
BT P350, O S ot desdR5nt ot e Soopi st s
gﬁltos: ge su'rface 452. | r#&g%gréi{,tﬂ%h‘gngie[ gpfﬂ{p {W‘f%‘g"eﬁg'fse ?éﬂgs&f‘ﬁbrﬁ%ne
end edge 464 td& t hsupenabsorbent cedymercfoamnds fespaeinidy | sHigrbledifor usedise anG2
to the other |ongi taushrbeht edbpe 46mataniali S ih heabsortiente @ticlésnrt Bgfecifingm
the wearer during lﬁ?poosfab'}ehe aﬁ?pr'bteﬁ‘{ yarr"%Pckl'eQ.' X\Qenused herein, the term
"absorbent article" refers to devices which absorb and contain
body exudates, and, more specifically, refers to devices which are

10 placed against or in proximity to the body of the wearer to absorb
and contain the various exudates discharged from the body. 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

15 discarded after a single use and, preferably, to be recycled,
composted or otherwise disposed of in an environmentally
compatible manner). An “unitary®" absorbent article refers to .
absorbent articles which are formed of separate parts united
together to form a coordinated entity so that they do not require

20 separate manipulative parts 1ike a separate holder and liner. A
preferred émbod.iment of an absorbent article of the present
invention is the unitary disposable absorbent article, diaper 20,
shown in Figure 3. As used herei'n. the term “"diaper" refers to an
absorbent article generally worn by i{nfants and incontinent

25 persons that is worn about the lower torso of the wearer. It
should be understood, however, that the present invention {s also
applicable to other absorbent articles such as incontinent briefs,
incontinent undergarments, diaper holders and liners, feminine
hygiene garments, sanitary napkins, pantilfners, and the like.

30 Figure 3 is a plan view of the diaper 20 of the present
invention in its flat-out, uncontracted state (i.e., with elastic
induced contraction removed) with portions of the structure being
cut-away to more clearly show the construction of the diaper 20
and with the portion of the diaper 20 which faces away from the

35 wearer, the outer - surface 52, oriented towards the viewer. As
shown in Figure 3, the diaper 20 preferably comprises a liquid
pervious topsheet 24; a liquid impervious backsheet 26 joined with
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a backsheet 426 is used, it typically forns the outside surface 452. The

I nside surface 454 is that surface opposite the outside surface 452 and in
t he enmbodi nent shown is typically forned by the topsheet 424. 1n general,
the inside surface 454 is that surface 35 coextensive with the outside
surface 452 and which is for the greater part in contact with the wearer
when the sanitary napkin 420 is worn. 74 glgn the preferred embodi ment of
the sanitary napkin 420 as shown in Figure 4, the fastening system
436 conprises an attachment nenber 442 conprising adhesive

posi tioned on thehoWoskﬂetsta&eaHﬁzbaﬁ cbee 28N(hariyg N Yirment 2urdack a
Lo the adhes ve of ' %aRalnunfeck 1L ok "eddil B2, bl SANFP gy BFY O
of the sanitary napRiitioned chetwaen pﬁé%ertt"”h?@énta“oni’tdom%e sbacksheels 282 and
432", the fasteninglasticized side panels 30; elasticized leg cuffs 32; elastic
5 waist features 34; and a fastening system 36.
The diaper 20 is shown in Figure 3 to have an outer surface
82, 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, and a periphery 60 which is defined by the outer
10 edges of the diaper 20 in which the longitudinal edges are
designated 62 and the end edges are designated 64. (While the
skilled artisan will recognize that a diaper is usually described
in terms of having a pair of waist regions and a crotch region
between the waist regions, in this application, for simplicity of
15 terminology, the diaper 20 is described as having only waist
regions, each of the waist regions including a portion of the
diaper which would typically be designated as part of the crotch
region). The inner surface 54 of the diaper 20 comprises that
portion of the diaper 20 which is positioned adjacent to the
20 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
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
25 formed by at least a portion of the backsheet 26 and other
.. components joined to the backsheet 26).
Figure 3 shows a preferred embodiment of the diaper 20 in
which the topsheet 24 and the backsheet 26 have length and width
dimensions generally larger than those of the absorbent core 28.
30 The topsheet 24 and the backsheet 26 extend beyond the edges of
the absorbent core 28 to thereby form the periphery 60 of the
diaper 20. While the topsheet 24, the backsheet 26, and the
absorbent core 28 may be assembled in a variety of well known
configurations, preferred diaper configurations are described
35 generally in U.S. Patent 3,860,003 entitled “Contractable Side
Portions for Disposable Diaper” which issued to Kenneth B. Buell
on Jan. 14, 1975; and U.S. Patent 5,151,092, "Absorbent Article
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system 436 conprises flap attachnent nenbers 446 and 446’ 10 conpri sing
adhesiwve on the flaps 432 and 432' to maintain the flaps 432 and 432" in
position after the flaps 432 and 432' have been  wapped around the edge
of s the crotch portion of the undergarnment. A release |iner (not shown)
Is al so positioned over each of the flap attachnment nenbers 446 and 446' to
protect the 15 adhesive until the sanitaryggapkin 420 is used, the

rel ease liner being renoved and the flap bei ng wapped around t he edge of
the crotch portion of the undergarnment. The topsheet 424 may conprise any
of the topsheet natiéth Aypanpcebliastipd Wailsts Featurd HavingfAe Pesdd epdsed tRes i Dieaper

embodi ment of the wexur‘aﬂ‘fﬁﬂﬁé'onwh chAis%@'J ‘i? If'e%ét‘?\pﬁh%&llcowra'lseoﬁ

apertured forned f referred” fhe :
topsheet because tﬁgy é?gé péFVP 091 ‘!’B%od? A8GPTRYTIS edh nberin hbn!‘%ﬁssm%ent
and have a r educed Al teriiehive 1y 0 paéferved i qonfdgurtatigms Sfdracki spbsadlgh dagpdrs evet

e DT LT, P arb s Uitthe | B ek e i i

contact with the bq & I ns 'X’F ere reduci %8
creating a more co W&b‘f@ ARsqroest Antdcig daging F%'db'l'%,ﬂdf cﬁ'm‘d Arpyided ar e
described in U S. Mitleriieabage2Reslidtant Portions" issued to Mohammed I. Aziz and

Ted L. Blaney on Feb. 28, 1989; U.S. Patent 4,695,278 entitled
"Absorbent Article Having Dual Cuffs" issued to Michael I. Lawson
10 on Sept. 22, 1987; and U.S. Patent 4,816,025 entitled "Absorbent
Article Having a Containment Pocket" issued to John H. Foreman on
March 28, 1989. These patents are incorporated herein by
reference. ‘
The topsheet 24 is positioned adjacent the body surface 102
15 of the absorbent core 28. The topsheet 24 is compliant, soft
feeling, and non-irritating to the wearer’s skin. Further, the
topsheet 24 is liquid pervious, permitting liquids (e.g., urine)
to readily penetrate through its thickness. A suitable topsheet
may be manufactured from a wide range of materials, such as porous
20 foams; reticulated foams; apertured plastic films; or woven or
nonwoven webs' of natural fibers (e.g., wood or cotton fibers),
synthetic fibers (e.g., polyester or polypropylene fibers), or a
ccmbination of natural and synthetic fibers. There are a number
of manufacturidg"téchniques which may be used to manufacture the
25 topsheet 24. For example, the topsheet 24 may be a nonwoven web
of fibers, the web being spunbonded, carded, wet-laid, meltbiown,
hydroentangled, combinations of the above, or the 1like. A
preferred topsheet is carded and thermally bonded by means well
- known to those skilled in the fabrics art. A preferred topsheet
30 comprises a web of staple Tength polypropylene fibers such as is
manufactured by Veratec, Inc., a Division of International Paper
Company, of Walpole, Massachusetts under the designation P-B.
The topsheet 24 may be joined to the absorbent core 28 and to
the backsheet 26 by attachment means (not shown) such as those
35 well known in the art. Suitable attachment means are described
herein with respect to joining the backsheet 26 to the absorbent
core 28. As used herein, the term "joined® encompasses
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entitled "Absorptive Structures Having Tapered Capillaries" which issued to
Thonpson on Dec. 30, 1975; U. S. Patent 4,324,246 30 entitled "D sposabl e
Absorbent Article Having A Stain Resistant Topsheet” which issued to

Mul:l ane, et al. on April 13, 1982; U. S. Patent 4,342,314 entitled
"Resilient Plastic Wb Exhibiting Fiber-Like Properties” which issued to
Radel , et-al. on-Aug. 3, 1982; U S. Patent 4463, 045 entitled .
"Macroscopi cal | y Expanded 35 Thr ee- Di nensi onal Plastic Wb Exhibiting
Non-d ossy Visible Surface and Coth-Like Tactile Inpression” which issued
to Ahr, et al. oncomfligyratigns wh@Bhy araplement 3s dipactdnt sec8rado 3ha other

entitled 75 " MiklineRY &y PO iXIRY the f1bmdntVWiirebt1lyS€d! eRe o@hé32kléneRD, ARE | |
9, 1991. Each of thesfe‘ atents are in rpqrat d here.ncﬁé ref erence. ,The
oreferred topsheet CPBTOVFR 1R SBATeY FBE £ ISRt t#rindiBechly $oqUredicd: thed
in one or nore of wbhkeraledemenpabyrniffining the kelesehtotoSintermediatearmembenik) ns

by The Procter s& Guidre ik CtRANYreTarfAXtd 102EHe other element. In a preferred

embodiment of the present invention, the topsheet 24 and the

backsheet 26 are joined directly to each other in the diaper

periphery 60 and are indirectly joined together by directly

joining them to the absorbent core 28. The topsheet 24 or

10 backsheet 26 may be directly joined to the absorbent core

comprising the superabsorbent foam by forming the foam on the

topsheet material or backsheet material. M'ternative'ly, e.g.,

where the absorbent core 28 is a free superabsorbent foam sheet or

a foam-bearing structure (e.g., paper tissue comprising the

15 superabsorbent foafn), the topsheet or backsheet may be joined to

the core by any attachment means such as are known in the art.

The backsheet 26 is positioned adjacent the garment surface

100 of the absorbent core 28. The backsheet 26 may be joined to

the absorbent core 28 by ,forming. the foam on the backsheet

20 material or, e.g., where a free superabsorbent polymer foam sheet

or other foam-bearing structure is used as the absorbent core 28,

by attachment means (not shown) such as those well known in the

art. For example, the backsheet 26 may be secured to the
absorbent core 28 by a uniform continuous layer of adhesive, a |

25 patterned layer of adhesive, or an array of separate Tines,

spirals, or spots of adhesive. Adhesives which have been found to

be satisfactory are manufactured by H. B. Fuller Company of St.

Paul, Minnesota and marketed as HL-1258.or H-2031. The attachment

means will preferably comprise an open pattern network of

30 filaments of adhesive as is disclosed in U.S. Patent 4,573,986

entitled "Disposable Waste-Containment Garment®, which issued to

Minetola, et al. on March 4, 1986, more preferably several lines

of adhesive filaments swirled into a spiral pattern such as is

illustrated by the apparatus and methods shown in U.S. Patent

35 3,911,173 issued to Sprague, Jr. on Oct. 7, 1975; U.S. Patent

4,785,996 issued to Ziecker, et al. on Nov. 22, 1978; and U.S.

Patent 4,842,666 issued to Werenicz on June 27, 1989. Each of
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Ohio as "DRI-WEAVE." The topsheet 424 has two sides (faces or surfaces),

i ncl udi ng a body-facing side (toward the wearer) and a garnent-facing side
(core-facing side). The body-facing side of the topsheet 424 10

genrerally forns at |east a portion of the inside surface 454 of the
sanitary napkin 420. 1In a preferred enbodi nent of the present invention,
the body surface of the fornmed filmtopsheet is hydrophilic so as to help
liquid to transfer through the topsheet fastqr than if the body surface was
not hydrophilic so as to 15 dimnish the likelihood that menstrual fluid

wll flow off thetgggsheggteﬁ@st heppé ha“inu%md' nt,gérgnpl bg gng ,%t?gpdrnlagd by

t he absorbent cor preferre di ment

i ncorporated into Fh’eﬁrﬂﬂ‘)’ﬁ@r’l c hﬁat‘ér“l‘&f"?"hf MeINs M3y mSEF‘PI"l $on l"@ﬂish@@ﬁssuch
as is described inptesSurdbomdst, WphsandcimndSedysdmi@GrechdNocal0Bond34, odany

entitled "Absorbenpyyyt i E&ﬁab’ﬁv' QGtaggwmkgihsa”Qr AFEI%“W\AEQWE' 8% these

Coversheet" filed on Novenber 1
i ncor porated herei f Whmem%‘ﬂéés ang tkE?"H'aﬂ!‘\féFy"'tt he body surface of the
topsheet can be nmade h¥he datksheet (26 tis cinpereious W 1iquads Wel gt arineduaRd as

I's described in th?s aptoe\‘ﬁrably manufactured from a thin plastic film, although
other flexible liquid impervious materials may also be used. —As
used herein, the term "flexible" refers to materials which are

10 . compliant and will readily conform to the general shape and
contours of the human body. The backsheet 26 prevents the
exudates absorbed and contained in the absorbent core 28 from
wetting articles which contact the diaper 20 such as bedsheets and
undergarments. The backsheet 26 may thus comprise a woven or

15  nonwoven material, polymeric films such as thermoplastic films—of
polyethylene or polypropylene, or composite materials such as a

 film-coated nonwoven material. Preferably, the backsheet is a
thermoplastic film having a thickness of from about 0.012 mm (0.5
mil) to about 0.051 mm (2.0 wils). Particularly preferred

20 materials for the backsheet include RR8220 blown films and RR5475
cast films as manufactured by Tredegar Industries, Inc. of Terre
Haute, IN. The backsheet 26 is preferably embossed and/or matte
finished to provide a more clothlike appearance. Further, the
backsheet 26 may permit vapors to escape from the absorbent core

25 28 (i.e., breathabie) while still preventing exudates from passing
through the backsheet 26.

The absorbent core 28 is positioned between the topsheet 24
and the backsheet 26. The absorbent core 28 is generally
compressible, conformable, non-irritating to the wearer’s skin,

30 and capable of absorbing and retaining liquids such as urine and
other certain body exudates. As shown in Figure 3, the absorbent
core 28 has a garment surface 100, a body surface 102, side edges
82, and waist edges 83. The absorbent core 28 may be manufactured
in a wide variety of sizes and shapes (e.g., rectangular,

35 hourglass, "T"-shaped, asymmetric, etc.). As shown in Figure 3,
the absorbent core preferably has a modified T-shape. The
absorbent core may include one or more layers of absorbent
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25 referenced U. S. Patent 4,950,264 issued to OCsborn. The backsheet 426
may corprise any of the backsheet materials previously described in
reference to the di aper enbodi ment of the invention. Preferably, the
backsheet is a polyethylene filmhaving a thickness of from about 0.012
mm (0.5 m1l) to about 0.051 30 mm (2.0 mls). Exenplary polyethylene
films are -manufactured by O opay Corporation.,of CGncinnati, Chio, under the
desi gnati on P18-0401 and by Ethyl Corporation, Visqueen Division, of Terre
Haut e, Indiana, under the designation XP-39385. The backsheet is preferably
enbossed and/or nambterfials sbedl a0 widevivdeietynnof 3iquidcibsbitenke materials

appear ance, FU" ! Bfmon1y eg NACKAASEInte 8 ipePiina RREL lankBRRHP St 83520

fromthe absorbent _core i e sti reventing
exudat es from passi'hg tetabuabsorbentr £aragidst ofiothe Tabsorheab  ennet 28oshoudds i s

posi tioned betweenhbdever plteh@ompat?bie with the design loading and the intended
5 use of the diaper 20. Further, the size and absorbent capacity of
the absorbent core 28 may be varied to accomodate wearers ranging

- from infants through adults.

The absorbent core 28 comprises the superabsorbent polymer

foam of the present invention. The superabsorbent polymer foam
10 can be incorporated into the absorbent core 28 in any of the forms
described herein (e.g., particulate, sheet form, or joined to a
substrate) according to any conventional method. For
superabsorbent foam in particulate form, the foam can be
incorporated into the diaper in the same manner as conventional
15 particulate superabsorbent or absorbent gelling materials.
Alternatively, a free foam sheet, cut or formed to a desired size,
may be incorporated as the absorbent core 28 or as one or more of
the layers of the absorbent core. In still another embodiment,
the superabsorbent foam is incorporated as formed on one or more
20 of the diaper components (e.g., the topsheet 24, another absorbent
core material such as a layer of tissue paper, or the backsheet
26), the diaper component serving as a permanent substrate
(carrier). In a preferred embodiment, the superabsorbent polymer
foam is formed on an absorbent carrier, more preferably a carrier
25 providing fast wicking properties such as tissue paper, such that
the composite absorbent material acts as the absorbent core.

The absorbent cores of the present invention may consist
solely of one or more (a multiplicity of) 1layers of the
superabsorbent polymer foam or foam-bearing carriers of the

30 present invention;'may comprise a combination of layers including
the foams or foam-bearing carriers; or any other absorbent core
configuration including one or more of the foams or foam-bearing
carriers. Thus, the absorbent core can also comprise conventional
absorbent core materials. Examples of other suitable absorbent

35 materials are creped cellulose wadding; meltblown polymers
including coform; chemically stiffened, modified or cross-1inked
cellulosic fibers; tissue, including tissue wraps and tissue
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and the backsheet 426 and conprises the superabsorbent polynmer 5 f oans
of the present invention. The foans nay be incorporated into the absorbent
core in the sane manner as previously described in reference to the diaper
enbodi rent of the present invention. In a preferred enbodi ment, the
absorbent core 428 conprises the superabsorbent polymer foam formed on an
absorbent-carrier, nore 10 preferably a cgirler provi di ng fast w cking
properties such as tissue paper, such that the conposite absorbent nmateri al
acts as the absorbent core. The absorbent core preferably conprises a
carrier web of fiBDemimteeri alonvediiorall ealisobbentrafeanisal sabdorbendr esponged;ude

t hose descri bed 'Q:oheérﬂﬁ&gﬁe tsQ pér*iﬁstg'b@tﬂﬁe a?;;s}mhrrem ofy }oﬁ-be?é hre?gmﬁ,@ent

invention. |In a prefer q ent core

air-laying a subst"&ﬁ?"iél Py (89 »miPartiQulates | insluding (Eibroysn g rofdmerss fir ant
web if desired or mateciads)iy, oandanyheequiivalentig materalpesrabgomtiaatioh®anafon
the web. In asoref,ﬁgg,eﬂlgnbodl ment of the present invention, an 20

acqui sition | ayer nmay sitioned betmeen the topsheet 424 and the
absorbent core 428. T eaégiﬂ'?ﬂfl RPTE 2 PESTERABIYS LOPRriSEY o afANTARE { Webn PF

i ncl udi ng i nprovi rfjber matexsadf andx tkiasegerabsorbentd pohymer foam of the present

invention. Such cores can be prepared by any process or technique
which provides a fibrous carrier web and the foam. In a preferred

10 embodiment, the absorbent core 1is formed by air-laying a

substantially dry mixture of fibers, densifying the resultant web

if desired or ngceksary, and then forming the superabsorbent foam
on the web. The air-laid web will preferably comprise
substantially unbonded fibers and will preferably have a moisture

15 content of 10% or .less. The foam can be formed by printing the
stabilized dispersion on the web as desired and then expanding and
reacting the dispersion so as to form the superabsorbent foam on
the web. The foam can be present on the web in particular areas
of the web and/or in a pattern so as to provide absorption

20 properties designed for the intended use of the diaper 20. For
example, the web having foam formed thereon can be designed
according to the absorption requirements for boy and girl wearers.
The web having the superabsorbent foam formed thereon can then be
incorporated into the diaper 20 by any conventional method.

25 - Yarious types of fiber material can be used in the carrier
web. Any type of fiber material which is suitable for use in
conventional absorbent products 1is also suitable for use in the
carrier web. Specific examples of such fiber materials include
cellulose fibers, modified cellulose fibers, rayon, polypropylene,

30 and polyester fibers such as polyethylene terephthalate (DACRON),
hydrophilic nylon (HYDROFIL), and the like. Other fiber materials
include cellulose acetate, polyvinyl acetate, polyamides (such as
nylon), bicomponent fibers, tricomponent fibers, mixtures thereof,
and the 1like. Hydrophilic fiber materials are preferred.

35 Examples of suitable hydrophilic fiber materials in addition to
some already mentioned are hydrophilized hydrophobic fibers, such
as surfactant-treated or silica-treated thermoplastic fibers
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the ‘absorbent core 428. There are several reasons why the

| nproved wi cking of exudates is inportant, including providing a 25 nor e
even distribution of the exudates throughout the absorbent core 428 and

al I'owi ng the sanitary napkin 420 to be nmade relatively thin. (The wi cking
referred to herein may enconpass the transportation of liquids in one, two
or all directions (i.e., in the x-y plane agd/or in the z-direction)). The
acqui sition 30 | ayer may be conprised of several different naterials

i ncl udi ng nonwoven or woven webs of synthetic fibers including polyester,
pol ypropyl ene, or ¢estiyed.h\floenexample urtxiomf polnodefing| sutihn@s cpeiyethyiene or

cel l'ul ose; bl ends gfiyprdpyiédeder s; polyadFW i€éui valgRnyami@dsSr | al 5019%5tyrenes,
conbi nati ons of_rrat r'rali' 35 I us };1 snta,_nal%l 420 ]'s
secured on the i ns'i’°§é"o?t gRgs And: Ehe dép‘i i oﬁho e‘n S%éf@lpéjér]}@ﬁt -V\aﬂ obife
pressur e-sensi ti vefbeheswhighf age eirerargdi @ dhendedvesamot averynabkorbed®Oardowar d
the 7 5 which, therefore, do not provide webs of sufficient absorbent
capacity to be useful in conventional absorbent products, are
suitable for use in the absorbent members of the present invention
by virtue of their good wicking properties. This is because, in.
the structures herein, the wicking propensity of the fibers is as

10 important, if not more important, than the absorbent capacity of
the fiber material.itself due to the high rate of fluid uptake of
the superabsorbent polymer foams of the present invention which
are included in the core. Hydrophobic synthetic fibers can also
be used, but are less preferred. '

15 For reasons of availability and cost, cellulose fibers are
generally preferred for use herein as the hydrophilic fiber
material of the absorbent core. Most preferred are wood pulp
fibers which are also referred to as airfelt.

Other cellulosic fiber materials which may be useful in

20 certain absorbent cores herein are chemically stiffened cellulosic
fibers. Preferred chemically stiffened cellulosic fibers are the
stiffened, twisted, curled cellulosic fibers which can be produced
by internally crosslinking cellulose fibers with a crosslinking
agent. Types of stifféned. twisted, curled cellulosic fibers

25 useful as the hydrophilic fiber material of the absorbent cores

-» herein are described in greater detail in U.S. Patent 4,822,453
entitled “"Absorbent Structure Containing Individualized,
Crosslinked Fibers Having Reduced Residuals And Fibers Thereof®,
issued to Herron, et al. on Dec. 26, 1989; U.S. Patent 4,889,597

30 entitled "Process For Making Wet-lLaid Structures Containing
Individualized Stiffened Fibers™, issued to Bourbon, et al. on
Dec. 26, 1989; and U.S. Patent 4,898,642 entitled "Twisted,
Chemically Stiffened Cellulosic Fibers And Absorbent Structures
Made Therefrom", issued to Moore, et al. on Feb. 6, 1990. Each of

35 these patents are incorporated herein by reference.

The relative amount of fiber material and superabsorbent
polymer foam in the resultant web can be most conveniently
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crotch portion of the undergarnent. Thus, the undergarnent serves as the

| andi ng nmenber for the fastening system 436. The release liner is renoved
fromthe attachnent nenber 442 and the sanitary napkin 420 is secured in
posttion by pressing the exposed 5 pressure-sensitive adhesive fastener
442 firmy against the crotch material of the undergarnent. The release
liner is renoved fromthe flap attachnment n&gbers 446 and 446' to expose

t he adhesive. The flaps 432 and 432' are th fol ded under the crotch
material of the undergarment and secured in position by pressing the 10

g?pgﬁgduﬁggre;g\r/ﬁe 1;] @ﬁﬁr@?%d 44&@% 61146 wéig hmb?rr?l&gﬁ@toft e Glbo4ibentRlope ! al
descri bing the prei%t‘gf‘?ﬁ’éﬂg[ CBH“ ar%ﬁ%?' ‘Eﬂ““tﬂ'lufﬂ"“lﬁ °”t%af’ﬁ%§"t 98%,
structural and neeteapretdrabbhfromtabouttiicso atfout t FiSX,s apk mabt gprieéertabl yans
are set forth. In $aEe absit! 20% % aIFUuQC@@H” %Je@éhtd%?eftm Hbsrbgbélﬂdcé?‘éasb'f' ng

certain of these c efrenced

racteristics, a
from other ten? s&P‘WB?’%&leﬁé"‘e ﬂ“l he“t‘b‘r‘rﬁ??ﬁeﬂgrﬂtﬁg’l a?tfcé‘ée 88%h
characteristi cs 20can cben expreisedr in rtednsarod e xeighdd ratsiongf t fikbef otd cfeamg

test fluids and  1his ratio may range from about 98:2 to about 2:98. For most
absorbent cores, the optimum fiber-to-foam weight ratio is in the
range of from about 95:5 to about 25:75, most preferably from

10 about 90:10 to about 40:60. '

In an alternative embodiment, the diaper 20 comprises a
dual-layer absorbent core comprising an absorbent member and a
sheet of the superabsorbent polymer foam of the present invention.
Typically the foam sheet is positioned subjacent the absorbent

15" member (i.e., between the absorbent member and the backsheet 26).

The absorbent member serves to quickly collect and
temporarily hold discharged 1iquids and to transport such liquids
by wicking from the point of initial contact to other parts of the .
absorbent member and to the foam sheet. The absorbent member ...

20 preferably comprises a web or batt of fiber materials. Various
types of fiber material can be used in the absorbent member such
as the fiber materials previously described herein. Cellulosic
fibers are general-ly preferred for use herein, wood pulp fibers
being especially preferred. The absorbent uiember_ can also contain

25 specific amounts of a particulate, absorbent, polymeric
composition. The absorbent member, for example, can contain up to
about 50% by its uéight of the polymeric composition. In the most
preferred embodiments, the absorbent member contains from 0% to
about 8% by its weight of a particulate, absorbeant, polymeric

30 composition. In alternatively preferred embodiments, the
absorbent member comprises chemically stiffened cellulosic fibers
as previously described. Exemplary embodiments of the absorbent
member useful in the present invention are described in U.S.
Patent 4,673,402 entitled "Absorbent Article With Dual-Layered

35 Cores" which issued to Paul T. Weisman, et al. on June 16, 1987;
and U.S. Patent 4,834,735 entitled "High Density Absorbent Members
Having Lower Oensity and Lower Basis Weight Acquisition Zones"
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test methods. In each of the test nethods, it is inportant- that the foam
sampl e to be tested has essentially the same norphol ogy of the foam sanple
as originally formed. Thus, the foam materials shoul d 25 be tested

wi tthout any prelimnary nechanical treatnent which is likely to disturb the
nmor phol ogy, e.g., such as sieving or grinding. Were it is necessary or

desired to use a cut piece of foam efforts %hould be made to avoi d edge
densi fication such as described in referenc€®o flexibility testing. 30
1) TEST FLUI DS - SYNTHETI C URI NE The synthetic urine utilized in the

following tests isjgsfedl to MGLET ANenany diett &1.! 86 Mt 86, WoBS. t MRestUpitanes
tension of the sol ution aﬁ*u

[
octyl phenoxy pol ye®R®xJere aﬁ‘t&sg@&%%cthgﬁr}%?/ﬁ’? ﬁ%?ﬁg%c%gguk#“‘?'{)%%gg"{g"&%ﬁ%nand
Haas Co.). Such ahsyinghat istoragen@ossml andi @n acanisition 2onepzhavingofa 1\wwaY i t on
;(]: lg?,st |6PI ggrf/th glﬁ‘lgbera]ge%%rﬁf &a hehoder véragerBasiof wdight lpedndnftOQPedarts
5 than the storage zone so that the acquisition zone may effectively
and efficiently rapidly acquire discharged liquid are especially
preferred for use herein.

The absorbent member can be of any desired shape, for
example, rectangular, oval, oblong, asymmetric, or

10  hourglass-shaped. The shape of the absorbent member may define
the general shape of the resulting diaper 20.

The foam sheet of the present invention need not be the same
size as the absorbent member and can, in fact, have a top surface
which is substantially smaller or larger than the top surface area

15 of the absorbent member. The foam sheet can be smaller than the
absorbent member, for example, having a top surface area from
about 0.10 to about 1.0 times that of the absorbent member. More
preferably, the top surface area of the foam sheet will be only
from about 0.10 to about 0.75, and most preferably, the top - —-

20 surface area of the foam sheet will be only from about 0.10 to
about 0.5 times that of the absorbent member. Alternatively, the
absorbent member is smaller than the foam sheet and has a top
surface area from about 0.25 to about 1.0 times, more preferably
from about 0.3 to-about 0.95 times that of the foam sheet. In

- 25 this alternative embodiment, the absorbent member preferabl
comprises chemically stiffened cellulosic fibers. :

The foam sheet is preferably placed in a specific positional
relationship with respect to the backsheet and/or the absorbent
member in the diaper. More particularly, the foam sheet 1is.

30 positioned generally toward the front of the diaper so that the
foam sheet is most effectively located to acquife and hold
discharged liquids. ,

In alternatively preferred embodiments, a multiplicity of
foam sheets, preferably from about two to about six foam strips or

35 sheets, may be used. Further, additional absorbent layers,
mémbers, or structures may be placed into the absorbent core. For
example, an additional absorbent member may be positioned between
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78 2) DETERM NATI ON OF ABSORBENCY CHARACTERI STI CS A) ABSCORPTI VE CAPACI TY
AND RATE / "TEA BAG' TEST Absorptive Capacity. and Rate can be determ ned by
a gravimetric analytical technique using Synthetic Uine as the 5 fluid
for. which Absorptive Capacity and Rate of the foamis to be calculated. A
sanpl e of superabsorbent polymer foamis placed within a tea bag, inmmersed
I n"an excess of Synthetic Wine for a specif%ﬁd period of time, and then
centrifuged for a specific period of tine. e ratio of superabsorbent

pol ymer foam final 10 weight after centrifuging mnus initial weight (net

fluid gain) to initghal fobRi Qmetdﬁd%rtﬁb rﬁ%kiﬂ%@t%‘lﬁ??%‘ \éerQQP@é?'cWacnt g can
be cal cul at ed from he Abs tive as a. function

following procedurt®® at?sgr n§0ch e’(ﬁ'gflo ﬁdé?yerslt&nﬁ%ﬁtﬂ"?"éﬁo}%ﬂuﬁsy passing
condi tions at [err]thta@bdFjheafidarbGheetetatdther ipantidins yof tbe abisombgnt céremrX 23

cmcutting die, thegt Qﬁebmmstheu al thg %Hm siael-td%y m?a' meenatubwyS%eand
seal ed al ong t\é\p Slp%(saltioneJ] ove t% a%sor mrbce)'guts:g as tombe posilpione bag
square. The te
between the topsheet and the absorbent member.
In an alternative embodiment of the absorbent cores of the
present invention, the absorbent core comprises a laminate (a
layered absorbent core) containing at least one, and optionally
10 two or more, layers of superabsorbent polymer foam particles of
the present invention. The laminates preferably comprise layers
or webs of fibrous materials such as previously described,
preferably a sheet of absorbent material, such as tissue paper.
Such layered absorbent structures are more fully described in U.S.
15 Patent 4,578,068 entitled "Absorbent Laminate Structure" issued to
Timothy A. Kramer, et al. on March 25, 1985, which patent is
incorporated herein by reference. Additional methods and
apparatus for making such laminates are described in U.S. Patent
4,551,191 entitled “"Method For Uniformly Distributing Discrete
20 Particles On A Moving Porous Web", issued to Ronald W. Kock, et
al. on Nov. 5, 1985, which ‘patent 1is incorporated herein by
reference. :
The relative amount of fiber material and particulate
superabsorbent polymer foam may be the same as previously
25 described with respect to the foam formed on a carrier web. In
addition, the foam particles may be dispersed in various weight
ratfos throughout different regions and thicknesses of the
absorbent core. For examp'le,' the mixture of fiber material and
the foam particles may be disposed only in certain portions of the
30 absorbent core. Preferably, the absorbent core contains an
uniformly distributed mixture of hydrophilic fiber material and
the foafn particles. The foam particles may be substantially
uniformly dispersed (thoroughly dispersed) throughout the entire
absorbent core as' disclosed in U.S. Patent 4,610,678 entitled
35 "High-Density Absorbent Structures®, issued to Weisman, et al. on
Sept. 9, 1986, which patent is incorporated herein by reference.
The foam particles may alternatively be distributed in regions or
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bag material utilized is a grade 1234 heat seal able material, obtainable
fromC H  Dexter, Division of the Dexter Corp., 20 Wndsor Locks,
Connecticut, U S A, or equivalent. Lower porosity tea bag materi al
shoul d be used if reqwred toretain fine particles of foam materi al.

0.200 grams plus or mnus 0.005 grams of the super absor bent pol ymer foam
material is weighed onto a wei ghing paper awsd transferred into the tea bag
25 and the top (open end) of the tea bag is sealed. An enpty tea bag is
sealed at the top and is used as a bl ank roximately 300 mlliliters of
Synthetic Urine arongsuvtighi have B‘@%O@WM"‘EW‘&°fbé§Re?°a'“ thanedg) O3RE ¢ ea

gﬁgeréﬁssugm[ ggg ré ohh%r}?&ﬁﬁé‘s&tlﬁoﬂdlxlﬁolﬁ. Ulse Perenbad), 69018231 Mssugd t tre

or ben oa eri e

hori zontally to di gf %nﬁﬁre?e'fhergt%]erl gl Oé%/eﬁ ﬁy § %t}??%] i alﬂ?ntaent
tea bag is |aid onmemhersbhryinge of Piﬂ’&éﬂéfﬁﬁheﬂbsermtneP°‘Dﬁ\§"1‘ea¢%§‘ gon

all oned to wetg fogigtribite@difdfa posTtaAve dradientnthroughitae, 1eusd & lpontion m | y

subme
Firet Sampie i o cubter dhickneti oo ) SRR Phtr? Terebaang, Sing 17
to the first set concentration gradient along the ttnckness imension has the
lowest concentration at or near the surface of the absorbent
member which receives liquids (i.e., the top surface) and the
10 highest concentration at or near the back surface of the absorbent -
member. This paterit is incorporated herein by reference.

An alternative embodiment of the layered absorbent cores of
the present invention is a "pouch® containing the particulate,
superabsorbent polymer foam. The pouch is a layered absorbent

15 core as described above wherein the number of fibrous webs équals'
two. The fibrous webs are joined to each other around their
periphery so as to form a large pocket in the middle of the pouch.
The foam particles are encased between the fibrous webs in the
pocket. Thus, the pouch is similar to a tea bag in that the foam

20 particles are free to swell and absorb within - the pouch. The
fibrous webs of the pouch preferably comprise a nonwoven material
as are known in the art with the nonwoven webs being heat sealed
about their periphery, although other means for sealing the webs
together as are known in the art, such as adhesives or ultrasonic

25 bonds, may also be used. '

The absorbent cores herein can contain a variety of optional
materials in addition to the fiber materials and the
superabsorbent polymer foam. Such optional materials can include,
for example, fluid distribution aids, antimicrobials, pH control

, 30 agents, odor control agents, perfumes, etc. If present, these
optional components will generally comprise no more than about 30%
by weight of the absorbent cores herein.

. The diaper 20 preferably further comprises elasticized leg
¢uffs 32 for providing improved containment of liquids and other

35 body exudates. Each elasticized leg cuff 32 may comprise several
different embodiments for reducing the leakage of body exudates in
the leg regions. (The leg cuff can be and is sometimes also
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of blank and sanple tea bags, is subnerged and soaked for 60 79 m nutes
in the sanme manner as the first set. After the prescribed soak
time-has el apsed, for each set of tea bag sanples, the tea bags are
pronptly renmoved (using tongs) fromthe Synthetic Urine. The sanples
are then centrifuged as 5 described below The centrifuge wused is
a Delux Dynac Il Centrifuge, Fisher Mdeles No. 05-100-26, obtainable
L;ﬁg}}?ﬁ gi:Engchgntific Cg. QIhPitésburgh, PA, or equivalent. The _
br ake. Tﬂe centri fﬁgfsee"?gé Pﬁ%t‘ﬁ\é\%e%&gf‘%;g%ﬂ {fﬁgg’agg'ggg?trﬁej‘:ffgggrﬁgggﬁﬂegt e
- gazggt i ngi ?glazzglaafmy rrfml Mbdke5 refifentéd 365 CHatitgl3, 860,003 vddskribies ha an
i ameter . and o rofaiipsapiecyidbe W Eh-prly fned b ciiicdibls g dihudg bR
di aneter circul ar holsdde efirfl | andspeedPrar®Uad el ¥t ici PeRhersr dpcAreyide han
5 elasticized leg cuff (gasketing cuff). U.S. Patent 4,909,803
entitled "Disposable Absorbent Article Having Elasticized Flaps”
issued to Aziz, et al. on March 20, 1990, describes a disposable
diaper having “stand-up" elasticized flaps (barrier cuffs) to
improve the containment of the leg regions. U.S. Patent 4,695,278
10 entitled "Absorbent Article Having Dual Cuffs™ issued to Lawson on
Sept. 22, 1987, describes a disposable diaper having dual cuffs
including a gasketing cuff and a barrier cuff. While each
etasticized leg cuff 32 may be configured so as to be similar to
any of the leg bands, side flaps, barrier cuffs, or elastic cuffs
15 described above, it is preferred that each elasticized leg cuff 32
comprise at least an inner barrier cuff comprising a barrier flap
and a spacing elastic member such as described in the above
referenced U.S. Patent 4,909,803. In a preferred embodiment, each
elasticized leg cuff 32 additionally comprises an elastic
20 gasketing cuff with one or more elastic strands, positioned
outboard of the barrier cuff such as described in the above
referenced U.S. Patent 4,695,278. '
‘The diaper 20 hreferab1y further comprises elastic waist
features 34 that provide improved fit and containment. The
25 elastic waist features 34 at least extend longitudinally outwardly
from the waist edges 83 of the absorbent core 28 and generally
form at least a portion of the end edges 64 of the diaper 20.
Thus, the elastic waist features 34 comprise that portion of the
diaper at least extending from the waist edges 83 of the absorbent
30 core 28 to the end edges 64 of the diaper 20 and is intended to be
placed adjacent the wearer’s waist. Although disposab1e diapers
are generally constructed 3o as to have two elastic waist
features, one positioned in the first waist region and one
positioned in the second waist region, diapers can be ‘constructed
35 with a single elastic waist feature encircling the wearer.
Further, while the elastic waist features or any of their
constituent elements can comprise a separate element affixed to
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15 outer wall, and having a basket floor with six 1/4 inch (0.635 cm

di aneter ci rcuI ar drai nage hol es equal ly spaced around the circunference of
the basket floor at a distance of 1/2 inch (1.27 cm) fromthe interior
sur.face of the outer wall to the center of the drainage holes, or an

equi valent. The basket is 20 nounted in the centrifuge so as to rotate, as
well as brake, in unison with the centrifugegq The sanple tea bags are
positioned in the centrifuge basket with a folded end of the tea bag in the
direction of the centrifuge spin to absorb the initial force. The blank
t ea bags are pl acedhe odéipehe20si dbe oklistéc 2@ ictr festuoesli 34 asanptefetabdy

bags. ~ The sanpl g, n§t9rﬂctt¥agas Oafn te;agengeg,pra,ql 5@%‘ ”&%gerﬂ% ?# aﬁedgfe}‘bQP?uEﬁ the

sanpl e tea bag of the | rst con

a
opposi te the bl ank 3ed 5ab“d‘ls ‘E%e & r%"t tshét topshephy hce‘"‘teﬁ%'"eéﬁt P‘?tlhuéze The
centrifuge is starthacksheet 26! andethe dopshept 28. quickly to a 30 stabl e speed

of 1,500 rpm g timer 'Tﬁesgfas{%izﬁj!n&ﬁ%e?eatﬁnseru?’ ?%rﬁét et:%ns @te‘&egﬁrhf uge

is turned off and the brake I's a ag an
first blank tea badusber P@nﬁ\fefe"%fﬁd craf igvErt igas) Aingidipg tr'??éepﬁ‘b’t?éwﬁd ing
repeat ed U.S. Patent 4,515,595 issued to Kievit, et al. on May 7, 1985 and

the above referenced U.S. Patent 5,151,092, each of these
references being incorporated herein by reference.

10 The diaper 20 also comprises a fastening system 36 which
forms a side closure which maintains the first waist region 5€ and
the second waist region 58 in an overlapping configuration such
that lateral tensions are maintained around the circumference of
the diaper to maintain the diaper on the wearer. The fastening

15 system may take on a number of configurations such as adhesive
tape tabs, mechanical closure tape tabs, fixed position fasteners,
or any other means for tensioning the elasticized waist feature as
are known in the art. Exemplary fastening systems are disclosed
in U.S. Patent 4.846,815 entitled "Disposable Diaper Having An

20 Improved Fastening Device" issued to Scripps on July 11, 1989;
U.S. Patent 4,894,060 entitled "Disposable Diaper With Improved
Hook Fastener Portion® issued to Nestegard on Jan. I6, 1990; U.S.
Patent 4,946,527 entitled "Pressure-Sensitive Adhesive Fastener
And Method of Making Same" issued to Battrell on Aug. 7, 1990;

25 U.S. Patent 3,848,594 entitled “"Tape Fastening System for

. Disposable Diaper® issued to Buell on Nov. 19, 1974; U.S. Patent
Bl 4,662,875 entitled "Absorbent Article” issued to Hirotsu, et
al. on May 5§, 1987; and the hereinbefore referenced U.S. Patent
5,151,092; each of which is incorporated herein by reference. In

30 a preferred embodiment, the fastening system comprises a dual
tension fastening system such as disclosed in the hereinbefore
referenced U.S. Patent 5,151,092.

In a prefer'red embodiment, the diaper also comprises
elasticized side panels 30 disposed in the second waist region 58.

35 (As used herein, the term "disposed” is used to mean that an
element(s) of the diaper is formed (joined and positioned) in a
particular place or position as a unitary structure with other
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for the second sanple tea bag and the second bl ank tea bag. 35 The
absorptive capacity (AC) for each of the sanples is calculated as foll ows:
80 AC = (sanple tea bag weight after centrifuge m nus bl ank tea bag wei ght
af tser centrifuge m nus superabsorbent polynmer foam weight)/(dry

super absor bent pol yner foamweight). 5 The Absorptive Capacity
value for wuse herein is the average absqrptive capacity of the two
sanpl es. The Absorptive Rate (AR) can be calculated as follows: AR - (AC
for a given sanple)/(time of sanple subnmersion) For exanple, 10 sets of
sanpl es and bl anksekamenix ofavheddiapenmt 89k segarataned epantaipoined tonanother

Absor p'éi V? Capaci t ¥\ dnRfit 1ofeﬁféfﬁiapﬁh.a)t PRES e Pt 1 OFze8 TBE DaRBTL BD GFHevide an
ponbved at one M N ReicmTy  extensible” PedtuPe {3t bR 40° A Rk CeontBAGbl¢
and contouring fit by initially conformably fitting the diaper to
s the wearer and sustaining this fit throughout the time of wear
well past when the diaper has been loaded with exudates since the
elasticized side panels allow the sides of the diape'r to expand
and contract. The elasticized side panels 30 further provide more
effective application of the diaper 20 since even if the diaperer
10  pulls one elasticized side panel 30 farther than the other during
application (asymmetrically), the diaper 20 will “self-adjust”
during wear. While the diaper 20 of the present invention
preferably has the elasticized side panels 30 disposed in the
second waist region 58; alternatively, the diaper 20" may be
15 provided with elasticized side panels 30 disposed in the first
waist region 56 or in both the first waist region 56 and the
second waist region 58. |

While the elasticized side panels 30 may be constructed in a
number of configurations, examples of diapers with elasticized
20 side panels positioned in the ears {ear flaps) of the diaper are
disclosed in U.S. Patent 4,857,067, entitled "Disposable Diaper
Having Shirred Ears" issued to Wood, et al. on Aug. 15, 1989; U.S.
Patent 4,381,781 issued to Sciaraffa, et al. on May 3, 1983; U.S.
Patent 4,938,753 issued to Van Gompel, et al. on July 3, 1990; and
25 the hereinbefore referenced U.S. Patent 5,151,092; each of which
are incorporated herein by reference. Preferably, each
elasticized side panel 30 comprises ear flaps and an elastic side
panel member operatively associated therewith, ‘such as disclosed

in the above referenced U.S. Patent 5,151,092. '
30 The diaper 20 s preferably applied to a wearer by
positioning one of the waist regions, preferably the second waist
region 58, under the wearer’s back and drawing the remainder of
the diaper between the wearer’s legs so that the other waist
region, preferably the first waist region 56, is positioned across
35 the front of the wearer. The diaperer then wraps the elasticized
side panel around the wearer, generally while grasping at Teast a
portion of the fastening system 36. The elasticized side panels
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The Absorptive Capacity and Absorptive Rate is then cal cul ated at various
tinme intervals as desired, as described above. 15 B) ABSORPTI VE
CAPACI TY AND RATE / BLUE DEXTRI N TEST Absorptive capacity in terns of grams
of ssynthetic urine absorbed per gram of superabsorbent polynmer foamis
determ ned by swelling the foam sanples in several aliquots of Synthetic
Urine. The anpbunt of such Synthetic Urine agtually absorbed by 20 the foam
is determ ned by a procedure which involves use of a Synthetic Ui ne
solution containing Blue Dextrin so that optical absorbence neasurenents
can be used to cal suﬂafcnpitcnéharbemtemedswa ffensiened dueinghthisi epardtionak®en up
by the foam {(a) BhuieoDedrfori toOth isre BR@NapE i0®NthéSwearer. The fabtdhif@%

et rin (S gma. b 57PnL1s 3aptrRgcioBBBa 2, RE MBOIAG PRe¥, SefRd B2t B e
resul ting sol uti ondisperhrtoagffecbensideotlosyse: 0.25 at its absorbence
mexi m”t? of b61t75nm I 30 Anofther( byrefbri@d Eembodimtndt | 0 Al | ghitaby Odishible
SUperabsorben poagsﬁ'i)entoaamict‘lg :Pfe the present invention is the catamenial pad,
sanitary napkin 420, shown in Figure 4. As used herein, the term
*sanitary napkin" refers to an absorbent article which is worn by
' females adjacent to the pudendal region, generally external to the
10 urogenital region, and which is intended to absorb and contain
menstrual fluids and other vaginal discharges from the wearer’'s
body (e.g., blood, menses, and urine). Interlabial devices which
reside partially within and partially external of the wearer’s
vestibule are also within the séope of this invention. As used
15  herein, the term "pudendal® refers to the ekternany visible
female genitalia. .

Figure 4 is a plan view of a sanitary napkin 420 embodying
the present. invention prior to it being placed in the undergarment
of the wearer. As shown in Figure 4, a preferred sanitary napkin

20 construction comprises a liquid pervious topsheet 424, an
absorbent core 428, a liquid impervious backsheet 426, and a
fastening system 436 for securing the sanitary napkin to the
undergarment of the wearer. While the topsheet 424, the absorbent
core 428, and the backsheet 426 may be assembled fn a variety of

25 well-known configurations, a preferred sanitary - napkin
configuration is shown and described generally in U.S. Patent
4,687,478 entitled “"Shaped Sanitary Napkin With Flaps®" 1issued to
Van Tilburg on Aug. 18, 1987, wherein the sanitary napkin 420
additionally has flaps 432 and 432'. . Other preferred sanitary

30 napkin configurations are described generally in U.S. Patent
4,950,264 entitled "Thin, Flexible Sanitary Napkin" issued to
Osborn on Aug. 21, 1990; U.S. Patent 4,589,876 entitled “"Sanitary
Napkin® issued to Van Tilburg on May 20, 1986,; U.S. Patent
4,425,130 entitled "Compound Sanitary Napkin" issued to DesMarais

35 on Jan. 10, 1984; and U.S. Patent 4,321,924 entitled °*Bordered

' Disposable Absorbent Article" issued to Ahr on March 30, 1982.
Each of these patents are hereby incorporated herein by reference.
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tested are swelled in: (i) 20 parts of Synthetic Urine (SU) solution and
(i1i) 20 parts of Blue Dextrin (BD) solution. The suspension in the Blue
Dextrin (BD) solution is prepared in 35 duplicate. In nost instances,
0.1-0.2 parts of dry foammterial (to 20 parts SU or 8D) is
required to give a sufficiently high spectrophotoneter reading relative

to the ‘81 Blue Dextrin reference solution, One hour of equilibration at
anbi ent t enperature under gentle stir-bar stirring S
sufficient for swelling equilibrium to be attained. After

equilibration, a > 3nl Naherguototber swapétaryt adpkin Sembopimeat ecarer atscIosedagh
Chphc ty Det or m natyon! (FRcttare URcAaCRbiks (BAHRPaciohd (70 BE Sakfiary |
det er mi ned spect r ofRBfBFet Peredni y P h examelecur sitabke o coufiigupatdptenase
unit. The Synt hetidesd¢wibag 30l PCTonnternutiodans Pabl ication Nos. WO 93/01785
5 entitled "Stretchable Absorbent Articles," Osborn, et al.; and WO
93/01781 entitled "Curved, Shaped Absorbent Article," Johnson, et
al.. Both of these references were published on Feb. 4, 1993, and
are incorporated herein by reference. Other sanitary napkin
embodiments useful herein are disclosed in U.S. Patent 5,009,653
10 issued to Osborn on April 23, 1991; and U.S. Patent 4,917,697
issued to Osborn, III, et al. on April 17, 1990. In still other
alternative embodiments, components or regions of the sanitary
napkin may be further structurally modified by folding, bending,
corrugating, stacking of layers and affixing of layers to each
15 other. The modifications may be made by including one or more—of
the structures described in European Patent Application
Publication Nos. 0,335,252 and 0,335,253 published in the name of
Buell on Oct. 4, 1989; and PCT International Publication No. WO
92/07535 published in the name of Visscher, et al..
20 Figure 4 shows a preferred embodiment of the saﬁitary napkin
420 in which the topsheet 424 and the backsheet 426 are
-co-extensive and have length and width dimensions generally larger
than those of the absorbent core 428 to form the flaps 432 and
432'. The topsheet 424 is joined with and superposéd on the
25 ~backsheet 426 to form the periphery of the sanitary napkin 420.
The sanitary napkin 420 has an inside surface 454 and an outside
surface 452. In general, the outside surface 452 extends from one
end edge 464 to the other end edge 464 and from one longitudinal
edge 462 to the other longitudinal edge 462 and is the surface
30 farthest from the wearer during use of the sanitary napkin. When
a backsheet 426 is used, it typically forms the outside surface
452. The inside surface 454 is that surface opposite the outside
surface 452 and in the embodiment shown is typically formed by the
topsheet 424. In general, the inside surface 454 is that surface
35 coextensive with the outside surface 452 and which is for the
greater part in contact with the wearer when the sanitary napkin
420 is worn.
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10 ABS-0.0 reference. The absorbency of the supernatant fromthe Synthetic
Uri ne suspension wthout Blue Dextrin should not exceed 0.01 absorbence
unit; higher values indicate scattering fromresidual foamparticles or
resi dual additives, and further centrifugation is necessary. The
absorbency of the Blue 15 Dextrin supernatants shoul d exceed the
absorbency of the Blue Dextrin reference soli&ion by at least 0.1
absorbence unit. Absorbency values below this range indicate the need to

auspensi on. 20 O ¢ RS AE I8 RS Barkdirent 8L e et GaPr ek A28 ave
Capacity of the sufBP¥bsdh b&ngungol 4smethe ofianteningnsixsien s 4361 comprtiset f aom
(i) the weight fraqttsummeit tMéanbePa@¥2 N chhp i $HhYP iUk Vel Nfhsit fohed .hSnrQLEO of
t he excluded vol une gg‘ et hue t ot gg r}J{lolhums ?gart heaqi!i'Sp%nSI on. Si nce | ue
25 Dextrin is excl®d 151878457 QL hhg AN Eany; 8 1y 2foindcairelease; Yner
this ratio is Bel at(agt tshowmle asedsukeawnalisothiecract eseleibablyohttavhedy toqehé i on
is used to cal cul ataghddife AIFS e bt t4RhhehR Hhdnbir 442.
[err] Since a preferred embodiment of the sanitary napkin 420 of
the present invention comprises flaps 432 and 432‘, the fastening
system 436 comprises flap -attachment members 446 and 446’
10 comprising adhesive on the flaps 432 and 432’ to maintain the
flaps 432 and 432’ in position after the flaps 432 and 432’ have
been wrapped around the edge of the crotch portion of the
undergarment. A release liner (not shown) is also positioned over
each of the flap attachment members 446 and 446° to protect the
15 adhesive until the sanitary napkin 420 is used, the release liner
being removed and the flap being wrapped around the edge of the
crotch portion of the undergarment.
The topsheet 424 may comprise any of the topsheet materials
previously described in reference to the diaper embodiment of the
20 invention. A preferred topsheet comprises an apertured formed
film. Apertured formed films are preferred for the topsheet
because they are pervious to body exudates and yet non-absorbent
and have a reduced tendency to allow liquids to pass back through
and rewet the wearer’s skin. Thus, the surface of the formed film
25 -“which is in contact with the body remains dry, thereby reducing
body soiling and creating a more comfortable feel for the wearer.
Suitable formed films are described in U.S. Patent 3,929,135
entitled "Absorptive Structures Having Tapered Capillaries” which
issued to Thompson on Dec. 30, 1975; U.S. Patent 4,324,246
30 entitled "Disposable Absorbent Article Having A Stain Resistant
Topsheet” which issued to Mullane, et al. on April 13, 1982; U.S..
Patent 4,342,314 entitled "Resilient Plastic Web Exhibiting
Fiber-Like Propert'ies' which issued to Radel, et al. on Aug. 3,
1982; U.S. Patent 4,463,045 entitled "Macroscopically Expanded
35 Three-Dimensional Plastic Web Exhibiting Non-Glossy Visible
Surface and Cloth-Like Tactile Impression” which issued to Ahr, et
al. on July 31, 1984; and U.S. Patent 5,006,394 entitled
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Absorptive Rate (AR) can be determned fromthe Absorptive Capacity as a
function of tine in the sane manner as for the 35 above Tea Bag Test,
i.e., AR = AC/tine. For exanple, the Absorptive Capacity can be

det-erm ned by testing a nunber of sanples which have been swelled in
Synthetic Urine for several 82 tinme periods, e.g., 1, 3, 5 and 10

m nute intervals, fromwhich the Absorptive fgte can be determ ned.
Alternatively, a continuous absorption curve of absorptive capacity versus
time of equilibration nmay be obtained by using a phototrode-type 5

detector for the SUMHhd 1Rrers dlodymeris, FiimSnwhidhchissued AtlosBaprd we Rerid Gan be

det er i ned. ng) EEWBURH@EOAREASJ Patiitl il‘ﬁﬁsﬁltﬂﬁsor&l@%ihﬁfﬁns% f‘%’f‘e@eﬁe‘?g to
doing the 10 Br dnerdrRERALRRREL ol ihd CRtesent oRentish s nite” Fomeec
met hod ~ film described in one or more of the above patents and marketed on
5 sanitary napkins by The Procter & Gamble Company of Cincinnati,
Ohio as "DRI-WEAVE."

The topsheet 424 has two sides (faces or surfaces), including
a body-facing side (toward the wearer) and a garment-facing side
(core-facing side). The body-facing .side of the topsheet 424.

10 generally forms at least a portion of the inside surface 454 of
the sanitary napkin 420. In a preferred embodiment of the present
invention, the body surface of the formed film topsheet is
hydrophilic so as to help liquid to transfer through the topsheet
faster than if the body surface was not hydrophilic so as to

15 diminish the 1ikelihood that menstrual fluid will flow off the
topsheet rather than flowing into and being absorbed by the
absorbent core. In a preferred embodiment, surfactant is
incorporated into the polymeric materials of the formed film
topsheet such as is described in U.S. Patent Application Serial

20 No. 07/794,745 entitled “"Absorbent Article Having A Nonwoven and
Apertured Film Coversheet® filed on November 19, 1991 by Aziz, et
al., which is incorporated herein by reference. Alternatively,
the body surface of the topsheet can be made hydrophilic by

' treating it with a surfactant such as is described in the above

25 refereni:ed U.S. Patent 4,950,264 issued to Osborn.

The backsheet 426 may comprise any of the backsheet materials
previously described in reference to the diaper embodiment of the
invention. Preferably, the backsheet is a polyethylene film
having a thickness of from about 0.012 mm (0.5 mi1) to about 0.051

30 mm (2.0 mils). Exemplary polyethylene films are manufactured by
Clopay Corporation of Cincinnati, Ohio, under the designation
P18-0401 and by Ethyl Corporation, Visqueen Division, of Terre
Haute, Indiana, under the designation XP-39385. The backsheet is
preferably embossed and/or matte finished to provide a more

35 clothlike appearance. Further, the backsheet 426 may permit
vapors to escape from the absorbent core 428 (i.e., breathable)
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I nvol ves adsorbing a nonol ayer of a gas (Nitrogen [err]) on a known nmass of
a superabsorbent polyner foam sanple at |iquid nitrogen tenperatures. The
adsorbed N2 is then desorbed by raising the tenperature of the sanple
(thermal desorption) and 15 detected by a thermal conductivity detector
(TCD) whose output is connected to an integrating recorder. The peak area
of the desorbed N2 is thus known. Repl i@t e desorption peaks are
recorded for each sanple, the average of which is the signal area (A).
After the sanple analysis, the instrunment response 20 (Acal) is determ ned
by injecting known whirtrust 511( pegveotingi exudates from §39i8P thoough rthe hakkshepst em
and the instrunment gagsponse is recorded via the integrating recorder. [err]
is the average of the jsveral i nstrument ,resgo_nses obt ai ned upon i nj ecting

the known anounts of [dff]absarhenk copg 428 is,pogidioned, batyeen 3he éP%‘hﬁﬁtﬂzﬁsed '
to determ ne the spadi the taoksheet 626candf codprisesnthe supemabsohbentuipdlymeni nt

b af nabl e 1o ¢ ho oo R the CoreS@ht, RAVENLiohiSdhe Plams ! § %gnaﬂéérﬁéfﬁfd' " of
the Quantector O}p%i@p so%{eahqgﬁ, in; the sp{eo anner as previously escnsbe3 :
in reference to the diaper embodiment of the present invention.
In a preferred embodiment, the absorbent core 428 comprises the
superabsorbent polymer foam formed on an absorbent carrier, more
10 preferably a carrier providing fast wicking properties such as
tissue paper, such that the composite absorbent material acts as
the absorbent core. The absorbent core preferably comprises a
carrier web of fiber material. Suitable fiber materials and cores
include those described in reference to the diaper embodiment of
15 the present invention. In a preferred embodiment, the absorbent
core is formed by air-laying a substantially dry mixture of
fibers, densifying the resultant web if desired or necessary, and
then forming the superabsorbent foam on the web.
In a preferred embodiment of the present invention, an
20  acquisition layer 'lnéy be positioned between the topsheet 424 and
the absorbent core 428. The acquisition layer may serve several
functions including improving wicking of exudates over and into
the absorbent core 428. There are several reasons why the
improved wicking of exudates is important, including providing a
25 more even distribution of the exudates throughout the absorbent
core 428 and allowing the sanitary napkin 420 to be made -
relatively thin. (The wicking referred to herein may encompass
the transportation of liquids in one, two or all directions (i.e.,
in the x-y plane and/or in the z-direction)). The acquisition
30 layer may be comprised of several different materials including
nonwoven or woven webs of synthetic fibers including polyester,
polypropylene, or polyethylene; natural fibers including cotton or
cellulose; blends of such fibers; or any equivalent materials or
combinations of materials.
35 In use, the sanitary napkin 420 is secured on the inside of
the crotch portion of an undergarment with the pressure-sensitive
adhesive fastener side of the sanitary napkin 420 toward the
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30 Controller, and the Quantasorb Jr. Sanple Analysis Unit. These

I nstruments are used as described in the operating manuals for the
Quantasorb [err] Sorption System 2/1985, incorporated herein by

r ef.er ence. Various specific [err] mxtures obtained by m xing pure N2
and pure heliumvia the Flow 35 Controller are used as the adsorbate gas.
0.75 grans 0.05 granms of foamsanple is weigphed into the glass sanple cell
(about 2.5 m) of the apparatus. The gl ass -83 cell containing the
sanple is then placed into the gas flow of the instrunent. The sanples
are out gassed wit hcrat@oportiom afiethieunndeirgarment ngThuse eawmidecgomerdtoservesi ne

suffilcient Lo renog ey 14ashs ALibEF e Fabtifihg TS AP 458D rYRisea! |y

Speci 1 No-rel | umigRE i Femoxsd iram cfhec abammane. Beaber | 4%, pae tBe ALY o o
Ni trogen and al | onmdpkim r&ﬂcm_sqnedurbdl tim position by pressing the exposed
5 pressure-sensitive adhesive fastener 442 firmly against the crotch
material of the undergarment. The release liner is removed from
the flap attachment members 446 and 446’ to expose the adhesive.
The flaps 432 and 432’ are then folded under the crotch material
of the undergarment and secured in position by pressing the
10 exposed adhesive fastener 446 and 446’ firmly against the crotch

‘-material of the undergarment, to form a double wall barrier.

JEST METHODS

In describing the present invention, a number of fluid

15 handling, structural and mechanical characteristics of the

superabsorbent foams are set forth. In some instances, procedures

for determining and measuring certain of these characteristics are

described above or are referenced from other patents or
publications.. In the remaining instances, such characteristics ...

20 can be determined and measured using the following test fluids and

. test methods.

In each of the test methods, it. is important that the foam
sample to be tested has essentially the same morphology of the
foam'sample as originally formed. Thus, the foam materials should

25 be tested without any preliminary mechanical treatment which is
1ikely to disturb the morphology, .e.g., such as sieving or
grinding. Where it is necessary or desired to use a cut piece of
foam, efforts should be made to avoid edge densification such as
described in reference to flexibility testing.

30 1) TEST FLUIDS - SYNTHETIC URINE

The synthetic urine utilized in the following tests is a salt
solution in distilled water with the surface tension of the
solution adjusted to 45 dynes/cm with about 0.0025% of an
octylphenoxy polyethoxy ethanol surfactant (Triton X-100, from

35 Rohm and Haas Co.). Such a synthetic urine solution comprises 15
parts of 1% Triton X-100, 60 parts NaCl, 1.8 parts of CaCl2.2H20,
3.6 parts of MgCl2.6H20 and 6000 parts of distilled water.
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An adsorption curve is generated. The adsorbed N2 is then desorbed by
removing the liquid Nitrogen and imrersing the 10 glass vial in warmtap
water. The adsorbed [err] generates a desorption curve and a peak val ue
(used to calculate the signal area (A)). Adsorption/desorption
measurenents are perfornmed on each sanple using different N2-Helium gas

m xtures. 'The specific surface area [err] is7galculated as follows: wherein
Wis the weight of the sanple and St equals [err] X [err]; wherein Acs is
t he adsorbate cross sectional area econes Xn(3 483 X

103) n2; wherein xm2) edREZERMINAFION OF [“@$qu NCYSL'?@AQHR%BC& ope and | is the
Y-intercept of the plotA)of ABSORATIVE LRPACIMY LAND[ RATE]/ "TBA GAGTUESX i ng the X

and y values for the a Lok, X I [ S

area; Acal 1is the cg‘fh\ég pgtrg%n Canéw? sacﬁ'dxgﬁare%u as"A b de%&% err]
is 25 the anbientdrapinedsif eanalykicaj techniqupe umseéxntar icdirghg a%of h‘*t he
adsor bat e whi chs f or fiugd rflor DAi@REAb s tILB Lapacity] arids Ritee of athie bfcami an ty deune;

and T is the anbi ent 1%.‘?1“32&6“% amiaﬂ [&r rslrperabﬁ:rjbﬁnf I’beo'l,ymer foam is placed
within a tea bag, immersed in an excess of Synthetic Urine for a
specified period of time, and then centrifuged for a specific
period of time. The ratio of superabsorbent polymer foam final

10 weight after centrifuging minus initial weight (net fluid gain) to
initial weight determines the Absorptive Capacity. Rate can be
calculated from the Absorptive Capacity as a function of time.

The following procedure is conducted under standard
laboratory conditions at 23°C (730F) and 50% relative humidity.

15 Using a 6 cm X 23 cm cutting die, the tea bag material is cut,
folded in half lengthwise and sealed along two sides with a
T-bar sealer to produce a 6 cm X 6 cm tea bag square. The tea
bag material utilized is a grade 1234 heat sealable material,
obtainable from C. H. Dexter, Division of the Dexter Corp.,

20 Windsor Locks, Connecticut, U.S.A., or equivalent. Lower
porosity tea bag material should be used if required to retain
fine particles of foam material. 0.200 grams plus or minus
0.005 grams of the superabsorbent polymer foam material is
weighed onto a weighing paper and transferred into the tea bag

25 and the top (open end) of the tea bag is sealed. An empty tea

- bag is sealed at the top and is used as a blank. Approximately
300 milliliters of Synthetic Urine are poured into a 1,000
milliliter beaker. The blank tea bag is submerged in the
Synthetic Urine. The tea bag containing the superabsorbent

30 polymer foam material (the sample tea bag) is held horizontally
to distribute the material evenly throughout the tea bag. The
tea bag is laid on the surface of the Synthetic Urime. The tea
bag is allowed to wet, for a period of no more than one minute,
and then is fully submerged and soaked for 60 minutes.

35 Approximately 2 minutes after the first sample is submerged, a
second set of tea bags, prepared identically to the first set
of blank and sample tea bags, is submerged and soaked for 60
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partial pressure of the absorbate; and [err], the saturated vapor pressure,
equals- Pg + [err]; wherein Pg is the vapor pressure 30 (above anbient) and
Pa is the anbient pressure. 4) DETERM NATI ON OF FLEXI BI LI TY Foam
flexibility can be quantified by referencing a test procedure which is a
nodi fication of the ASTM D 3574-86 test used to determne flexibility of
cellular organic polyneric 35 foam products?? Such a nodified test
utilizes a foam sanple which is 7cm X 0.8cm X 0. 8cm and whi ch has been

saturated to its q,ggg{gen;n cg%ilc &lanﬁer aé‘%d hrst?y detl Ur| Qr? for

84 about 15 m nutes) wth Sy meag}
Uri ne-saturated fd®#sstibeg F%"‘beﬁ‘ﬂ"eahbﬁn@ﬂias '8 f@m @hehesedr O(fyltlendbag:al

mandrel at a unifogamptest,ethé teal bigs @Ard ﬁ%ﬁ?ﬂ@sréﬁbfvb& (M@O%ﬂ&) Gfom t he

strip neet. The a n red xible if It ot,tear or
break during thsi s {hgstrgynfﬁetqg 3108 The sgmpe'ies are then cen?nfrt]ged as

described beiow The centrifuge used is a Delux Dynac II
Centrifuge, Fisher Model No. 05-100-26, obtainable from the
Fisher Scientific Co. of Pittsburgh, PA, or equivalent. The
centrifuge should be equipped with a direct read tachometer and
an electric brake. The centrifuge is further equipped with a
10 cylindrical insert basket having an approximately 2.5 inch
(6.35 cm) high outer wall with an 8.435 inch (21.425 cm) .outer
diameter, a 7.935 inch (20.155 cm) inside diameter, and 9 rows
each of approximately 106 3/32 inch (0.238 cm) diameter
circular holes equally spaced around the circumference of the
15 outer wall, and having a basket floor with six 1/4 inch (0.63%
cm) diameter circular drainage holes equally spaced around the
circumference of the basket floor at a distance of 1/2 inch
(1.27 cm) from the interior surface of the outer wall to the
center of the drainage holes, or an equivalent. The basket is
20 mounted in the centrifuge so as to rotate, as well as brake, in
unison with the centrifuge. The sample tea bags are positioned
in the centrifuge basket with a folded end of the tea bag in
the direction of the centrifuge spin to absorb the initial
force. The blank tea bags are placed to either side of the
25 corresponding sample ‘tea bags. The sample tea bag of the
second set must be placed opposite the sample tea bag of the
first set; and the blank tea bag of the second set opposite the
blank tea bag of the first set, to balance the centrifuge. The
centrifuge is stért_.ed and allowed to ramp up quickly to a
30 stable speed of 1,500 rpm, a timer is set for 3 minutes. After
3 minutes, the centrifuge is turned off and the brake is
applied. The first sample tea bag and the first blank tea bag
are removed and weighed separately. The procedure is repeated
for the second sample tea bag and the second blank tea bag.
35 The absorptive capacity (AC) for each of the samples is
calculated as follows:
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If it passes one bending cycle. It is inportant that the cutting process
used to make the foam sanpl es does not introduce edge defects in the foam
strip. The foamstrips of the-requisite size should be cut fromlarger 10
bl ocks of the sane material using a sharp reciprocating knife saw. Use of
this or an equivalent type of sharp cutting device serves to substantially
el imnate-sanpl e edge fl aws and edge densifigation effects which coul d have
adverse inpact on the accuracy of certain of the nmeasurenents made in
carrying out 15 the test procedure. In addition, _caliper .or

t hi ckness measur ement sAGMo(§3Phe teadBaguEighth aTher Fepbiifugs r"Uét”br‘E‘%rrpl e

:_SEVléEger ?ﬁ‘égfwl &ﬂ?oﬂr essté£ bag Weight psfitef At Afuge Minus EOGpEABIdvbleht
sol ubi I i ty/insol ubility poTsper parF%%ga Mﬁﬁ‘%“m”‘tt P°‘e¥|‘“l'hq’°?'“
(hereinafter "sanple") iweighhk solvent is determ ned by determ ning the
extractability of the nmpmﬁbmre F&Ht@! vallue t hér S@ievenéresi apbitpat
D o o 200Ut afe7hbd Jabsdvit 08 CTPicit) Yor' tne Bl ligige, Py 2 oravimetric
The Absorptive Rate (AR) can be calculated as follows:
AR = (AC for a given sample)/(time of sample submersion)
For example, 10 sets of samples and blanks are prepared
10 and soaked/submerged as for the Absorptive Capacity test,:
except that one set of sample and blank is removed at one
minute intervals and spun as for the Absorptive Capacity test.
The Absorptive Capacity and Absorptive Rate is then calculated
at various time intervals as desired, as described above.
15 B) ABSORPTIVE CAPACITY AND RATE / BLUE DEXTRIN TEST
Absorptive capicity in terms of grams of synthetic urine
absorbed per gram of superabsorbent polymer foam is determined
by swe11ing the foam samples in several aliquots of Synthetic
Urine. The amount of such Synthetic Urine actually absorbed by
20 the foam is determined by a procedure which involves use of a
~ Synthetic Urine solution containing Blue Dextrin so that
optical absorbence measurements can be used to calculate the
amount of Synthetic Urine that is not taken up by the foam.
(a) Blue Dextrin Solution Preparation
25 A 0.03% Blue Dextrin (BD) solution is prepared by
dissolving 0.3 parts of Blue Dextrin (Sigma D-5751) in 1000 )
parts of Synthetic Urine (SU) solution. The resulting solution
has an absorbence of about 0.25 at its absorbence maximum of
617 nnm.
30 (b) Foam Equilibration
Aliquots of the superabsorbent polymer foam to be
tested are swelled in: (i) 20 parts of Synthetic Urine (SU)
solution and (ii) 20 parts of Blue Dextrin (BD) solution. The
suspension in the Blue Dextrin (BD) solution is prepared in
35 duplicate. In most instances, 0.1-0.2 parts of dry foam
material (to 20 parts SU or BD) is required to give a
sufficiently high spectrophotometer reading relative to the
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25 the sanple to be tested is mxed with the solvent, the mxture is
filtered, and the weight of the resultant residue is determned. Into a 500
m Erlennmeyer flask is weighed accurately (to [err] O0.1ng) about 0.25 grans
of «the sanple to be tested (W). 250 30 mM of the solvent is added, and
the mxture is stirred slowly for 1 hour. After this hour has passed,
stirring i's stopped and the mxture is filt@ted using an Erl enneyer flask
fitted with a pre-weighed 0.45 micron filter paper. The tare weight of the

filter is (W). er filtration, the filter pa wi th 35 d
removed fromthe Piﬁﬁ@F"HﬁB Fefiesgnce salutien.c &Vgﬁ’ Pfle%ﬂlgbe’?‘l’fh‘g‘ef‘: ister

paper is cool ed aasbieatei gémpdraturebt ander( \Woentle( Ws3ir-bédM\)) stdqoirigs tilke

wei ght of the res'sf?lf’ﬁt F}ér?t for %eﬁﬁggl rrﬁgbﬁl@ St"i‘)”mee’ &i‘aﬁ%ﬁondAfde"i‘Sk

contai ning 250 m tere Il ter
paper is equlhbratlon, a > Iml aliquot of supernatant is separated from

5 each suspension by decantation followed by centrifugation.
(c) -Absorptive Capacity Determination
The optical absorbency (ABS) of each supernatant is
determined spectrophotometrically with an accuracy of 0.001
absorbence unit. The Synthetic Urine solution is used as an
10 ABS=0.0 reference. The absorbency of the supernatant from the
Synthetic Urine suspension without Blue Dextrin should not
exceed 0.01 absorbence unit; higher values indicate scattering
centrifugation 1is necessary. The absorbency of the Blue
15 Dextrin supernatants should exceed the absorbency of the Blue
Dextrin reference solution by at least 0.1 absorbence unit.
Absorbency values below this range indicate the need to adjust
the amount of superabsorbent polymer foam used to prepare the
suspension. : '
20 (d) Absorptive Capacity Calculation
The Absorptive Capacity of the superabsorbent polymer -
foam in gms/gm is calculated from (i) the weight fraction of
the foam in the suspension and (ii) the ratio of the excluded
volume to the total volume of the suspension. Since Blue
25 Dextrin is excluded from the foam due to its high molecular
weight, this ratio is related to the measured absorbencies.
The following equation is used to calculate the Absorptive
Capacity:

| — (gms BD Soluytjon) X
30 Absorptive Capacity = (gms superabsorbent polymer foam)

(ABS BD Sotution)
[ 1 - (ABS BD supernatant - ABS SU supernatant) ]

Absorptive Rate (AR) can be determined from the Absorptive
Capacity as a function of time in the same manner as for the

35 above Tea ‘Bag Test, i.e., AR = AC/time. For example, the
Absorptive Capacity can be determined by testing a number of
samples which have been swelled in Synthetic Urine for several
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dried as for the sanple in order to obtain a blank weight (W). The bl ank
filter. paper is pre-weighed (Wf). W - Wf equals 5 the blank residue
(br). The adjusted sanple residue (ar) equals (r) - (br). The Ievel
of .extractables equals [err] EXAVWPLE | 10 A super absor bent pol ymer
foam may be forned as follows: Approximately 250 grans of aqueous (50% by

- weight) acrylic acid are 75% neutralized to &bdium acrylate using 0. 1N
NaOH. To avoid the formation of polyacrylic acid, the neutralization is

N th gentl o mixi g mhePRBHEn S 85 o i by Fodhe KOl f Citense o Ftdl ©
prepared as fol | omhiclpddeghbsespbivet Rateg6an depdeterpingd oqMd terpatyel yuma
150 LS5 o oot Aot il 4, SOt Sacop i o
E:hém’ cals USA, | nc°.cp) ;eqﬁhﬁgﬁﬁteﬁpaﬂﬁy PEG?@ﬁog'I(QggI’b§2¥giﬂggﬁee"af’§f’3ﬁgﬁié¥/‘?eng a
wei ght aver age Snoldetettar faxi ghe SUf and80tsodalionsy £romivhich thenAbberptiveon
Carbide Co. of Dangi{eYoan G dEEdrmFhtd. ~

- 3) BET SURFACE AREA TO UNIT MASS

The specific surface area to unit mass (m2g) of the

superabsorbent polymer foam is determined wusing the
10 Brunauer-Emmet-Teller (BET) gas adsorption method. This method
involves adsorbing a monolayer of a gas (Nitrogen (N2)) on a
known mass of a superabsorbent polymer foam sample at 1liquid
nitrogen temperatures. The adsorbed N2 is then desorbed by
raising the temperature of the sample (thermal desorption) and
15 detected by a thermal conductivity detector (TCD) whose output
is connected to an integrating recorder. The peak area of the
desorbed N2 is thus known. Replicate desorption peaks are
recorded for each sample, the average of which is the signal
area (A). After the sample an:a'lysis, the instrument response
20 (Acal) is determined by injecting known amounts (V¢) of
Nitrogen gas (99.99 %+) into the system and the instrument
response is recorded via the integrating recorder. Aca) is the
average of the several instrument responses obtained upon
injecting the known amounts of N2. The A, Acal, and V¢ values
25 are then used to determine the specific surface area of the
sample using the multi-point BET calculation. '

The specific equipment used for these analyses is
obtainable from the Quantachrome Corporation (Syosset, NY) and
consists of the Quantector Outgassing Station, the Flow

30 Controller, and the-Quantasorb Jr. Sample Analysis Unit. These
instruments are used as described in the operating manuals for
the Quantasorb Junior® Sorption System, 2/1985, incorporated
herein by reference. Various specific N2-Helium mixtures
obtained by mixing pure N2 and pure helium via the Flow

35 Controller are used as the adsorbate gas. _

0.75 grams + 0.05 grams of foam sample is weighed into the
glass sample cell (about 2.5 ml) of the apparatus. The glass
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are added to a 1 liter glass reactor fitted wth tenperature and pressure
contrals and a high shear m xing apparatus (e.g., 25 an "Utra Turray"
m xer, available fromthe Tekmar Conpany of Cincinnati, Ohio). The
reactor is at anbient tenperature (about [err]) and pressure (about 1
atm. A mxture of 60 grans of Freon 1,1,2 (1,1,2-trichlorotrifluoroethane,
avai l abl e from Al drich Chem cal, of MIwaukes Wsconsin); 3.5 grams [err]
30 (sorbitan nonol aurate, available fromAldrich Chemical); and 6.5
grans [err] (ethoxylated sorbitan nonol aurate, available from Al drich
Chenical) is thefehigentaipinndhecsampbe is Yhansplacedeintei khauges ifJoprafpar ed
in advance by addithg GRarGMdMONECThE Eénples Card dutid¥ebawifd § homPRin
descri bed above aqp le”ﬂ? 35 weII.h The . rea tIOP n1xtyxe |s-pnxeq2a{ about
850 rpm for about TTO'YW fIP%sUFES Sthep Qhantechan Stor a4, Lime . SHTFIFIENT, To g
m xi ng 86 remove any gases other than Helium from the sample, typically a
5  minimum of 4 hours. After outgassing, the gas flow is changed
to a specific N2-Helium gas mixture. The glass sample cell is
immersed in liquid Nitrogen and allowed to reach equilibrium.
An adsorption curve is generated. The adsorbed N2 is then
‘desorbed by removing the liquid Nitrogen and immersing the
10 glass vial in warm tap water. The adsorbed N2 generates a
desorption curve and a peak value (used to calculate the signal
area (A)). Adsorption/desorption measurements are performed on
each sample using different Nz2-Helium gas mixtures.
The specific surface area Sg is calculated as follows:
15 SQ = St/¥;
wherein W is the weight of the sample and St equals Xp(6.02 X
1023)Acq;
wherein Acg is the adsorbate cross sectional area. For N2, St
becomes Xp(3.483 X 103)m2; wherein X equals 1/(S + I). S is
20 the slope and 1 is the Y-intercept of the plot of 1/X[(Po/P) -
1] versus P/Pg,

In calculating the x and y values for the above plot, X
equals (A)X¢/(A)cal- A is the signal area; Aca1 is the
calibration area; and X equals PaMaVe/6.235 X 104 T. Pp is
the ambient pressure; M; is the molecular weight of the
adsorbate which for N2 becomes 28.0134; V. is the calibration
volume; and T is the ambient temperature in OK. P 1is the
partial pressure of the absorbate; and Py, the saturated vapor
pressure, equals Pg + Pa; wherein Pg is the vapor pressure
(above ambient) and P is the ambient pressure.

4) DETERMINATION OF FLEXIBILITY

Foam f1exibility can be quantified by referencing a test
procedure which is a modification of the ASTM D 3574-86 test
dsed to determine flexibility of cellular organic polymeric
foam products. Such a modified test utilizes a foam sample

" which is 7cm X 0.8cm X 0.8cm and which has been saturated to
its absorbent capacity (i.e., soaked in Synthetic Urine for

25

30

35
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apparatus is then renoved fromthe dispersion. A foam product is forned by
I ncreasing the reactor tenperature to [err] and naintaining the tenperature
at [err] for about 1 hour; followed by increasing the tenperature to [err]
and maintaining it at 5 [err] for about 30 mnutes; followed by
increasing the tenperature to [err] and maintaining it at [err] for about
30 minutes. The reactor is then cooled &% about anbient tenperature
(about [err]). A mxture of 5 grans of glycerol and 25 grans of i sopropyl

10 al cohol is added,to, the foam.n.the reactor, to inp nate the foamwth
the mixture. The t‘gﬁ‘bterlgt'm"@?%sf) t'l)léh fséag'legl’cilg‘?%éﬁ $7§gr eak édPJE'GLQHG
mai nt ai ned at [errUring-saturatedl fioemr striphdsr bendt @round @odl.&dcnt od iamkteznt

t enperature (about cy®iddricaldn Wwhgehyt Pal eact or
and openly pl aced iC[y Qa1 whfidre ?o%ﬁnf%@g%akiigteiqoggﬂuﬁ ﬁ“tste@&*o*g 6

n a humdified /) r
hours. An open-cel I"@&‘fuﬂ'@r éﬂg%rﬁénfhﬁ)oﬁm%r"?’éam he 1 Ffedswﬁﬂﬂ%d?\‘”aﬁ?e t he
foll owi ng propersti ddextblgelf Vidl dors fbt etearatrsdreak deringptivist $estof 156,09/ 9; a

swel ling rate (i.e.jf PP orfe béidihg Yycte.8 0/ 0/ sec; an average cell size
of 30 mcrons with a st%n ard
It is important that the cutting process used to make the

foam samples does not introduce edge defects in the foam strip.
The foam strips of the- requisite size should be cut from larger

10 blocks of the same material using a sharp reciprocating knife
saw. Use of this or an equivalent type of sharp cutting device
serves to substantially eliminate sample edge flaws and edge
densification effects which could have adverse impact on the
accuracy of certain of the measqrements made in carrying out

15 the test procedure. In addition, caliper or thickness
measurements should be made when the absorbent structure sample
is under a confining pfessure of 0.05 psi (350 Pa).

5) EXTRACTABLE LEVELS DETERMINATION (I.E., INSOLUBLES
CONTENT) '

20 The solubility/insolubility of a particular component,
material, etc. (hereinafter “sample") in the solvent is
determined by determining the extractability of the component

" or material in the solvent at ambient temperature (about 22°C).
Extractability is determined by a gravimetric procedure wherein

25 the sample to be tested is mixed with the solvent, the mixture
is filtered, and the weight of the resultant residue is
determined. '

, Into a 500 m1 Erlenmeyer flask is weighed accurately (to +
0.Img) about 0.25 grams of the sample to be tested (Ws). 250

30 ml of the solvent is added, and the mixture is stirred slowly
for 1 hour. After this hour has passed, stirring is stopped
and the mixture is filtered using an Erlenmeyer flask fitted
with a pre-weighed 0.45 micron filter paper. The tare weight
of the filter is (Wp). After filtration, the filter paper with

35 residue is removed from the funnel and dried in a 120°C oven
for 1 hour. The filter paper is cooled and reweighed to obtain
(Wr). (Wr) - (Wp) equals the weight of the residqe (r).
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20 deviation of [err] 16 m-crons; and a surface area to mass ratio of 0.48
n2/g. MWile particul ar enbodi nents of the present invention have been

il lustrated and described, it would be obvious to those 25 skilled in the
art. that various other changes and nodifications can be nade w thout
departing fromthe spirit and scope of the invention. It is therefore

i ntended to cover in the appended clains all ggich changes and nodifications
that are within the scope of this invention. 30 35 87 CLAIMS A

super absor bent polynmer foam conprising a plurality of nmutually connected
struts of superabsor beogpwytiethessampiel at secood fil agkewontrlihing 850 el of

super absorbent pol wRer seReRf | A GIPFd SnBIFIRRFEAUNT P EerPlpaper is
dried as for the sample in order to obtain a blank weight (Wb).
The blank filter paper is pre-weighed (Wbf). Wb - Wbf equals
5 the blank residue (br). The adjusted sample residue (ar)
equals (r) - (br).
The level of extractables equals {(ar)/(Ws)] x 100.

EXAMPLE I
10 A superabsorbent polymer foam may be formed as follows:
Approximately 250 grams of aqueous (50% by weight) acrylic acid
are 75% neutralized to sodium acrylate using O0.IN NaOH. To
avoid the formation of polyacrylic acid, the neutralization is
performed by gradually adding the NaOH to the acrylic acid
15 solution with gentle mixing and cooling (with dry ice). —_

A reaction mixture is prepared as follows:

200 grams of the above prepared aqueous sodium acrylate
solution; 0.50 grams N,N’-methylbisacrylamide; 1.3 grams V-50
(2,2’ -azobis(2-amidinopropane) dihydrochloride, available from

20 Wako Chemicals USA, Inc.); and 20 grams PEG-600 (polyethylene
glycol having a weight average molecular weight of about 600,
available from the Union Carbide Co. of Danbury, Connecticut)
are added to a 1 liter glass reactor fitted with temperature

.ind pressure controls and a high shear mixing abparatus (e.g.,

25 an *"Ultra Turray" mixer, available from the Tekmar Company of
Cincinnati, Ohio). The reactor is at ambient temperature
(about 220C) and pressure (about 1 atm). A mixture of 60 grams
of Freon 1,1,2 (1,1,2-trichlorotrifluoroethane, available from
Aldrich Chemical. of Milwaukee, Wisconsin); 3.5 grams SPAN®20

30 (sorbitan monolaurate, ‘available from Aldrich Chemical); and
6.5 grams TWEEN®20 (ethoxylated sorbitan monqlaurate, available
from Aldrich Chemical) is then added to the reactor. This
Jatter mixture is prepared in advance by adding the components
to a reactor similar to the one described above and mixing

35 well.

The reaction mixture is mixed at about 850 rpm for about
10 minutes to stably disperse the Freon 1,1,2. The mixing
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form ng said supérabsorbent polyner material, said reactants conprising:

(a) a.substantially water-soluble, unsaturated nononer conprising
neutralized carboxyl groups; (b) a substantially water-sol uble internal
crosslinking agent which is capable of reacting with said nononer to forma
substantially water-insoluble polyner material; - and (c) a bl ow ng agent
which-is substantially insoluble in a solven®6to form an expanded
structure; the superabsorbent pol yner foam having: (i) a surface area to

mass rati o of at [LAage. & e | es han 50
mcrons; and (iil )%%ﬁ%ﬁ% IPJ"I 5é °‘%ﬁ °8 é‘ g}sﬂe?s?n %J"%’ﬁﬁéfi‘ff&orbent
pol ymer foam of O dismfarnedy ngwmeawsagbe c@liFtOJi Aempgrateres toh§0°G0and
mcrons. 3. The syReqtAlRMgoOeRd tlaﬁwlmiref aengoot Qrahliﬂul. ibw&uherfonoued

charact erl 2ed by o S et e e Y U S o
fromthe group &on$08¢i rfgrofabaut yI30c mi:ﬂuaesmlfelbwed:l dy increasing the
temperature to 1209C and maintaining it at 1209C for about 30
minutes. The reactor is then cooled to about ambient
temperature (about 22°C). _
A mixture of 5 grams of glycerol and 25 grams of 1sopropy1
10 alcohol is added to the foam in the reactor to impregnate the
foam with the mixture. The temperature of the reactor is then
increased to and maintained at 1809C for about 1 hour. The
reactor is cooled to ambient temperature (about 229C), after
which the foam is removed from the reactor and openly placed 1n
15 a humidified room (80% relative humidity) for 6 hours. _
An open-celled superabsorbent polymer foam so formed would
have the following properties: a gel volume (i.e., absorptive
capacity) of 50 g/g; a swelling rate (i.e., absorptive rate) of
2.8 g/g/sec; an average cell size of 30 microns with a standard
20 deviation of + 16 microns; and a surface area to mass ratio of
0.48 m2/g. ' '

While particular embodiments of the present invention have
been illustrated and described, it would be obvious to those
25 skilled in the art that various other changes and modifications
can be made without departing from the spirit and scope of the
invention. It is therefore intended to cover in the appended
claims all such changes and modifications that are within the
scope of this invention.
30

35
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88 nethacrylic acid—fumaricacid, i1taconic acid, maleic anhydri dé,
The superabsor bent

et hyl acryl ate, butylagrk BedWdplide& t Ur es t her eof .

pol ymer foam of C aiﬂ& & d internal crossl r\01*-..
sekected fromthe grgk mng‘!ﬁ lof N, N - nethyl e
triallylamne, triall , and di- or poly- glyeidyl™=ette f
al i phatic -pol yval ent al cohols. 6. The SHfperabsorbent pol yner = ai m
5 wherein said solvent is selected fromthe group consisting of water,

| oner al cohoP®IMEr nixtures thereof. 7. The superabsorbent pol yner foam of
Claim6 whergin said, blow.ng agent canpri.se .Substanti al | .

wat er - i nsol ubl e c%lr%%mgr ﬁ%%r‘ng"%[a@&ﬂgg‘? iatﬁ?‘ﬁﬁ 'f&ﬂﬁ@('ﬁ?ﬂr% %‘f‘raf'gsgft han
[err]. 8. The supdtualiy senrentedstrytsef sLiparabsorbentipalymenimateiial tedomn i nt er nal

crosslinki ng agendpdnscetisPinediymdidoamadvig: Wi th sai d nononer in the
presence of a surfactant, an initiator, a viscosity control agent, or

m xtures thereof.(a) asurface area to mass ratio of at least 0.2 m2/g;
(b) an average.cell size of less than 100 microns, preferably less
than 50 microns, more preferably less than 20 microns; and
(c) ‘adensity of less than 0.5 glcm3; and preferably
(d) a cell size distribution value of less than 5, more preferably of
from 1 to 3.

2. The polymer foam of Claim 1 wherein said superabsorbent polymer
material comprises reactants capable of forming said superabsorbent
polymer material; said reactants being capable of being made
substantially soluble in a solvent;

said solvent p_referably being selected from water; a substantially water-
soluble solvent, preferably lower alcohols; or mixtures thereof; said
solvent more preferably being water; ‘

said reactants preferably comprising:

(a) a substantially water-soluble, unsaturated monomer comprising
neutralized carboxyl groups, preferably a monomer derived from
acrylic acid, maleic acid, methacrylic acid, fumaric acid, itaconic
acid, maleic anhydride, ethylacrylate, butylacrylate, or mixtures
thereof; and

(b) a substantially water-soluble, internal crosslinking agent which is
capable of.reacting with said monomer to form a substantially
water-insoluble polymer material, said agent preferably being
selected from compounds having at least two polymerizable
double bonds, compounds having at least one polymerizable
double bond and at least one functional group reactive with said
monomer, compounds having at least two functional groups
reactive with said monomer, and polyvalent metal compounds
which can form ionic linkages; said agent more preferably being
selected from N, N'- methylenebisacrylamide, triallylamine,
triallylphosphate, and di- or poly- glycidyl ethers of aliphatic
polyvalent alcohols; '
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9. The superabsorbent ol r foamof Claim1l or 8 having an aver eII

size af |ess than ced cell distributio & t :
10. The superabsor m of Claim1 wher i¥m | ff&@éﬁ%ﬁ%’r ent

polsymer material a r| ses an external "n c-hg-—agent

89 11. The superabsorbent poI ymer foamof Claim1l wherein the

super absor bent pol ymer foami's flexibili®d by a plasticizer. 12. The
super absor bent pol. ymer foamof Claim1l for use in an absorbent nenber
conprising a wi ckfgeaEants feingpxpansdeddn tes armsense ff: (Daajheelvetagnds

di sposed on the @) akblowingedgeni hichhie s&bﬂenﬁél&dhmnblenﬁ|shnﬁol\férﬁ,nsaitﬁ A aim

12 wherein said ki ng web
in a disconti nuoﬁlg pa[f%g%p%ﬁfew%hﬁéra SOr Bgtlr)ﬁw&%% eféﬁl‘sq’lmlgd aim |
for use in an abSYRPRYd havipga V@eﬁwat@mgmaewt%qiée an\ﬁﬁ eorformie

super absor bent pah grpanded structure;

said reactants being reacted to form a superabsorbent polymer material
which is substantially insoluble in said solvent;

said reactants preferably being expanded and reacted in the presence
of a material selected from a surfactant, an initiator, a viscosity control
agent, or mixtures thereof.

3. The polymér foam of Claim 1 or 2 wherein the foam is flexibilized by a
plasticizer.

4. The polymer foam of any one of the preceding Claims wherein said
polymer material additionally comprises an external crosslinking agent.

5. An absorbent member comprising: (i) a wicking web; and (ii) the
polymer foam of any one of the preceding Claims, the foam preferably
being disposed on said wicking web, more preferably in a discontinuous
pattern. '

6. An absorbent article comprising a liquid impervious backsheet and an
absorbent core, said absorbent core comprising the polymer foam of
any one of Claims 1-4 or the absorbent member of Claim 5.

- 7. The absorbent article of Claim 6, additionally comprising a liquid
pervious topsheet joined to said backsheet, wherein said absorbent
core is positioned between said topsheet and said backsheet.

8. A method of making an open-celled polymer foam, the method
characterized by the steps of: '
)] forr_ning a reaction mixture comprising:

(@) a ~substantially' water-soluble, unsaturated monomer
-comprising neutralized carboxyl groups, preferably a monomer
derived from acrylic acid, maleic acid, methacrylic acid,

ey
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foam Is in sheet form p05| tioned subj acent said w cki

super absor bent pol yiisiSh or 14, wher eillnTHiTeskbSOKR NS BEENRDEr
is for use in an abs conpr|5|ng a I|qU|d per RepUKCEDPSheell; a
| i quid inpervious ba to said topsheet; —APSOoFEERt—E0r e
positioned between sali tops eet and sai d backsheet, and the absorbent core

conpri ses the absorbent nenber. 16. A m@ghod of makl ng an open-cell ed
super absor bent polymer foam the nmethod conprising the steps of: (I)
forming a reaction m xtumafiocaaipr isconjc dcid, malde lphadiidel étiylastyatesol ubl e

unsat ur at ed nononer ﬁﬁgla%fﬂﬂtenspﬁﬁ)@urbé rngrboxyl groups; (b) a

substantially water crossl i nki ng agent capable of reacting
with said nononer {t?) fﬁr ﬁ]“'gs@{]{')%{yaﬂ’é%Fbéw pbigo| ‘FF%F‘a'nEﬁr@ﬁ"a inga@gent 90 (c)
a sol vent sel ected fronapable grofupeacting switmg safd wariombmed to form a

superabsorbent polymer material, said agent preferably being
selected from compounds having at least two polymerizable
double bonds, compounds having at least one polymerizable
double bond and at least one functional group reactive with
said monomer, compounds having at least two functional
groups reactive with said monomer, and polyvalent metal
compounds which can form ionic linkages, said agent more
preferably being selected from N,N'-methylenebisacrylamide,
triallylamine, triallylphosphate, and di- or poly- glycidy! ethers
of aliphatic polyvalent alcohols; and

(c) a substantially water-soluble solvent, preferably selected from
water, a lower alcohol, or mixtures thereof, more preferably
water;

said reaction mixture preferably additionally comprising a material
selected from a plasticizer, a surfactant, an initiator, a viscosity control
agent, or mixtures thereof;

(1) dispersing a -substantially water-insoluble blowing agent in said
reaction mixture to form a dispersion of particles of said blowing
agent in said reaction mixture, said blowing agent preferably having
a vaporization ten'\per_ature'of less than 50°C;

(i) stabilizing said dispersion to form a stable dispersion of said
blowing agent particles in said reaction mixture;

(IV) expanding said blowing agent particles to form an expanded
structure, said expansion preferably comprising: (i) increasing the
température of said stable dispersion, preferably to a temperature
which is greater than ér equal to the vaporization temperature of
said blowing agent, less than the activation temperature of said
reaction mixture, and less than the vaporization temperature of said
solvent; or (ii) decreasing the pressure on said stable dispersion;

This is tfae' replacement sheet
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a subg'tantlally
form a di spersion
m Xture, said bl ovm

wi ng agent

substantial ly vva IHJE iL «g{& and m xtures thereof ;
o

i v |

sai d bl owi ng agent
g a vaporization t
of 1 atnosphere in the range of [err] to [err];

(I'l) dispers

(1r1) stabilizing said

I ng
to

sure

di spersion to forma stabl e di spersion 0o80said bl owi ng agent particles in
~said reaction nmxture; expandi ng sai d bl owi ng agent particles to.form
an expanded st%\z)t H'B@Ctlé&\%lgl RoQemer é&%éﬂgl'ewrfﬁI@pO%gnbngmsnt toefprm

i ncreasing t Ee t enper superabsérbeat dpolyrabt emdle‘?uﬁﬁr %ai@ﬂtrbﬁcﬁbr$ fé(rjré%lrr e which
ter than or re of .sai owi ng
:aaeg'[ eal ess than oré“gﬁgﬂéﬁlﬁ@ sﬁ?ﬁct‘f@?é: 3?5 %@@ﬁg&uﬁé t%SFmila{Fg'apgﬁct i on

m xture, and | ess t®ant

ght e ragiglien. é’ﬂ‘?fén pr %fﬁfﬁhhat oemaprising aheating veaid;

and/ or

(b) decreasing the qaxmsiadthotwatdiaaémbéﬁttﬁe%ﬁls%rea{e\/)thérﬁétcédxm sai d

nononer and sai

pol ymer material ;
stabilization st ep thevaporizatian teppsratuieofseiths

(V) to forma

o 3“?%1%'95‘@*‘*“1#&5‘9'&&%‘3%“%?%%&?é Fofdy B G thags

Seichsqivent; andi sai d reaction step

(V1) controlling said dispersion step (Il), said stabilization step (Ill), said
expansion step (IV), and said reaction step (V) to form a polymer
foam comprising a plurality of mutually connected struts of said
superabsorbent polymer material to form open cells such that the
foam has:

(a)
(b)

(c)
(d)

a surface area to mass ratio of at least 0.2 mzlg;

an average cell size of less than 100 microns, preferably less
than 50 microns, more preferably less than 20 microns; and

a density of less than 0.5 g/em3; and preferably

‘a cell distribution value of less than 5, more preferably of from
1to0 3;

said control step (V1) preferably cbmprising:

0]

(i)

(iii)

(iv)

controlling the particle size of said blowing agent particles in
said dispersion step (lI) such that said particles” have an
average particle size of less than 10 microns, said particle size
control preferably corriprising controlling the viscosity ratio of
said blowing agent to said reaction mixture, said viscosity ratio
control preferably comprising adding a viscosity control agent to
said reaction mixture;

using a nonionic surfactant having hydrophilic and hydrophobic
groups in said stabilization step (lll);

exbanding said blowing agent particles in said expansion step
(IV) by increasing the temperature of said stable dispersion at a
rate of less than 1°C/minute; and

reacting said monomer and said internal crosslinking agent in
said reaction step (V) by heating said expanded structure at a

_rate of less than 10°C/minute.

(T
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super absor bent pol ynmer foam conprising a plurality of nutually connected

struts of said superabsorbent polynmer material to for a [ch Ylhat

t he:foam has (a) a surface area to mass ratio of at | gﬁ*ﬁ%&%ﬁ%@? an
ss_thi

average cell size of less than 50 mcrons; and (c) a [densit n
0.5 [err]. 17. The nethod of C aim 16 rein said reaction step (V) occurs
after said expansion step (1V). This is The replacenent sheet 91 18. The

met hod of O ai mi7 i & af L8 1 i } ing said
expanded str%ct t}?hee *@ﬁ%e&n@?lnﬁgﬂcﬁ%@gﬁﬁ%ﬁﬁrtg‘ceilrggl%é gﬁﬁea%g%?ﬁée met hod
of O ai m 18 wherRalymerfoamavitthap exigigl ceesshigkingi@@eBkpanded structure to

thermal radiation conprises heating said expanded structure to a

sai 0 roact | olom Me.mnRhER' o CIAR o'or g Fualiondi BRRYRG B8, SREPHF° TG

externally plasticizing the polymer foam.
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solvent. 20. The nethod of C aim 18 wherein said control step (V)
conprises controlling the particle size of said blow ng agent particles
such that said particles have an average particle size
merons. 21. The method of C aim 20 wherein said step
particle size of said blow ng agent conprises control
ratio of said blow ng agent to said reaction m xture. .
Claim 21 wherein said step of controlling the viscosity ratlo conpri ses
adding a viscosity control agent to said reaction mxture. 23. The nethod
of Claim20 wherein said control step (VI) additionally conprises using a
noni oni ¢ surfactant having hydrophilic a hydr ophobi ¢c. groups in said
stabilization step (I111). 24. The nethod of C aim 23 wherein said control
step (VI) additionally conprises expanding said bl owi ng agent particles by
I ncreasing the tenperature of said st ABSTRAGPersion at a rate of |ess than
[err]. 92

SUPERABSORBENT POLYMER FOAM

An improved superabsorbent polymer foam having a morphology to provide
improved absorptive properties is disclosed. The foam preferably comprises a
superabsorbent polymer formed from a substantially watei:—soluble, unsaturated
monomer having neutralized carboxyl groups and a Substantially water-soluble internal
crosslinking agent. The monomer and crosslinking agent are expanded in the
presence of a substantially water-insoluble blowing agent and a suitable solvent and
reacted to form a superabsorbent polymer foam having substantially continuous,
intercommunicating channels substantially throughout the foam and a relatively high
surface area to mass ratio. Methods for making the foam and absorbent products,
members and articles containing the foam are' also disclosed.
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25. The nmethod of C aim 24 wherein said control step (VI) additionally
conpri,ses heating said expanded structure at a rate of less than [err]. 26.
Thesset hod of C aim 25 wherein said internal crosslinking agent is selected
-framthe group consisting of conpounds having at |east two pol ynerizabl e
doubl e bonds; conpounds having at | east one polynerizabl e double bond and
.at | east one functional group reactive with said nononer; conpounds having
at |east two functional groups reactive with said nononer; and pol yval ent
nmetal conpounds which can formionic | fpkdges. 27. The nmethod of O aim 26
wherein said nononer is selected fromthe group consisting of acrylic acid,
mal ei ¢ acid, nethacrylic acid, fundbic acid, itaconic acid, naleic
anhydri de, ethylacrylate butylacrjlate, and

internal crosslinkipngxy I4S ¥ N
- N -net hyl enebi sacr y{ arnts, an or
- poly- glycidyl ethei'$ ¢l Q is .
' water; and said bl ofi Ng: _ g 2 t han
' [err]. 28. The nethjg@l of*C.ai® Pract perein pbsor bent

| pol yner
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foam has an average cell size of less than 50 mcrons and a cell size
distrigution value of froml to 3. 29. The superabsorbent pol yner foam made
by sthe process of C aim 28. 93 30. The nmethod of Claim 16 additionally
comprising the step of applyinFg said stable dispersion to a substrate
prior to said expansion step (IV) and said reaction step (V). 31. The

met hod of Claim 16 additionally conprising the step of reacting the

super absorbent polyner foamw th an external crosslinking agent. 32. The
met hod of Claim 16 additionally conprising the step of externally

pl astici zing the superabsorbent polynmer foam 33. The nethod of C aim 16
wherein said reaction m xture additionally conprises a plasticizer. 34. The
nmet hod of Claim 16 wherein said reactiggyzgxture additionally conprises a
surfactant, an initiator, a viscosity ntrol agent, or m xtures thereof.

64 34
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35. A nethod of making an open-cell ed superabsorbent polynmer foam the

nmet hody conprising the steps of: (I) formng a reaction m xture conpri sing:
(@) =& substantially water-sol uble unsaturated nononmer conprising
neuwtralized carboxyl groups; (b) a substantially water-soluble internal

- crosslinking agent capable of reacting with said nononmer to forma

- substantially water-insol uble polynmer material; and (c) a solvent selected
fromthe group consisting of water, a substantially water-soluble sol vent,
and m xtures thereof; 94 said reaction mxture having a critical
tenperature and an activation tenperature, said critical tenperature being
| ess than said activation tenperature; (l1) dispersing a blowi ng agent in
said reaction mxture to forma dispersion of particles of said bl ow ng
agent in said reaction mxture,

3/4

\
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saird bl owi ng agent being substantially insoluble in said solvent and havi ng
a vaporization tenperature at a pressure of | atnosphere in the range of
[gr#] to 100 [err]: (I1) stabilizing said dispersion to forma stable
disspersi on of said bl ow ng agent particles in said reaction mxture; (IV)
expandi ng said bl owi ng agent particles to forman expanded structure,
wherei n sai d expansi on step conprises: (a) increasing the tenmperature of
said stable dispersion to a tenperature which is greater than or equal to
t he vaporization tenperature of said bl ow ng agent, |ess than or equal to
said critical tenperature, and | ess than the vaporization tenperature of

- said solvent; and/or (b) decreasing the pressure on said stable dispersion;
(V) reacting said nononer and said i-nternal crosslinking agent to forma
substantially water-insoluble polyner material by heating said expanded
structure to a tenperature which is greater than or equal to said critical
tenperature and | ess than said activaH{Z tenperature; (VI) controlling
sai d dispersion step (11), said stabi ation step (I11). said expansion
‘step (IV) and said reaction step (V) to forma polyner foam conprising a
plurality of nutually connected struts of said

A
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substantial ly water-insoluble polyner material to formcells; and (VII)
reacting said substantially water-insoluble polyner material of said
pol ymer foamto form a superabsorbent polyner foam conprising a pl uraI [ ty’H

of mitually connected struts of superabsorbent pol ymer 2@@{; s
SHEEY

cells,- said reaction to form ﬁ) Q%@ENu 95 pdt
Ll abky wat efi- |nstLbIe pol ymer

conprising: (a) heating saidlsib :
material to at |east said acti vati 2 and/for (pnggqu@g sgid
substantially water-insoluble polyner material with arj dxternal
crosslinking agent; the superabsorbent pol yner foam hgving: (a) asurfage
area to mass ratio of at least 0.2 [err];92b) an average cell size of |gs
than 50 mcrons; and (c) a density of less than 0.5 [err]. 36. A

super absor bent pol yner foam made by the process of C aim 35.
’ ABSTRACT

S

SUPERABSORBENT POLYMER FOAM

An improved superabsorbent polymer foam having a morphology to provide
W, improved absorptive properties is disclosed. The foam preferably comprises a -
superabsorbent polymer formed from a substantially water-soluble, unsaturated
monomer having neutraliied carboxyl groups and a substantially water-soluble internal
crosslinking agent. The monomer and crosslinking agent are éxpanded in the
presence of a substantially water-insoluble blowing -ageﬁt and a suitable solvent and
reacted to form a superabsorbent polymer foam having substantially continuous,
intercommunicating channels substantially throughout the foam and a relatively high
surface area to mass ratio. Methods for making the foam and absorbent products,
members and articles containing the foam are also disclosed.

Figure 3
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A superabsorbent polymer foam comprising a plurality of mutually
connected struts of superabsorbent polymer material to form open cells,
said superabsorbent polymer material comprising reactants capable of
forming said superabsorbent polymer material, said reactants comprising:
| (a) a substantially water-soluble, unsaturated monomer comprising
neutralized carboxyl groups;

(b) a substantially water-soluble internal crosslinking agent which is
capable of reacting with said monomer to form a substantially
water-insoluble polymer material; and

(c) ablowing agent which is substantially insoluble in a solvent to form
an expanded structure; |

the superabsorbent polymer foam having:

(i) a surface area to mass ratio of at least 0.2 m/g;

(i) an average cell size of less than 50 microns; and

- (iii) a density of less than 0.5 gfcm®,

The superabsorbent polymer foam of Claim 1 having an average cell size

of less than 50 microns.

The superabsorbent polymer foam of Claim 1 further characterized by a

cell size distribution value of less than 5.

The superabsorbent polymer foam of Claim 1 wherein said monomer is

selected from the group consisting of acrylic acid, maleic acid,
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methacrylic acid, fumaric acid, itaconic acid, maleic anhydride,

ethylacrylate, butylacrylate, and mixtures thereof.

The superabsorbent polymer foam of Claim 4 wherein said internal
crosslinking agent is selected from the group consisting of N, N'-
methylenebisacrylamide, triallylamine, triallylphosphate, and di- or poly-
glycidyl ethers of aliphatic polyvalent alcohols.

The superabsorbent polymer foam of Claim 5 wherein said solvent is

selected from the group consisting of water, lower alcohols, or mixtures
thereof.

The superabsorbent polymer foam of Claim 6 wherein said blowing agent
comprises a substantially water-insoluble compound having a vapcrization

temperature of less than 50°C.

The superabsorbent polymer foam of Claim 7 wherein said internal

~ crosslinking agent is expanded and reacted with said monomer in the

presence of a surfactant, an initiator, a viscosity control agent, or mixtures
thereof.

The superabsorbent polymer foam of Claim 1 or 8 having an average cell

size of less than 50 microns and a cell distribution value of from 1 to 3.

The superabsorbent polymer foam of Claim 1 wherein said

superabsorbent polymer material additionally comprises an external
crosslinking agent.
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The superabsorbent polymer foam of Claim 1 wherein the superabsorbent

polymer foam is flexibilized by a plasticizer.

The superabsorbent polymer foam of Claim 1 for use in an absorbent
member comprising a wicking web, wherein the superabsorbent polymer

foam is disposed on the wicking web.

The superabsorbent polymer foam of Claim 12 wherein said

superabsorbent polymer foam is disposed on said wicking web in a
discontinuous pattern.

The superabsorbent polymer foam of Claim 1 for use in an absorbent
member comprising a wicking web, wherein the superabsorbent polymer

foam is in sheet form positioned subjacent said wicking web.

The superabsorbent polymer foam of Claim 12 or 14, wherein the
absorbent member is for use in an absorbent article comprising a liquid
pervious topsheet; a liquid impervious backsheet joined to said topsheet;
and an absorbent core positioned between said topsheet and said

backsheet, and the absorbent core comprises the absorbent member.

A method of making an open-celled superabsorbent polymer foam, the
method comprising the steps of:
(I) forming a reaction mixture comprising: _
(a) asubstantially water-soluble unsaturated monomer comprising
neutralized carboxyl groups;
(b) a substantially water-soluble internal crosslinking agent
capable of reacting with said monomer to form a

superabsorbent polymer material; and
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90
(c) asolvent selected from the group consisting of water, a

substanﬁally water-soluble solvent, and mixtures thereof;

(II) dispersing a substantially water-insoluble blowing agent in said
reaction mixture to form a dispersion of particles of said blowing
agent in said reaction mixture, said blowing agent having a
vaporization temperature at a pressure of 1 atmosphere in the range
of -20°C to 100°C;

{II) stabilizing said dispersion to form a stable dispersion of said
blowing agent particles in said reaction mixture;

(IV) expanding said blowing agent particles to form an expanded
stfucture, wherein said expansion step comprises: (a) increasing the
temperature of said stable diSpersion to a temperature which is
greater than or eqﬁal to the vaporization temperature of said blowing
agent, less than or equal to the activation temperature of said
reaction mixture, and less than the vaporization temperature of said
solvent; and/or (b) decreasing the pressure on said stable dispersion;

(V) reacting said monomer and said internal crosslinking agent to form a
superabsorbent polymer material; and

(VI) controlling said dispersion step (II), said stabilization step (III), said
expansion step (IV) and said reaction step (V) to form a
superabsorbent polymer foam comprising a plurality of mutually
connected struts of said superabsorbent polymer material to form
open cells such that the foam has
(a) asurface area to mass ratio of at least 0.2 mzlg;

'(b) an average cell size of less than 50 microns; and
(c) adensity of less than 0.5 g/cm3.

17. The method of Claim 16 wherein said reaction step (V) occurs after said

expansion step (IV).
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The method of Claim 17 wherein said reaction step (V) comprises

| subjecting said expanded structure to thermal radiation or light radiation.

The method of Claim 18 wherein said step of subjecting said expanded
structure to thermal radiation comprises heating said expanded structure to
a temperature which is greater than or equal to the activation temperature
of said reaction mixture and less than the vaporization temperature of said

solvent.

The method of Claim 18 wherein said control step (VI) comprises
controlling the particle size of said blowing agent particles such that said

particles have an average particle size of less than 10 microns.

The method of Claim 20 wherein said step of controlling the particle size
of said blowing agent comprises controlling the viscosity ratio of said

blowing agent to said reaction mixture.

The method of Claim 21 wherein said step of controlling the viscosity

ratio comprises adding a viscosity control agent to said reaction mixture.

The method of Claim 20 wherein said control step (VI) additionally
comprises using a nonionic surfactant having hydrophilic and

hydrophobic groups in said stabilization step (III).

The method of Claim 23 wherein said control step (VI) additionally
comprises expanding said blowing agent particles by increasing the

temperature of said stable dispersion at a rate of less than 1°C/minute.
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The method of Claiim 24 wherein said control step (VI) additionally
comprises heating said expanded structure at a rate of less than
10°C/minute.

The method of Claim 25 wherein said internal crosslinking agent is
selected from the group consisting of compounds having at least two
polymerizable double bonds; compounds having at least one
polymerizable double bond and at least one functional group reactive with -
said monomer; compounds having at least two functional groups reactive

with said monomer; and polyvalent metal compounds which can form
ionic 1inkages.

The method of Claim 26 wherein said monomer is selected from the group
consisting of acrylic acid, maleic acid, methacrylic acid, fumaric acid,
itaconic acid, maleic anhydride, ethylacrylate, butylacrylate, and mixtures
thereof; said internal crosslinking agent is selected from the group
consisting of N, N'-methylenebisacrylamide, triallylamine,
triallylphosphate, and di- or poly- glycidyl ethers of aliphatic polyvalent
alcohols; said solvent is water; and said blowing agent has a vaporization

temperature of less than 50°C.
The method of Claim 16, 25 or 27 wherein the superabsorbent polymer
foam has an average cell size of less than 50 microns and a cell size

distribution value of from 1 to 3.

The superabsorbent polymer foam made by the process of Claim 28.
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The method of Claim 16 additionally comprising the step of applyinFg

said stable dispersion to a substrate prior to said expansion step (IV) and
said reaction step (V).

The method of Claim 16 additionally comprising the step of reacting the

superabsorbent polymer foam with an external crosslinking agent.

The method of Claim 16 additionally comprising the step of externally

plasticizing the superabsorbent polymer foam.

The method of Claim 16 wherein said reaction mixture additionally

comprises a plasticizer.

The method of Claim 16 wherein said reaction mixture additionally

comprises a surfactant, an initiator, a viscosity control agent, or mixtures

thereof,

A method of making an open-celled superabsorbent polymer foam; the
method comprising the steps of:
() forming a reaction mixture comprising:

(a) asubstantially water-soluble unsaturated monomer comprising
neutralized carboxyl groups;

(b) a substantially water-soluble internal crosslinking agent
capable of reacting with said monomer to form a substantially
water-insoluble polymer material; and

(¢) asolvent selected from the group consisting of water, a

substantially water-soluble solvent, and mixtures thereof;

O EAR) 0 pate: 47 SEP 999

This is the replacement shoet



(D

(1D

I

™)

(VI)

94
said reaction mixture having a critical temperature and an activation
temperature, said critical temperature being ess than said activation
temperature;
dispersing a blowing agent in said reaction mixture to form a
dispersion of particles of said blowing agent in said reaction mixture,
said blowing agent being substantially insoluble in said solvent and
having a vaporizatioﬁ tembérature ata pressure of 1 atmosphere in
the range of -20°C to 100°C :
stabilizing said dispersion to form a stable dispersion of said blowing
agent particles in said reaction mixture;
expanding said blowing agent particles to form an expanded
structure, wherein said expansion step comprises: (a) increasing the
temperature of said stable dispersion to a temperature which is
greater than or equal to the vaporization temperature of said blowing
agent, less than or equal to said critical temperature, and less than
the vaporization temperature of said solvent; and/or (b) decreasing
the pressure on said stable dispersion;
reacting said monomer and said internal crosslinking agent to f orm a
substantially water-insoluble polymer material by heating said
expanded structure to a temperature which is greater than or equal to
said critical temperature and less than said activation temperature;
controlling said dispérsion step (II), said stabilization step (IIT). said
expansion step (IV) and said reaction step (V) to form a polymer

foam comprising a plurality of mutually connected struts of said

substantially water-insoluble polymer material to form cells; and

(V) reacting said substantially water-insoluble polymer material of said

polymer foam to form a superabsorbent polymer foam comprising a
plurality of mutually connected struts of superabsorbent polymer

material to form cells, said reaction to form a superabsorbent

* [ L M S *
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polymer foam coinprising: (a) heating said substantially water-
insoluble polymer material to at least said activation tempei’ature;
and/or (b) reacting said substantially water-insoluble polymer
material with an external crosslinking agent; the superabsorbent
polymer foam having:
{a) asurface area to mass ratio of at least 0.2 m’/g;-
(b) an average cell size of less than 50 microns; and

(c) adensity of less than 0.5 g/cm®.

36. A superabsorbent polymer foam made by the process of Claim 35.
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ABSTRACT

SUPERABSORBENT POLYMER FOAM

An improved superabsorbent polymer foam having a morphoiogy to provide
improved absorptive properties is disclosed. The foam preferably comprises a
éuperabsorbent polymer formed from a substantially water-soluble, unsaturated
monomer having neutralized carboxyl groups and a substantially water-soluble internal
crosslinking agent. The monomer and crosslinking agent are expanded in the
presence of a substantially water-insoluble blowing agent and a suitable solvent and
reacted to form a superabsorbent polymer foam having substantially continuous,
intercommunicating channels substantially throughout the foam and a relatively high
surface area to mass ratio. Methods for making the foam and absorbent products,

members and articles containing the foam are also disclosed.
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