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SUMMARY OF THE INVENTION

The present invention relates to absorbent materials useful in the containment of body -
fluids such as urine. In particular, the invention relates to absorbent polymers having very high
absorbent capacities under confining pressures of 0.7 psi and/or 1.4 psi, as well as high
permeability to fluid, in the swollen state.

In one aspect, the invention relates to an absorbent polymer composition having (i) a
Performance under Pressure (PUP) capacity of at least about 39 g/g under a confining pressure
of 0.7 psi (4.8 kPa) after 4 hours and (ii) an SFC value of at least about 50 X 10”7 cm3sec/g.
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pol ynmers descri bed he e| n can YyNers, ~copo rs (includi
t er pol ymeP€eRf 2, mjKed-bedr igesex I%?FR%’F%‘)‘ P°'(¥F‘°HFR‘PB95§s°r'T‘?bISé‘ﬁ'H§)"‘ egl Ph-er ent

honopol yrrema.cgre AbRGT0EN 'PRlyiner TomMpPsHionsEwill Bxhbif las eabic ok Bfi @i PUPaédphcitiés

bl ock copa gmers and may have linear or branched architectures. The

pol ymers SPESsedahioNeq wat er-insol ubl e, but water-swellable, by a relatively
| ow degree of d‘hossdentidm rat;o relates tovabsbrbetCinembad doynprising utie nabovérdescribed

appropri a&[ﬁ ?b@}?t'"bo} n’pbﬁn td” @&%Htgh ¢ %Bn m)é]Suq}i' bﬁ%ekprﬁalgbers.

-

pol ymeri zation redct |on es GrUCrGESIREPN Omers 1 nc

N, N - nethyleneblsacrylanlde ethylene egcoI dl(neth)acrylate
trinmet hyl ol propane tri ( meBREFdIRSC - RRAWINGD aziri di ne conpounds,
and the |ike. Alternatlvely the polyners can be crosslinked after

pol ymeri zat i on Figjrer bzepreses aischematie yiewapf &n anpemysi fok megsusigs the Rerformancey -
or pol y- hghaganahhe (ryRapIoIHSofBsrBint golymers. pol y- epoxy conpounds. Exanpl es
i ncl ude d||odopropane di chl’or opropane, et hyl ene gl ycol digiycidyl ether,
and the like. The crosslinks nmay be honpgeneously distributed throughout
the get particle, or may be —




preferentially concentrated at or near the surface of the particle. Wile
t he ani on- exchange absorbent polyner is preferably of one type&é) 8 2002
honbgeneous), m xtures of ani on-exchange pol yners can al so In t e
present in For exanple, mixtures of crosslinked pol

and cr ocslw(ﬁlg%%ﬁbl yal | yfam ne can be used in the present *@f&ﬁi“r“%‘

~~~ 2002 ‘WD 99i 34841 PCT/ |1 B9810Z086 -5 _g_ Wen used as part of a

m xed- bed i on-exchange conposition, the ani on-exchange absorbent pol ymer
starts of f from about 50%to about 100% preferably about 80%to about
100% nore pref Ly, 0% |nt un ralized
base form ' I-egrﬂgZ reér«rzs%ms %lt? QMLrggr? ﬁé)cagna?pg\gcﬂén% és?o(?lzicggg asserngﬁ'hshown in
m xed- bed Iirgme é¢xchange absor bent pol yner composition, i s desirabl e that

the absorbent p;q{g,)eggr rmwau?dg;h&? PU@rbaEa&Waslg%r ab?&@&?gblgnﬁ%mﬂéo@mﬁ% ofd"Y

pol ymer. Thus, i referred that the |on exchange ¢ cit
ani on- exc i gesser dayenken anh thepasior é&n’p‘i‘@ﬁ@rﬁ §apaeity Ea@?asa'lﬁél}t“di't)a geefindpg mor e
pr ef er abl ypragsurheaet]pa.bout 15 nmeq/ g, and m)st preferably at Ieast about 20

meq/g. (ii) Ca sor t Po r bent rrers u eful
as cation exch 5%'?5; ﬁb‘%ﬁ’éﬁb 2@2 cﬁpﬁfytge P for %Afgﬂ‘?pﬁlgf"&’ E‘PP%
groups suche peesemritneention andathecbrg)r aupsvheﬁx%lﬁbbmcan :scmeasonedemdbtamgmﬂimigyrrer )
sui tabl e fQ% M%Go'fpgr?' n i nclude those which are prepared from

pol ymer i zdb , aci Pont ai ni ng nononers, or nononers containing functional
groups whi ch cafigire Taepresentech sehematiel vgrvvoefosn appasatug $ory preparingt aro absofticats
such nmoNOMRiyindr RGhpekR mﬂ's%h@'f&%éa!’urb‘rﬂé:ﬂ%ﬁfh%&ﬁpdé%m)@éh'Eﬁnrs@%h cﬂ{ﬁﬁ S0

nhydrides, "and_m Xt ures ther eof he .cat i on-exch an? mer s
E r| se poI yrreﬁ‘s‘"ta rpafepéqsﬁ‘%ét“‘?ﬁ"@ﬁ&r"éﬁv Pf 3fnapPasatis, QSe{P‘F*‘?“rL'ﬂ%ﬁ‘F (Badk Bypst
monomer s. Sueaghl(BBSPSf anubsorient polanier compbsitita. pol ysacchari de- based pol yners
such as carboxynet hyl starch and carboxynet hyl cellul ose, and pol y(am no
aci d) " based pol yners suﬁgﬁ&lg%ﬂgégémﬁéﬁpg%m\}zﬁgngwescr| ption of

pol y(am no acid) absorb S. Patent

S5, 247,068, 5 | ssugthnpealisenber 21, 1993 to Donachy et al., which is

i ncor por at ed heT"G‘f‘I’T%'% reference. Sonme non-acid nononers can al so be

i ncluded, usual Ay ykéu R8B! tRMRHA"Sody ﬂuﬂg'e%fuﬂ&gunne bwﬁ ARAKSDRA vagRlal MBI S
her ei n. Such non-aci d nononers can include, for exanple, nononers

cont ai ni nd!i¥H&EFDI | owi ng types of functional groups: carboxylate or

sul fonat e est er As ussddhersi| tigy eenps"symhétiteuriteosthtionaiefde @r Aiiagueotd solutiéh

oroubs. o PR BAVRR AN REY. 0 0% Rii0q, 888 g Nun PR 0TS £ BullintBOE S L
nonorer s i 81€aCidSHyAs artd - 30 eMsRipktpthinblistided wathr ta yiekt dngllimef sqlutiguy | ene,
1-butene, but adAgfi&d Hefsh, 'ﬂ% Bin MBn-edhaRR dﬂﬁ‘d&:t?cﬂefirmrlﬁé%%reﬁéa‘f oY‘@AI&uﬂi&PV‘“

materials and are describ greater detajl’_ for, exanple, U S. Patent

4,076, 663 iPVEGIaBgeRapagity)of thespqlirperparpolymers ingnilliegyigalents, ger sra'u assunpag that

4 n)262 817 &gﬁgﬁ@ﬁﬁ?[&d adid Siiael QB?@bﬁlGdhrsl&utrﬂlQZtY in tb@fog-eﬁéhalggd prbcesd. € 4
or porated by,reference. efi ni.c nsat.ur at ed carboxyli.c a n

anhydrr de nononf? ¥ q%,&eméhe[ fgam aﬂtrsﬁflw%t Pé’i‘/“b"é feyeﬁ | 3, pelper F&‘ |'Sc°38§lf18°F

itself, medbserbingl withiaahel polgmeihatoleass cliOytimes ax:wdrghamtjmmnudryhtmc alowing for

(3-net hyI t acid), a-phenylacrylic acid,

(3-acryl oxyﬂ)rol&éﬁﬁgg ﬁ%a‘e%gét%n acid, a-chlorosorbic acid, angelic acid,

cinnamic acid, ps absdohaseinnthartrm fabserbers cored asfpisdethe remponent ¢f thesabsori@pd2 WO

99/ 34841 PgEhk ARG Qzﬂ'ﬁﬁanly-rg Io?js?ale 6t Buid mamég sm?,sm@s of ithé qar&ru Gn@6difl

mesaconi ¢ acid, glutaconitc aconitic aci [efic acid, fumaric acid,

tri car boxySARYINGnEansperingredisibeting And stering b‘M’-Veﬂ'é‘flSr ed\sc#icho Hleeﬂl?ﬂ@ﬁ'&ecme
absor bent gpichlliEdoes AiGtAcKde theXopsh¥etior emsm& of Titassorivat ffetes 1 ncl ude

hydrol yzed starch-acrylonitrile graft cop l)(rrers artr ally nﬁi@ragl i zed
hydrol yzed st ar &nuaedrhieredhthe e "agsorpent &swgr Fedrs to fawewnaew reEnyr af t
ﬁo gol ?/rrer Zcor@&fai ty%ﬁda?y ?ﬂiﬂd’e&lnb bﬁﬁhoﬁ? ﬂmarhawlrngl prépefiih, d% £ lﬂﬁi‘d :fgthmemﬁd

ydr o yze Vi etat e-acr er copo rolyzed acr

or acryl anf %‘ ﬁngff@s ?/ &l‘vf Hataker&° §‘?SP?'P§%‘ < ifap §°‘B¥

t he f or egoemige abgotbeyitresrs, ormdl)yaqroyﬁomohﬂleohbsmhdnt sbieg el yhmmsnchein core can
crosslinke i t her
ol of y or ooy BRE B Mo Sbabehl ricibiS; e AR IpXPRE pOBch Eolipaftiont
Exanpl es oqleswi@délemm ywmartmiaelwﬁrfsl urr@sewgrtslrwém vhase primpagy énwt@ Bohe 875,
U S. Patent 4,076,663, U S. Patent 4,093,776, U S. Patent 4,666,983, and

U. S. Patent 4, 734, 478. Most preferred polymer materials for use in making
t he cati on-exchange absorbent polyners are slightly network crosslinked

pol ymers of polyacrylic acids and starch derivatives thereof. Network

cr ossl i nki ng renders the poI ymer substantr aI I y wat er-i nsol ubI e and in
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In order to mexim ze the ion-exchange capacity of the m xed-bed

i on- exchange absorbent polyner conposition, it is desirable igftW%m

cati on- exchange absorbent polynmer has a high i onexchange cap ty per gram
of dry polymer. Thus it +s preferred that the ion-exchange capacity - of
the cati ONO8%@#4hge absorbent pol yner conponent is at |eastP ?’0%8ﬁeq/g,
more preferably at | east about 8 neq/g,geven nore preferably at |east about
10 nmeq/ g, and nost preferably at |east about 13 neq/g. (iii) Conposition
and Comon Material” Properties The equival ents of anionic and cationic

exchange capaci may. .b ual qr different in.the m xed-hed ion-exchange
Sbsor bent 3ES b FR ey TR:  HoySiet s FompPeiiely B alieibe durenh B Sk
sonmewhat ahlsobestomembetsent s of ani onic or cationic ion-exchange absorbent
pol ymer, e.g., . 1.0 JUN 20Q2 WO, 99134841 P | B98/ 02086 -, - =210 to
conpensat e for A8 FIIETRDS S K FeRiOR (S 8 FOREEL TS % iPPRIOPE RESEUPRS: 1n 8
neut r al i zew¢rosropic genad, oéan aliserbpaymembef.or exanpl e to acidify) the

i on-exchanged WgiQhered, the quy&eﬂférﬂ&‘aeﬁﬂmn%%&ﬁm Q&icﬂ%%@ﬁrimﬁt i on

conposi tions in high-concentration absorbent cores cannot rely on so
flow, stifimengonsargalong, ity langthiand yadthy (It phoyld broundeestpodthat; the tegmJayer is not

accel er at fece&arifyainfite@fto siapleaxyeRadtheets bfifatetial. STHUE thd RErecah belRMBrised of
nor phol og ui t abl fast ion-ex e ki.netics. si,rabl e

' f ti
o bhol oglatnatetc i nstion ‘o FRueSgs PR cort S8 07 HRE i abed i mruy
smal | andAocorgioglp,the tema 'layes? insludestthe w@rnioy bayarst andhdayeoad.par ti cl e si ze

di stribution, (i : | i - Q0 £x6 ben | ymer
LSat contain w ﬁ%erqq‘gfre%'}’ﬁll'ee?éﬁfs%oo {IQ'HEO{'J‘SQ&&?%QIB%S o@gggg,"%?@gl:’&eés dnd’ :
{cdt i on- exthedikgsambseonisintly esenloyed accarding Yo the prasentdavention. Hoeordingly, the term )
bi cont i NUGiR,prieiEY dheorbashiR ile Aote QR tricBiVE terib "&‘ﬂﬁ&ﬁ&@%ﬁalﬁb&%m%nﬂﬂlng”er S,
(iv) conpositions in ich either the anion- or cation-eXchange absorbent
pol ymer s &b ethess 14tise mogs festEiptiye termsdavipg thejrisiandard mgaging ewerﬁ#eﬁtoeg e etnuous
and/ or bi cont i AUOpiscesiapEs| Matiodfandi grépRitidng Cusedlihevdin avedhyo ivelpht uAtdssCHBETMHGE
absor bent FFgeglf%gers, and (vi) mxtures of the above particles and/or fibers.
O her for 1 ude spheres, cubes, rods, filnms or sheets, foans, flakes,
etc. The absor Bdimubliatignssnd refenences sefervaintp hiese are ytcorposated byhrefepence,av ag of
one or no ddi t i : : ! r: ts, glues,
bi nder s, {aoﬁtgé %éerk Hégg'ie c? eg%@%p%?leeﬁfgmﬁﬁw?ﬁé@g%ﬁfk B%Z"%sgﬁ '%B%) ysically
and/ or chgm Cal}\'b&’or@e‘ﬁ?ﬁ&%)ﬁ&%rﬁﬂt@sﬁoﬁéﬂm such that the absorbent polyner
conponent and the non-absorbent-polyner additive are not readily physically
separ abl e. The Ta®pREE iveititnyrdRtes, MPartDed SBEMBIL folyiierDpositionsSth4ti exRibit NO
i nternal por sit)ég r havia%w‘)§1antial itntern I oro?.i(“. In thzl m'ﬁe - bed
absor bent %F’S‘/ﬁlé CHHPYs ot i ,e‘(ch‘ér"‘gb?é‘fﬁ’é'n?"‘%ﬁl naPPligd 1oade 28 WUl 85 RBflave a
hi gher cr pgsieabilityde figidf jn thh awolldmestatd Skhelabsrrbent lpglysrer odmpdsitions hEthetpyesent 1
For parti . Of TRy . ] ' . t.he
part el oo PR RSBl th vRIHTR! EmbRE A il BRel CRRRIhMER SRk
re prefap aaaloy-eml@nseasgﬂmbeao polymghand 21 GaliPnrgxehangs  absorbentprAdymerdi dhese )
particle plefdredinlikeddRA fnPéxcNanR€ cdrpdditiRRPatE delribdd inlaewdll bdRO m crons, nore
preferably from about 50 m crons to about 1000 mi crons, and even nore
preferably from about 00 to about 800 mcrons. An inportant characteristic
of absorbent polyners useful in the present invention is the |evel of
extractabl es present in the polyner itself. See U S. Patent 4,654,039
(Brandt et al.), issued March 31, 1987 (reissued April 19, 1988 as U S.
Rei ssue Patent 32,649), the disclosure of each of which is incorporated
herein by reference. Many absorbent polynmers contain significant |evels of
extractabl e polyner material which can be | eached out of the swollen
polfymer matrix by body fluids (e.g., urine) during the time period that
such body fluids remain in contact wth the absorbent polymer. It is
bel i eved such polynmer material extracted by body fluid in this manner can
alter both the chem cal and physical characteristics of the body fluid to
t he extent 1 0 JUE~ 2002 WO 99134841 _ PCT/1B98/02086 _ - - - _~ 1- _
that the fluid is nore slowy absorbed and nore poorly held by the
absorbent polyner in the absorbent article. It is also believed that
extractabl e polyner is particularly deleterious in mxed-bed ion-exchange
absor bent pol yner systens because sol uble polynmer will tend to mgrate to
gel particles conprised of oppositely charged polyner. The two pol yners
wll self neutralize, thereby reducing the ion-exchange capacity of the
system Because extractable polyner effectively conprises a polyval ent
counterion to the oppositely charged polymer, it can also formionic
crosslinks which inhibit the ability of the gel to swell. Accordingly, for
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-r 1 QJ~. 1~ 2002 WD 991 34841 ~ PCTI 1B98102086 -12 Conductivity val ues.
It is.preferred that the relatively high PUP capacity val ues be %tNt ?b[ﬁed
Wi thin a time period that is less than the duration of use (&

overnight) of articles conprising the present absorbent corrposr t| ons.

thi s regamd 9g3aed1absor bent polymers will exhibit this inpr omllawm&iency
when PUP capacity i-s neasured for a per|7od of, e.g. 2, 4, 8, and/or 16
hours. A nethod for determ ning the PUP ‘capacities of these absorbent
polyners is described in the Test Methods section below. The nmethod is
based on the procedure descrr bed in U S Pat ent 5,562, 64b (Gol dman et al.)
i ssued Cctobédr M Bad Ig I Sy ymershy reference) and is nodified

to run for longer perjods of trne and under vari ous desired confining
pressures, in o%d&L&lS—'&Qﬂlﬂ-‘él‘-@—“partr cular in-use conditions nore closely.
(i1) Perneability 9f t he ne or layer ri sing Absorbent Polyner ) As

i ndi cat ed above, m&m&%‘ = rbent polymers of the present
invention is their. |ve uid. In.ap . absorbent
renber of art | peanidnraehingf alkooH RIS indinie bRk bise eroupR iEPedR YHEN oo
a | ayer coofpwatei-ingphshie! lbtmnwabrsmﬂdﬂe potymener )These areanpimally lighdy ckdssiinted away

fromthe - @&h: t e i
conduct 1 vi TPt WHER chof ofbighBi 6F GRE 3ohcRobd dFourSeLlR 38 bl Secbllops )
whi ch is aand{ensamtiasy emnten,eoratbpmhtrys ofE@mvéasaf ipalymegs suitahis for useémqnmetctuﬂm d.
A net hod fq ermﬁa‘%é p§r@h i ,tdnﬁmrmdmwtsxvﬂ.& desdin btse%das,lérémuﬁét ent
5, S62, 646 (Gol dman e B‘é’)s i ssued Cct pober 199b. TR% net hod 1's m)dr fie
to accountWHigh cafiebe ermyeredsiRchase gEpuRt Aites grmtwrﬁé%mz UG mAReay, inglude

on- exchangiéseawhic exithin PEringarR,) Sscorfaryders Cﬂfmdiﬁdtm:ﬁbsl e phesphinbet IRegfesénefive on

bel o W t hout be b e t dur| the F
moasur enerionime fe B fre R AR, erhod it R, plitiming diltmife F2
continues aminebutineradjeyl mmllﬁﬁrsovm}'lifm‘mmidené-a]mlmmcneonarbullhilidest &irpaldszine,
I on- eXChag@aat& aﬁ'ﬂ'dttye fke, Tab%eﬂ“a?%i?%%nm}s @aﬁ?&&%ﬁ@ﬂwe@%gte%ta}wé oni ¢

strength t1on surroundrn t he swo Mer 1 ncrea
resul ting fupctipspte SEPUBRS\SVIIEH Fapf be Hﬁcwratfﬂeorftﬂrr@ mtﬁthrbfmrlwtﬂ all@/havner, s

expressed fiafidineNHaRi, trZing, th@ﬁlhlottrl%ld—thiaﬁnd%&\ﬂtdllkeg is small conpared to

t he amount of {luid which I‘ E\gs t he F gurr he FC .
nmeasur ement .  BaYRLTEANGRES PP f’ﬂ‘lcé’R'ﬁ ﬁ'og?fec so YA T BHOf

| ess t han dcwenishintpreparing thelan@msexchiange ibsn@bnttdmi)mhmehaemf 'lthlaebgmtbenbmlyrhas used
to cal cul u e e
cal oul ati ougiees ki G be Rirhhollifs cBRiiyhets {Ha8g erpblyneHhod Mphek Unded

Usi ng t he ¢applymats).cr mairturest (lends)i ofrdifferent diomepelymerst Wecqgelymsed The polymessi de

even hi ghepq Q%arkm ghaft, babrEékrdaﬁuwe@fanahe £aVEli¥ar brbiftichEPFPHiteSturasl
Absor bent Po not her i rtant cJ terr stic of .t
gﬁbp lgsolﬂﬁ

poI ymers of th BRES 2R ererednater- & Bpetaieseely ‘n&og}bg. tet}"tstay e
ne or | ayeprecwPoforsliaking. This naiysberablaatedrbghgunmﬁag Mﬁpprbhﬁnt@mhmbﬁa suiteble

N body. .f | uj d d wh
e e "R Ygbh Mol 80 e SO0 B Sanile'of S ks "
useful her mpluda MNeNpmetbplanebisacrylagiide; cethydsne r glyéal nél(mcﬂl)mrym otfb@ﬂwlqmqmp or

bsor bent | ] Ak h f
the parti C?{st*'%g A O

hi gh- conceprlymers gan b@g@%hnlwé@&n@wwaqlqwbmmwedww suiggble srosplinkipg@gent\\hen

this occurguchiak di-SorjRly-Bass nit@@c&ﬁﬁ&%ﬂ@ﬁﬁtd%r &Dbpﬁél& @r,omrﬁouﬁe O xatripies
regi on arewglugerally refle% ve of the or of 1t one of er ]Ihorrred

fromthe s & fiicdopropans dishloronrenane; ethylene y‘i? é’bgl}‘f"é er, 3id Q‘%:}
" porosity" crotifics tnh9 beé ac&ndgaﬁoustpldiﬁtﬂbt(teﬂ nivongleouk cthe) gél hp;tmcls,_ potmac depi ed

by solid materi n._ e cal Engineering Vol. 2,
3°d Editi oﬂeeﬁ';é'?ﬁlg' °ﬁ9ir§t§§/lat%§‘?§%€es“rftf%ﬂllﬁfo?aggr{%y is an effective neasure
of the ability Whilththezamion-exchaagee mbsodrept i piymers o |preferablys of banst typel (iwer to
remain opep, <o

;
usage pr s iR bRy bEaskdh-AEReE folpthsdad bl B G He prtddhd vodind

hi gh- conceFereamplk, mixguronef erasslipked nolyethy lepiaring andy erosslipk¢dopplyaliylaming can be
handling p absorbent core, thus decreasing incidents of

| eakage, eg%gglr{gﬂf??s%?hr‘t’%tgﬁmfl uid | oadings. Desirably the porosity of the
zone or |ayer conprising swollen absorbent polyner approaches or even
exceeds the porosity of conventional acquisition/distribution materials
such as wood-pulp fluff. See U S. Patent No. 5,562,646, issued Oct. 8, 1996
to Goldman et al. (iv) Integrity of the Hydrogel Zone Layer Anot her
inportant factor which affects the transport of fluid in an-absorbent
rrenber |s the |ntegr|ty of the regr on or regr ons that corrprrse these

o . a




menber is not substantially disrupted or altered when subjected to normal - ¢
use conditions. During normal use, absorbent cores in absorbent arti &es

are typically subjected to tensional and torsional forces of{ @avan

i ntensity@gslsdyy ection. These tensional and torsional forgegnsos2esE
bunching in the crotch area, stretching and twisting forces as the person
wearing the absor bent article wal ks, sg¥rats, bends, and the like. If wet
integrity is inadequate, these tensional and torsional forces can
potentially cause a substantial alteration and/or disruption in the

physi cal contwmum ttgsed)fas tpaa amaombembedra&bexchsngehcd:ﬁpatmmt Sthe adasdakxthaigd
acquirin

capillari Eesf‘ gr‘gt Ingghfffl"}l'{as? Utg%)r{‘bfl %’oﬁg @@g grﬁbgontéfg@fia%ds and.

partiall leQ%qnaloaetmdferabbr framh hyous B¢fatastodt 1 (924 én the ps-neutalizadihesedforinave ar eas
that are sign f
1 o PR o e o GBS AR Bt ke
conpl et e|gﬂlmeaompaﬁgxoradvaawﬂeagebbsthgoﬂlesqbsgrb%@otymerr@m Flll‘tlglf fqnsw:hange
conduct i Vdapicity 'peP gfak anrp ofylfer 2Ha¢, bﬁratpraateartﬁat thERRALxbiHn g Edp! tarﬁ]f gtt.,{tg e

zone or |ayer conpri absorbe an be achleved accor

present i ARRIrAFhAR gb)?g PHE y'ﬂ&"si’ﬁﬂg’}‘ %dhf‘t &G?‘éf’?‘ﬁr@ meqiBrIBAF Prederably at ¢ |

in the jgastabout rs.aequlunamt phE¥eRBlydd fhdt aBut/20 BR§/Z02086 - -14

absor bent nenber havi ng the hi gh concentratl on of absorbent polymer, the

ot her conponent s (iin Cag 20 gt Hobyngers f |1 ui d acqui sition nenbers),

the ot her conponents in the absorbent article (e.g., the topsheet and/or
a}cks heet), oAbsonent polipinprstuscful a$ catheseecclmggbh@mmlly See UngltipHaiteof adib.
5,/562, 646y, étﬁ)ﬁHe%o@‘st such jas 1330x R g.thgi:aﬁ) s €1 B lclsrbfpcfaﬁbr?[‘,{cﬁgng@" ﬁb‘fﬂné??d )

i oni c-excha he Catl on-exc e co onent and

ani on- ex c‘r‘f&ﬂge f?fdﬁﬁé‘ﬁ'@ﬂt mstyﬁa thage yehichrare PE‘PP'Hﬁé faﬁbt’cﬂmeﬂwlsmﬂﬂ-cqyalm@g bound
bydt heor Mméx}orgress 3 nhﬂbth&ﬁ%dntﬁﬁnldgefud?tﬁnﬁ mapadnttel dondird g@dclw ldabp\r,l\; ]
an or acl ecl e e Surtace nmer C e | C
e P nasasiit PovEeT PO ey UAhBERPRRS %%904%3 Py iSd g R f asids
part| cl esandThlhsdmﬂm,sem mixthres etherieoft n dihe reationt excharnge mﬂyrm}hean rafpo penimprise

ticl
ol yror GWHQ*% 58 RO G b oI RREND s iled spEHRER! DBt Rl
The i nt ecralymergf ntch'éereglwﬁ«:«i)andpr&#seéonﬁlvme tSH'Eh s fR@PXMMsFangn‘bf t he
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Pol ynmeri zati on nmethods to prepare ion-exchange polyners useful in the
present invention can include free radical, ring-opening, condensation,
anionic, cationic, or irradiation techniques. The pol ymer miyﬂ b N r28par ed
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flushing the frilled disc in frilled funnel 718. Stopcock assenbly 738
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The absorbent pol ymer conposition 760) is dried by suitable procedures, for’
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the f ht d
11 { e ATl EEREA Bl AR RSB SEPALYRLY o
Bur st St affeess [ihe( sty qfee mamials svers fs @dayer rpompsising swglen abferbstt Balyraergth
(BBS) of taﬁsp%t&%apﬁmds BRAY8h tmm@isarbh eégmnTznen BEepiabletrite. b@ﬁ&sb;{.@ﬁm | oad,

cormos! & FRRUER 524 beyighmesin s o Sne 0 GonenBRins (B Wi Fseetiur es
speci f i edfithe abitityt 654 nsdrfabeb triaddpoit sabineT@aiEur A méthdd dori mbagntxg/ sﬂfnea‘ld“ayer
of the abso&uc? BE' EOJCXCIII%C(! wsflatenﬁ@ 5'62?5@;031\3’8“ gp %ﬂl%;u%d &to%'# %apé996

appar at us 1or S nBasurenent ar at us
conpri se&mcthmaxs ragdifigdoteracoondt fonigehbddsdeswelding dumﬁraumvaamem% of méxed-

pol yrmer hgy gn-&@l@ang@-ﬁbs@t‘&ﬂr %c’r@ %&es&‘?&d 1§-ﬂl-gqfektchﬂetil&ﬁtseaﬁmb9md Wikt 240,

an i nner cylinder cover pla 20 a stainless steel weight, 210, The

i nner cy briRgehound by |t§°°ﬂbr'EéF P?ltiﬁ?daﬂlaf éﬁg%ﬂﬁn? ¢ ameasurement B mixed-bed oAt and
has an | RReangd ¥BbEst paiynﬁn{)@heclsmjxﬁéresamplé&naﬁuee m&)exchmgehoﬁs ferh lthd fatiskness

ouh or - cyrpities Dt Rl wates Sbasy of BR-GRAR e Siflbedl a, )

| nner di donit atrerightadf e wltigh tsuyrourdirgethetswalien Ipolymet éncraisasmedselting fin séorge

| .
o Bl e B8 s DR Tl e W gy

t hi cknes slepwellingis smalrearapapedgo shedmouah@f fuid, eihgthtﬂoms thiopghothe gelibed guringgbe cm
The bot t @Rcohe Jstt%mehtt Betliscinb hﬂﬂ%lcﬁ?&, mhé ®ed Wsﬁ%ﬂtiﬁa&me@ﬁﬁ thd el ess

steel screen 250 that is biaxially stretche to tautness prior. to

at t achnerhickness the,fieal thicknessgef; the gelcbed s ysed oxsiqulate, gie valueyy Ysing thefinal v ¢
a thi cknegigkdss 6f &wcgel ayed na tuaewanatmn &eo.des thEhfinSrhai NSRS auﬁmetiurmgl et 210
has a wei ght of | &?Sg‘%b q 2002 I34843 23 l'?: 98/ 02086 A
Tensi | e TEESUPMEGRY, e é‘t“’t @ét‘“l'&‘&ﬁ“ﬁf’éﬁ ﬂt‘%l%ﬁs of§he25!08 W‘ PENVEE VPR - STD
Tensi | e higheeSFC naldes. by Thwi ng- Al bert Instrument Co., Pennsylvania) is used
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wei ght 210 and inner cylinder cover plate 220 are renoved. For the
procedure to be valid, all of 1 the synthetic urine solution nESBUﬁeZUUZ
absorbed by the absorbent polymer conposition at this point.
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The absorbent pol ymer conpositions of the present invention can be used
just as conventional absorbent polynmers in any absorbent core dé

absor bent artl cle used for the absorption of body fluids, el@@ med in
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absor benP’VQ%“V"& in detail at Col . 33, line 7, through Col. 5 §4388624: and
descri bes absor-bent articles in detail.j@at Col. 52, line 25, through Col.
54, line 9. Such articles i-nclude diapers, catanenial products and/or adult
i nconti nence pr oducts. Substitution of m xedbed ion-exchange absor bent
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A neasure of perneability and an indication of porosity is provided by the '
saline flow conductivity of the gel bed as described in U S. Patent No.
5,562,646, (CGoldman et al.) issued Cct. 8, 1996. This nethdd0i UNo20f.i ed
for m xed- bed .i on- exchange absorbent pol yner systens, Do =~ e
2402 WO OB~ pCT/ | BO8/ 02086 ' - ° - -29 as di scussed RGT/ABR¥02086
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descri bedleast aboua 800 & 107/ @ucsécig Typically.Sherpbsortepiyolymers will have an SFC value

' from about 500 to about 1100 x 10-7 cm3 sec/g, more typically from about 600 to about 1100 x

10-7 cm3 sec/g, and still more typically from about 700 to about 1100 x 10-7 cm3 sec/g.

These absorbent polymer compositions are described, in one aspect, in terms of their
ability to absorb synthetic urine under a confining pressure of 0.7 psi. In this regard, the
invention relates to an absorbent polymer composition having a Performance Under Pressure
(PUP) capacity in synthetic urine solution of at least about 30 g/g under a confining pressure of

) 0.7 psi after 4 hours. Preferably, the polymer composition will have a PUP capacity in synthetic
urine solution of at least about 35 g/g, and more preferably at least about 40 g/g after 4 hours,
under a confining pressure of 0.7 psi. Typically, the polymer composition will have a PUP
capacity of from about 30 g/g to about 50 g/g, and more typically from about 35 g/g to about 45
g/g after 4 hours, under a confining pressure of 0.7 psi. In a similar aspect, the absorbent
polymer composition will have a PUP capacity in synthetic urine solution of at least about 30
g/g under a confining pressure of 0.7 psi after 8 hours. Preferably, the polymer composition will

" have PUP capacity of at least about 36 g/g, and more preferably at least about 42 g/g after 8
hours, under a confining pressure of 0.7 psi. Typically, the polymer composition will have a
PUP capacity of from about 30 g/g to about 55 g/g, and more typically from about 35 g/g to
about 50 g/g after 8 hours, under a confining pressure of 0.7 psi. In another similar aspect, the
absorbent polymer composition will have a PUP capacity of at least about 30 g/g under a
confining pressure of 0.7 psi after 16 hours. Preferably, the polymer composition will have PUP
capacity of at least about 37 g/g, and more preferably at least about 45 g/g after 16 hours, under -
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g/ g42 gl gControl Sanpl e33 g/g33 gl g33 g/ g20 g/ g20 g/ g20 g'g



~ A conparison of the PUP capacities indicates that the m xed-bed
i on- exchange absorbent pol ymer conposition (Sanple MB-2) absorbs
substantially nore synthetic urine - - ~ -p JUST 2002 WO ¢ %4}&420[]2
PCT/1B98/ 03086 z -32 solution than the partially neutrali zed po acryl ate
absor benW B Hr _(Control sanple) under the test conditiof§T 63@%‘?’ Pied -
above. Exanpl & -3 Preparation of |on-Bfghanee Absorbent Polyners (i)
Cat i on- Exchange Absorbent Pol ymer The cation exchange absorbent polymer is
prepared as described in Exanple 1 Section (i); (Sanple PAA). (ii)
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or near the surface (e.g., suspension polymerization processes wherein the crosslinker is

—

inherently present at higher levels near the surface); and (iv) other materials are added to the
surface such as to induce a higher level of crosslinking or otherwise reduce the surface
deformability of the resultant hydrogel. Suitable general methods for carrying out surface
crosslinking of absorbent polymers according to the present invention are disclosed in U.S. —.
Patent 4,541,871 (Obayashi), issued September i7, 1985; published PCT application
WO92/16565 (Stanley), published October 1, 1992, published PCT application W0O90/08789
(Tai), published August 9, 1990; published PCT application W093/05080 (Stanley), published
March 18, 1993; U.S. Patent 4,824,901 (Alexander), issued April 25, 1989; U.S. Patent
4,789,861 (Johnson), issued January 17, 1989; U.S. Patent 4,587,308 (Makita), issued May 6,
1986; U.S. Patent 4,73.4,478 (Tsubakimoto), issued March 29, 1988; U.S. Patent $,164,459
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Formc acid (96% solution), 48.44 grans (Al drieh Chem cal ., catal og
nunber. 25,136-4), and formal dehyde (37% sol ution), 81.17 grarrsa}(@ll drich
Cheni cal Co., catal og nunber 25,254-9), are added to 370. 391 ap0?
distilled water to yield 500 grans of stock solution. 46.98 grans of this
stock sol WPAEH3484k added to 5.37 grans of crosslinked |inearFCT/1B98/02086

pol yet hyl eni ni rie- (Sanpl e LPEI-2). The myture is further diluted with 450
m. of distilled water and placed in an oven at 70C for 24 hours. The gel is
recovered by decantation, and stirred overnight in 2500 nL water to renove
extractabl es. The supernatant solution is decanted off and replaced wth 20

mL of 5ovekipwa st abbhdssue NMoverader dd. 4392%wublished, Geamas, patent apglication 020,280 d i n
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Perneabi ity MeRriutemestrefoent alsuseendfly efilied adithl siytityietiending solutish anattlheomm@d

it t f.th
gg;gf: bg dl Fisd ['J?g‘qugrt‘ Zhﬁo fﬁxgteggg I%S@\% ?%% frgéh synt eti c ulnene %31&“0&“, dl"oe}ge
1996. Thi sexItmt hessibles airdhwibbles aref romonedx fsam e bottam ewfﬂqangdlealfe@ndbbm andahg ner
SyStens, _sysd thdtTomReRUnhd RanElQo-Eﬁeg Fesé\‘e&hod'ﬁe Wil praRalRs alRRfRY IRby! Y

0.9 grans of the m xed-bed i onexch an?e absor bent polyner conposition
(Sanpl e MEegyential WF’&H@T@F’E‘%@'W@SSQF’W ¥nder desi gned for Sal i ne Fl ow

Conductivity nmeasure SFC ntl read oy ove e entire
area of the dcr ﬁsséggfg?qé’Fﬁﬁg?ﬁ%RF§§gt*'gg"F$?gd ié))‘F fet'ﬂ?é!f’ ‘Wﬁ‘ﬁg melgitted) i ne
fl ow conducti vifuynetdl&ies are |listed in Table 7 bel ow. ~- 0 "UN Q02 WO
99; 34841 PCT/ es f sor bent
Poi ymor  Corpsi TTeoRLiar g uriett ot reldmpid 22 Epdusel brliB i Bafidly

Sanpl e~ 10 X 310Frlttedrfwmst/895 Q‘Qﬂmd atthe edrrectheight telative fd l@wrwn‘dact ivity

val ues denmongt rmtf'edtfb\ﬁmmsaeﬁe&&am&dﬂ%amaalclobéfwsz the m xed- bed
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Perf or mance 8. The system is allowed to equilibrate in this position for S minutes,

9. Valve 740 is then returned to its closed position.

Steps Nos. 7-9 temporarily "dry" the surface of fritted funnel 718 by exposing it to a
small hydrostatic suction of ~5 cm. This suction is applied if the open end of tube 744 extends
~5 cm below the level of the fritted disc in fritted funnel 718 and is filled with synthetic urine.
Typically ~0.2 g of fluid is drained from the system during this procedure. This procedure
prevents premature absorption of synthetic urine when piston/cylinder assembly 720 is
positioned within fritted funnel 718. The quantity of fluid that drains from the fritted funnel in
this procedure (called the fritted funnel correction weight) is measured by conducting the PUP
test (see below) for a time period of 15 minutes without piston/cylinder assembly 720.
Essentially all of the fluid drained from the fritted funnel by this procedure is very quickly
reabsorbed by the frit when the test is initiated. Thus, it is necessary to subtract this correction
weight from weights of fluid removed from the reservoir during the PUP test (see below).

The absorbent polymer composition 760, is dried by suitable procedures, for example by

~ desiccation under high vacuum at an appropriate temperature for a sufficient period of time, so
as to reduce the level of moisture and/or other solvents in the sample as much as possible. The
final level of residual moisture, as determined by an appropriate technique such as Karl Fischer
titration or thermogravimetric analysis, should be less than about 5%, and preferably less than
about 3%. Approximately 0.9 g (W,,) of the dried absorbent polymer composition 760
(corresponding to a basis weight of 0.032 g/cmz) is added to cylinder 754 and distributed evenly

on screen 759. Care is taken to prevent absorbent polymer 760 from adhering to the inside walls _
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The BBS is the force'(pea’k' load, in gi'ams force) required to rupture a layer of an absorbent
polymer composition that is swollen in synthetic urine solution, under procedures specified in
the test method. BBS is a measure of the integrity of a layer of the absorbent polymer
composition in the swollen state.

) A suitable apparatus for BBS measurement is shown in Figure 5. This apparatus

comprises an inner cylinder 270 which is used to contain an absorbent polymer layer 260, an
outer cylinder 230, a Teflon® flat-bottomed tray 240, an inner cylinder cover plate 220, and a
stainless steel weight 210. The inner cylinder 270 is bored from a transparent Lexan® rod or
equivalent, and has an inner diameter of 6.00 cm (area = 28.27 cmz), with a wall thickness of
approximately 0.5 cm, and a height of approximately 1.50 cm. The outer-cylinder 230 is bored
from a Lexan® rod or equivalent, and has an inner diameter that is slightly larger than the outer
diameter of the inner-cylinder 270, so that the inner-cylinder 270 fits within the outer-cylinder
230 and slides freely. The outer cylinder 230 has a wall thickness of approximately 0.5 cm, and
a height of approximately 1.00 cm. The bottom of the outside-cylinder 230 is faced with a 400
mesh stainless steel screen 250 that is biaxially stretched to tautness prior to attachment. The
inner cylinder cover plate 220 is made of glass plate with a thickness of 0.8 cm and a weight of
500 g. The stainless steel weight 210 has a weight of 1700 g.
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11, polymer cgm,posulon 269. The stainless wenght 210 is placed onto the mncr-cylmder cover plate

220 five minutes after addition of the fluid. After an additional 25 minutes, stainless steel
weight 210 and inner cylinder cover plate 220 are removed. For the procedure to be valid, all of

the synthetic urine solution must be absorbed by the absorbent polymer composition at this
point. The inner-cylinder 270 with the layer of swollen absorbent polymer 260 is immediately
transferred to the Burst Tester for measurement of the BBS.

Referring to the Burst Tester depicted in Figure 6, inner-cylinder 270 with the swollen
absorbent polymer layer 260 is centrally positioned on lower clamp platen 280 and is fixed
pneumatically with upper clamping platen 300. The measurement is performed using a break
sensitivity of 10.00 g and a test speed of 5.00 inch/minute. The measurement is initiated and the
crosshead 320 moves up until polished stainless steel ball-shaped probe 290 penetrates
absorbent material gel layer 260. After a sample burst is registered, moving crosshead 320
returns to start position. The BBS is expressed as peak load in grams force. The average of
three determinations is reported as the BBS for the absorbent polymer composition.

3. Saline Flow Condictivity (SFC
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D. Absorbent Members

Absorbent members according to the present invention will comprise the previously
described absorbent polymer compositions, with or without other optional components such as
fibers, thermoplastic material, etc. Preferred materials are described in detail at Col. 23, line
’ “‘) 13, through Col. 29, line 16, of U.S. Patent No. 5,562,646 (Goldman et al.). These absorbent !
members comprising these absorbent polymers can function as fluid storage members in the ’
absorbent core. The principle function of such fluid storage members is to absorb the
discharged body fluid either directly or from other absorbent members (e.g., fluid
acquisition/distribution members), and then retain such fluid, even when subjected to pressures
normally encountered as a result of the wearer's movements. It should be understood, however,
that such polymer-containing absorbent members can serve functions other ‘than fluid storage.
In a preferred embodiment, the absorbent members according to the present invention
will contain one or more regions having a relatively high concentration of these absorbent
polymers. in order to provide relatively thin absorbent articles capable of absorbing and
retaining large quantities of body fluids, it is desirable to maximize the level of these absorbent
polymers and to minimize the level of other components, in particular fibrous components. In

order to utilize these' absorbent polymers at relatively high concentrations, however, it is
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In measuring the concentration of absorbent polymer composition in a given region of
an absorbent member, the percent by weight of the absorbent polymer relative to the combined
weight of absorbent polymer and any other components (e.g., fibers, thermoplastic material,
etc.) that are present in the region containing the polymer is used. With this in mind, the
concentration of the absorbent polymer composition in a given region of an absorbent member
of the present invention will preferably be in the range of from about 40 to 100%, from about 50
to 100%, from about 60 to 100%, from about 70 to 100%, from about 80 to 100%, or from
about 90% to 100%. Of course, in general, the higher the relative concentration of the
absorbent polymer, the thinner and less bulky the absorbent member.

E. Absorbent Cores and Absorbent Articles

The absorbent polymer compositions of the present invention can be used just as
conventional absorbent polymers in any absorbent core and/or absorbent article used for the
absorption of body fluids, as described in U.S. Patent No. 5,562,646 (Goldman et al.). The '646
patent describes absorbent cores in detail at Col. 33, line 7, through Col. 52, line 24; and
describes absorbent articles in detail at Col. 52, line 25, through Col. 54, line 9. Such articles
include diapers, catamenial products and/or adult incontinence products. Substitution of mixed-
bed ion-exchange absorbent polymers for the conventional absorbent polymers at the same
weight will allow for increased absorbent capacity of the article. Alternatively, the absorbent
polymers can be substituted at a lower weight so as not to increase the absorbent capacity of the
article, but to allow for a lighter, thinner, and/or less bulky article.

Incorporation of absorbent polymers of the present invention in any previously disclosed
absorbent articles is obvious to one skilled in the art. Such products include those with features,
for example, such as breathable backsheets, hook-and-loop fasteners, bicomponent fiber
matrices, and the like.

Absorbent articles which may contain absorbent polymer compositions described herein
are disclosed, for example, in U.S. Patent 3,224,926 (Bernardin), issued December 21, 1965;
U.S. Patent 3,440,135 (Chung), issued April 22, 1969; U.S. Patent 3,932,209 (Chatterjee), issued
January 13, 1976; and U.S. Patent 4,035,147 (Sangenis et al.), issued July 12, 1977. More
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gently for about 1.5 hours, after which the absorbent polymer is allowed to settle, and the
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supematant fluid is removed by decantation. The decanted liquid is replaced by an equal
volume of distilled deionized water, the suspension is shaken gently for approximately one hour,
the absorbent polymer is allowed to settle, and the supernatant fluid is again removed by
decantation. This exchange process is repeated (about eight times) with an equal volume of

distilled deionized water until the pH of the supematant liquid reaches 5-6. The exchange
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N’

process is then repeated three times with isopropanol (reagent grade; VWR, West Chester, PA),
three times with acetone (reagent grade; VWR), and once with anhydrous ether (reagent grade;
EM Science, Gibbstown, NJ). The product is spread out gently on a sheet of
_ polytetrafluoroethylene and allowed to dry overnight. After gentle manual disruption with a
spatula, the product is dried under high vacuum for 96 hours at room temperature to remove any
residual solvents. The sample is sieved through-a U.S.A. 20 mesh sieve to remove any large
particles or agglomerates. Approximately 30 grams of acid-form, crosslinked poly(acrylic acid),
ion-exchange absorbent polymer is obtained and stored under a dry atmosphere (Sample PAA).

(ii)) Anion-Exchange Absorbent Polymer

Branched polyethylenimine with a nominal weight average molecular weight of 750,000
g/mole is obtained as a 50% aqueous solution from Aldrich Chemical Co., Milwaukee,
Wisconsin (catalog number 18,917-8; lot number 12922PQ). A 20 gram sample of this solution
is further diluted with 37 grams of distilled water and is stirred for 30 minutes in a 250 mL
beaker to achieve complete dissolution. Ethylene glycol diglycidyl ether (50% solution), 2.14
grams (Aldrich Chemical Co., catalog number, E2,720-3; lot number, 07405DN), is added to the
polyethylenimine solution and the mixture is stirred at room temperature for approximately two
minutes before being placed in a vented oven at approximately 65°C for three hours. The
resultant gel is allowed to cool and then broken into pieces approximately 1 to 5 mm in

_ diameter. The mixture is then transferred to a 4000 mL beaker containing two litres of distilled
water and stirred gently overnight. The excess water is decanted off and the remaining sample
is dried under high vacuum for approximately 96 hours to yield a lightly crosslinked
polyethylenimine anion-exchange absorbent polymer which is stored under a dry atmosphere
(Sample BPEI).

(iii) Mixed-Bed.lon-Exchange Absorbent Polymer
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A. Series Standard mesh sieve (i.e. a fraction with particles in the range of approximately

200 to 700 microns in diameter).

Approximately equal weights of the sieved crosslinked poly(acrylic acid) cation-
exchange absorbent polymer (Sample PAA) and the sieved crosslinked pdlyethylenimine anion-
exchange absorbent polymer (Sample BPEI) are mixed together so as to distribute the particles
of each type of polymer evenly throughout the mixture. This mixture comprises a mixed-bed
ion-exchange absorbent polymer composition (Sample MB-1) of the present invention.

( ) (iv) PUP Capacity Measurements )

Approximately 0.9 grams of the mixed bed ion-exchange absorbent polymer
composition (Sample MB-1) is transferred to a PUP cylinder (as described in the Test Methods
section above), and geﬁtly spread out over the entire area of the screen comprising the base of
the cylinder. PUP capacities are determined on separate samples under confining pressures of
0.7 and 1.4 psi, with the amount of fluid absorbed measured at frequent intervals for a period of
16 hours. The measured PUP capacities at 0.7 and 1.4 psi are shown as a function of time in
Figures 3 and 4, respectively. Selected PUP capacity data at 2, 4, 8 and 16 hours are listed in
Table 1 below.

Table I:
PUP Capacities for Absorbent Polymer Compositions

) 0.7psi | 0.7psi | 0.7psi | 14psi | 1.4psi | 1.4 psi
) (4hrs) | (8hrs) | (16 hrs) |} (2 hrs) | (8 hrs) | (16 hrs)
Sample MB-1 | 44g/g | 48¢g/g | 50g/g | 32g/g | 40g/g | 42g/g
Control Sample] 33g/g | 33g/g | 33g/g | 20g/g | 20g/g | 20g/g

A comparison of the PUP capacitiés indicates that the mixed-bed ion-exchange
absorbent polymer composition (Sample MB-1) exhibits an approximately 100% increase in
PUP capacity at a confining pressure of 1.4 psi, and an approximately 40% increase in PUP
capacity at a confining pressure of 0.7 psi after 8 hours, relative to the capacities of the partially
neutralized polyacrylate absorbent polymer under analogous test conditions (Control Sample).

(v) Permeability Measurement

A measure of permeability and an indication of porosity is provided by the saline flow
conductivity of the gel bed as described in U.S. Patent No. 5,562,646, (Goldman et al.) issued

Oct. 8, 1996. This method is modified for mixed-bed ion-exchange absorbent polymer systems,
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values are listed in Table 2 below.

Table 2:
SFC Values for Absorbent Polymer Compositions
SFC Value
Sample MB-1 ~68x10-7 cm3-sec/g
(’ ) Control Sample ~10x10°7 cm3-sec/g

Comparison of the saline flow conductivity values demonstrate that the porosity and
permeability of the mixed-bed ion-exchange absorbent polymer composition (Sample MB-1) are
substantially greater than those of the partially neutralized polyacrylate absorbent polymer
(Control Sample) under analogous test conditions.

(vi) Integrity of the Gel Bed

) A measure of the integrity of a layer of the absorbent polymer composition in the
swollen state is provided by ball burst strength (BBS) as described previously. The measured
ball burst strength values for Sample MB-1, Sample ST, and Control Sample are listed in Table

3 below:
Table 3:
9 BBS Values for Mixed-bed Ion-exchange Absorbent Polymer Compositions
' ) BBS
Sample MB-1 225 gf
Sample ST 133 gf
Control Sample 17 gf

A comparison of the ball burst strength values in Table 3 indicate that the mixed-bed
— ion-exchange absorbent polymer composition (Sample MB-1) exhibits a substantial increase in
the integrity of the gel layer relative to the partially neutralized polyacrylate absorbent polymer

(Control Sample) and Sample ST under analogous test conditions.
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Preparation of Ion-Exchange Absorbent Polymers
(i) Cation-Exchange Absorbent Polymer

The cation exchange absorbent polymer is prepared as described in Example 1, Section
(i); (Sample PAA).

(ii) Anion-Exchange Absorbent Polymer

a)  Preparation of Crosslinked Polyallylamine

Polyallylamine hydrochloride with a nominal weight average molecular weight of
60,000 g/mole is obtained from Polysciences, Inc. Warrington, Pennsylvania (catalog number
18378; lot number 455913). A solution of polyallylamine hydrochloride is prepared by
dissolving 16.4 grams of the polymer in 165 mL distilled water. 15.6 grams of a 50% aqueous
sodium hydroxide solution are added dropwise to this solution while stirring. Ethylene glycol
diglycidyl ether (50% solution.), 2.0 grams (Aldrich Chemical Co., catalog number, E2,720-3;
lot number, 07405DN), is added to the polyallylamine solution and the mixture is stirred at room
temperature for approximately two minutes before being placed in a vented oven at
approximately 65°C for three hours. The resultant gel is broken into pieces approximately 5 mm
in diameter, and transferred to a 4000 mL beaker containing one litre of distilled water., The
mixture is stirred gently overnight and the excess water is decanted off. The remaining sample
is dried under high vacuum at room temperature for approximately 96 hours to yield a lightly
crosslinked polyallyiamine anion-exchange absorbent polymer which is stored under a dry
atmosphere (Sample PAAM).

b)  Methylation of Sample PAAM

Formic acid (96% solution), 21.02 grams (Aldrich Chemical Co., catalog number
25,136-4), and formaldehyde (37% solution), 35.56 grams (Aldrich Chemical Co., catalog
number 25,254-9; lot number, 04717TZ), are added to 800 grams of distilled water. Ten grams
of crosslinked polyallylamine (Sample PAAM) are added to the above solution and the mixture
is placed in an oven at 70°C for 24 hours. The gel is recovered by decantation, and stirred
overnight in 1000 mL water to remove extractables.” The supernatant solution is decanted off
and repldced with 1 litre of 1.7% aqueous sodium hydroxide solution to remove excess formic
acid in the gel. The mixture is allowed to stand for approximately 24 hours and the polymer is
recovered by decantation of the supernatant fluid. This process is repeated (about three times)
with 1 litre of 1.7% aqueous sodium hydroxide solution until a pH of 13 is obtained. The gel is
recovered by vacuum filtration and soaked in 3000 mL of water overnight. The excess water is

decanted off and the remaining sample is dried under high vacuum at room temperature for
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approximately 96 hours to yield a lightly crosslinked tertiary-polyallylamine anion-exchange

absorbent polymer which is stored under a dry atmosphere. NMR spectroscopic analysis of the
product indicates that approximately 90 percent of the amine groups in the polymer are
methylated to form tertiary amine moieties (Sample t-PAAM).

(iii) Mixed-Bed lon-Exchange Absorbent Polymer

The crosslinked tertiary-polyallylamine anion-exchange absorbent polymer (Sample t-
PAAM) is cryogenically ground and sieved under an atmosphere of dry nitrogen. A particle size
fraction is collected which passes through a U.S.A. Series Standard 25 mesh sieve, but not
through a U.S.A. Series Standard 70 mesh sieve (i.e. a fraction with particles in the range of

f ) approximately 200 to 700 microns in diameter).

Approximately 0.29 grams of the sieved crosslinked poly(acrylic acid) cation-exchange
absorbent polymer (Sample PAA) and 0.71 grams of the sieved crosslinked tertiary-
polyallylamine anion-exchange absorbent polymer (Sample t-PAAM) are mixed together so as
to distribute the particles of each type of polymer evenly throughout the mixture. This mixture
comprises a mixed-bed ion-exchange absorbent polymer composition (Sample MB-2 of the

present invention).

(iv) PUP Capacity Measurements

Approximately 0.9 grams of the mixed bed ion-exchange absorbent polymer
composition (Sample MB-2) is transferred to a PUP cylinder (as described in the Test Method
section above), and gently spread out over the entire area of the screen comprising the base of
the cylinder. PUP capacities are determined on separate samples under confining pressures of

) 0.7 and 1.4 psi, with the amount of fluid absorbed measured at frequent intervals for a period of
16 hours. The measured PUP capacities at 0.7 and 1.4 psi are shown as a function of time in
Figures 3 and 4, respectively. Selected PUP capacity data at 2, 4, 8 and 16 hours are listed in
Table 4 below.

Table 4:
PUP Capacities for Absorbent Polymer Compositions

0.7psi | 0.7psi | 0.7psi | L.4psi | 1.4 psi | 1.4 psi
(4hrs) | (8hrs) { (16 hrs)} (2 hrs) | (8 hrs) | (16 hrs)

Sample MB-2 | 41g/g | 43g/g | 44g/g | 33g/g | 40g/g | 42g/g -
Control Sample | 33g/g | 33g/g | 33g/g | 20g/g | 20g/g | 20g/g

A comparison of the PUP capacities indicates that the mixed-bed ion-exchange
absorbent polymer composition (Sample MB-2) absorbs substantially more synthetic urine
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Preparation of lon-Exchange Absorbent Polymers

(i) Cation-Exchange Absorbent Pol

The cation exchange absorbent polymer is prepared as described in Example 1 Section
(i); (Sample PAA).

(ii) Anion-Exchange Absorbent Polymer

a)  Preparation of Linear Polyethylenimine

Poly(2-ethyl-2-oxazoline) with a nominal weight average molecular weight of 500,000
g/mole is obtained from Aldrich Chemical Co., Milwaukee, Wisconsin (catalog number 37, 397-
4; lot number 17223HG). A 100 gram sample of poly(2-ethyl-2-oxazoline) is dissolved in a
hydrochloric acid solution which is prepared by mixing 1000 mL water and 200 mL
concentrated hydrochloric acid. The solution is refluxed at 100°C for 72 hours then allowed to
cool to room temperature. Product is precipitated from the reaction solution by adding 256 mL
of a 50% solution of sodium hydroxide dropwise while stirring. The white solid precipitate is
recovered by vacuum filtration and washed with 5000 mL of water. The product is freeze dried
for 48 hours to yield linear polyethylenimine.

b)  Preparation of Crosslinked Linear Polyethvienimine

Linear polyethylenimine, 5.0 g, as prepared above, is dissolved in 50 mL of methanol.
Ethylene glycol diglycidyl ether (50% solution), 0.5 grams (Aldrich Chemical Co., catalog
number E2,720-3; lot number, 07405DN), is added to the linear polyethylenimine solution and
the mixture is stirred at room temperature for approximately two minutes before being placed in
a vented oven at approximately 65°C for three hours. The resultant gel is broken into particles
approximately 5 mm in diameter, and is stirred gently in 500 mL of methano! overnight. The
sample is recovered by decantation, and is dried under high vacuum for approximately 48 hours
to yield a lightly crosslinked polyetﬁylenimine anion-exchange absorbent polymer which is
stored under a dry atmosphere (Sample LPEI-1).

¢) Partial Methylation of Crosslinked Polvethylenimine

Linear polyethylenimine, 5.37 g, as prepared above, is dissolved in 45 grams of
methanol. Ethylene glycol diglycidyl ether (50% solution), 1.07 grams (Aldrich Chemical Co.,
catalog number E2,720-3; lot number, 07405DN), is added to the linear polyethylenimine
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overnight. The sample is recovered by decantation, and is dried under high vacuum for
approximately 48 hours to yield a lightly crosslinked polyethylenimine anion-exchange
absorbent polymer which is stored under a dry atmosphere (Sample LPEI-2).
Formic acid (96% solution), 48.44 grams (Aldrich Chemical Co., catalog number
25,136-4), and formaldehyde (37% solution), 81.17 grams (Aldrich Chemical Co., catalog
number 25,254-9), are added to 370.39 grams of distilled water to yield 500 grams of stock
solution. 46.98 grams of this stock solution are added to 5.37 grams of crosslinked linear
‘() polyethylenimine (Sample LPEI-2). The mixture is further diluted with 450 mL of distilled
water and placed in an oven at 70°C for 24 hours. The gel is recovered by decantation, and
stirred overnight in 2500 mL water to remove extractables. The supernatant solution is decanted
off and replaced with 20 mL of 50% aqueous sodium hydroxide solution to remove excess
formic acid in the gel. The mixture is allowed to stand for approximately 3 hours and the
polymer is recovered by decanting the supernatant fluid. This process is repeated (about three
times) with 20 mL of 50% aqueous sodium hydroxide solution until a pH of 13 is obtained. The
gel is recovered by vacuum filtration and soaked in 1000 mL of water overnight. The
supernatant fluid is decanted off and replaced with 500 mL of tetrahydrofuran. After 24 hours,
the tetrahydrofuran is decanted off and replaced by 500 mL of anhydrous ether. After 24 hours,
the ether is decanted off and the gel is dried under high vacuum at room temperature for 48
hours. NMR spectroscopic analysis of the product indicates that approximately 65 percent of
the amine groups in the polymer are methylated to form tertiary amine moieties. (Sample
NMEI-65)

(iii) Mixed-Bed Ion-Exchange Absorbent Polymer

The crosslinked linear polyethylenimine and poly(N-methylethylenimine) anion-
exchange absorbent polymers (Samples LPEI- and NMEI-65) are each separately cryogenically
ground and sieved under an atmosphere of dry nitrogen. For each material, a particle size
fraction is collected which passes through a U.S.A. Series Standard 25 mesh sieve, but not
through a U.S.A. Series Standard 70 mesh sieve (i.e. a fraction with particles in the range of
approximately 200 to 700 microns in diameter).

Approximately one gram of each of the sieved crosslinked anion-exchange absorbent
polymers (Samples LPEI-1 and NMEI-65) are separately mixed with one gram portions of the
sieved crosslinked poly(acrylic acid) cation-exchange absorbent polymer (Sample PAA) so as to
distribute the particles of each type of polymer evenly throughout the mixtures. These mixtures
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A comparison of the PUP capacities indicates that the mixed-bed ion-exchange
absorbent polymer compositions (Sample MB-3a and MB-3b) absorb substantially more
synthetic urine solution than the partially neutralized polyacrylate absorbent polymer (Control

) Sample) under the test conditions described above.

Example 4
Preparation of lon-Exchange Absorbent Polymers

(i) Cation-Exchange Absorbent Polymer

A homogeneously crosslinked poly(acrylic acid) is synthesized by placing 24.03 grams
of acrylic acid monomer (Aldrich Chemical Co., catalog number 14,723-0; lot number 10115JC)
in a clean 250 mL resin kettle. N,N’-methylenebisacrylamide (Aldrich Chemical Co., catalog -
number 14,607-2; lot number 07620EQ), 0.77 grams, and 2,2’-Azobis(2-amidinopropane)
dihydrochloride (Wako, lot number P2197), 0.093 grams, are dissolved in 96 grams of water and
added to the acrylic acid monomer in the resin kettle. The resin kettle is sealed and purged with

nitrogen for 15 minutes then placed in an oven at 65°C for 16 hours.
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The resultant gel is allowed to cool and then broken into pieces approximately 1 to 5
mm in diameter and dried under vacuum at 70°C for 16 hours. The sample is ground and sieved
through a U.S.A. 20 mesh seive using a Wiley Mill to yield homogeneously crosslinked
poly(acrylic acid) particles. The sample is further sieved to obtain a particle size fraction which
passes through a U.S.A. Series Standard 25 mesh sieve, but not through a U.S.A. Series
Standard 70 mesh sieve (i.e. a fraction with particles in the range of approximately 212 to 710
microns in diameter) (Sample PAA-2).

(ii) Anion-Exchange Absorbent Polymer

0.15 grams of Span 40 (Ruger Chemical Co.; lot number W4250C12) is added to 200
mL of cyclohexane (Aldrich; lot number LR00246KR) in a 500 mL resin kettle. The mixture is
stirred for 30 minutes at 60°C to achieve complete dissolution. Branched polyethylenimine with
a nominal weight average molecular weight of 750,000 g/mole is obtained as a 50% aqueous
solution from Aldrich Chemical Co., Milwaukee, Wisconsin (catalog number 18,917-8; lot
number 12922PQ). A 20 gram sample of this solution is further diluted with 30 grams of
distilled water and is stirred for 30 minutes in a 250 mL beaker to achieve complete dissolution.
Ethylene glycol diglycidyl ether (50% solution), 2.14 grams (Aldrich Chemical Co., catalog
niumber, E2,720-3; lot number, 07405DN), is added to the polyethylenimine solution and the
mixture is stirred at room temperature for approximately one minute before it is added slowly to
the cyclohexane solution with stirring. The mixture is stirred for two hours at 60°C. The excess
cyclohexane is decanted off and the remaining spheres are washed with 200 mL of hot fresh
cyclohexane. The spheres are soaked in 300 mL of distilled water overnight. The excess water
is filtered off and the remaining spheres are washed with approximately 1000 mL distilled
water. The crosslinked polyethylenimine spheres are transferred to a wide-mouth 100 mL jar,
hydrophobic précipitated silica (Sipemat D17, CAS number 68611-44-9), 0.005 grams, is added
to the spheres and the mixture is shaken gently to ditrubute the silica evenly throughout the
mixture. The material is dried under high vacuum for approximately 96 hours to yield lightly
crosslinked polyethylenimine anion-exchange absorbent polymer spheres which are stored under
a dry atmosphere. The material is sieved to obtain a particle size which passes through a U.S.A.
Series Standard 25 mesh sieve, but not through a U.S.A. Series Standard 50 mesh sieve (i.e. a
fraction with particles in the range of approximately 300 to 710 microns in diameter) (Sample
BPEI-2).

(iii) Mixed-Bed lon-Exchange Absorbent Polymer

Approximately equal weights of the sieved crosslinked poly(acrylic acid) cation-
exchange absorbent polymer particles (Sample PAA-2) and the sieved spherical crosslinked

polyethylenimine anion-exchange absorbent polymer particles (Sample BPEI-2) are mixed
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Approximately 0.9 grams of the mixed bed ion-exchange absorbent polymer
composition (Sample MB-4) is transferred to a PUP cylinder (as described in the Test Methods
section above), and gently spread out over the entire area of the screen comprising the base of
the cylinder. PUP capacities are determined on separate samples under confining pressures of
0.7 and 1.4 psi, with the amount of fluid absorbed measured at frequent intervals for a period of
(‘ ) 16 hours. The measured PUP capacities at 0.7 and 1.4 psi are shown as a function of time in )
Figures xx and yy, respectively. Selected PUP capacity data at 2, 4, 8 and 16 hours are listed in
Table 6 below.

Table 6:
PUP Capacities for Absorbent Polymer Compositions

0.7psi | 0.7psi | 0.7psi | 1.4psi | 1.4psi | 1.4 psi
(4hrs) | (8hrs) { (16 hrs){ (2 hrs) | (8 hrs) | (16 hrs)

Sample MB-4 | 30g/g | 33g/g | 36g/g | 25g/g | 30g/g | 32g/g
Control Sample| 33g/g | 33g/g | 33g/g | 20g/g | 20g/g | 20g/g

A comparison of the PUP capacities indicates that the mixed-bed ion-exchange
absorbent polymer co;xlposition (Sample MB-4) exhibits an approximately 60% increase in PUP
capacity at a confining pressure of 1.4 psi, and an approximately 9% increase in PUP capacity at
a confining pressure of 0.7 psi after 16 hours, relative to the capacities of the partially
neutralized polyacrylate absorbent polymer under analogous test conditions (Control Sample).

(v) Permeability Measurement

A measure of permeability and an indication of porosity is provided by the saline flow
conductivity of the gel bed as described in U.S. Patent No. 5,562,646, (Goldman et al.) issued
Oct. 8, 1996. This method is modified for mixed-bed ion-exchange absorbent polymer systems,
as discussed in the Test Methods section above. Approximately 0.9 grams of the mixed-bed ion-
exchange absorbent polym'er composition (éample MB-4) is transferred to a cylinder designed
for Saline Flow Conductivity measurement (SFC), and is gently spread out over the entire area
of the screen comprising the base of the cylinder. The measured saline flow conductivity

values are listed in Table 7 below.
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Table 7:

SFC Values for Absorbent Polymer Compositions
SFC Value

Sample MB-4 ~ 800 x 10-7 cm3-sec/g

Control Sample ~10x 10-7 cm3-sec/g

Comparison of the saline flow conductivity values demonstrate that the porosity and
permeability of the mixed-bed ion-exchange absorbent polymer composition (Sample MB-4) are
substantially greater than those of the partially neutralized polyacrylate absorbent polymer

(Control Sample) under analogous test conditions.
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of at least 36 g/g after 8 hours and (ii) a Saline Flow Conductivity value of at least
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50X 107 cm3sec/g.

26. The absorbent polymer composition of Claim 25, wherein the composition has an

SFC value of at least 50 to 100 X 107 cm® sec/g.

27. The absorbent polymer composition of Claims 25-26, wherein the composition has a

PUP capacity in synthetic urine solution under an applied load of 1.4 psi of at least
38 g/g, preferably at least 40 g/g, after 8 hours.

28. The absorbent polymer composition of any of Claims 25-26, wherein the
composition has a PUP capacity in synthetic urine solution under an applied load of
1.4 psi of from 36 g/g to 54 g/g, preferably from 38 g/g to 50 g/g, and more
preferably from 40 g/g to 46 g/g, after 8 hours.

29. An absorbent polymer composition characterized in that it has (i) a Performance
Under Pressure (PUP) capacity in synthetic urine solution under an applied load of
1.4 psi of at least 37 g/g after 16 hours; and (ii) a Saline Flow Conductivity value of

at least 50 X 107 cm3 sec/g.
30. The absorbent polymer composition of Claim 29, wherein the composition has an

SFC value of at least 50 to 100 X 107 cm® sec/g.

31. The absorbent polymer composition of Claims 29-30, wherein the composition has a
PUP capacity in synthetic urine solution under an applied load of 1.4 psi of at least
39 g/g, preferably at least 41 g/g, after 16 hours.

AMENDED SHEET
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to 55 g/g, after 8 hours.

An absorbent polymer composition characterized in that it has (i) a Performance
Under Pressure (PUP) capacity in synthetic urine solution under an applied load of
0.7 psi of at least 42 g/g after 16 hours; and (ii) a Saline Flow Conductivity value of

at least 50 X 107 cm3sec/g.

The absorbent polymer composition of Claim 13, wherein the composition has an

SFC value of at least 50 to 100 X 107 em? sec/g.

The absorbent polymer composition of Claims 13-14, wherein the composition has a
PUP capacity in synthetic urine solution under an applied load of 0.7 psi of at least
44 g/g, preferably at least 46 g/g, after 16 hours.

The absorbent polymer composition of any of Claims 13-14, wherein the
composition has a PUP capacity in synthetic urine solution under an applied load of
0.7 psi of from 42 g/g to 61 g/g, preferably from 44 g/g to 59 g/g, more preferably
form 46 g/g to 57 g/g, most preferably from 48 g/g to 54 g/g, after 16 hours.

An absorbent polymer composition characterized in that it has (i) a Performance
Under Pressure (PUP) capacity in synthetic urine solution under an applied load of
1.4 psi of at least 35 g/g after 4 hours; and (ii) a Saline Flow Conductivity value of

at least 50 X 107 cm3sec/g.

The absorbent polymer composition of Claim 17, wherein the composition has an

SFC value of at least 50 to 100 X 107 ¢m’ sec/g.

The absorbent polymer composition of Claims 17-18, wherein the composition has a
PUP capacity in synthetic urine solution under an applied load of 1.4 psi of at least
36 g/g, preferably at least 37 g/g,after 4 hours.

The absorbent polymer composition of any of Claims 17\-18, wherein the
composition has a PUP capacity in synthetic urine solution under an applied load of
1.4 psi of from 35 g/g to 50 g/g, preferably from 36 g/g to 45 g/g, more preferably
from 37 g/g to 42 g/g, after 4 hours.
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41 g/g, preferably at least 43 g/g, after 4 hours. yaas

4. The absorbent polymer composition of any of Claims 1-2, wherein the composition ' '
has a PUP capacity in synthetic urine solution under an applied load of 0.7 psi of ’
from 39 g/g to 58 g/g, preferably from 41 g/g to 55 g/g, more preferably from 43 g/g ! ’
to 50 g/g, after 4 hours. s

5. An absorbent polymer composition characterized in that it has (i) a Performance
Under Pressure (PUP) capacity in synthetic urine solution under an applied load of
0.7 psi of at least 30 g/g after 4 hours; and (ii) a Saline Flow Conductivity (SFC)

value of at least 500 X 107 cm3sec/g.

6. The absorbent polymer composition of Claim 5, wherein the composition has an

SFC value of at least 500 to 1100 X 107 cm® sec/g.

7. The absorbent polymer composition of Claims 5-6, wherein the composition has a
PUP capacity in synthetic urine solution under an applied load of 0.7 psi of at least
35 g/g, preferably at least 40 g/g, after 4 hours.

8. The absorbent polymer composition of any of Claims 5-6, wherein the composition
has a PUP capacity in synthetic urine solution under an applied load of 0.7 psi of
from 30 g/g to 50 g/g, preferably from 35 g/g to 45 g/g, after 4 hours.

9. An absorbent polymer composition characterized in that it has (i) a Performance
Under Pressure (PUP) capacity in synthetic urine solution under an applied load of
0.7 psi of at least 40 g/g after 8 hours; and (ii) a Saline Flow Conductivity value of

at least 50 X 107 em3sec/g.

10. The absorbent polymer composition of Claim 9, wherein the composition has an

SFC value of at least 50 to 100 X 107 cm® sec/g.
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32. The absorbent polymer composition of any of Clalms 29- 30 wherem thc
composition has a PUP capacity in synthetic urine solution under an applied load of

1.4 psi of from 37 g/g to 56 g/g, preferably from 39 g/g to 52 g/g, and more

preferably from 41 g/g to 48 g/g, after 16 hours. ,

L
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33. An absorbent member for the containment of aqueous body fluids, which comprises

at least one region comprising the absorbent polymer composition of any of Claims ,
1-32.

34, An absorbent article comprising a liquid pervious topsheet, a backsheet and an
absorbent core positioned between the topsheet and the backsheet, characterized in

that the absorbent core comprises the absorbent member of any of Claims 1-33. ) '

AMENDED SHEET -



