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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 107 cm3scc/g.
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honogeneouél‘fcuswﬁﬁmees of ani on exchange pol yners can aI so be used in the

present inventi gge aniéﬁt:&%ﬁBP'r@IateH‘t&télk&%exﬁfmEthéﬁ'do ﬁSﬁn?QhU%ﬁVé -8&tfBeae
and crosslinked poI yaI | anm ne cg q@%gsed in the presen ention, S
1 0 !'UN 20830 Q’QIYMB position.Aod s ent articles compyisinguigh °a‘sm‘iiﬁ'i’°t's of a
m xed- bed i on-exchange conposition, the ani on-exchange absorbent pol ymer
starts off from about SO%BMEGMESCHW%NQFMBRAMH 80% t o about
100% nore preferably from about 90%to about 100% _in the un-neutralized
base form ' | nFiguftel rdppesemxa mliemtnd:tmawowwmags ibﬁnaasuhyg olie Pérformance

m xed- bed {0 a osition, it is desirable that
t he absor bg ?er (ﬁsg' Qﬁﬁﬁﬂ@? '%ﬁ&taﬁ |on[r§§<¥'§§rgge capacity per gramof dry~

polymer. Thus, it is preferred that t he i on-exchange capacity of the

ani on-exchange absor bent pol yner conponent is at |east about 10 neqg/g, nore
preferably at |east about 15 neq/g, and nost preferably at | east about 20
meq/ g. (ii) Cation-Exchanee Absorbent Pol ~nners Absorbent pol yners useful
as catl on exchanger s) typ| caI I y have a multi pI | CI ty of aC| d f ) funct| onaI

p— o o
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in greater detail, for exanple, in U S. Patent 4,076,663 (Masuda et al.),

i ssued February 28, 1978, and in U. S Patent "4,062, 817 (V\éstermﬁn)! '\li med
- Decenber 13, 1977, both of which are incorporated by ref erencel Ui

O efinically unsaturated carboxylic acid and anhydri de nonomers include the
acrylic acWix9%3#B4tf i ed by acrylic acid itself, nethacrylic aPf8/1B98/02086
a-chloroaerylic-acid, a-cyanoacrylic acidr ~i-methylacrylic.acid (crotonic
acid), a-phenylacrylic acid, ~i-acryloxypropionic acid, sorbic acid,

a-chl orosorbic acid, angelic acid, cinnamc acid, p-chlorocinnam c acid,

~i -stearylacrylicg 1 0 JU-—~ ZOOZ WO 99134841 PCT/ | B98JOZ086 - _ . -9
acid, itaconic ddswe 2Esnrosertyan enlargedsectignabien ptthe pisten/cylindes assembly shown in
aconitic agigye Bl efic acid, fumaric acid, tricarboxyethylene, and malefic
anhydride. Preferred,cation-exchan absor bent _po rs contain carboxyl
groups. These pﬁ{'mﬁsgf?*’mcﬁ% eﬂ‘l‘i’ﬁ?@?ﬁ@ﬁ'%ﬁ%{? é‘ﬁ-ag{"?‘?ﬂ“bﬁ?lﬁ'?‘ﬁ gompositipns of
copol ymer s theppresénalinventienuarndathe Zeidr st wherg RUP sdpaciohisan¢agired iundeérl £ clifiirg
copol yners, essguarggpdg giyl ic acid graft copolyners, partially neutralized
starch-acr frl c acid gr aft copol ymers, hydrolyzed vinyl acetate-acrylic

est er copol yrer Figurg drassppically depigts BHPtcapacity data &arrapsaxbentl polympntompmsitipns of
SLTGNETY NG Bfelont i3 lid ROHE Prib FRFS whire F0P Slpalifyeis! RESEIR WoaéiOP BbofiTfleS:
pol yacrylic acid, and slightly network crosslinked polyners of polyacrylic
aci d. Thes® 5o REL-4 Pllan be used either solely or in the formof a nixture
of two or nore diifrerse iprazenty Eeschemiticanievest o appresas R profdrin hbsBibentar €
di sclosed in, U S.  Patent

3,661,875, U S tent 4.076,603 U.S. P
4, 093, 776, PO porp@ion sy B e of BeEqhgeniar s Ball Byt St (BB el
polymer mat eri alRigdrert tepeesénts askhengtit Ivieve af b apmratisafoy anaabwringhthe tBajloByrser s

are slightl ' . pol yacrylic acids and starch
derivati vesgrteﬁébggég) Q%reaﬁagéphﬂé@wéﬁﬁpﬁg&#@%der s the polynmer substantially

wat er-i nsol ubl e and, in part, deternm nes the absorptive capacity and
extractabl e pol yner cont EETAREDIESCRIPTION OF DVENHONent pol yners.
Processes for network crosslinking these polynmers and typical network
crossl i nki ag fini described in greater detail in U S Patent

4,076, 663. Wi le, the cati.on.exchange, aQsqr.ben ol ymer . i referably of one
Cype (1o, hongyb e RS EP2 206y ™ NaRT oRPluaB uetEE biosd ket i “aey! e
used in thalighagent i nvention. For exanple, mxtures of starch-acrylic acid
graft copol yners Lght wQ 1cOstile! SRR PLeYIELS i C
acid can be used“lapl%dﬁle‘%rgg’e@eén?ﬁflnvm‘iﬁgn. \ihen ugedéfgs a?'fgg%ggy%&ggégl- bed
i on- exchandEerasdpy dissplying 2:08Keh 20 Neo§Hahde s a%%bB@mtO-fﬁos 4 )2HP Q4105250 f

from about ©@615-2H30044d 01504 MeOr. iR | distiAEONALerds Yeldbnd igte of dddién, NOT e
preferably fromg bgﬁt 90‘;?%0 gbgﬁ?ﬁlog li n th 4 ) :

% & up- neu¢1ﬁr | i zed, aci (ii Eor
In order to maxit YsddemEin i term Homgiehangs capacly” Jeiers i ¢ 5%‘8‘&95"?&10’ calculate
i on- exchandgen-akxhaugessapacite lof ter potymgyas ipblyaters intmillequesenta péregrat absuintigg that

cation-exc : ' ' ] per gram
o ry pol yaap it BFitia & Yald Ebu GRofedefi AR BRITSARARGN, DT O R0
cat i on- exchange Apussdiherein, thel orme ‘abserbprsrrelymer’srefers toempalymerowkichy ismapgble ofror e
preferably @orb@g iR et pSlymErlatdleast MONHMEY & REBhChARidhiRH WASS hilékRp tforl O
meq/ g, and npst preferably at | east about 13 neq/g. (iii) Conposition and
Common Mat eddjustmanf ofhe pHokthe ¥steyi val ents of anionic and cationic exchange

capacity may be Rgusdd Wireifli thé @rntabbdibént Rokd Xefeks 16 dhd EdingonERtasTORe absoetiehent
Cqut val ent GURe dhiolsi REAPIE o e 105 fuldChindine AReSretal B ATRE M
WO 99/ 3484 lacquiting, Pandpdrting) Cdizributing Ghd | ﬁ&ﬂigO&ﬁEGﬂdighs.chﬁmh,a.tle dbpdsrbent core
alter the prPyBiest SuiRIBRRRAb Rt er PAGBHIPHERUbIEUHEE | 10" 0

M xed- bed i on- exAhaseddemins dreiemt "abssirheme member]) oeférs iaothe cdmmdnieghoﬁth;a(ambeat ion
absor bent c i an:4fil.0) i L ehe: . .
ransport | g st BpRaly pivide e 3P it} At foRfing Jrinehledch ¢ PR, &g auid,
Thus it is dietsibution) Buidotranspostation; flvid sfgrage elai Thebahsombent memhestcam gomprise the

| on- exchanggyifd A6kttt cleSr Al & pERIANGY MO BSorbddf cbide id. theMhBsBABRcore can
aggregates of hjgh-surface-ar€ea (e.qg,, small, and/ or_ porous articles, with
a broad or PMANSWOPRCT iMAR agﬁogl}gﬂﬂmgkfr&uirﬁﬁﬂfﬂp(wé) ab&FW‘EP } compqgitiong o
ani on- exchadwgeéritrld Hefdpe e gasticuiary uséfal inCabsdriént nvdnitieisnwisas® Ipkieitaryd fumeivit is theous
dormai ns of e.g., the cation-exchange absorbent polymer, (iii) particles
that contai n bicontinuous domai ns of both ani on- and cati on-exchange
absorbent pol yners, (iv) conpositions in which either the anion- or

cati on- exchange absorbent polyners are in the formof fibers, (v) fibers
that contain discontinuous and/or bicontinuous doneins of either the anion-
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-11 that the fluid is nore slowy absorbed and nore poorly held by the
absorbent polyner in the absorbent article. It is-also believed t@t
‘extractable polyner is particularly deleterious in mxed-bed i dh izg%e
absor bent pol yner systens. because sol uble polynmer will tend to mgrate'to
gel parti ovo99B4mpri sed of oppositely charged polyner. The tREX/[BBY2086 S
will self neutfalize, thereby reducing the ion-exchange capacity of. the
system Because extractabl e pol yner ef f &%t i vel y 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
absor bent gotagenef aquepust bady fluidse nHowewnes rthése reomippsifienspmay also dd présant inhathdrevel
of extract ghb®eRGhedibers. be about 15% or |ess, nore preferably about 10% or

| ess, and nost preferably about 7% or |ess, of the total polyner. b.

Physi cal Proper ts ased hereimethe derms eagiant’c pr hoes@h'rrefe(rmmpnmas»msmm imh the '
Demand W\t makrosdobid sénse, OF a Ab¥BibEntGnefitbenr bence can provide informati on on the

ability of a hi C centratlo zope . or layer of. th sorbent polyner to
Sbsor b body 11 iS5 R BHELErL & Rogion ot g Moo Bcls vaoseasy
5,562, 646 dicmhsiomraretlong |t$ ldngfhumd vﬁl‘ithOﬂEﬁhoﬁld O Arfilestodd Wh4l. thPtHrﬁrlhydi iPfdl, 33S
(Coi dn’an et a.sal)il hiRnittd QO sm laey'erslc?rgst eets gf 15e$$agfri %ﬁv\%ﬁ%ﬁe{g calg%g gmpgsidmp)

Gavinetri C ﬁ\ﬁ)SO bence T8
In a PUP rrbaenamrrgncomlamtnom tof sseverald sheeta bsrowebm of she yeqiisiteotype Sift matarials.
100% CO“CGREE&&nhw théteﬂ:?Elhilér"iﬂ@ﬂdésrlh@teﬂhss"l@@{sﬁXde ﬂ&&%&dappar atus (where the

bottom of the cyln er l[i)ermea e to soldtion, I nperneable to the
absor bent pol ymdfysed amé %Eha‘fﬂ“ﬁ’a'Fm&OWF?%‘FPWW%WP@“%H‘EF“I@%WM& to

abgor b syninadike @anlbé am;@mly&mpwyeamdara:dgmmdah&anb.mﬁuo-ﬁondd&mﬂgy tﬁé te?rﬁro )
hydrostati g suctiagn Ei?f cﬁ pressur e, The g'#f’ &g
defined as THWI§Pg ?B?BP%&?‘% ‘B?’eéif‘rf &t °6'“ﬁr‘i°ﬂﬂs U8 “ﬁf"l“ Sb?)a & S‘tj'ﬂcrre

| ayer of tbg" ﬁ\mdattae mtorerektyintive, terisihaeing dieirgtandardl nreening acherdentonh ticthé an.
appl i ed pressur I r it . a
critically inp EAtl ?Of%c 8pér%ty fa'?}gl pta%@gr sgc?\thCA Lﬁ%fmﬁ&ﬁﬁgﬁﬁ Xth%rgvbseat

hi gh concemeﬂé'leﬂons |n an absor bent nenber. Usage pressures exerted on the
absor bent pol yrrwnspubmhy.sie.ma%fbrems basurmb hBfefiSatt F&Srpfo?at&l by fe¥erdrcE the Rset he

B S0t S0 R AL ey i sorihion with 6 e S e ARPRFY | on

corrponents)aln t.he absgrbent coretthat tenporarily hold fluid before it is
absor bed by- the%?é%ﬂgggmm |s believed that a total pressure of
about 0.7 psi (”n@ 8&?&} |dv'§mfo‘?.f JeE&E' M‘;H) togkb%gx%gxm ;fb{l{]&%e&ﬁwgglﬁ&?s%ﬁﬁsexﬂﬂnt he

absor bent poly
condi ti onsveraqomelvebsorhmm 0ﬁ|syantlcawmel MW“p\’@SE@Pe@Pb% leads @s U@" as high

experi encegerwa&h@ 8P 'ﬂfv‘ﬁ'ﬁ: sﬂ@iléf{%te mﬁ%&rﬁjéx@ 'BoHFHé? Eopstttfoné Qf'ﬁietdré}@&
Thus, it is desirable tF1 he, absorbent polymers of the present invention

have hi gh puentongachreferb! Vi “}fr ean o 43%“’%96 bed idhrrschange aows'ttog vhighrsemprizes

welll as hi |d ah aSaJnLdaehaEng laBsorbeht Polynet akd la g&mﬁ. éﬁﬂxﬁgé 3&586}] lbed?Ciﬁlﬂaﬁé}B/h TheR86 - )
- -12 Conduc IVIt referre t.hat., the relatively high PUP
capacity vEIS &ed xegel{ gl'?{'eﬁ‘cbﬁ‘"ﬁﬁlﬁ"pc’si %arﬁg?scf)gedt'ﬁgftail% lIPgSS than the
duration of use (e.g., overnight) of articles conprising the present
absorbent conpositions. In this regard, the absorbent polyners wll exhibit
this - inproved absorbency when PUP capacity is neasured for a period of,
e.g. 2, 4, 8, and/or 16 hours. A nmethod for determ ning the PUP capacities
of these absorbent polyners is described in the Test Methods section bel ow.
The nmethod is based on the procedure described in U S. Patent 5,562, 646
(CGoldman et al.) issued Cctober 8, 1996 (incorporated herein by reference),
and—+s nodified to run for |onger periods of tine and under various desired
confining pressures, in order to sinulate particular in-use conditions nore
closely. (ii) Perneability of the Zone or Layer Conprising Absorbent

Pol ymer ) As indicated above, a requisite property of-absorbent polyners of
the present invention is their relatively high perneability to fluid. In an
absorbent nmenber or article, this directly affects the ability of a
material, such as a |layer conprising swollen absorbent polyner, to
transport body fluids away fromthe acquisition region at an acceptable
rate. Perneabilitylflow conductivity can be defined in terns of Saline Flow
Conductivity ("SFC'), which is a neasure of the ability of a material to
transport saline fluid. A nethod for neasuring saline flow conductivity is
described in U S. Patent 5,562,646 (Coldman et al.) issued Cctober 8, 1996.
This method is nodified to account for gel bed deswelling during the
neasurenent of nlxedbed |on exchange absorbent polyners ~as described in

- — . AR A 2 1 . 1. .




-thus decreasing incidents of |eakage, especially at high fluid |oadings.
Desirably the porosity of the zone or layer conprising swollen absorbent

* pol ynmer approaches or even exceeds the porosity of conventi ondl JUN 2002
acqui sition/distribution materials such as wood-pulp fluff. See U S. Patent
No. 5, 562, QiPeodsgsued Cct. 8, 1996 to Goldman et al. (iv) | ntpegyisdg/oz0ds t he
HvdrQ e~ 1 Zone'qr Layer Another inportant factor which affects the
transport of fluid in an absorbent menber’i s the integrity of the region or
regions that conprise these polynmers. Such region or regions having the

hi gh concentration of absorbent polyner shoul d have sufficient integrity in
a partially wat Mixdd-Bed Yori-Exxtaieaibgorbent Rolyim@is t he physical continuity (and
thus the capability of acquiring and transportl ng fluid into and through
cont i guous i nt erst ChemicahCompositiapi | | ari es) of the absorbent nenber is not
substantially disru ted or aItered when subj ected to normal use conditions.
During normal use, (b Absarbes enst articles are typically

subj ected to tensi onaI and torS| onal forcesof varying intensity and _
direction. Thes&haasinsieyphangs Absorbshtqrolmer(s eantataing wepkrbase sraven inelnde A veninty

crotch areaef ﬁttaemdmma lﬂmdwatwﬁenme fpelyafss. asTHeke aﬁﬂ%ﬁll%ﬂiﬁhﬂﬁ&r&shﬁtmd
absor bent ar dthellke If wet integrit

oﬁl cle h uat
i nadequat e, P wﬁ@ §P'e}ﬁ'£ E'ﬂ'ﬁ'?"s?@?fﬁf ynstigual grolps, ch 36 iPEmagy, Sergr
subst ant i al andlok esriddry ammm,ourq:hoshhmu ptExamples otftpelyphysstﬁabiecfont:sermrdinymol‘udé he

absor bent nber, .su It | Do and. Lrans ortin
fluids int g% %?dvht'%‘rfre Bﬁpﬁﬁ%fconqcl guous ZLMLYD gémg%%@g‘? ar| TS grYP °g‘jrgé gﬁ
The | ayer cwhiph cai b@cmsmdowrhastpetoyma#ﬁﬁcmlmrpmm all"hb}s, seqhamanamtrs imeluflel| | vy
separ at ed, baeeewmap%omt.r&mdsec&m@ &' Rfttary Rifindd! Br %ﬂﬁf‘f t&aﬁtegésénm.oaed

and/ or be broken up into plu of si nlflcant er segments
Such al t er JPPRAMEEDHE ad%bnt "rﬁ’?%‘ ‘H?“‘E‘dﬂvpﬁ“@t‘%\“?"ﬁé@’dt‘@“%@n9"3dﬂvt9ﬁt‘hﬂ daane, 4-
porosity arutmaafuteaa,tuutyl loxazolifey, c.ﬁytmtmhmwet S’-aﬂlirﬁ:ﬁ)eﬂtéﬂeeSaxﬁf)dltnkiﬁesﬁhﬁﬂﬁlbﬂ'ﬂe,
pol yner. t he, zope. or absorb

I nt eqr,l LSt n
can be achi @S’é‘&‘“&c |'tl5fin§e f‘bwflbgs F'égecﬁt' %f‘f[gg% F“’%}U@S 3%37"8‘?5’ e
confi gur at i funetionglogpops twhicks ,cast be ,indorpardted aﬁ;r pol)amc}xziﬁbri\l inglok: \ﬂ!&y&ﬁﬁr&;}841
PCT/ 1 B98/ acTepel-Y g {.gh concentration of
absor bent %@ﬁﬁ'e’maﬁ?ﬁ ﬁﬂ%%qgg%rrg'onent%?ﬁy? %ent core (e.g., fluid
acqui si tion rrenﬁ@!ﬂ%')m"‘tﬂmjs whish do pefegnfaiarhase srﬁunsrfen abebs instded,usyadly én yinog . |
t he t opsheeimaing, @ grtgﬁﬁk%hﬂ%}m-&emgwa@oﬂmt?a ynk¥is Rérein %@ aB&?Mf‘ﬁmﬁﬁers See

reterrod O SR b et lrers, Spehanert il e Rmalyatte tnd bishes SR

and the ' adsupolymevsy; ho mgjigtueesnibindy) tof tdififalerit dtoanbbdymetsoomobrmtshe'rhe pityrhearsit

bei ng bound | j d
ol yons. andeyabTandont, paf, bR cofofilrk it e S Br GARGS drlicainder 0°
particl es whi chThe eolymeesr aratrendered: waterriagpluble, olpposatereq“gpllebiar @e@ @bemheéow n
adj acent paﬂég'r&'o?%rossTEklﬁgC@Hﬁ%?ay%etamla%d @y TR @b aﬁﬁbthalﬁoun@gf@ﬂltﬂge

pollymer particles to be éstabliShed in the zone er co L5|n

absor bent pePsHigking panqmas dukngthe polymstization Fraction. xa}“PX n%‘/‘ B "\%ﬂ?‘geri one
or |ayer. thee lmNelgémyun@tsatrbanﬁaglemmeL glgéol Cdm’péth)mryildﬁe omteﬁwpropane
conposi ti on rese i nvent ion.can be asur u rst
Strength ( g’ ﬁ’b‘ &8'"Bel ba\ﬁ/"ﬂ’f‘ﬁec%"a‘ﬁungﬂrmtd g‘t Zlkf;t hAme ﬁ‘(’fll’f’ lrl“ce
(grams for cpc)lymerq kan @cbrbsslmk;ﬂb&emcﬂwﬂamomﬁy @mactimb ydthbe sititable [cyoselinking agent
conposi tion JcH?E dL }‘6@1 ﬂa‘?%kehﬂeﬂ&ﬁ&%m Tr{d/drrlﬁ or| E@?/%B&Q{mu ou}?&&' Yi¥&nples

conposi tions I nvention w

necessari | ymchelc/duodosssmmldtfélompmant,@étytlenatsimol sltzlmldylmﬂreo ﬂdeﬂlerh&bl yihat

| east about o bABnkl ma$t bé | naFRY; enesnﬁ,t echahwe@ttmloegﬁm atlaeu el 1pAGAE, 3Pdnat ivk!
nore preferably at |eéast about 20 pically, .the BBS val-ues will range

fr om about B&T‘?S‘“élbtﬁ?t““’l’ﬁeﬁdg‘im’“ﬁﬁ‘g‘Wﬁ?ec"ilﬂl‘%lpaﬂﬂ?n about 100 to about 800

gf, still nore thlea{hEYaﬁnbﬂ-Bkc’hbﬁgét aBdofbehD pabambr 40 Preferablyd ofiDsie typpi (il | y
from about 200 to ahout

|l cat od. aBTOREenRBE PLIES ot i TTEe POITE SRR RS 5 PP She e el o

i nventi on aFer éxdample, mbitired yf ¢rosshiltied rpolyethlyehiminé ynd enosstinkedapdlydllylaminef cab dey
fluids underseg @\7\/& e sdetélt %d as PUP capacity) and their ability to allow
fl UI d trans ortln Vﬁn ShrRee- acquisition region at an acceptable rate
(i.e., permeability, defined herein in terns of SFC val ues). Various

enbodi ments of the present invention are discussed belowin terns of SFC
and PUP val ues. The PUP val ues under confining pressures of 0.7 psi and 1.4
psi are described separately. O course, it will be recognized that certain
absorbent materials will exhibit the descri bed absorbency proeperties at
both 0.7 psi and 1 4 p5|. (|) SFC val ues of at Ieast about 50 X IO 7 cnB
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capacity, after 4 hours, of at. | east about 35 g/g under a confining -0
pressure of |.4 psi. Preferably t he pol yner conposition will have a PUP
‘capacity after 4 hours of at |east about 36 g/g, and nore prdfgriN 2002

| east abo, ) under a confining pressure of 1.4 psi. t he !
pol ymer c%ur?p%m ‘{‘on wi |l have a PUP capacity after 4 hours o?%@cﬂ%\é‘ésout 35
g/g to about 50-g/g, nore typically fromabout 3b g/g to about 45 g/g,

still nore typically fromabout 37 g/g to about 42 g/g, under a confining
pressure of 1.4 psi. In a simlar aspect, the absorbent polymer conposition

wi |l have ~a RiffenCaR@Chd gan afft £'mRed1B&H Fon-&Xbhade |c’3ﬁ1§$snﬁ"d?|0%e %ﬁ.ogfesach er a
confining pressure of Preferably, the ogo ymer congg{sgl tion

have a PUBPSOEiSHEPRlymss it@?s %f?rf about $0% 19’ abpy; 109%y prefyrty aBous $9% to about
PCT/ 1. B98/06¥43fore prefgrably_frbﬁ} abolit $0% tadsit mb%utn tBSurdhetralded bﬁ@arf@mpr eferably

e oty ror e gyl o nglah AP o5 et oSk Rty

about 36 gbUnteo calapositidng igisgdesivable that phc: abdoybehr polymbio bave38 highgioh-exchbget 50

/g, and

Qonti i ng Shcley BB a0 &7 poibmbf. CTHATRAL ‘*Sﬁ"%??*aﬂ?“'aei’m%chiﬁ%ﬂaﬁgsfg%ﬁéﬁt ]
pol yrmer cenignskehange ehsmbemmrmgmpea@w gtyleasaﬁwrl anegl more prefesablyl atast
about 37 ﬁugtaﬁp‘@qus riegfid d Rb& r&ﬁﬁﬁ@%fﬁaﬁabo}aéf%@%/% Preferably, the pol yner

conposition w have UP capacity after of ~at | east about 39
glg, and nore prefipr agﬁtjbnegxch@mbamwpémgg under a confining pressure
of 1.4 psi. Typically, the polynmer conposition will have a PUP capacity

after 16 hour SAlssbrbfeﬁopnlymmlhnsaﬂl & eption exdhanger(SHtygically haveen inyltiplicityl of detdom”

dbdut 39 bout 5 t, JIRL e i to
about 48 g‘f%t O"al ly sugh? cor?? Qﬂl n%é"!i %JI’ eéxxﬁp%ngpéamn' Rl?l%%l:p&flyvg ugs )
of at | easmt@!mtw uwoemmlnoclvdq:tt@ss wbich almerepﬂfe% trom ndmmwn agidseontaining
encoﬁpaSS%nagégr BERbndiRd G&{mﬁﬁgm.%ankm rgso ewhm cah be ‘é@m‘:%ﬁ@d acid FJOG

about 500 7 cnB secgge ese enb t he absor bent
wi Il pref aftahpslymerizatiom wm@mnweratnch\éaﬂeﬁa%m u'w@wr%sedlwwwaa@@c/ g,

nore pref ah@mnu dMdes, et mdldered tRGRELAX The Zammem/ge Emrs:a&d Ylso tom nse
absor bent rrers will have an SFCléa‘ﬁﬁ from atb‘g 8Eabo t
oS o BB Tt afer o esaired o, crof ity abB RS mbmerso Egmpls »
sec/ g, anqbolyhnekd incinde t pglysaedhlasidé-basad apalyners 0Gudho aab carboxyb@thyk ﬁﬂ‘cl? emB

sec/g. The tﬁ’%r ab.f g,g,l YIR" %,qabtauamas@a $osﬁ.§ﬁr§u§.?93 gélg(aﬁit}ﬁlcaa%ﬂﬁm

in terns o to a hetic urrne un I nin
pressure &PrQ despription ﬂf pﬂw@me‘ga‘ﬁﬂ) agmbqnh@ehmeﬁn sees| far example, 4. Sat?s@nbent
pol ymer comagdies, RucdasdpRentdr 2] 19938 DBnddRglQ% aF] KERHIIS ihdHiBkatsdP R&EintdY | N
synthetic urine 'sol uti on of at |east about 30 g/g under a confining
pressure &F°EM€ psi after 4 hours. Preferably, the polynmer conposition wll
have a PUP capmet yon-zmcsmahdsmérs @an am bamchﬂhd;tusuuMydﬁ ndior| areits,cib @rdparidg g/ g,

f ’
o dsour o S HRoBIoNmar Aatin® WU aSiadt Rk oo HPHAS o BRI AnERMSHD) 19
capaC| ty cbnfaining thb&ltom ubes @ﬁ)ﬁxa@mal &t@lllgi garbamdatm;r gulfoygp @stersyhydraxd
about 35 %&;& glto gé mqm @&t I niftitd' Be0Ss, W%ﬁgﬂﬁmaﬁ@&p@waﬁn of

0.7 psi. absor ben | yner conposition will have a
PUP capam&"}“ﬂslﬁe &yPRq‘l& s*eunﬁr ?‘ﬁh a§81°§& '#eaw%fw'atsw@aﬂona'asm Othsr gptipng)iger a

confini ng a@ftﬁ‘%ﬁﬂbxﬂel@f inClude Rﬁkatﬁfafeﬁrhﬁr&bﬁtbbﬁs sﬁ’dlﬁﬁﬁre&bleﬁe Fh@yl?ﬁ YiRitene,

1 |1 PUP 1 f t | t
P or Ll Pundiens. 284 ‘soptsat. Hasegnen-heid mongmers aeoveibmaun mpiehafhand it ST Bed 1 o

of 0.7 psiin ghyaeraiztaily fortdx@mple] IS, mamposmcm Mdstdaetval.) aisstelP Febrparg i28y  of

about 50, oodS.aedh UEs- At 06 S AR, ¥ ey .07 B hRp e 1

anot her siintdrporated peodferericee absor bent pol ynmer conposition will have a PUP
capacity of at e I;

aftor 16 nour sOBRRALF Miishutly Suboldlccheid aREIUHAD BTG IEIRE e dordfc
of at | easacidstiypifieddwy asrdic aanddtsn&ffreet aesylicragidh g-chiorqagrylje aﬁmyanmcg)'@ agidt er
16 hours, ﬁlﬂgﬁ{ylacryhl Hid) l‘;.%t&gg %c:dyu%ﬂ&?yfa%ﬂﬂ cngﬂ |@&$f 18pRepionic dchd, 3sorbic

confining pressuré of pi.cal ly), th nmer canpo; |on w || have
a PUP capatcid: V@!‘O'P?QSWF&HSUWSSB" Qf“g ?‘6“35{5%6?'3-5@ rgcm cﬁ‘b‘ﬁ’e l@?ﬂ'l'if
fromabout 38 gtg to about 53 g/g after 16 hours, under a conf| ni ng
pressure of 0.7 psi. These enbodinents al so relate to an absorbent pol yner
conposi tion having a PUP capacity, after 2 hours, of at |east about 25 g/g
under a confining pressure of 1.4 psi. Further, the absorbent polymer .
conposition will have a«PUP capacity, after 4 hours, of at |east about 27
g/g under a confl n| ng pressure of 1 4 psi. Preferably, the pol ymer
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Crosslinking can be effected during polymerization by incorpor at| on of

sui tabl e crosslinking monomers. Alternatively, the polyners can

- crosslinked after poI yneri zation by reaction with a suitable ﬂefhdu\\/éﬂﬂz
crossl i nki . Surface crosslinking of the initially f mer s
is a pref e%e%%gr ocess for obtaining absorbent pol yners havi g{gjﬁﬂebl théséel y
hi gh PUP capaC|ty porosity and perneabifity. Wthout being bound by

theory, it is believed that surface crosslinking increases the resistance

to deformation of the surfaces of swollen absorbent polymer particles, thus

reduci ng t hgy deg6MREaQdl, &Qaéoﬂgacﬁefn‘é@d‘?ﬂm@%:g@&Eéoﬂﬁaﬁeﬂl ¥PalicRRId hﬁle ac%en

the swollen particles are defornmed under an extern pressure. ace
cr ossl i nkefimasisdFMetricarexxetiyiese,pad maleiqanpdiide) evel of crossl i nkl ng in the_

vicinity of theraméda@ﬁomammga abktﬁbénnbaymars coigin us:edx)lngfoebﬁ TheS&!pd

d b th th ticl bent
ol yrers. ( nege8 HyGray@s AreRarbariB enh pSNBRT. | i enisBiFed oo yszgéne”
al so be i n&hmﬂﬂd'}'l@!trlb grafy hepOI)l'melstam as':r)dsEabldrﬂ{afngopalyntei'sepatlatl)amtrailied| s

t th t I f
e vi cPaifiacf, add SrRlopBlers; Hyiitied (Vi RetalelieryHdo S dhooie ™"
functi onal hzdfglyqu asrdonigile tﬂhécwbwf?ﬂe?OPPWrﬁe slightly retyrork meslgkedjaqlb'mprsmf

crosslinki %3Fm%fr%%p$l9mb@t yae,ryneaad vaaxhghh%awonc é#sggr.ﬁkearadn e f' e

A nunber of pI‘OCESSES or I ntroducing surface crosSslinks are disclose

the art. SBelyagsylle agid hgse mmeﬁmé@é%dre@sq Toleky Prgn s dprrief & mixdure %@p@r( i)
a di- or peiloye Hiffefent polgmerscaBouniptes ofahesb|polydder I’nﬁﬂ@i‘aisr@e Wist16sedxin 2.5 NBatent

f ti I t ' ' th f f
ths. absor bAVPLATT Pttty hpfe @bgsﬁr%?ms%ﬁp‘%?ﬁ{?ﬁé-t‘?é AR 86s50. pEy S Badie ©
capabl e of 4/784418.ng with ot her added reagents and possi bly existing
functional gr oypsy Wrdbirdy HBRmRP SRkGRR! foPQIsWTFrmﬁMfghth@Scaﬁ&x- m&f‘g?%swau

| evel of crosslinking at the surface is applied to the surface g he
addi ti on oPolymersAe slightly netwosk prosalinked-polymese of mlxqcarilp @idpandsstarely deriyatives

pol yner i Zattefddf.r BREVdrR Riosskidkirg) reRderthe é;uy@fealsumhuztuyrmterqﬂwlumemm parfll €
added, but ,addi.tional reactions).is in

t t
wi thi n t he d6TYReseiE ShsPPRNE ’r'iw'ér“"ﬁuﬁxfrﬂﬂa ¢ p&%f: °gi)'<f|8"stp‘lfqgﬂ"é iokes' of the
pol yner i zatbsorbept pﬂmms URrheeases tfar wpewark afrasslinkiriggthese gobwets axfd gpicsisddtwdrkng
at or near f 0GRy ?&ﬁs&g dgicnbe%'ﬁg ?l‘ &?z Eﬁl%w#eﬂm ?-Rs’ksﬁr ocesses wherein

.the crosslinker s erently prese evél s’ near tfie surface);

and (iv) other Whilerthe eatigpexchanged absorpant m%rmﬁc@ pirferably o0 anadiwpe €-e.
hi gher | evabmegen66@§ s.hkﬁkesrwcﬂfonekaﬂhgu &5ttt uSed ih AfeSpreRhhvERRbA. 1 LY

of the resuyltant r.O Sui abI ene t hods arryi
O e b S S of Stk 3o fe 85 m@r@g@wmﬁ%é sp ok efpked
i nvention @b@nﬂts&ﬁ‘bolyed'ylmadw&nbeusdaahmuprdke:ﬁcim,e&m (Ooayashi), issued

oubl  shed Ot ottt et ubdoed, Baf oria TR B ol el 8fn B S5 fachanes

publl i shed Absprhent quymwmgﬁlﬁoshe@upm%ap pbotuahoo%n prefeeabh0 siam0 80%t tarabeyt) |

publ i shed UNB&%VI.B Jfa%&g 8&&@&&@0@@0 dbodAoA0Hh tﬁﬁn%aaaeea ma ﬁ;gmed Aprll
e

25, 1989, nt 4, nson I ssued January 1
Patent 4,587, 308 omvam mwml@esﬂwe xahpngs Capasgty of the mixep:bed mn-ﬁasclmae e#fsrbem

( Tsubaki m)T@gm Serhigrditivh] i s SirableaRat; thébaﬁon-@ﬁih a5801=l§:ﬁ er hlas @ hibonz002
WO 991 3484 / | B98/.

02086 Ki S venb 17, 1992;
bubl | shed  SEHTRGE RIS Pes gam oty Bty U%tso*)ftfffa s OB Shangt Saneiia
29, 1991: M&e@%ﬂ-%&ﬁﬁ&b@ﬁﬂ@%a@m@t sat least a4 H2G/g( Mare prefietably
published e a rRQ
r ef er ence. Qﬁ)erasqca l|?t(1)8n| (J?g/z%bg‘(')er"b'hm éﬁ}a@g a?,iegsstw ablliaerﬁeglygqué.'%%g{ é/} %}[ab(’x“ onal
crossl i nki repsrabagteldtmeq/zicl ude di/ poI y- hal oal kanes, di/ poiy-epoxi des,

di /poly-acid chlorides, di/poly-tosyl alkanes, dinonaIdehydes,

di / pol y-aci ds, and(iiiheCbinpesition and SommaniViaterial Rropexties or rance Under
Pressure~, PUPI Capacity This test is based on the nethod described in U S.
Pat ent 5, 599, 335 hecaniyalgnts of anipnis apdseatiapjic pxehange capagiy maybe egual or differentinnes

the anount (gd mﬁaealbmwncexuﬁme absBtbehd pvlyrﬁé@%e.hp@sﬂmhy FOR&AMPRNIt niy! bérdRsifable

(i ncl udi ng nhxed- bed ion-exch a a bsor.bent nmer %wng§ %$onsb that are
ot er ai |y dBhETRHET IR 5% ST o ANGRS 2L e oo R A B ROl gIer S8
pressure, e.g. of 0.7 psi or 1.4 psi. The objective of the test is to
assess the ability of the absorbent polyner to absorb body fluids over a
period of time conparable to the<duration of use (e.g., overnight) of
articles conprising the absorbent pol yner conpositions (e.g., 1) 2, 4, 8,
or 16 hours), when the polynmers are present at high concentrations in an
absorbent nenber and exposed to ‘usage pressures. Ueage pressures agai nst
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971 0 JUN 2002 WD 991 348_41 PCT/1B98/ 02086 -21 Prior to neasurenent, the
assenbly is filled with synthetic urine solution and the fritted disc in
“fritted funnel 718 is flushed so that it is filled with fresh @ymp\h%i
urine sol %gg&s“s}p the extent possible, air bubbles are r engy V:ﬁgil %Rﬂ)};g e
bott om sur the fritted disc and the systemthat connects the Tunnel
to the reservoir. The-follow ng proceduies are carried out by sequenti al
operation of the 3-way stopcocks: 1. Excess fluid on the upper surface of
the fritted disc is renoved (e.g. poured) fromfritted funnel 718. 2. The
sol ution [ [ ' e

oveLval uch PRy R ifftred BF IpIGHS conial, RELHRIGEs R nblBIBAR o sl the
relative tWPé@@M@PP'eM@Id@)ﬁW'W?Wb%"@ﬂﬁﬂ%?‘c?w is then covered wi th
fritted funnel gQMAlbed2fn-exchahfe arbeasénvobayxz&@ camilotlﬁartst &l ﬁlgm@&tce,?tmoﬁlre

equilibrated wth valves 728 and 740 st ppcock assg lies 726 and 738 in
the open cIEARER SOEFSpBaNet K5hy, off solytign, ‘s‘w’7 igqeto4lP BelR trangReri jogs dgtween 7.
Val ve 740 patidléscandtdsedi@atebe tiabf ioncexthange| Thas ﬁpeﬂesﬁﬁbkhe hdvama»qtmtz@:eZM
8. The system,i s al |l owed Lequi ki brafl.e.. 0 n .for

Va vo 74 1ok Sorraiiite b Gkl Yaeqtd) DRtRR RAphelRuicd frciigf 4f Wik

t enpor ar i | jed'aggrepatesnaf high-fusface-apéa (fer&.tsmeﬂ aﬂdlommrm%l §arb9|eewpb9|bngidl dr nagowa

smal | hydr I t end
of 't ube 7oAl sbs WbRINDL phefils JE 31 "W tenf-cpEnaigl sbistbent pblined i
f unnel 718contain wghmrsmaéler dipcontinpons demains ofrq.-srcthe Tationcenchange @bsorbenppolymet,d | s

drai ned frqf) pdrfciENAMSThdly rs.tstﬂmt.tuus dBMAiRE BEGth thsaﬂraﬁsﬂutﬁm@e%&t)&t
prerrature absorpt on of synthet ht(‘:fhlé{tiﬂe when pi ston/?)/ i nde enbl 720
I

i{s )posi t i oPRIEMES:( D FompPRQns m ghe anion- oF safiqneexchnge ebephBRIVAIPTS: s
fromthe faretih ¢@d forn 6L Fibérs (Vhfikerpthacantairedisantihils ahdoif bnbéﬁtmdotfstumatns of

correction S t .(see

time peri od&%f ﬂfs‘g"tﬂ“h&n% E‘aﬁ%ﬁ %‘lagp& {w&rﬁﬂ%‘)r@%rﬂgﬁdgﬁ m ot%(l?:‘ésgn Ml aI I y
al | of t hepdrticleschndfonfihers. Othsnforhe include ﬁrz!aresmh@l raslg, ﬁlmsyrphe@tseﬂxam flakesser y
qui ckly regpsorbed by the frit when the test is initiated. Thus, it is
necessary to subtract this correction weight fromwei ghts of quid r enoved
from the reserv&hg absgrbepigpelyiaerpepn P'é%f""{'%‘é‘é BIEUESH) W‘“TR%W dgyslsrafeane gongrser

conposi t i ogddithRs, éueh dds| k. byovsdere*dahh&, suefa@shits, eglues Qﬁnda@armhethbyhke The

desi ti d hi h t i
SuTT i or ent Costipgs v R e e epgsiPiNg pBt FekyicalTRStoRiai e o dhoat vyt
ot her sol vthet absorbertt hpplypserpdompanenmacd thes nprealsotbient-polymerf additivel &re alot aéadily

resi dual ' et®l Cc

Fi scher tlan'L {cyﬁf gﬁ?ﬁerﬁo%g’\%ﬁg#l cetgﬁ'a ysleééh‘%t%erﬁg%mﬁﬁe(gésj {&ban rﬁéﬁout
5% and prBeresitd| §r haves svmndbmm o@orasityr oxinnahce myixesl-bedy absarhent,fpolymer

dri ed absoeaﬁwsnbﬁlmaassoﬂsmp rO6T oh@ QypeCAARRSH @ MIEHRE clodslmk A & gt  of
0. 032 g/cn&%$ﬁ Eed t |?‘??&'{ér 754 and distri btr}f%ed evenly on lg’creen 759.
Care is ta ’bfbtpﬁy&eéﬁ aﬁgﬁt%t pol yner 760 from adhering to the inside
walll s 1 0 JUNFaOpittithe S0ab3erBent pBiynfetsl iBefil QR GeCpresent inRéntioh, thy|partibéss will4. )

Absof bent BB ks sigh FPr it} (st 2006 ridlBi, loROBHaibY ffln Spole o
Wi t hi n t healgopk i1909amicrohse The stassymedian b@tl«tlmsneowgsmdrgllyt@ ﬁghpbelutsaortpbbw t he
absorbent pgdy, ns,T,ttae%gtasrg% A s@ﬁﬁ&mw abott 1 3@0 MidoRs R el @Pmefe t he

frit portion o unne e weight 758 1s slipped into pr'ston 756, and
the top of prefasshly fromgbeut IPQWWG@QPW'W%h fritted funnel cover 722. After

the bal anCF rea%gg, ﬁangglg&&%lsfi@?f dbkatbért bbwmeishﬂeﬁngﬁltsﬂté Prekdik idv@ﬁtﬁﬁl lblhe
openl ng val ves an SO, a 0 conn

Wth auto feYFkef: a&%ﬁaﬂsratraseebrnrt & ol meba?fér%@mnﬁ@wa‘r@;wség }’7 18
begi ns to iseaedMirbh $1,ubs (rdiks@cd\&pr@ny, 1988l IS Rréhﬁm:lmtdi\g32 6490 [the dsdesumﬂ

L e iy Rk R 9l M I o Ok R PP
(gm gm t} idvels(of eﬂra):table\pb(yn)er maWwahiph whtebeeleMlh(ed o@t)of jtlee s\m}lemolghter mntrgr ans

of reservo t t &

Ceserveir t;ﬁléfﬂl? h:l» atﬂlsng ) L{'rf g%lll Oﬂ? e Wridd tﬁat sgcﬂ ltlﬁy‘gﬁ}lcg%lfgﬂﬁgu ctQ\ftth

is the fri tthee@bsﬁrbmmolmrr dt isi behievedi syeh p¢lnmgr mﬂehmﬁﬁé@)’s‘@ﬂhrfh‘! l“y')‘“s and
Vap is the g él‘lcglll afdrYboViEing Rhentifal Ahd PRysRhl (AR cRPIERI 2 Me RAYHIRD to the eRRhd

Bur st Strengtt BBS) Test This test determ nes the ball bufst strength
(BBS) of an absorbent pol ymer conposition. The BBS is the force (peak toad,
in grans force) required to rupture a |l ayer of an absorbent pol yner
conposition that is swollen in synthetic urine solution, under procedures
specified in the test method. BBS is a neasure of the integrity of a |ayer
of t he absorbent polyner conposltlon |n the smollen state A surtable
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*1°0 JUN 2002 WO 99/ 34841 -23 PCT/1B98/ 02086 A Tensile Tester with a burst
test load cell (available fromintelect-I11-STD Tensile Tester, nade b)é

» Thwi ng- Al bert Instrument Co., Pennsylvania) is used for this tbs& JUN 2002

" Referring to Figure 6, this i nst r ument conprises a force sensing |oad cell
330 equi ppwd 9vuBd1a_pol i shed stainless steel ball-shaped probeT/PEng8/02¢86
nmovi ng crosshead _320, a stationary crosﬂ‘nead 310, a circular |ower platen
280, and an upper clanping platen 300 that is used to clanmp the sanple 260
pneumatically. The lower clanp platen 280 is nounted on the stationary
crosshead 310. Both | ower clanp platen 280 and upper clanmp platen 300 have
a di anet er thaf the flgidyigymoge Fhﬂ”&k%%’&%#“dzngferﬁwf‘hhéddwdh? aboghenpprlyingryinitBe 65

nm i n di angs6fbent TdrGcIROIIE $NAh BdlRVEH a6 e)&tae@bletw m&h@ﬁﬁd.cnraﬂ?ede?e%ohﬁ% a
di aneter of |1 r| ng the BBS test %oro ure, Vi ng r osshead

320 noves tw&egé’a‘hé?wc SRR PO UV Pecaitg t?é'ft’ét Pabymer iy s'ﬁﬂ‘bl“e
260. \Wen migratk to gdnparpmbemmﬁedwfr@bomb&ha@ed ﬁcaymére e Qwo poR/measwill EIf-

consi dered o nd th DRI Opr | At e dat rde Ref err.i to
Che Sanp | WA 1rehd st B RormBchlef s8Ry BE ol St el Sl

i nserted ipalypmereffectivielyi mwwslambwalm@ouwmnoo glewmitely@harabtmlmm itad ymer
CONposi ti of)ed gdstﬁdcraggpﬁt}%vmemm.@mthﬁﬂ@rof%?%bre%wdmperSed evenly on the

400 nmesh stainle screen e "asse i nders with absorbent
pol ymer are traftsqostinglyy fop abyapbentepqlypers Pﬁfheblf?%%‘rr@&e't“ﬁ’ay“ 25 prefagreg that the

i nner -cyl |léd€ﬂof€£t%@fabl@'p%tﬁxe28@aﬁoﬁt 1396 bil le 2N Mbreqinéferablya86utaV4 srdegs, shdGnost
300n1_allg &E) fr%@? ]% |ne (ﬂgﬁtlonls poured into the Teflonflat
bot t oned t"rt}a Jypbo Tsh fc‘°tﬂt’ Yol uti on passes through the

st gi nl ess scre\eg d.i bs&xr bed by the absorbent polymer conposition 260.
The stainl ess M&- aced onto the inner-cylinder cover plate 220

five mnutes after(l)adq; s Uddafpdelsiedpupy t €F an additional 25 m nutes,
stai nl ess steel wel'g r—%&aﬂﬁuﬂ’mﬂ—tvgrn‘gie cover plate 220 are r enoved.
For the pr Ocedumaéu%mt \@Ith@l Deftlahd qﬂe&abﬁltfwt@ﬁtlhfmw meorsatcetdaﬂnpmat be
absorbed by t he absorbent polyner conposition at this point

i nner - cyl i ffrmatomyor, theability of & hugh ¢oncnifationczpng 9 &Yﬁéﬁf ’ﬁoﬂ%‘“?&b"‘?‘% to
i mredi at el ybsbbod§ Aaide dnded uiaBeprBssamt. S@soe Exa‘nq:te, ES Ritent’s, 562,646 (GoRInBRSt

he  swol D eH e Eleper, & TR md S Poliy S35 Guudinep AOEDRIRLESE 0 100"
cl anp pl at wher2 J%emand Wettabllmedr prayimetti¢ éd)lscbrpenm ti$) referpadr tocasaPerfommandeatyader 300.
The neasur mggtt gmerthtmﬁgg nttmﬂna.t,btnea,t&.aﬁ?w hibsbdelt Bgl?«;lgr Gg,smaﬁ ot

test speed o 0 i'nc e neasurenent is initla
crosshead 190% reuceatration st positipnsd; iana @istan/sylindes apparatus (whare t%;!ts@an pdbe 290
penet r at escyinder tsepémfmtslertbadoh@eh baty RfipeZfiéhbleAtd alie absorbeat epolweﬂ under a

t d 32 t
e ot e oS ERg S0 Lol T 5 o W AP on
I S report eabsasbehdyecoBfitiofsat mheh;dbrrsmnbeumlopmh«ym mahpieal tpressure.3. ThedPURE

Fi ow Cond

FOTT | 5o8) ooimREYY e os ndDeABUoAR be et risdiSnoRby ¥ 0 YR taver o e,
provi ded bgbsothentspelymes, wtutwbemwae&neﬂwnw aopeqiﬁreanybtad b@esuepsfoaesvemcbledtmn
U.S. Pat enperia. ﬁhtél@?Uﬁ‘é@pac@@ la@ﬂ’ﬁ&llﬁtlmﬁerta)tt propet§ ot absGbent PAfmed Whén it

nmethod is [defI/\il' for mxe exch e absorbent polyner systens, as
di scussed BdIs thl@“P%“BB?‘l%?/’é&“ta °PHE° ed- bed i on- exchange absor bent
pﬁl ynmer sanpl e el pmeﬁrei xeftdd: i thg aabsorbesat bélgﬂbfshﬁclw Bdﬂﬁn&@lidﬂidﬁbﬁegwfekgg
the SFC neasure n_exchan p e_absor bent
ol yrer 1 5 (ekuBEeLpy 6 ek Seneions of Byt ‘Gng FosC 36D bt pilaACRHIRG "t ne
swol | en polegethe cdpﬁtaqadaerptmmedshnerogthemcmmmpaﬁdnt(npndie dbserbergicotedliat The

Govel | g ntbotacty Rhid pRiGHRTSF BBk Catdibe i pofimiEF ] s plficukWheatont
gel bed dupresspre bfcabsmQ®. 'hpas(&ﬂ ekﬂe)rns refBetiveLnfdhe $um of these pressuries on ShecﬁbStheltgel
bed is sig B@&@%ﬁgﬁﬂﬂtgs& 3s ft sh%dy wutdt %h?ér mssge%ﬁ&uoﬁsh eﬂtwmt tolH mgms s

of the gel to ca ate ues. Using the final thi ckness
of the gel a@fébvwehprpﬁereéatrbaltoatteueépprm*@d.baébe abserbent ﬁplamlﬁt emeposition AL YSEI ng

t he measur gamiitions.Ushidd ittis) Gesiribild thad th@absafbem Pobymigeslofthe iebdn@ KﬂeﬁfioanavE h@hgel
bed will 5) i de even hi gher SFC v Al tg%ugétﬂ SFC }] g
measure of E’ r FRAEYes B B’%SSH@? rt’BatS’l opﬁ’l( ARERs B é"@ 'Igs ae'&ﬁ rl'e'g a

hi gh degee of porosity in particul ate absor bent pol yner systens. Thus, the
relatively high SFC value for the m xed-bed i on-exchange absorbent poI ymer
conposition also denotes a relatively high | evel of porosity. D. Absorbent

Menbers Absorbent nenbers according to the present invention will conprise
the pr eV| ousl y descrl bed absor bent poI ymer- corrp05| ti ons, W|th or W|thout
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1 Y ~p J~~ 2002 WD 991 34841 PCT/1B98/ 02086 -25 inportant that these d
pol.yners have a relatively-high denmand absor bency capacity unﬁleéeﬁ
“relatively high confining pressure (i.e., PUP capacity) and pre :Q{)IZQUZa
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in Table | below. Table 1: PUP Capacities for Absorbent Pol yner
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A measure 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.
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(i) SFC values of at least about 50 x 10-7 cm3 sec/g

The present invention encompasses absorbent polymer compositions having SFC values
of at least about 50 x 10-7 cm3 sec/g. In these embodiments, the absorbent polymers will
preferably have an SFC value of at least about 60 x 10-7 cm3 sec/g, more preferably at least
about 70 x 10-7 cm3 sec/g. Typically, the absorbent polymers will have an SFC value from
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—16 hours. The measured PUP capacities at 0.7 and 1.4 psi are shown as a
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L, ., ~, ~ 1A number 9f procgsses for mtyoducmg suﬁfaée efoysh,nks a;e dxsclosed in the aJt
Suitable methods for surface crosslinking include those where (i) a di- or poly-functional
reagent(s) capable of reacting with existing functional groups within the absorbent polymer is
applied to the surface of the absorbent polymer; (ii) a di- or poly-functional reagent that is
capable of reacting with other added reagents and possibly existing functional groups within the
absorbent polymer such as to increase the level of crosslinking at the surface is applied to the
surface (e.g., the addition of monomer plus crosslinker and the initiation of a second

polymerization reaction); (iii) no additional polyfunctional reagents are added, but additional

Nt

reaction(s) is induced amongst existing components within the absorbent polymer either during
or after the primary polymerization process such as to generate a higher level of crosslinking at
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 17, 1985; published PCT application
W092/16565 (Stanley), published October 1, 1992, published PCT application W090/08789
(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 5,164,459
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;38 ~ ,,,,., 44+, -, Y ~~UNzoa2 ~, 1. An absorbent pol yner conposition
characterized in that it has (i) a Performance Under Pressure (PUP)
capacity in synthetic urine solution under an applied |oad of (" JUN 202 psi
of at least 39 g/g after 4 hours; and (ii) a Saline Flow Conductivity (SFC
, "y, vavaues/aBdlat | east 50 X 10-i cnBsec/g. 2. The absor b@®€T/1588/6208%
conposition of C_aim1l; wherein the corrpﬂ)leon has an """ SFC val ue of at
| east 50 to 100 X 10~~ cnB sec/g. , , , , " 3. The absorbent pol yner
conposition of Clainms 1-2, wherein the conposition has a PUP capacity in

synthetic urine solution under an applied load of 0.7 psi of at least , , ,
, 41 g/ g, (fietuen ethaly, issuedievember §7,g)992f pehlishedGerman patent application 4,020,780

4. The abspbdigieh), rg;abm@a Aa%mog tioon, i AbNisRl lrdpelR phich abplRERIM 5098

conposi tion ' P ity | nthetlc urine solution undér an

applied | o‘afEP’B‘F’)OP“f’"ﬂ?f’ Qgttober 2 "‘9??&“%{9"%? hyare dnagmpaggted hesgia by rafsrepes: rkam 41
g/g to 5? ﬁ;@nncmserbpﬁteﬁamhlsy siitabl® di3 @/ goly-funch&mSQ:r@smnkuag‘ Tr&%elﬂs hiiids -

. n,a ent | on, C at |If
() & Pert OfiurbacoRa:, ShokiEoBRlROReN 2 BRIBHES, STed i alitter foale: ne
sol uti on ualdelydes) di#gby-acids, hdbidie tike.0. 7 psi of at least 30 g/g after 4 hours;.
and (ii) a Saline Flow Conductivity (SFC) value of at |east 500 X 10~~

cnBsec/ g. 6. Thaesabsstiddent pol ynmer conposition of Caimb5, wherein the
conposition has an SFC value of at least 500 to 1100 X 10'" cnB sec/g. 7.

The absorbent padl yreeformarpe Sindéri Rressrd (KR Capadity6, wherein the conposition

has a PUP capacity in synthetic urine solution under an applied load of 0,7
psi of at | east TBG tegtds based pe thebingthod déscribed n(U.§/ BatentfS, 399,335 [{Galdman 8t alJhe

abpor bent  RRliTRb, £01999S T Qe AhebiiHesOthe GhidiEor SyRhedt 1 ) kH0F aFAMRATY! | O

has a PUP capacity in synthetic urine solution under an_applied

psi of froﬁ#sswegt/@lwrs@ngfpgns Frigqdehed jpgrexchangenbsorbent ipglymsr gpmpositiongythat
hOtFJ)rsf 9. Ama%ﬁ &Mhp ecpmlwman/mm&&siehww @mfaednﬁhm%sw?e,tefpbf ol7 sy (1)
a Pertornmance | er ressur.e rrne s

nder o abdIFebol e Ghlpe of i thit e thaSar tie atit B R absipont poigmcig agsor by 1 1)

a Sal i ne FKloids Geerdaipetiod bf timal compafablat tol the shurafion Xf 18e i(e.g."Beearnight) of Qirticldse

S, AT G et £ 0L RS 05

A ,~ " ~ , are present at lyglpcampmxatqom in-an absorbent mem! em/gnd exposed-to Wpressures

<1 2 o - Usage pressures agalnst‘ w“hneh absor&ﬂt ;polymer are s requu'ed, to absorb, fluid dnolude A
9-f0; wherein t

. ,.,. 11. The |sorbent osM*1 aqjl? f

Composi 11 oHERSHA! POpOEss oI i A, WEERC g OGRS oo, B, ARy MEHASR | el

| oad of 0 irepmres@ésuhmglfmasélaslﬁs gidjastpﬁﬁ ssehisyandithd lpalsdstafid degoeptioa iptessureS

hour s. il'gg, &EFB%)'?E”!B corrposition of any of Cains 9-10, wherein
oa capac

t he conp05| [y in synthetic urine solution under an
appl i ed | oad of The espfhiid &dr ther RIMR cpacjtydest és syathegicuring selptiom bihjs flyid imahsorbedg t o

57 9/'9, "OLE RE SbEdrbdtt YpdifieR Athdel 9erﬁ£:d5§bs‘3{1ﬂion a.fohaaho& 'ap%é.zeﬂé hydiBstatic

absor bent pol ymer corrp05|t|on characterized 'in that it has (i)
Per f or manc88f®er Pressure (PUP) capacity in synthetic urine soI ution under
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Saline Fi O\Huﬁolggéjr%l} \ﬂi %sucﬁlalél ea %tnaélsh)eh%%}ng a cover Q714 ¢ servonrg712 rests on an
analytical balance indicated generally as 716. The other end of apparatus 710 is a fritted funnel
indicated generally as 718, a piston/cylinder assembly indicated generally as 720 that fits inside
funnel 718, and cylindrical plastic fritted funnel cover indicated generally as 722 that fits over
funnel 718 and is open at the bottom and closed at the top, the top having a pinhole. Apparatus
710 has a system for conveying fluid in either direction that consists of sections glass tubing
indicated as 724 and 731a, flexible plastic tubing (e.g., 1/4 inch i.d. and 3/8 inch o.d. Tygon®
tubing) indicated as 731b, stopcock assemblies 726 and 738 and Teflon® connectors 748, 750
and 752 to connect glass tubing 724 and 731a and stopcock assemblies 726 and 738. Stopcock’
assembly 726 consists of a 3-way valve 728, glass capillary tubing 730 and 734 in the main fluid

system, and a section of glass capillary tubing 732 for replenishing reservoir 712 and forward
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therethrough, under a 10 cm hydrostatic head, is at least 36 grams per hour per square centimeter

of the fritted disc in the fritted funnel 718. Factors particularly impactful on flow rate are the
permeability of the fritted disc in fritted funnel 718 and the inner diameters of glass tubing 724,
730, 734, 742, 746 and 73 1a, and stopcock valves 728 and 740.

Reservoir 712 is positioned on an analytical balance 716 that is accurate to at least 0.01g
with a drift of less than 0.1g/hr. The balance is preferably interfaced to a computer with

of the PUP test and (ii) be set to auto initiate data acquisition upon a weight change of 0.01-0.05
g, depending on balance sensitivity. Tubing 724 entering the reservoir 712 should not contact
either the bottom thereof or cover 714. The volume of fluid (not shown) in reservoir 712 should
be sufficient such that air is not drawn into tubing 724 during the measurement. The fluid level
in reservoir 712, at the initiation of the measurement, should be approximately 2 mm below the
top surface of fritted disc in fritted funnel 718. This can be confirmed by pl;;:ing a small drop of
fluid on the fritted disc and gravimetrically monitoring the flow of this amount of fluid back into
reservoir 712. This level should not change significantly when piston/cylinder assembly 720 is
positioned within funnel 718. The reservoir should have a sufficiently large diameter (e.g., ~14
cm) so that withdrawal of ~40 mL portions results in a change in the fluid height of less than 3
mm.

software than can (i) monitor balance weight change at pre-set time intervals from the initiation J

[
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PUP capacity in synthetic urine solution under an applied |load of 1.4
psi of.at least 1 33 g/g, preferably at |least 47 g/g, after 4 hours. > > >

> , » " " 24. -The absorbent polymer conposition of any of (g EINZ 20022,
whereln the , , , , , , , conposition has a PUP capacity in synthetic urine -
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g/g, preferably ' from33 g/g to 42 g/g, after 4 hours. ' " " , , 25. An
absorbent pol ymer conposition characteri2éd in that it (i) a Performance
Under ' , , Pressure (PUP) capacity in synthetic urine solution under an
applied load of 1.4 psi , ' ' " ' , of at |least 36 g/g after 8 hours; and
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a PUP capacit$. |Vﬂlw’mohethmrqmrnﬂiatostslcwmdﬂvsunder an applied |oad of 1.4 psi
of from37 g/g to 56 g/g, preferably from39 g/g to 52 g/g, and nore """

preferably fromgd,sai&. 79 dipbladily @rjCihe J.;@rf&@‘b"f?ﬂttod funnel 7l§:§ eRpbsRPLloRENt
menber for the contai nnent of aq ueﬁ_ﬂ body ui | ses at | east
one regi on EWHYIRFALC fugHonefEY ¢t ﬁdP‘i}H’ér’s Wfﬁ‘iéﬂ“ﬁ an i ghp‘ybfo?“axgn
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backsheet d.an ahsorh core e he t ols} she and t
backsheet , apc,’ﬁ’g'ra Q’ét §r§ %eﬁﬂmd ¥ hr?'gﬁi#eragf){g%?’bspeﬁ ‘ﬁﬁm&e{h mc S ebh's Py es‘%’?"oent
menber of ogvents Eemature abREption of "sytithétic’ urine when pxston/cyhndcr 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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a] call ca Qrer ¢ linder 230 ﬂat-bottomed tray 240, an inner cylinder cover plate 220, and a
R3R8RYR\ RRSST Cﬁ Wﬁﬂa &, | U]l Ey L wgl ga\ Vi yd XS] cU] (?a caU] cal ca] ca
] c~a] ca] Caﬂt@aﬁs&ﬂe& &]egha ]neg cylinder 270 is bored from a transparent Lexan rod or

equivalent, and has an inner diameter of 6.00 cm (area = 28.27 cm ) 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.



" Ul c*al] ca] caly] ca] cal] ca] cal] ca] ca] c”a] ca] c”a] ca] ca] ca] cha_" " {aVcecccd$dvde
+eFeKeeeff.fffffffhiij)n{vpkfa[Vid*XS]c]ca]c”a]ca]ca]ca]c”a]ca]c”a]calcalca

U enal] Ca] ch) m m b nknan| nanvev. waySoBzer ekoza() 1 xzsn vl it A ca

] ca] ca] ca W@ 9wissér] cal c”a] cal ca] cal]calc PCT/1B98/02086
a] caU] ca] cal] ca] ca] ¢*aj ca] ca] ca] ca] caU] ca] ca]ca]c a]c”a]ca

) - O 7<] nGXTZg~ysnhc”YT] ] ca] ca] ca] cal] ca] ¢ iUl ca]c aUjc a]c

a] ca] c™a] ca] ca] cal] ca] cal] ca] caU] ca] ca] c*a] ca] ca] caU] ca] c

a] ca]ca] c”alcal c”a EUS8: LM . 28V dnzuoje_ZT] U c aJc aUc aJcalc aUc a]c
a] ca] ca] ca] ca] ca) FeaditeaTester|with] & burst test load cell (available from Intelect-II-STD Tensile

a] call ca] c aﬂeﬁa\aﬂl B?hﬁ&ﬂ.]g%l;&%‘ingélxﬁ&l €o ai’&n?:@ﬁa%lag PusBa boVihis test. Referring to

[ (E"9U. }xs
a] ca] ca] ca]figire 4] du§ dsjremprtqoawTices] & BFecaienting: idad &all 330 caiopddow]tt 4] palished) ca]
ca] ca] ca] caldiiéssaleehbal-sHaped pioBé 200, arr%\vmj;:sshead 320, a stationa crosshead 310, a

o s B L ah U b P Lag L AL Sk g
~ytoj e’ [ VU260 phemiatichiba]| The m]eﬁaﬂﬂmﬁlpﬂmﬂlmﬁboahﬁﬁhﬁ&bﬁaﬂ&ﬁz}tmmadrcs@ll@alma] ca]
coal cal oGl Qb ol Bsay f AEUSEHGD 1 8 Rat & it sl
(109%/NV& () -t&bkﬂég% of2.9 gngjand @ g@r(openmg 18.65 mm in diameter. The polished stainless steel
job 15 TP ey g@'ﬂ"’ At e (38 itorppeche, o

> &[ * 10%&r syhead 320 moyespup, capging q tpggnast and penetrate the sample 260. \M:
1 19%&' () - CHlOnkbeE )29(1 trﬁﬂes tHe dam fle 260 the test is considered complete, and the appropriate

(10% & () dzzlta a?g/ﬁgélcl rded I @* 10!, ! 10%F& ()- @109 () -

Referring to the Sampling Apparatus depicted in Figure 5, the inner cylinder 270 is
inserted into the outside-cylinder 230. A 1.0 g sample of absorbent polymer composition is
added to the inner cylinder 270 and dispersed evenly on the 400 mesh stainless steel screen 250.
The assembled cylinders with absorbent polymer are transferred to the Teflon® flat-bottomed
tray 240, and inner-cylinder cover plate 220 is positioned onto inner-cylinder 270. A 30.0 mL
aliquot of synthetic urine solution is poured into the Teflon® flat-bottomed tray 240. The
synthetic urine solution passes through the stainless screen and is absorbed by the absorbent
polymer composition 260. The stainless weight 210 is placed onto the inner-cylinder 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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exchange capacity of the absorbent polymer is exceeded, and the ionic strength of the solution
surrounding the swollen polymer increases, resulting in some deswelling of the gel bed. The
amount of fluid that is expressed from the gel as a result of this deswelling is small compared to
the amount of fluid which flows through the gel bed during the SFC measurement. Because the

{ ’) final thickness of the gel bed is significantly less than the initial thickness, the final thickness of

’ the gel bed is used to calculate SFC values. Using the final thickness of the gel bed in the

calculation provides the minimum SFC attained during the measurement. Using the initial or an
intermediate thickness of the gel bed will provide even higher SFC values.

Although SFC is not a direct measure of porosity, high permeability to fluid also
generally requires a high degree of porosity in particulate absorbent polymer systems. Thus, the
relatively high SFC value for the mixed-bed ion-exchange absorbent polymer composition also
denotes a relatively high level of porosity.

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

S
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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,
i) 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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August 11, 1992; U.S. Patent 4,818,598 (Wong) issued April 4, 1989; U.S. Patent No.
5,562,646, (Goldman et al.) issued Oct. 8, 1996; U.S. Patent 5,217,445 (Young et al.), issued
June 8, 1993; U.S. Patent 5,360,420, (Cook et al.), issued November 1, 1994; U.S. Patent
4,935,022 (Lash et al.); U.S. applications Serial No. 08/153,739 (Dragoo et al.), filed November

16, 1993; U.S application Serial No. 08/164,049 (Dragoo et al.), filed December 8, 1993; U.S.
Patent 4,260,443 (Lindsay et al.); U.S. Patent 4,467,012 (Pedersen et al.), issued August 21,
1984; U.S. Patent 4,715,918 (Lang), issued December 29, 1987; U.S. Patent 4,851,069 (Packard

et al.), issued July 25, 1989; U.S. Patent 4,950,264 (Osborn), issued August 21, 1990; U.S. )
Patent 4,994,037 (Bernardin), issued February 19, 1991; U.S. Patent 5,009,650 (Bernardin),
issued April 23, 1991; U.S. Patent 5,009,653 (Osborn), issued April 23, 1991; U.S. Patent
5,128,082 (Makoui), July 7, 1992; U.S. Patent 5,149,335 (Kellenberger et al.), issued September

22, 1992; and U.S. Patent 5,176,668 (Bernardin),issued January 5, 1993; U.S. application Serial
No. 141,156 (Richards et al.), filed October 21, 1993; U.S. Patent 4,429,001 (Kolpin et al.),
issued January 31, 1984; U.S. patent Application Serial No. 07/794,745, (Aziz et al.) filed on

November 19, 1991; all of which are incorporated by reference.
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F. Specific Examples

A lightly crosslinked, partially-neutralized poly(acrylic acid) absorbent polymer with a
relatively high PUP capacity (~33 g/g at 0.7 psi; 60 minutes) is obtained from the Chemdal
Corporation of Palantine, Illinois (ASAP-2300; lot no. 426152). (Similar samples of ASAP-
2300 are available from The Procter & Gamble Co., Paper Technology Division, Cincinnati,
OH.) This material serves as a control sample and is designated herein as "Control Sample".

A sample of an absorbent polymer that provides increased integrity relative to
conventional polyacrylate absorbent polymers is obtained from Nippon Shokubai (Lot #
TN37408). This is a polyacrylate that is surface-treated with polyethylenimine. The polymer is
described in detail in U.S. Patent 5,382,610, filed Jan. 17, 1995. This material is referred to

herein as “Sample ST™.

Example 1
Preparation of Ion-Exchange Absorbent Polymers

(i) Cation-Exchange Absorbent Polymer

To prepare the cation-exchange absorbent polymer, a portion of the Control Sample is

sieved with a U.S.A. Series Standard 50 mesh sieve to remove particles that are larger than
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a dilute hydrochloric acid solution which is prepared by adding about 46.5 g concentrated HCl
(Baker; 36.5-38% HCI) to about 900 mL distilled deionized water. The suspension is stirred
gently for about 1.5 hours, after which the absorbent polymer is allowed to settle, and the
supernatant 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 supernatant liquid reaches 5-6. The exchange
() 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 (Sampie 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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cryogenically ground and sieved under an atmosphere of dry nitrogen. A particle size fraction is
coliected 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 equal weights of the sieved crosslinked poly(acrylic acid) cation-
exchange absorbent polymer (Sample PAA) and the sieved crosslinked polyethylenimine 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.
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(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 1:
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-1 | 44g/g | 48g/g | 50g/g | 32g/g | 40g/g | 42g/g
Control Sample} 33 g/g | 33g/g | 33g/g | 20g/g | 20g/g | 208/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 Sampie).

(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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as discussed in the Test Methods section above. Approximately 0.9 grams of the mixed-bed ion-
exchange absorbent polymer composition (Sample MB-1) 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 2 below.

Table 2:
SFC Values for Absorbent Polymer Compositions
SFC Value
Sample MB-1 ~68 % 10-7 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:
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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Example 2
Preparation of lon-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
) 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). i

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

Sample MB-2 | 41g/g | 43g/g | 44g/g | 33g/g | 40g/g | 42 g/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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the test conditions described above.

Example 3
Preparation of lon-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

{ -
0 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 Polyethylenimine

) 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 methanol overnight. The
sample is recovered by decantation, and is dried under high vacuum for approximately 48 hours
to yield a lightly crosslinked polyetﬂylenimine anion-exchange absorbent polymer which is
stored under a dry atmosphere (Sample LPEI-1).

¢)  Partial Methylation of Crosslinked Polyethylenimine

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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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 methanol
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

s
pe—

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-1 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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3l +"10% &'chthpositions (Sample MB-3a, and MB-3b) are transferred to separate PUP cylinders (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 3 and 4, respectively. Selected PUP capacity data at 4, 8

e
¢
S

and 16 hours are listed in Table 5 below. -)

Table 5:
PUP Capacities for Absorbent Polymer Compositions

0.7psi | 0.7psi | 0.7psi | 1.4psi | 1.4 psi
(4hrs) | (8hrs) | (16 hrs)-| (8 hrs) | (16 hrs)
Sample MB-3a - 1 - - 32 37
Sample MB-3b | 39g/g | 42g/g | 43g/g - -
Control Sample | 33g/g | 33g/g | 33g/g | 20g/g | 20g/g

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. R

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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#210% & () mindiasiéwrmalidctitidd hdeY\acuum 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).

(i) 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 LR0O0246KR) 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

n'umb—er, 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 precipitated silica (Sipernat 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).

(iiif) Mixed-Bed Ion-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 | 0.7pst | 0.7psi | 1.4psi | 1.4psi | 1.4 psi
(4 hrs) | (8 hrs) | (16 hrs) | (2 hrs) | (8 hrs) { (16 hrs)

Sample MB-4 | 30g/g | 33g/g | 36g/g | 25g/g | 30g/g | 32¢/8
Control Sample| 33 g/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;11position (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 (Sample 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 3
SFC Value
Sample MB-4 ~ 800 x 10-7 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-4) are
substantially greater than those of the partially neutralized polyacrylate absorbent polymer

(Control Sample) under analogous test conditions.

)
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4. The absorbent polymer composition of any of Claims 1-2, wherein the composition *, , * °

L) )

)

‘ ) 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. I

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 10”7 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 cm3sec/g.

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

SFC value of at least 50 to 100 X 10”7 cm® sec/g.

AMENDED SHEET
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from 40 g/g to 59 g/g, preferably from 42 g/g to 57 g/g, more preferably from 44 g/g ,

[ I B |
]

to 55 g/g, after 8 hours.

4 )

13. 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. R

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

SFC value of at least 50 to 100 X 10”7 em’ sec/g. !

15. The absorbent polymer composition of Claims 13-14, wherein the composition hasa .
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.

16. 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.

17. 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.

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

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

19. 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.

20. 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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The absorbent polymer composition of Claim 21, wherein the composition has an

SFC value of at least 500 to 1100 X 10”7 cm” sec/g. Siaa

The absorbent polymer composition of Claims 21-22, wherein the composition hasa !

PUP capacity in synthetic urine solution under an applied load of 1.4 psi of at least
33 g/g, preferably at least 47 g/g, after 4 hours. ERE

The absorbent polymer composition of any of Claims 21-22, wherein the ,
composition has a PUP capacity in synthetic urine solution under an applied load of ', , '
1.4 psi of from 27 g/g to 47 g/g, preferably from 33 g/g to 42 g/g, after 4 hours. ’

)
An absorbent polymer composition characterized in that it (i) a Performance Under °

RN A )

LR )

Pressure (PUP) capacity in synthetic urine solution under an applied load of 1.4 psi »

1]
LI BN

of at least 36 g/g after 8 hours; and (ii) a Saline Flow Conductivity value of at least
50 X 107 cm3sec/g.

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

SFC value of at least 50 to 100 X 10”7 cm’ sec/g.

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.

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.

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 cm3sec/g.
The absorbent polymer composition of Claim 29, wherein the composition has an

SFC value of at least 50 to 100 X 10”7 cm’ sec/g.

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.
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34. An absorbent article comprising a liquid pervious topsheet, a backsheet and an iy
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. s )
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