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HYDROGEL- FORM NG POLYMER -COVPCSI TI ONS FOR USE | N ABSORBENT STRUCTURES FI ELD
OF THE I NVENTION This invention relates to. inproved hydrogel -forning

pol ymer conpositions and to a process for thejL preparation. Such hydro-

gel -form ng polyners are those which, upon contacting fluids 10 egr"}é? N9
l'i qui ds) such as water or body fluids, inbibe such fluids and ther &by fobrif
hydrogel s. These hydrogel -form ng polyner materials are useful as
absorbents in absorbent structures which can be incorporated into absorbent
articles such.as .disposabl e diapers, adult incontinence pads, sanitary
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Water-insoluble hydrogel—fofming poiymers are materials
which are_capable of absorbing large quantities of fluids such as
water and body waste and which are further capable of retaining
such absorbed fluids under moderate pressures. These absorp-

20 tion characteristics of such materials make them especially usefui
for incorporation into absorbent articles such as disposable dia-
pers. Harper et al; U.S. Patent 3,669,103; Issued June 13, 1872
and Harmon; U.S. Patent 3,670,731; {ssued June 20, 1872, for
example, both disclose the use of hydrogel, i.e., "hydrocolloid,"

25 materials in absorbent products. :

Frequently hydrogel-forming absorbent materials comprise
polymers of polymerizable unsaturated carboxylic acids or deriva-
tives thereof, such as acrylic acid and/or alkali metal and alkyl
acrylates. These polymers are rendered water-insoluble by

30 cross-linking the carboxyl group-containing polymer chains using
conventional cross-linking agents such as di- or pbly-functidnal
‘monomer materials, The degree of cross-linking in hydrogel and
hydrogel-forming materials not only determines their water-soiu-
biiity but is also an important factor in establishing two other

35 cnaracteristics of fluid abscrbing hydrogels, i.e., absorbent



Ya nmeasure of the amount of water or body fluid which a given anobunt of
hydrogel -form ng material- wll absorb. Gel strength relates to the tendency
z0f the hydroget fornmed fromsuch material 5. to deformor "flow' under an
applled stress. Hydrogel-formng material s useful as absorbents in-
absorbent structures and articles such as di sposabl e di apers nust have .
adequately high gel volunme and the hydrogels fornmed therefrom nust have
adequately high gel strength. Gel volune nust,,of 10 course, be
sufficiently high to enable the hydrogel - forn1%g mate- rial to absorb a
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One known' type of Hydrogel-forming material having the
requisite gel volume and gel strength characteristlcs for use in
U ' ' 20 absorbent articles is the water-absorbing starch resin disclosed in
. Masuda et al; U.S. Patent 4,076,663; Issued February 28, 1978.
Such materials are prepared by graft polyrherizing unsaturated
monomers onto polysaccharides (such as starch or cellulose) and
by cross-linking the resulting graft copolymer. While such
25 materials are quite suitable for use as absorbents in absorbent
articles, such materials must ‘utilize starch or cellulose as an
essential raw material for thear 6rebaration. It is preferred that
these starch (or cellulose] materials be pretreated by heating in
order to swell or gelatinize them. Given the enormous volume of
30 raw materials which would be required for use in successfully
marketed absorbent articles such as disposablé diapers, it would
be desirable to identify additional .types of efficient hydrogel-'
forming absorbents which, unlike the starch resins, do not con-
sume significant amounts of energy in their preparation and which
35 _ _ :
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-3- do not depend on agricultural raw materials of potentlal |y uncer- tain s
availability for their preparation. Hydrogel-formng materials which
essentially conprise only cross-1linked pol ynerized unsaturated nononers,
and no starch or 5  cellulose noieties, are also known. ~ Such materials
are described, for exanple, in Tsubakinoto et.al; U S... Patent 4,286, 082,
| ssued August 25, 1981; in Westerman; U.S. Patent 4,062,817; |ssued '
Decenber 13, 1977 and. i n Cbayashi et al; U S. .-3Ratent 4,340, 706; |ssued
July 20, 1982. Thege rrat rials are typlfled by cross- 10 |inked
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- as absorbents in absorbent articles This additional characteristic
20 _concerns the level of extractable polymer material in the hydro-
gel-forming materlal Even though the “hereinbefore referenced
uU.s. Patent 4 286 082 descrlbes hydrogels which are said to have
_low "water-solubles“ for safety reasons, it has been discovered
_ that the starch-free hydrogel formmg polymers of this '082 pat- .-
. 2_5 ent, as’ well as other known starch-free hydrogel forming poly- -/
_mers, j nevertheless contaln slgnlflcant levels of extractable
. polymer materlal Thls extractable _polymer _material can be
leached out of the formed hydrogel structure by body fluids such
) as urine: durmg the time -period over which such body fluid
- 30 | contacts hydrogel-formlng matertal ~in. an  absorbent article.
. Wlthout bemg bound by. theory, it is. believed that such polymer
_materlal extracted by body fluid in this manner can aiter both the
chemncal and physlcal charactenstlcs of the body fluid to the
extent that the fluud ls more slowly absorbed and more poorly
35 held by the hydrogel-contasmng absorbent article. Such a .




‘. 4- situation of course, then contributes to undesirable | eakage of body
fluid fromthe article. On the other hand, synthesis of hydrogel-formng
Jraterial in a manner which maximzes gel volume (while maintaining adequate
gel. strength) but which mnimzes the 5 .extractable polyner content
thereof, will result in inproved hydrogel-formng materials which are
especially useful in those absorbent articles which can be worn for
‘relatively extended periods of tine wthout |askage. In view of the
foregoing, it is an object of the present 10 invention to provide inproved
hydrogel - f or ni ng psityation c ofpsourse,i ghenvbentiributes| teeaMesétatrlehIeekagemfr
polysacchar i de- basggapopi! trdhf Ahedartibie. "ORN tREY BiKdi'ana, FigyRuskas
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- process for preparmg such improved hydrogel-forming polymer
compositions. : '
it is a further object of the present invention to provide
absorbent structures and articles such as disposable diapers
20 which utilize such improved hydrogel-forming polymer materials

~ ‘as absorbents for body fluids.
SUMMARY OF THE INVENTION
In its composition aspects, the present invention relates to a
substantiaily water-insoluble, slightly cross-linked, partiaily
1 25 ' neutralized, hydrogel-forming, polymer material which is usefu!l as
' an absorbent of body fluids. Such a hydroge!-forming polymer
- consists essentially of from ‘50 mole percent to 99.999 mole
percent of polymerized unsaturated polymerizable acid group-con-
taining monomers and from - 0.001 mole percent to 5 mole

30- percent of ‘a cross-linking agent. Such a hydrogel-forming
polymer - composition has a degree of neutralization of at least
about 25% and is furthermore substantially free of graft polymer-
ized polymer moieties such as starch or cellulose. Such a hydro-
_gel-forming polymer composition, upon neutralization to a degree

35 of neutralization of at least ...~ 508, furthermore has or would



35 of neutralization of at |east 50% furthernore has or would have a
gel volunme of at |east 20 granms of synthetic urine per gram of
hydr égel -forming materiqal, gel strength characteris- tics such that the
hydrogel formed from such a conposition exhib- its a shear nodul us of .at

| east 3270- dynes/cn2, an initial 5 extractable polynmer content,

i.e., after one hour In synthetic urine, of no nore than 7.5 by

wei ght of hydrogel -forning pol ymer and an equigki brium extractabl e pol ynmer
content, i.e., at equilibrium in synthetic.urine of no nore than

17% by wei-ght of (haweogecief cvalume @blagnteast - Pref €20 agrafisasf csyrnthetial unine 10
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extractabl e pgh rngfatep%i%t"gnbﬁ%h ac%% :'ig@%q'ﬁvgﬁg ﬁ%&ﬁ'ﬁ?*g h‘aﬂ’ils“li%sdst a
portion of the amhﬁtwsﬁt!tgdnallollgh%m squilieriugs extragtablel yolymemtcontent,
with salt-formng cations to form :a partially.neutralized polyner -
material having a degree of" neutral '|zat|on of at. least 25%. 30
The reaction m xture prepared in aqueous mnedium consists ‘essenti al | y of

from 5%t 0 35% bylndtghprodesscaspepts,iptieorpresentiinyentioneetates rtot lae
T oge ot 8 Bl for GrABhrIF ORGP e rala ESOEIBAY Whrsly-
percent of the 35 sojylie, raightly | ﬁrﬁ%ﬂ'&keﬂas&ﬁ'ﬁiﬁ ot arumiiaﬁé:shyygagerrhe
reaction and/or hydrogel-forming polymer materials. . Such a process
- comprises the steps of preparing a reaction mixture consisting
~ essentially of particular amounts of unsaturated- polymerizable acid -
o .20 -group-containing -monomers, cross-linking agent and optionally
. free radical initia-tor' in an 'aqueous- medium;..'..su_bjecting this re-
action mixture to poiymerization conditions to pr_oduce a sub-
stantially. -wate_r-_'insoiuble,- slightiy. ‘cross-linked polymer material
having under _certain: conditions _particular ‘gel volume, gel
- 25 . strength and. extractable _polymer_ content :characteristics; and —
- neutralizing at least a portion of the acid functional groups of the
| resuiting polymer material - with salt-forming: : cations to form a
partially neutralized polymer material having @ degree of neutral-
_ization of at least =  25%. - S
30 The ‘reaction mixture prepared in. aqueous medium consists
essentialiy of from 58 to 35% by weight -of acid group-con-
taining monomers in the free .acid - form, from 0.001 mole
percent to 5 mole percent of -the cross-iinking agent based on
) . total monomers. used and from 0% to .+ -« 5.mole. percent of the
- 35 free radical Initiator based on total monomers used. The reaction



% 6- mixture nust furthernore be substantially free of graft polymer- izable
pol ymer noieties such as starch or cellul ose. Polynerization conditions to
Which this reaction mxture I's subjected are those which are sufficient to
produce a polyner 5 mat eri al which has or woul d have, upon subsequent
neutralization to a degree of neutralization of at |east 50% and upon
subsequent drying, a gel volume of at | east 20 granms of synthetic
urine per gram of hydrogel -forning pol yner, gel strength such that the
hydrogel formed therefrom exhibits a 10 shegr nodul us of at | east

3270 dynes/cn2, a X ne
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content, e, whiSch unatdelfal whichyhasher would have, ugonr sq:bs)eqmm né].nt@alui‘dt_mn
hyd I t | fy hj t be d '

ydrogel material fygt ge ag;raﬁé bP REQGSAZEY OP'd0adey De OTsgil ddl WS

to prepare absorb- dr oge orm ng pol ymer materlals re-
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articl e- of - manuf actsynthetipearine tger mmenéf | mydhrdget+forming cpolymen) a gel
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Such an absorbent structure conprlses
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noi eties such ag starch or _ce hydr ogel -form ng pol -
material, upon eutweaglEa?foHYﬂbwﬂféRjF\é@oMEUPFal i Sugh oRolymer; materials

furthermore have a relationship between ge! volume, v, and
equilibrium extractable polymer content, e, which is defined by
the equation: eg0.23v - 3.0. The hydrogel material formed in
~ this process may optionally be dried in order to prepare absorb-
20 ent hydrogel-forming polymer materials which re-form hydrogels

~ upon subsequent contact with water or body fluids.
_ In its article-of-manufacture aspects, the present lnventaon
relates to an absorbent structure suitable for use- in disposable
absorbent articles. Such an absorbent structure comprises from
— .- .25 508 to 98% by weight of such a structure of hydrophilic

fiber material and from 2% to 50% by weight of the structure
~of discrete particles of substantially water-insoluble, slightly
cross-linked, partially neutralized, substantially dry hydrogei-
forming polymer material. This hydrogei~forming polymer material

30 has a degree of neutralization of at least 25% and is fur-
thermore substantially free of graft polymerized polymer moieties
such as starch or cellulose. Such a hydrogel-forming polymer
material, upon neutralization to a degree of neutralization of at -
least 50%, has or would have a gel volume of at feast

.35 20 grams of synthetic urine per gram of hydrogel-forming



| east . 50% has or would have a gel volune of at |least 35 20 grams of -
synthietic urine per gram of hydrogel-formng -7- polyner, gel strength
characteristics such that the hydrogel forned therefrom exhibits a shear
nodul us of at |east 3270 dynes/cm, an initial extractable polymer content,
t ur in synthetic urine, of no nore than - 7.5% by wei ght
of 5 hydrogel -form ng polymer, and an equilibrium extractable polyner
equi libriumlIn synthetic urine, of no more than - =~ 17%
by wei ght of hydrogel -form ng polyner Pref &ffed cl asses of pol yner

:%k'Fh gFlt rgﬁg aﬁ%&??esngi‘kﬁjgsaﬁt 'rtfﬁ%(aifb e hydroget
pol yner content, afnumeq upntrmgsmms (Brshead modulusnotiat east 32he -
|dyrieagch? ewrnmﬁvemrs&halé PoRyoRer €BRteMts O, BENlarfdr! b@ées

d| ers suc oI ner - .conta absor bent
C&Y g{ﬁt@f: “I" @°f§ than Thes #ﬂﬁﬂg‘%%mt ed
herewi th repr 6sentm/droget-fmyrgvpebymdr.aamﬂ sqmsthlﬁ:ﬂumpextnehtaﬁlelpolgmer '

i.e, after one ho
content, t.e., at

materials for use
rel ati onshi ps a) -

resul ti ng--hydroge
such as di sposabl
structures. BRI EF

preferred configu
DESCRI PTI ON OF TH
cross-1|inked, 20

of this invention
urat ed, aci d-cont

gl W, B M S ho o

Iy

‘parti &T$ beelY{Q‘iM z88, Yi?@%‘eﬂ” mingri pelymery nePrefereed al s

cwsses he# epotiymer maeemmparbned.-id am BakN: rrsﬂaé'rébl 8re UM38é -

ol efi ni cal'ly unsat¥ ;?icf’ng’g%”ga ﬁﬁ&ﬁﬁﬁ%ﬁéﬁ&%&%ﬁﬁ%ﬁ? g?'?\'"%t a?éa%‘i‘"ﬁhe

carbon to car 8n

mononers can be sghggé. %&drqmemi\bnwﬁmm un§ar-bbe|rat1aﬁecaf oY lihGeAGHAIS

and aci d anpydrid
t hereof. Oefinic

o‘il@m extractabie patymer content,spadilbh) bemeenagelyyoluh'esmd

I | | t- t | t
i, SrFhe S i ook oG peact, A

&

anhydri de nonomer wutiizel sueh tpotymerscontaining absyrbérit surubyurmesiylic 30 acid

itself, methacryl
alpha cyano acryl

ic acid, beta-net acrylrc aci oni c
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of a disposable diaper which is a° preferred conf’ guration for the_

" absorbent articles herein.
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. DETAILED DESCRIPTION OF THE INVENTION
The substantially - water-insoluble, - sl-lghtly cross-linked,

partially - neutralized, "hydrogel-forming polymer materials of this

invention are those which are prepared from polymerizable, unsat-

urated, acid-contaimng monomers. Thus, such monomers include -

the_olef’mcally unsaturated acids and anhydrides which contain at

‘least one carbon to carbon olefinic double bond. More specifi-

25

30

. 35

cally, these monomers can be selected from olefinically unsatu-
rated. carboxylic acids and acid - anhydrrdes, olefimcally unsat-
urated sulfonic acids and mixtures thereof.:

Otefinically unsaturated carboxylic acid and carboxylic acid
anhydride monomers. include the acrylic acids typified by acrylic
acid itself, ‘methacrylic acid, ethacrylic acid, alpha-chioroacrylic
acid, alpha-cyano acrylic acid, beta-methyl-acrylic acid (Icrot'onic
acid), alpha-phenyl acrylic ' acid, b’eta-_acrylo'xy- ‘propionic acid,
sorbic acid, elpha—ch'loro- sorbic acid, angelic acid, cinnamic atid,
p-chloro cinnamic ~acid,” beta<styryl “acrylic acid (1-carboxy-u-

phenyl butadiehe-l_.:i-);- itaconic acid, citraconic acid, mesaconic



*acid), al pha-phenyl acrylic acid, bet a- acryl oxy propionic acid, sorbic
acid, al pha-chloro sorbic acid, angelic acid, cinnamc acid, p-chloro

ci nnami ¢ acid, sbeta-styryl "acrylic acid (1-carboxy-4- 35 "phenyl -

but adi ene-1, 3), itaconic acid, citraconic acid, nesaconic aci d,

gl utaconi c acid, aconitic acid, maleic acid, fumaric acid, tricarboxy
et hyl ene and nal ei c.acid anhydride. Oefinicat8y unsaturated sulfonic
acid nononers - inclwude aliphatic or aromatic vinyl sulfonic acids such as
vinylsulfcnic 5  aeidd, giwutagonia acithi cacenitic acidy| maleienacid.r dumericciagiding
styrene sulfonic ag;gar&g&/gmﬂ@ag mmg,glgchsdﬂﬁm& aci d s(gch as sul -

foethyl acrylate, sulf thacryl ate,. sulfo ropyl acr | at
sul -fopropyl nethacryl &ﬁ% 'X'Eaﬁ;drﬂﬂ tyrated | suif oh {fonjg o 8id 5 manomers cinglude -

2- hydr oxy- 3- met hac ajiphatic poppyromatid oviinyl asulfomied aaidscrsdch Ms vinylsulfenic
ant do-2 eLDY! s PTORGRE. MiViCRhfIoRR, beid Gtry{oliGed LRI TnelBS I Hrffene

aci d-containin red nononer acry

met hacryl i c acid, aulfoal::a@qd.amwue and Hwhpmdmestdtqrﬁommd awid'l ascisyli c
ac: d 'tse|I I's lespﬁ?ét{’\ Wa@l‘yﬂ&ﬁr{%lfﬂ?yl methbep Iali‘é{dVQGﬂodf' 'iﬁr Iate
pol ymer materials o resen vent | ar e

the acid group-con® '(fBPFRFHB Fg\ g%* hgpyrgr-ﬁl‘BEYofé% g’é‘r"’l b% #‘/’&I'q Y,
from 50 nol e perceatid, oz%&&@:mMemcghky propyinselfpnizl acer abHyz#acmyl-

75 nol e per ceni)et 083‘%09%'“?{'5' §F°ﬁ?‘ 9‘&"5 e g‘g hydrogel - form ng pol ymer

material wll prepar e roup -cont ai ning nononers. Two
or nore different nmonof@ratlythe foregaing h@h%ﬁfﬂbéﬁ@r e agigscontainingc mpnomers,

gr oup- c?n]E ai ni ng "BRerer Smﬁﬁh‘mléﬁk %Fﬁldm%r;ﬁé he.dorths& fcowdf and
o0l o 10 D0 h L kbt S S, NGBS 1
pol y- mer conposit especiaidy epreferred.be prepared from aci d group-contai n- I ng
o naet e ol s WECATBESIENASE  SRVARE gAY B! e prssent
Such non-acid nonoiferentiom musy (ke prepared pr:marllv from the acid group-con-
taining ‘monomers as hereinbefore described. Generally, from
50 mole percent to 99.999 mole p_e.r‘cent. _a'rjd' more pref-
erably from 75 mole percent to 99.99 mole percent of the
20 hydrogel- formmg polymer materlal will be prepared from such acid
group-containing monomers. Two or more different monomer

~ types of the hereinbefore described acid group-containing mono-
mers may be copolymerized in order to provide hydrogel-forming
polymer material of this requisite acnd group-containing monomer

. 25 content,

AN

While at Ieast So mofe percent of the hydrogel-formmg poly-
mer compositions herein must be prepared from actd group-contam~
ing monomers, some non-acid monomers may also be used to
prepare the hydrogel-forming polymer composntlons herein (prior

30 to neutralization). Such non-acid monomers can include, for
- example, the water-soluble or water-dlspersloie esiere of the
foregomg acid-containing monomers as well as’ monomers which
_cont_am no carboxyl or sulfonic acid groups at all. Optional
non-acid monomers can thus include, for example, carboxylic acid

35 or suifonic acid ester-containing monomers, hydroxyl group-



exanpl e, the water-soluble or water-dispersible esters of the foregoing
aci d-contai ning nononmers as wel|l as nononers which contain no carboxyl or

sul fonic acid groups at all. Optional non-acid nononers can thus include,
for exanple, carboxylic acid 35 or sulfonic acid ester-containing -
~nononers, hydroxyl group- cont ai ni ng nononers, am de group-cont ai ni hg

nonomers, -am no group-containing nononers, nitrile group- contai ning -
nonomers and quaterjpary ammonium salt groug-containing. mononers. These
non- aci d_rmno.rrers are wel-l known materials &Md are- descrl bed In 5 greater

detail, f t 6 I d
iy’ 56, “rarBoReaihihd, GBRnfian stidd SoiEbhtaBEs: B8%mke Faina ne
13, 1977, ‘both ofgmhpmrmmmgommmdnneﬂe|grohp-cwmirdngenlah0mersaaedt at
al'l, such non- aﬂu@tml?gerﬁnd%nibnfesﬁie%r%ﬂb%%rﬂaﬁﬂﬁ roméral !

prior-to 10 neutrallzation, no rPﬂmi)ercent of

pol y- ner corposiNPNoACid,BeRPReEs é'ﬁr!ﬁﬁrbﬂ"‘f’?oﬁ?wms Aed ﬁfﬁfdbeqréf‘s

| t I ShOlHH d besnot grestert %drtail fcmegexsopmt lWaMambhaCt damanomssl Pateritude
only those nmono t sgnti a

aci d- cont ai ni ng%@%kg uss&fef’o%%gg%g%é %ﬁejﬁyarobﬁv F’brﬁ? Se SBWné‘r

her ei n:” The hydr ®atentf &, 86hG1Pp| ﬂﬂwedcﬂmbetoﬁs 3877 hibothnwénwhich raret

not, however, CO%&%W'&Q%M am%&m&&. ﬁ%@éeﬂp'ﬁteﬁsis@cf?lnw-aft |

p0| yner noi et i es onto gl‘ Oug contalnin nmnoners w
pol yneri ze. 20 Psmmmmsrew% be upe Y|t suchapn 0%"5‘3"& that. priet ooy
cel I u- | ose, 10r e nedtesiRationy| nel morenithah sever 80 kmetenpeygert of thedpoty

el ot 1. Tt Uy KR S i A AR, R

conposi tions: of ‘meggal or better fluid absorbing 25  performance

characteristics vis- QtVsﬁoﬁl@thr 'nGiedir thii&tﬁ{d #&e?&%gbeoﬂtﬁ&wld%&@clhhe _
form of pol yner conposition sub- stanti

pol yneri zabl e poMARCMERDi mqﬁeeeseew E"%’Far"&‘?f’ OmATS s ‘""YF" "f &Pgﬂ'@!ﬂ?ﬁf’é
been di scovengd wWith the eksentiainbcicentdining miomonierst oséd tes Jaepasd the t he

realizati on OT hydrogel-forming polymers herein. The hydrogel-forming polymer
compositions of this invention- must not, however, contain any
significant amount of other moieties, e.g., polymer moieties, onto
which the acid group-containing monomers will graft polymerize.

20 - Polymer moieties such as polysaccharides, e. g., starch or cellu- o/

~ lose, are an essential element of several known types of hydro-
- gel-forming . materials which have especially desnrable and useful
absorbent propertles. ‘It has now been discovered that hydrogel-

- forming polymer compositions of equal or better fiuid absorbing \J

25 performance characteristics vis-a-vis ‘such prior art materials can
' be provided in the form of polymer co‘rnpositions which are sub-
stantzally free of graft - polymerizable polymer moieties such as
-starch. - Thus, it has furthermore been discovered that an ele-
ment hei‘etofore thought to be essential to the realization of
30 exce‘pt‘ibnally desirable nydroge'l"ebSorption ‘performance can be
' ""ehmlnated ‘while nevertheless provndmg hydrogel-formmg polymer
materials which are especnally useful in absorbent artities,
A second essential element of the" hydrogel-formmg po!ymer
- compositions herein is a cross-lmkm_g agent which serves to
35 render the hydrogel-forming polymer compositions of = this

¥
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30 exceptionally desirable hydrogel absorption performnce can be

el i m nated whil e neverthel ess providing hydrogel-formng polyner materials
whi ch are especialty useful in absorbent articles. A second

essenti al elenent of the hydrogel-form ng polyner conpositions herein is a .
cross-1inking agent which serves to 35 render the hydrogel-fornming’
polymer conpositions of this - 10- Inveg |on substantially

wat er -i nsol ubl e and which in part serves to etermne the gel vol une, gel

strength and extrgrﬁahk& p@&émtiﬂfv‘t%ﬁiﬂ%ﬁﬂ@r%ﬁ& Which’ 1A NBary depusl S

forrredfromthep mer conpositions herein. Suita Gross- |- in )?gents
i ncl ude,” for 5 é&zﬂﬁiF%’“"’@l}hﬂzﬂﬂ)d{M‘ 8¢ #3renotheaed ?W’ﬁ!%ﬁr@%'
doubl e bonds; (2) csmum&ahwmﬂics’ﬂoﬂ aﬁsmwmganl yoresed Foom treeipotyhend

d at | f t.h
mononer mater ol : coRpouSiRs. M Ray R bR drbfsiiofg 99.*%%2?‘“%@5"&9 for
reactive w th5t heeaampl&;om hicompgundsohavingO at rlrastr twp: poliymerizpble)doublent
netal conpounds Wai,RH scaﬁ)f Qrog?ogngguﬁpﬁ.%old nmgsongpa mu-ﬁkbm BN S

havi ng at |east two yheriza nds 1 ncl ude or olcwl nyI
conpounds such as bQM'l H?F’ ap deasth ongn duprtiend)l 85PUR nESACt Ve )"‘ ’U?
pol y-esters of Un%éﬁtﬁiﬂir@ rﬂd?:on@nﬁsatalhlpokl) - eomipoundsi t:aelngisatwiddst ptwg/ol s

i ncl udi ng, for ex - or t | i cig es S ol as
ethyl ene gl ycol ?PT‘??@?’PE)I Jea%%{g\éy &F& ﬂ\e L@fcf °§'§<‘°@'?‘h Ieﬁgﬁ?}ﬁ&'
col's; (iii)- bigacmateriatiesnduth RQ‘YNaMntethSﬂ Wyﬁbmftiéaﬂ(fww onic
car barryl esters tRags sgﬁp,klgﬁvg)bt ai ned by reactl ng poI y| socy 20 anates with
hydroxyl group-containin noners; et

h
lyols; (vi) di- or &ﬂ"y‘sél"l'vpgeﬁ%ﬂ@ B?V'ﬂgl 9‘32?3(%%5”9 \é°9'd?’cf§zr%.lﬁ foyible
d\él |yl phthal at e bodlds! indiudeli Pt di- aord pdwvinweco:ﬁpom)dsesm asf divinyl-

b0l yol s such as. abRyFhle S ERARY ot T th‘ﬂ” panfestirech E‘ro"%s“?'a‘

ether; and (vitbi) mw-oortwla1-¢qnbomnneac@soy iPakyaly iag ing hafe rngxyp-

| east one poI ym:"”p?é‘b' 8i-1¥tPltRiacrylic acid esters of polyols such as ethylene

glycol, trlmethylol propane, glycerine, or polyoxyethylene gly-

cols; (iii) bisacrylamides such as N,N-methylenebisacrylamide;

(iv) carbamy! esters that can be obtained by reacting polyisocy-

20 anates with hydroxy! . group-containing monomers; (v) di- or

N2 poly-allyl ethers of polyols; (vi) di- or poly-allyl esters of

-polycarboxylic acids such as diallyl phthalate, dia!lyl'adipa'te, and

the like: -(vii) esters of unsaturated mono- or poly-carboxylic

acids with mono-allyl esters of polyols such as acrylic acid ester

W, 25 of polyethylene glycol monoaliyl ether; and (viii) di- or triallyl
amine. :

Cross-linking agents having at least one polymerizable double
bond and at least one functional group reactive with the acid-
ébﬁntain‘ing monomer material include N-methylol acrylamide, gly-

30 cidyl acrylaie, and the like. Suitable cross-linking agents having
at least two functional groups reactive with the acid-containing
monomer material include glyoxal; polyols such as ethylene glycol;
polyamines such as alkylene diamines (e. g.. ethylene diamine),
polyalkylene polyamines, polyepoxides, di- or polyglycidy! ethers

35 and the like. Suitable polyvalent metal cross-linking agents



bond and at |east one functional group reactive with the acid- containing
nononer material include N-nethylol acrylamde, gly- 30 cidyl acrylate,
and the like. Suitable cross-linking agents having at |east two functional
groups reactive with the acid-containing nononer material include glyoxal;
pol yol s such as ethyl ene glycol; polyam nes such as al kyl ene di am nes
(e.g., ethylene diam ne), polyal kyl ene pol yanjpes, pol yepoxides, di- or
pol ygl yci dyl ethers 35 and the like. Suitag} pol yval ent netal -

cross-inking aosihien cabhbhin SRl bss fkigdyl SAEIde™ 63088 | W HRdes

oxi des, hydroxi des and weak d sa bonat'e, "acetdt e ‘an _
like) of alkaline anstwealetagid selty. (e-sahcpamonﬁgne%qe@w ang. gheclikehcofudw/

ing, for exanple, anénwreaem dmarsd(a@c EhlRRMh ah%gn‘és.um) andGEiRTS - incild-ng

agents of--many of .the es-are reater detail in
t he herei nbef ore- riBFer‘t@rT n' FEm °ﬁi%78"§6§“°£i’ﬁﬁagﬁf ‘these types
of cross-1inkiSng: agenteroishhnking qgeetemfemaﬁwoﬁube Heoregoingr typésc ade -desr
pol y-esters of .unsgl, r Cgy b ' ' oI t he
négf ﬁ'”gP&teP dQPJi ﬂ-f Re| héreifi rewﬁth'r ted ‘?er

10 bi sacryl am des a am nes.  Especi a red

cross- i nking age'?ﬂtsnta“r 076 (66 - n@f rﬁ" 9ﬁeﬂ"°§&c¥%§m°ﬁe¢"°c$r ng @gents,
propane triacryl attpe &mttﬁmu-wd o Ngse memczﬁ-@ khélmungoagsm-&deh—s of -

general ly conpri se, fromoO 01 m)l e erce rce of t

resul ting hydrogel* ?g gﬂ%ﬂ) 8 r%‘f 'B’ng' e
cross-1linking lagerhlsuwlammqsr m;ld fthemd:- or tnallyhtdmmper c bspecial By nple>
per- cent of the %G’Fﬁﬂe'cﬁo%mrﬂﬁnﬁo' ¥g?r§tsC°HP95'ﬂ'l@%ng'f‘ﬁ&l%b@bus%“ﬁ%m‘i&%e

foreg0| ng nononers and cross- | nts are .react

cross-1inked pol yriimethydel; Brorase: &"ﬂ?"r’f@aﬁ‘eﬁf‘i’aﬁ"ﬂ'w aminexaph| e aci dic W
functional groups, at Taa5trmnﬁnnfngt h@&maw&w gemeraslynedmppisendrbmal i zed

herern™ For b puEohY el PBEATE B4 ROR, kST BE ok IBR R TR
conposi tions 4be donming dpolwnqu'armatalrw neMLoraI meﬂemblm athe ea&ssEEnkuige
percent, and 25 gyeth P! conrib@aFbm-0 0! @, BFIER' paFedMRIITS milECHed 0
formthe polynmer are acjd group-contal ning pononmers have , been
cent of the hy roge!-formmg polymer compositions herein.
After the foregoing monomers and cross-linking agents are
re_acted:"to'. form cr_oss-lihked ‘polymer material containing neutral-
20. izable acidic functional groups, at least some of these acid groups
must be neutralized to form the partially neutralized hydrogel-
forming, polymer compositions herein. For purposes of this
invention, - such - hydrogel-forming polymer compositions are con-
sidered partially neutralized when at- least 25 mole percent, and )
25 preferably at least 50 mole percent of monomers: used to form the 1/
polymer are acid group-contammg monomers which have been
neutralized with a . salt-forming cation. - Suitable sait-forming
cations include alkali metal, ammonium, substituted ammonium and
amines. This percentage of the total monomers utilized which are
30 neutralized acid: group-contammg monomers is referred to herein
as the "degree of neutralization."
. By reacting the foregoing conventional monomer materials and
. cross-linking agents 'under. c‘ertaih reaction- conditions, and pref-
erably in a certain “manner - hereinafter ‘described, it has been
35 discovered that ‘novel hydrogel-forming polymer cbmpositio'ns



*neutralized with a salt-formng cation. Suitable salt-forning cations

I ncl ude al kali netal, ammoni um .substituted anmoni um and am nes. This
.percentage of the total nmononers utilized which are 30 neutralized acid
group-contai ning nononers is referred to herein as the "degree of -
neutralization.” By reacting the foregoing conventional nononmer materials
" and cross-1linking agents under certain reacti&-conditions, and pref-
erably in a certain maAner herei nafter described, it has been 35

di scovered that ndaMingy@specially odesirgbleopsopertiesocpnsibie orealized. 12More

havi ng especi al | ' r ' n j jar t arly,
I t'\bag 'begn di scgvﬁy@ga'?yrnp&??\‘/éagde%ﬁoagﬁgcﬁ?ﬁm@gtpg‘P neﬂo’h%‘g@gfpons
consi sti ng-essent i forping pelyper compesitions: sensistingpgssantialivhof only the

cross-1inking agentaid-<ontaIAficP’ MoRomersc aiid RGdssAMINARg P agRAtE thereirberory €
or woul d have, _upon su{lgﬂ'%g uent neutralizati ree eutralization

of at |east 50% a R3F | B0 i RFEEPAD o?’?‘&éfo GBYd%e?T%' gg{‘"‘gt?!&‘ﬂgt 1HPhd
extractabl e pol ymersubsequent cieatealizationt to-a. dégren pfineutralizatioondf attlesst of
e o Tre 16a pace 678 BUFREEL e bt B XBRSe, WU trangin
absorbent structur éé‘dar?a‘tﬁﬁcttPE'I'eQP"@:ﬁ'p\‘FﬁPm_FE?%"E’!)“F% '%Mc?ﬂ'}'cﬁfa"a
gi ven hydr ogel - f or reomibigatiar y 6Br characteristics zendeis f thésks hydiogehifohming
L i T e AN L
the hydrogel - f or ni iHpefigk as iahsorbentsin pbserbest structures and anticlss: vol une
e oabl Tor i g po T rersoas e et af o gl ot sga
et ogel - form g parymepiters Gatarig] . aperth SURL LY Whlch, 48 “Cordts Thta
specific gravity. ofcontactsyGelcvolumer care viasyapignificantiye with the gaturecofithe
can also be repgrt ﬁlﬂfihnbﬁl‘ﬁﬁpﬁb%rﬂd Sha Swith"fhd- mafniePCin’ Which IR contacts
hydrogel - f orm g ROy P altoring Cetarial. " FoF Surpasas of this Inventios,
gel volume is defined in terms of the amount of synthetic urine
absorbed by any given hydrogel-forming polymer in terms of
grams of synthetic urine per gram of hydrogel-forming polymer in
20 a procedure heresinafter defined. Since the specific gravity of
the synthctlé_ urine is approximately 1.0, gel volume can also be
reported in terms of ml of synthetic urine per gram of hydrogel-
forming polymer. . . ' _
_ The synthetic urine used to define gel volume herein is a
_ _ 25 salt solutien in distilled water with the surface tension of the
— solution adjusted to 45 dynes/cm with about 0.0025% of an octyl-
phenoxy polyethoxy ethanol surfactant (Triton (RTM) X-100, from Rohm
and Haas Co.). Such a synthetic urine solution comprises 15
parts of 18 Triton X-100, 60 parts NaCi, 1.8 parts of
30 CaCl,.2H,0, 3.6 parts of MgClz.Gi-le_ and 6000 parts of distilled
water. . _

_ Gel volume is determined by forming a suspension of about
0.1-0.2 parts of dried hydrogel-forming polymer to be tested with
about 20 parts of this syhthetlc' urine. This suspension is main-

35 tained at ambient témporatun under gentle stirring for about 1



25 salt solution in distilled water with the surface tension of the
solution adjusted to 45 dynes/cmw th about 0.0025% of an octyl - phenoxy
pol yet-hoxy ethanol surfactant (Triton (RTM X-100, from Rohm and Haas Co.).
Such a synthetic urine solution conprises IS parts of 1% Triton X-100, 60
parts NaCl. 1.8 parts of 30 [err] parts of [err] and 6000 parts of
distilled water. Gel volune.is deternmined by form ng a suspension of about
- 0.1-0.2 parts of dried hydrogel -form ng pol ymaiato be tested with about 20

parts of -this synthetic urine. This suspension'Ts nmain- 35: tained at

anbi ent .t enper at ur chourdeo t $welfing' hour so ha
mp g g eqlﬂltfr‘?uma%oﬂttaﬁ'é d, g:ggtq 3 prade

swel ling equilibri ined. USing. a, procedure

~ detail herei nafterlﬁgSE?'ﬁ%BT t 9 m&@ét hSFF"‘PﬁG"gé'P ﬂuu'frESM METBHODS

. hydrogel -form ng pdlegtien, itheggehwobime \oft tred Wy diobER foring' f,, grams
~hydrogel -formn t £C I he Wel t ract on of
t%e hgdrogel gg p‘:i’%?ﬁzeilc B‘?fhesme gté’geﬁgﬁyﬁ;’gﬁg} ?ﬂ'é“'P&t 'lﬂ?ﬂt e then

| i quid vol ume é&xcl ted from tf‘SrWEtQ"ﬁy&acgbln 06 ﬁcehydr@elvtﬂmm? iyae

“suspensi on. The hyadnergin therso nBlHry gqgmp.? t e, presen

[ nvgnt lon are tho)s/q z‘gltﬁg #1:6} 5P EHB fib M)Qﬁe QEquB iojmisy eﬁFlla‘HEdOf
synt hetic¢ urine per gramo ﬁ@&rﬂggr% rlﬁ ﬂSF%’n‘é? U"m%tbtduspabslpn t he
novel p](c)l ymeJ: hrrl[aterl al Fheerhydrogel-foemirg pmlwifce Qampbﬁmons of 2Re ! Brélnt

~grans of synthetic 0 I or,mn

9 y itV éritfori2@re HHYER Ofvh ﬂ*‘fj HaVe gel go&@&at&m )'/e?ﬁtgh gel 20

Hydr ogel - form E& pol%rrer%fc nposi - tlons haV| nﬁ
vol ume charact ef | s8MeMm$,f pynthetic curiney per gram iaf hlydoo@dntoralinglcw fierand
articles since theMoyerpeefesabigr, nweanI’#guﬂlmﬂOW 1€ HerelY df\}cee' na: t el

hol d desirably hig di scharged flulds such as uri
addition to this rg atlve? ﬁ{"gh gel 3\? F ﬂ'@skﬁfdPUQQP@'GMMﬁarogramhé‘J

pol ymer ' conposi ti o®§ *Mdrpael-ptpmegt polymert.i OHydPogelufirmihg Opolpﬁﬁi‘eéénposﬁ
certain. gel strengbh L@k S gLhrefers to the
g fiohs ABpIap ik reiivelrhigh, | S07YbIie ERacarteniae are

E{ ?gggs'otn)éeoz h’te g O;or rreq% (}ge in absorbent: structures and articles since the
hydrogels formed from- such - polymers can, by deﬁmtson “hotd
deslrably high amounts of dnscharged body flunds such as urine.

“In addition to this relatively high gel volume, the hydrogels

formed from the polymer composltnons of ‘the present invention
20 must also possess - certain gel strength characteristics. Gel \)
strength refers to the propensity of the férmed hydrogel material
to deform or spread under stress once the polymer material
absorbs fluid. For a given type ‘of hydrogel material backbone
_ | and cross-lmkmg agent gel strength ‘will generally decrease as
25  the gel volume parameter increases. It has been found that it is
' desirable to utilize in absorbent structures’ and articles those
polymer maternals which form hydrogels hawng as high a gel
strength as posslble consistent wsth ‘the reallzatlon of hydrogels-

of acceptably hugh gel volume.

30 It has also been found that gel strength, i e. gel deforma-
tion tendency, (in the context of hydrogel formlng materials
.- mcorporated into absorbent structures and ‘articles) correlates
dlrectly with the ‘shear modulus of the hydrogel material which is
formed. Accordmgly. polymer materials which form hydrogels
.35 having sufflclent gel strength to be wuseful in absorbent

e

.



*absorbs fluid. For a given type of hydrogel material backbone and
cross-linking agent, gel strength will generally decrease as 25 the gel
,volune paraneter increases. It has been found that it is desirable to
utilize in absorbent structures and articles those polynmer materials which
form hydrogels having as high a gel strength as possible consistent with
the realization of hydrogels of acceptably high gel volune. 30 . It has
al so been found that gel strength i.e. gel deforma- tion tendency, (in the
context of hydr ogedtrieturesgandaiaeticiiss of nehispdneéstion nean abeoapprépriately

hydrogel materi al SRrERerEYR B2 bRl "ﬁ’éﬁgﬁ*ﬁ“ﬁﬁ‘em%ﬁéfr@f”iﬁsmﬁfee%he
form hydrogel s 33modidusmf theihyidepgelt matarials rwhighhare formed.:useful in
absor bent structuresn@d?dmaahhfé %Enolf:e tc'%h%eh{lllﬁm* qaea%ame fappé,em:lsmat e:{y |

characterized by specif tren In terns he shear d
the hydrogel rPat erald %?Fgﬂ? é‘ﬁ'fiﬁ’? °"':ﬁ?e&’r"erfﬁﬁjl°ﬁsa Sthesh rheometer to
conventional | y neadeteeninef theexatipl of (a) styess [mppliedute ahigtven rivednrogel t he

use of a stress r%ﬁjﬁ%% h?ib‘iﬁ&erfe@hﬂ‘?é 'ﬁréiﬁt :th%flted é?)ﬂfé 39@91 pp"l'ﬁ@' to

a given hydrogel ra n -ex
sanpl e. The hydr ﬁgmsopghmersaﬁpp eﬁsédin thishimannennisr 5?"9"9"

swol Ibeg toits gteltovodsugel %dlhmEYﬂ;t{hefslyhthlfﬂﬁélﬁgrnnUSl rws gaossshea&rdedelo
scri be in gr.eat er erel.na e

ST eos o o aBn Merflied’ in, CGEEPR  wetail inpfiindfrst, W TShFTRST | RBTHAES
resul ti ng hydrogelsestiapl ethen S@Msﬁenitrain tﬂa&m imtc!aéqtmimﬂy and ctheatsbeaf r om

thi s ratio. The p%aamc.scefmi tr SR Sﬁ'ﬂ?lén%ﬁ@ymléﬂf Msl¥hen
drogel s having a strgngth such t I\%‘ hydr ogel s ‘'exhi bit a shear
uI us of at Ieasst"‘ seq”%’? égﬁdcﬁﬁ"'“ F%'Bfigf- erably, the hydrogel

mat erials fornmed hereiThéapelyan a-heampusdhiens uef Wthéi presentr dngentionf form
gar7t |1c8I a?y? ﬁéér ;/T% }cﬂoggﬂogagwﬁ gﬂs'trwém%'r oe{e mat er i a?dr%%‘(s ex“hb't
gel strength as rdf Ishepedmpduluseof iihéaaﬂrmdul @1%7Qal dynesfiom?®., cMpse Pfef‘
def ormati on erably, the hydrogel materials formed herein have a shear modu-
lus within the range of from  4710- dyneslcm2 to 92000
dynes/cm?, Without being bound by any particular theory, it is
20 believed that hydrogel materlals havmg high gel strength as
reflected in these shear modulus values will reslst deformation
upon fluid absorption and wlll have a reduced tendency to fiow.
. | . Thus, high gel strength materials may actually serve to maintain
" separation of the indlwdual f‘bers of hydrophilic fiber material
25 with which the hydrogel-formlng polymers herein are convention-
ally mixed in absorbent structures. Such fiber separation im-
proves both the wicking and absorbent capacity of such absorbent
structures. Low gel strength hydrogels, on the other hand,
merely flow into void spaces between fibers upon fluid absorption
30 and can thereby actually reduce the absorbent capacity of the
absorbent structures and articles into which they are incorporat-
ed. - ' : '
In addition to relatively high gel volume and gel strength
characteristics, a third essential feature of hydrogel~-forming
35 materials which are especially useful as fluid absorbents in



upon fluid absorption and will have a reduced tendency to flow Thus, high
gel strength materials nmay actually serve to maintain separation of the

i ndi vidual fibers of hydrophilic fiber material 25 wth which Lhe_ |
hydrogel -form ng polymers herein are convention- ally mixed In absorbent
structures. Such fiber separation im proves both the w cking and
absorbent capacity of such absorbent struct ures. Low gel strength
hydrogel s, on the other hand, nerely flow int8¥%vi d spaces between fibers
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chpaci ty of ‘the ababABERENC el R Hh e s he, e .
i ncorporat- ed. 1n taackablen pblymejl a'mated'i;l hpeesert! 0! §0EN amygfgeﬁ.tféﬁﬁg,bh
characteristics, a Mb;ﬁl esggn;‘b af ﬁ@,tg Q,f,.ehyg{)r erR{l'%rv?d q"égsBP’fYé'lﬂ'

mat eri al s. ®whi-ch:- are es al | usert ul |d ab

structures and arti®M4te 'a e#’%%fé%‘%’o '&Yn@qdé’vélmdf onge hydrogets arepfonmezt can
material presest i ralte%ubbthWQﬁﬁh&a@rﬂMﬂQpWTs@ﬂ %'hara&irﬁ?%‘i of b bf’F¥| q

once hydr ogel s ar o Ak Gk, extéhe ARl 5 ety Shserigd

characteristics of mdfe mm\}yfheldobvctllehbydkogmt-cddtalnlﬁy(‘absbl-deﬁt m.m[)e t
sl owl y absorbed and rmr@yp Qé,l,)‘gh%ﬂ E“e'f' k%j{r%g&g §?n§ iﬁ 'aeG?‘ed
article. By aItermga emc aracter- o 0 %
pol ymer causes fluft bee'dms"rrsﬁes'pﬁ)d'ltlfy Re| beqapme mmomw beidl by & ez
reduces the ul 10 nathydeegeici t Thid rdftmdtsdmgeﬁm,ﬁagrrw.gag(* rthteohxhlrﬁ%go y

swel 11ng of the hy oo BRMerIer sB8 B (Rifh Wnest faarhing efasutractanie
absorbed prior to pelymen dcsucsi mgreaslobr@yrﬂlaa'am fsmm@eomteleoa%rég@u-ngq
the 15 |eaching p'f&‘iﬁlﬁPs pbIymerct ahidh h9! llgtééé t,eFlu ‘3’%% lfaeré)lﬁrdor to

f d hydro- gel ca alter the hysi.ca arac
(g”gm , bz |ncrga5| RB WReL deashingseen) L Be neipased fepmd the uhﬂdrqgetodemigowhg

transported thts)ugleathmgnpj-beggd cont ai ni ng absorbent article and 20 nore
slowly absorbed by thesQM&QEle fp%lymerq n"l)aqerllnlarleac:l'tecfJl Hrom the formed hydro-
.gel can also alter the physlcal character of body ﬂUId (e.g., by
_increasmg fluld v:scoslty) “This altered ﬂUld is more slowly
transported through the hydrogel-contammg absorbent article and
20 more slowly absorbed by the hydrogel-form:ng polymer Trans-
| 'port of body flu:d vna processes such as wncklng is an important
_ performance feature of many absorbent artlcles It provides a .
_ mechamsm for movmg fluid from the area of fluid entry into the
article to more remote reglons of the artlcle. This enables hy-
25 drogel formmg polymer in these more remote regions to contact \U/
" the body fluid and thus contrlbute to the -overall absorbent
capacnty of the arttcle. After- the hydrogel-formmg material in
the reguon of flund entry is used to full ‘capacity, transport of |
o ﬂUId to more remote reglons and absorptlon of fluid by the hy-
. 30 drogel formmg polymer in these ‘more remote regions must be
rapid enough to prevent premature leakage of fluid from the
' .artlcle - To. the .extent that the Ieachmg of polymer from the
hydrogei- formmg polymer incre__ases__,flusd'_,_vn_scosity. thereby
. resulting in slower transport and _absor_p:ti_o_n:__ of body fluid,
35 :



sport of body fluid via processes such as wicking is an inportant
performance feature of many absorbent articles. It provides a nechanism
for moving fluid fromthe area of fluid entry into the article to nore
renote regions of the article. - This enables hy- 25 drogel-form ng pol ynmer
in these nore renote regions to contact the body fluid and thus contribute
to the overall absorbent capacity of the article. After the

hydrogel -form ng material in the region of fLygd entry is used to ful
capacity, transport of fluid to nore renote regions and absorption of fluid
by the hy- 30 drogedesicibleniakagynef body MRGRI TPoMm tiseélssorBehONErtidle tisbe

rapi.d enough to pr egqature | eakage of fluid from the agticle. To
thg/extent t hat th@gsﬁ i:'ggh'gao(ﬁcu bI ymer from the hydrogel-f:ofn ng

pol ymer ihcreases flslrtglyvmsmsatyesult lofr 2 bgombipation nof theses imeohanisms,
transport and absﬁﬁ@%i?%”of";?oig’aﬁ%/r llf\td“tﬂe gb%ey ﬁl.ﬂ&ﬁfo B@dgﬁétfr%ghecer?%egﬁ of

body fluid fromthe a h I'S por to occur. Singly or as

aresult of a %onbﬁ"néﬁﬁsoﬂ figient, aut '%'@ﬁaﬁf 2he, hY‘E"d’tS‘FFﬁQ"Bi‘"%MYM intHer he
body fluid to be ajtsorbent earticle and ﬁgreefeﬂ madeﬁéé mfeilhd%irbblkaﬂemgef

t he hyd | - f t d.a

nci donce ot undestt bRy’ Tl front fnf BGHiclEr FHarsforicren redol”of nytnos; o,
real i zation of hydge-fagaling opﬁwrpsbwmsltmnpbsving)melmve!srg lowe| w.vnl/sequ
llow | evel s of extrag-aoladid Poryiér Hﬁt@ﬁhﬁks lah AibdriBY Féturt St H{ee %ril

present 10 Inventlon For purposes of the present Invention, extr &
pol yner |evels 14 o inyENti8Per ni ned by contacting a sanple of hydrogel
form ng polymer. nateri a.br Vpurposes Yol thei pres“elmelrmﬂuttdrqneiWadtMe polymer

" Sath oxtracti on guele AU Metefhiner Rty Soolind B idlols A pitpOE
t he supernatant | |fqazrmm9 aMymenama;ew t\ﬁﬁﬂ‘h ajamhehr-ngrmespbqtmrfomﬂment
ﬁfe r e.t Ege; glrte r gte gcrgkﬁésunah%éwrwqm' (6759, st UESLSAEE HoUPE) Olwhidn Uig On

15 needed 'to reach extraction equnllbnum by then filtering the

formed hydroge! from the supernatant liquid, and finally by then

determining the pb'fymer content"of"th'e filtrate. The synthetic

urine utilized is the same type of solution hereinbefore described

for the gel volume and gel strength determinations. The particu-

20 lar procedure used to determine extractable polymer content of

the hydrogel-forming polymer eomp_ositions herein is set forth in

' greater detail hereinafter in the TEST METHODS section,

it has been discovered thathydroge!—forming polymers which

are especially 'use_fUII in absorbent structures and absorbent

~ 25 articles possess two types of extractable polymer content charac-

teristics. In the first place, the hydrogel-forming polymer com-

positions herein must have an initial extractable polymer content,

[

i.e., the level of extractabie polymer whlch is removed after one
“hour in contact with synthetlc urine, of no more than - 7.5%

30 . by weight of the hydrog_el-formmg polymer. in the second place,
such hydrogel-forming polymer compositions must also have an

~ equilibrium extractable polymer content, 'i.e.,.' the equilibrium
level of extractable polymer removed after, for example, sixteen
hours in contact with synthetic urine, of no more than .. 17%

'35 by weight of hydrogel-forming polymer. More preferably, the



for the gel volune and gel strength deterninations. The particu- 20 |ar
procedure used to determ ne extractable polyner content of the :
hydr ogel -form ng pol yner conpositions herein Is set forth i'n greater detai
hereinafter in the TEST METHODS section. It has been discovered that - -
hydr ogel -form ng pol yners which are especially useful in absorbent
structures and absorbent 25 articles possess two types of extractable

pol ymer content charac- teristics. In the fingt place, the hydrogel -formng
pol ymer com positions herein nust have an initial extractable polyner

ﬁonte_nt,. e, t hfp,ylde'ugélz-ﬁdrnﬁngrq_smhbef- melnpamiodsihqlmesnrei;moech?,rgf irgtiapne
our in contact with synthetic uri 0 nore. t L a0 )
wei ght of the hdeb‘Sr CE‘%'?HPHQWI ?ﬁ‘é ent ?ﬁ Q%Mgcg‘ﬁn? pl ac'e,_;%d‘éh weu&ht ~
hydr ogel - for mi ng 8l yydrogeinfpoming eetymerstand 9o equidibriure i trattzbienpoly-
extractabl e pol yhierCeBh@it: of : o méf® thaHi | 1 O 4gh! ByClieRint=br! RpurRler-
pol ymer renoved after, for_ exanpl si xteen hours in contdct with's hetic
urine, of no for e fermiRg ’W'YW&’?%.Eg can, be.isean from; these two tyResy of ofX¥Ter . |
More preferably, thractableslparimebeegethdtomotngnlypdsytike torsh@Emdunansf hexei n
have an initial a . c W1 C .. 1N}

wei ght of hydr oge?ﬁc(r)t?%kn ﬁ‘é’% yng’?qg‘ﬁdﬂgﬁﬁ‘gﬁ?ﬁ'ﬁ‘?ﬂ‘ﬁ@%‘[“?g?{“ é‘SI’g“%m ?/9t mer
content of no nor &herate at which suchyexisactable polymen material is feaahedgcan

pol ymer. It can BsoSasy 4 eaotbRewhidhOatfEdRs adisoPptioh " peFfMMRc@abRNBKEr S
t hat not onl y1¢]s he tot|§+. anount |of ex- tractable polyner in the :
hydr ogel - f or m hg é’f’{;ﬂ%? ?FBBP?amYmBGI the rate at which such extractable

pol ymer material is | daches_i el zhm_ itiscovieredorthahi ah "préferred'abslaspt obn
performance of t hﬁyﬁ@o?é]wkr‘&ﬁﬁ%fbgfm RekY Wdse 'WhiBAS efhitfit P&CBarticular .
di scovered tthat a “preTerreq” Class of hydro%g -for_rp ngprgg%}/rrers are those
whi ch exhibit- a paiatiopghtp betysen Hrlhvpiums podneguiliby Uagtabi®inatyri um
extractabl e pol y- meer contémtot. It is{ irs facy, fthls, "plreferred eictasssdbf Glydess- of
hydro- 15 gelefopnj I | ghaicgn . en; g Mg g P

the particul gsr né_\gle:}g'b@?’ﬁnﬁw'g%p% ﬁoﬁmp%cé?ﬁgér’efrﬁg#érw& \%m
the particular novel polymer- preparation process hereinafter
described. This preferred class of hydrogel-forming polymers
will have a gel volume, v, in terms of grams of synthetic urine
per gram of hydrogel-forming polymer and an equilibrium extract-
20 able poty'm:'er_' content, e, in terms of percent extractables by

weight of hydrogel-forming polymer wherein the relationship U

between v-_-a_'nd-':_._e is defined by the equation: eg 0.23v - 3,0.

Mo_ré preferably, gel volume, v, and _-equilibribm extractal.ale_

- polymer content, e, of this prefgrfed- class . of hydrogel-forming
25 _polymerS_ :will_be_ defined by the equation: eg 0.07_3\_1 - 0.37. : u

30
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‘described., This preferred class of hydrogel-formng polyners will have a
gel volune, v, in terns of grans of synthetic urine per gram of

nydrogel -form ng polymer and an. equilibriumextract- 20 able polymer
content, e, in ternms of percent extractables by weight of hydrogel-form ng
pol ymer wherein the relationship between v and e is defined by the
equation: e[err] 0.23v - 3,0. Mire preferably, gel volune, v, and
equi li brium extractable polyner content, e, “8-this preferred class of
hydrogel -formng 25 polynmers will be defined by the equation: e[err]

0.073v - 0.37. 30 35 -18- As noted, the hydrogel-form ng pol yner
conpositions herein- 5 bef ore descri bed, whether broadly defined or
defined as "pre-- ferred" conpositions; are

particul arly useful as absorbents in absorbent structures and.articles.

Such hydrogel -form ng Asinoted, rthechyadiagelformihg ipotyméracempesitiohs clierein-
her ei nbef ore degscr iy rep n e ﬁmﬂ T
nononers and c%ﬁss ?ﬁ'ﬁcﬁ&ggg'&f %'%Qh?'y %&ggwa eﬁ@éuéoérﬁr H?égg cR"e
reaction cond|t|0n§ease¢foncentrat|on and type ofcampositions. ares partacularly

cross-1inking agentl.ﬁsehﬁ\ldégrabwrbbﬂi@ﬁﬁ Mbeﬁoldmmaélm taeﬂmrsat US§ch
nature of the reactio

d d
and/or drying. It H}Y PQFE an %ﬁ%fTS% EE'E&%PBH"PE* h‘e'h ﬁ‘??'dfﬁyﬁﬁ
conbi nati on of gel hwbmhgfomdesgtibadteandaqodrppared:m meacuagumvdmtmlmal

character- izegg th%doescr Erér'?&' cro s-lmki??ze%ergs whife approp?%ﬁl@ei:oﬁﬂ-'mﬂ'?d

tlons her ei nbefore can be rea preparing suc
"preferred" such reactnon conditlonscegpsgnqqrgﬁgt:qrh ‘and: 3ypsi of the mono-
spegi fic manger as nhsei eﬁstsernldmgcragbads aht? of | Inttiatire pused;! Ipolyanerdestior or

préparing the pref qg;t;.ggrmﬂap ub@'df the eI m&s'iﬂ&’WdeSQs used

i nvention conpri ses Hoh %f aqueous reaction
to carry out pol ymfﬂrzaﬂ)’mft @emqnvt W@dd%lﬂé‘tiﬂgs bbl'}ﬁferfuﬁﬁ!%'m"aﬁsbee@le

essential el engpt Qfiscvebed RRFACIHHY particular combination of gel volume,
and extractable polymer content values:which character-

izes the "preferred” - polymer composi-
tions hereinbefore described can be realized by preparing such -
"oreferred" compositions in a certain

20 specific manner as hereinafter descrlbed.
The first step in the process for preparing the preferred
a ., : hydrogel-formmg polymer compositions of
this inventnon comprises the preparation of an aqueous reactlon
mixture in which to carry out polymerization to form the desired
N 25 polymer materials. One essential element of such a reaction
" mixture is.' of course, the acid group-confaining monomer material
which will form the backbone of the hydrogel-forming polymers to
- be produced. The reaction mixture will generally comprise from
- 5% to 35% by weight, more preferably from 8% to 24%
30 by weight, of such polymerizable, unsaturated, acid group-con-
taining monomers of the type hereinbefore described. Such
- monomer concentrations are generally somewhat below those which
have heretofore been commonly utilized to p'répar_e hydrogeléform_-
ing polymers of the same general type as those of this invention.
35 '



m xture is,” of course, the acid group-containing nmonomer material which

will formthe backbone of the hydr ogel -form ng polyners to be produced. The

[ ' i [ %to 35% by weight, nore
tion mxture will generally conprise fromb5 wei ¢
|roregfcer ably from 8%to 24% 30 by weight, of such polyneri _zagl fe,
“unsaturat-ed, acid group-con- taini ng nonomers of the type hereinbefore

se
descri bed. Such nonomer concentrations. are g.ggeral |y somewhat bel ow tho

whi ch have heretofore been comonly utilized to° prepare hydrogel - form |ng

pol ymers of the sanWtifieation! of yeuehaTeldtifely Ofow hlh?n&n';ev e:}.gnf:gntlrggops e(ﬁe(pq-o

t f suchy vely o no concent Tatio
L zat on of B B IR e eninisacthe extensasts
the resul ting hydrd@févmpormntgnpcnfym resutting i ayar?il-forming wag;; .;.gt

| so appears gjgisf, avor preparatlon of preferre
\32: ;C/Pre? gorrpgg |onsf l?a I ng the requisite high gel volume, high gel
strength and | dw ex- t rlaRe%sFe ?ﬁ}Pynﬂh'@brﬂmumﬂncwrfMC?régAm% of -

pol ymeri zati on usi rRrefiesrédgr oup- cont ai ni ng nonomne P’é@‘ e)l}gh‘r 8‘rtfe‘?eﬂ§§§"ad"§9

form (0. Prior arihdydeqgfite é"?éﬁe@a? ‘réo'c"g:? rbell?'s selzz;@remthamm moezee

t he herei nbe
g'rgfsg? 'tﬂat ot ur SEaGiable polymen coDtente charutietiBtics ﬁlﬁe& &? tlnbﬁ‘i

synt hesi s of hydrogsing Oimn@raﬁpywﬁtnanénp%ﬁﬁ ﬁ%nﬁﬂai reglC éi%seform

I nvention, hovigyer | Yoy @i :
gr oup- cont ai n\eri:g rmnorre%%?qiy‘? qUEthesis peecedunesii iqrueuampiat these dis

pol yneri zed i n theFlospdelsy abememumue rltdfei&d:eiiOUnS Aﬂﬂknﬁse ref?fa?gl

cormponent of the aqusU062Hrerd tRiK dihGy i"?]sed RB Mo@egsoggdnhelmn

ns

REHAN AR I A LMK S A 20pherd. | in
general |y be preseatcordahbe wighethes p"reaefw %;ﬂ%#f%ow&vip ALLnal Ily ail
0. 001 nol e pergentof the urqpatﬁrgteecf ©Rtid group-contalning monomers in the aque-
ous reactnon mixture must be polymerized in their free acid, un-

neutralized form.
Another essential component of the aqueous reaction mlxture
‘used to prepare the preferred _ hydrogel-

20 forming polymer compositions herein comprises a cross-linking .

agent of the type hereinbefore described. The cross-linking
agent will generally be present in the aqueous reaction mixture in
an amount of from ~ 0.001 mole percent to' S mole percent
based on total moles of monomer present in the aqueous mlxture.

25 More preferably. the cross-linkmg agent comprises “from
0.01 mole percent to 3 mole percent of totai monomer present in

the aqueous reaction mixture.

_ An optnonai component of the aqueous reaction mixture used
to prepare the hydrogel-formmg polymer compositlons herein com-
30 prises a free radical initiator. Such an initiator may be any
' - conventional water-soluble polymerization initiator material in-
cludlng. for example, peroxygen compounds such as sodium,
potasslum and ammonium persulfates. caprylyl peroxvde, benzoyl
_ peroxlde hydrogen peroxide cumene hydroperoxides, tertiary
35 butyl diperphthalate, tertiary buty! perbenzoate, sodium

L



* based on_ total noles of nmonomer present In the aqueous m xture. 25 Moré
preferably, the cross-linking agent conprises fromO0.01 nole percent to 3
ol e.percent of total nononer present- in the aqueous reaction mxture. An
optional conponent of the aqueous reaction m xture used to prepare the
hydr ogel -form ng pol ymer conpositions herein com 30 prises a free radical
initiator. Such an initiator nmay be any cony nti onal water-soluble

pol ymeri zati on |n|t|ator material in- cludlng for exanpl e, peroxygen

conpound ch a I
nmpounds such asg, erox épa{ﬁa' aevca%aagm ‘R A Saa\eénuaﬁareddxk

peroxi de, benzoy | P en per oxi cunene ro erOX|d?
terfiary 35 but ylﬂmanfersyﬁfﬂ%ﬁ &8P "%’ePFl wtijiz butng‘:h ﬁ!F’cﬁ%’!ﬁG&Fe ormeg i um
-20- peracetate, detUﬂbnﬂhg'attb@mregang bbﬂo:kygw compoants owith redocing

Lyt oreyst e satcath U WAt Bisn T (R R A s,

sodi um bi sul f$t e, I uaHizedbi theadnigiater fmtemls conl comprise yp toti| i zel, I"?ll#e
initiator materi aberclfH?ttCBHPéd h hel fotaP MBkE & Pofyih e.gf@adhﬁana.her tgeal
ARl SO g e
pol yneri zabl e non0:5 mmle percent cbasedconisthvec tutal anoles xafupelymiePizable monasne
preferred enbodi ng iﬂf tﬂJ‘%ﬁP“{f?gﬂc{i&f miggfﬁol ymer synthesis process

herei n. pol yners o espeC| a ow extracta pol ymer content can be '
realized by ul®lizing ?W%E'%ﬁ&ﬁ@'ﬂb@d"ﬁ%ﬂﬁ sh tHF)&!#'@gﬁb‘ AoPlRg: Ralymere

m ni num ef f ect i vespAiHesis Qrocess i Iirein Nqsutgmery dfo eppedially fow mfambleon

One nmethod for 15 Chl ev u t tikllzati

iinitiator is to |RB ﬁ%’/ﬁ g%}‘tclggt'rﬁgl ggtge ‘(lnuﬂthg +1 ‘fz'n?ext 58%?1I'§/e.t hat
a\'rdunt of the ini acmmrmixﬁureompormne tthancdhe winisium seffective | ameunt of
initiate and sust giiflafyH YiEebsary A promote PRy &er%ﬁoEOWDOnenﬁi&h&i for

Teact on m xt 1A o Sehiaving. “SHGhe RIS ImT, fesiapsioty Rl IR o y
i n anmounts sufflcimémtntalh,onwe to the aqueous reaction mixture only that
' amount of the initiator, or component thereof, which is sufficient
to initiate and_sustain polymerization. For example, one compo-.
nent of a two-component redox initiator system may be premixed
20 into the aqueous reaction mixture, and the other component can

O . then be added incrementally in amounts sufficient to promote
complete polymerization of the acid-containing monomers and -
. cross-linking agent. Utilization of minimum initiator concentration

~in the context of preparation of water-soluble polymer materials is
25 described In detail in Login et al.; U.S. Patent 4,473,689; Issued
September 25, 1984, incorporated herein by reference. Use of
" the minimum initiator concentration in the instant invention is an
analagous procedure to ‘that described in this '689 patent, and
such a pr_ocedure can be used to prepare those substantially
30 water-‘-insoluble,' hydrogel-forming pdlymers of the present in-
vention which contain very low levels of extractable polymer
material. '
| Other optional components of the aqueous reaction mixture
used in the process for preparing the preferred ..
5 hydrogel-forming pdly_mer compositions herein comprise
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conpl ete polynerization of the acid-containing nononmers and cross-1inking
agent. Uilization of mninuminitiator concentration in the context of
preparation of water-soluble polynmer materials is 25 described-I'n detai

in Login et al.; US. Patent 4,473,689; |ssued Septenber 25, 1984,

i ncorporated herein by reference. Use of the mninmuminitiator
concentration in the instant invention is an anal agous procedure to t hat
described In this 689 patent, and such a proCéHUre can be used to prepare -

th bstanti al | 0 -insol ubl e formn ol ymers of the
present i n venti ortni FREh: KRR-0ERIC | SRAPEUBrE 1 esieibasbataiobRtorgme:
material . O her optsqn‘med.corﬁmhelopsiooal t domomgnees S care a€dmh (P}nsén X?fl’ *xEmpik,|
h f d

the process for. pr;‘éﬁﬁw%# liﬁep&ﬂe%la? uggq_turfhed V&?ﬁcoﬁ ﬁ%’?l"a&'&l‘e'“"'
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LA n r}}t)moners or é@er conmono
carboxyl or 5  sul Zipee willcontain ins,more thany; 4 | °CEH'@rEFl‘§°"tthba%Rﬂl@ous
reaction mixture witotalcoonemer present of these optidrial Bdre-aRfd @amonbﬁ\segi QRd

total nononer . pres%féﬁabq@qsgmg% ‘non- a{shq‘ Orﬁﬁgg% and%ﬁg\e/feger'geglne

no nore than nol € percent not ed
‘type of non-acid cdnbeiongy \"%Y‘P"rruﬁ"el@)'Pthf mq:aoslemmonomae ‘whioho wnust

reaction nixtune tmoanye Preseht ciantheeiheaéu@rreaeﬁaﬁflﬁf:&uF@%abﬂg”& ?lﬁl&nt
salt groups. Si: nceetxhg er ive of th r.esent nthesi s procesSs P
prepare hydrogel - f Sthimg" gi"?%orme{&ﬁ%ﬁ?f iBﬁs‘ﬂﬂléﬁt STQUBBhst an- ti al I y
free of graft polyneri z&!clcg)othb}mtlmlds thehpresetﬁouyniﬁes.geﬁeddegg is to
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substantial ly free;&? lyneriz yrrer
aqueous reaction mtiallyy refoQf d9ERkt Molymer Meppbl@rsmeﬁssstmezl”aqneous

_cellul ose ' whith aireattion pmimurecided ltdeprépmcelrlev HRfrogh - FHEHR CsEUTB
types = of known hm&%@ be substantially free of graft polymerizable polymer
' moieties. Thus the aqueous reaction mtxture should contain no
materials such as starch or ‘cellulose. which are. two polysacchar-
ides typlcally used to prepare some types.. of known hydrogel-_
- 20 forming polymer materials.
' | Ina second essentlal step of the polymer preparatlon process
herein, the: aqueous reactlon mnxture is subjected to polymeriza-
_.tlon condltlons which are sufficient to produce in said mlxture.
| 'those water-msoluble sllghtly cross-llnked polymer materials
25 whlch produce or “would produce upon subsequent neutralization -
to a degree of . neutrahzatlon of at least 508 and upon
subsequent drylng, hydrogel formmg polymers havung the gel
" volume, gel strength, and extractable polymer content charac-
teristics herelnbefore descrlbed for the preferred class of hy-
30 drogel formmg polymer materials. Such polymernzatlon conditions
- will generally involve a polymerization temperature of from ,
0°C to 100°C, more preferably from 5°C to 40°C. Temper-
'atures ‘within the preferred range are generally somewhat lower
| than those whlch “have been conventlonally utilized to prepare
35 hydrogel formlng matersals of this same general type. Use of



*20 formng polymer materials. In a second, essential step of the polyner

- preparation process herein, the agueous reaction mxture is subjected to

pol ymeri za- ti-on conditions which are sufficient to produce in said m xture

~ those water-insoluble, slightly cross-linked polymer materials 25 .

“whi ch produce or would produce, upon subsequent neutralization to a degree
of neutralization of at |east 50% and ﬁgon subsequent dryi ng,

hydr ogel - form ng poliyners having the gel .vol 0 gel strength, and

extractabl e pol yner content charac- teristi described for

rei nbef or
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| ower tenperatures may-ten

onot e repa at rial aVI
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under which the agegditsctivesctélectronid, undtravialett o5 othiert zlectdomagnetic ora-
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. thereof, to any co r'zation activatin
Irradiation. Use Uﬂph&éﬂoﬂtﬁh@d’feéﬂébt‘!‘&m@" Li!‘t'rWFo‘F‘éfa'!ﬁesoY'hé’r'e'" little

el ect romagnet | ¢ r 2oy HoRirifBtdre mbtéaBCRRE BaY. pol yrer i zat i on techni que and

can be enplo in the pr t
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ol ymer prepar at i ohefeincievsives: the rieutcdlizasionhof rthet acidi fundtionadfgnawpsaef d
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Neutral - ization c arried out 1 n any conventlonal manner

ch 15
results.in at .| eastzation Z@nmhe eafrischioutar Mive FAnMeations) H'P"F"é'ésf"}“‘:h
50 nol e percenfs Ofeddifs iRt &Y 1€E¥OTEr S U§iholecPeicentorand moreopyeferablyi ay

acid group-contal nl ng mono 0 mopatpe%eentneuf the totat monomers utilized to form
the polymer being acid group-contamlng monomers that are neu-
tralized with a se!gffogm_;_p_g . cation, . Such. salt-forming cations
include, for example, alkali metal, ammonium, substituted am-
20  monium and amine. Since polymerization must take place as
- : | hereinbefore described using the essential monomers in their free
| acid form,. neutralization must necessarlly be carried out after the
'po_lymerlzat_lon _reaction is substantially complete and after the
polymer ,materia_l-s have substantially been formed.
o/ . 25 An additional.option_al process step which can be, and usual-
| ly will be, utilized in connection with the polymer preparation
process herein involves drying and recovery of hydrogei-forming
polymer material. The polymer material formed in the reaction
mixture, either before or after neutrallzatnon, can be dried by
30 any conventional method. Thus polymer in the_aqueous reaction
mixture can be directly dried by subjecting the mixture or the
polymer recovered from the mixture to temperatures of from about
40°C to 150°C for. a period of time sufficient to form a semi-solid
mass of material. Care should be taken to avoid subjecting the
35 polymer material being dried to excessive elevated temperatures



‘tralized with a salt-forni ng cation. Such salt-form ng cations include,
for exanple, alkali netal, amonium substituted am 20 nonium and am ne.

. Since polynerization nust take place as hereinbefore described using the

essential nmononers in their free acid form neutralization nust necessarily
be carried out after the polynerization reaction is substantially conplete
and after the polyner materials have substantially been fornmed. 25 - An
addi tional optional process step which can bes23nd usual - |y will Dbe,
utilized in connection with the pol ymer. preparation process herein involves
drying and- recoveryvl'uthhmtbgelblfutkn’cr@ﬁspﬂhymndrmmchatan tisaeeto lagversely

el er R rored |0 atfiRe GACkIe@Roth und Extflctlies NHaphaplstREL o1 -

neutralization, can convent.l ona Thus pol ynmer |
in the aqueous reacti orﬁ'ﬁ?’i&%!‘@'tan“'%"dﬁ%c” yremqved firom Ahiec Fepciion t'h'é'
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cen sl i d msS of WREPLPMa Rl e duih, bb [ Eydkhersae It Ldunifed, Fith the
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strength and extract aracteristics ernative 1¥
removed from the rdBet resuiting azgpropg. oz i Yehianother | @ryipgoprocedures the
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nore ° - o fully described

Frequently the hydrogel—formmg polymer preparation process
of this invention will be carried out using an aqueous solution
-polymerization - procedure. In- such a s"olutioh polymerization

20 procedure, water-mnscnble solvents and/or other compatible option-.
‘al ingredients such as surfactants can be added to the aqueous
~reaction mixture. In such procedures, the aqueous reaction
mixture will be 'generally maintained as a single-phase system
until solid particles of polymer are formed. |

25 ° Itis also possible, however, to carry out the polymenzatuon
 process using multn-phase. polymerization processing techniques

such as inverse emulsion polymerization or inverse suspension
' polymenzatton procedures. In the inverse emulsion polymerization
or inverse suspensuon polymenzatuon procedures, the aqueous

30 reaction mixture as hereinbefore described is’ suspended in the

- form of tiny droplets in a matrix of a water-immiscible, inert
orgamc solvent such as cyclohexane. Polymerlzatlon in such
procedures still occurs in the aqueous phase but suspensions or
“emulsions ' of this aqueous phase in- an organic solvent permits

35 - better control of the exothermic heat of polymernzation and



> fully described. Frequently the hydrogel -form ng pol yner preparation
process of this invention will be carried out using an aqueous sol ution

pol yneri zation procedure. In such a solution polynerization 20
procedure, water-m scible solvents and/or other conpatible option- al

i ngredi ents such as surfactants can be added to the aqueous reaction

m xture. | n such procedures, the aqueous reaction mxture wll be
general ly maintained as a S|ngle phase systerddmtil solid particles of
-polyner are forned. 25 is also g035|ble however, to carry out the

poI yrrerl zation pr OB-ESBQ'TJSP?F{:}"% ¢ they flaxdoHByy 9fr pgding, Pne Rfedmariegor the

hni ques such asaquustisSFeatichSmiXtupe|coripohénts om a0 tontroHed o5 ithe
po ynerlzatlon procedures. Lo the inverse emul sion pol ymeri zation or '

i nverse suspensi or® BN BI®38 i on procedures, the aqueous 30° teaction
m xture as her ei nbef olnverge csuspension smsmadultiom prosetiures are desgribed

droplets in a tl’iw( ﬁa@e,wa&&ra"l rn:p 353 ag il &erdl. orgagl Cngé,yteni 3591%5&5

cycl ohexane. I ynerTzatl on 1.n such ure still occ [ (lu?ous
phase, but suspensﬁséHS oWy 20, o198 Gf m simqfilasher pt?ése‘ rﬂ éﬂsor gg\%

sol vent permts 35,50bg062¢r IssurantMarichof19} he9gscot Bathi of htiwdseoipatents are

ol yrer i 22t on  angcorpdrlbdd e Ui b Fabdiind Y |tk Ol o0 p88e:

nore or the aqueous T nner. fo
the organic phase. whményerswwénsnﬁnnpev'yrrenzgaipnoﬁr ﬂF‘ME%ﬁﬁJP@s"%P'é poly-
described 5 40 gﬁaa&ﬂ'ordebamhqhas @nyaﬁbloyea addditibhal. irigriedignts, sldh 296;

aren 1o Yoas Sinebantt s it “rolimeniitiy ?‘%§“L=e°?a. ARy, Bhe kg
ref erence. As not eday nbeheddeqbat@nt?!g overalli reaction smbpmsﬁon\'hen inverse

poHymer i zati‘on or yfoe&a&eal Or PR “thb® maiekZ ShiyOBtREC WHokfves? m-
enpl oyed, additi onal dients such as surfgtz:%‘g il sifie

pol ymeri zation st eib‘PVl%r%’%tﬁ%’vPFReaﬁ’ay“H t'% '39%{ afat the
reaction m xt wse. hW\&igelmﬂhmg rpmnemnmeeheS'ecovered fromt such tprocesses

?Lgfr . E(raogesses P2 tReREd" % nbVR" guﬁ?ia\‘ﬁﬂﬁlf"iﬂ HF 1 thle? 8ceds! okganigPgbiant
' vent. It is highly preferred, for example, that the hydrogel-
| fo'rming polymers herein contain no more than 0.5% by
weight of residual organic solvent.
20 It should aiso be"noted that the'descriptioh set forth here-
N\ ' inbefore concerning the composition of the aqueous reaction
| mixture applles to the overall polymerization reaction mixture if a
. ' substantially single-phase aqueous solution polymerlzation is

' ~ utilized but applies only to the aqueous phase of the overall

25 reaction mixture if two-phase inverse suspension ' or inverse
emulsion polymerization techmques are employed. Thus.l for
purposes of the present invention, the term "aqueous reaction
mixture" also means and applies to the aqueous phase of a two-
phase overall or total reaction mixture.

30 - The dried and neutralized improved hydrogel-formmg poly-
mer- composntions herein, whether as broadly defined or whether
of the "preferred" : ‘ type as hereinbefore
described, can be employed in- conventional manner in combination
with hydrophilic fiber material to form improved absorbent struc-

35 tures useful in absorbent articles. Frequently such absorbent
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15 hydrogel -fornming polymer material recovered fromsuch processes be . s
treated to renove substantially all of the excess organic sol- vent. It .
is highly preferred, for exanple, that the hydrogel- form ng polyners

herein contain no:nore than 0.5% by wei ght of residual organic

sol vent. 20 It should al so be noted that the description set forth

here- inbefore concerning the conposition of the aqueous reaction mixture
applies to the overal|l polynerization reactiapgai xture if a substantially '

si ngl e- phase aqueous sol-ution polynerization is utilized but applies only

to the aqueous phastrustutés willecathprisé confbiRbiions rBthh&’&foblﬁ}ilﬁ:"‘ﬁbgpalﬁ&enay

i nver se suspensi on e meri.zat,i.on techni qyes -
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reaction nixture" BpEheegeb valumephydeoged gtlesatymgmtlsaMaaareétﬂ“é

bty -
phase overal | or tmealcdmaet eﬁa dBték and neutral | zed
racee mﬁsoﬁelj%%esf erel gnb%ﬁét her as broadly

i mproved hydr -for Q ner .. c

defined or whe her of %g"’g riY@ drophsluc fiber ‘material ca;pebeasused in

her ei nbef ore descrthne@bsoeberttesqutoyai ofi fh.gommtuoo,nal A E\?%e ro-
d sorbeh’t

T oer 557" U oq (BANRPIHHCRS WG I FHER to \Belln chrnenaisew! canssrbent
structures will copfrdusss cisialsat pgngblef ﬂoydmphlihl chél 8bsorben®' isttuctifles
es

di screte parti cI eshaf imyd elfid QxEriple [
vol ume, hydr oggl eé‘ $'9??h and ext act abf@{ ’ffﬁe% i:ﬂc"'\é%’c]) tgh'f’?"se ?‘%egs
characteri sti cs her 9 e%ﬁﬁﬁﬁ'bét?ers Other e’mlnpmsﬁtgtp@ablef hydro-

hydr O'Phl lic fAInbe'[ mm;;[ fmrsaareb#moa phlmeuhe.yabspﬁmet ﬁggglygtgfi{)c?‘s agfes&ﬂl s

i nventi on. y - B i s sul use | .
convent i onal abso)r/%ght tprogﬁécq gglglfg I'Jeggﬁd[ 3@? %'Psﬂgeﬁ?ﬂ'st heFanhJerpent A
structures herein.® 3}5@'&#‘?‘!'&' canghsost, otellulose ffitlerss inn pavtieu b Wab@Spulp

fibers, 10 r ay orfib aeﬂ pPé i b 0 |table
, md {ﬁﬁ,m qzlhcehyd%}]%nbl C F'Pt)ersf I’f H vention

ng[ ant pPlr!aiauCeEI gS" D feaery) 6’ spmgr 'tsﬁe bl ast | " 0B; t9:PEE bYFMeiglehsand more
avai l ability and wrreferabdy | frioose fi beGS% tonswrﬁy QMélghtV\@p(hyFHl"oBhlllc fiber
materlal ' ' _
" As mdlcated the |mproved hydrogel formmg polymer material
| as herembefore described can be employed in the absorbent
20 .structures of thls lnventlon in the form of dlscrete particies. )
' Such hydrogel formmg polymer particles can be of any desired |
-shape e. g., spherucal or seml-spherlcal CUbIC, rod-like, poly-
hedral, etc Shapes havmg a- large greatest dlmensmn/smallest '
dlmenslon ratao llke needles flakes and flbers are also contem-
25 'plated for use herem Agglomerates of hydrogel-formmg polymer
particies may also be used.,
| ' Although the absorbent polymer-contalmng structures herein
are expected to perform well “with hydrogel formmg particles
) havmg 2 part:cle s:ze varymg over a wide range, other consid-
30 'erat,ons may preclude the use of very small or very large: parti-
' _cles. For reasons of industrial hyglene ‘average particle sizes
smaller than 30 microns are less desirable. Particles having
a smallest dlmensson larger than - . . . 2 mm may also cause a
| .feelmg of grnttmess in the absorbent artucle whlch is undesirable
35 from a consumer aesthetucs standpomt. Furthermore, rate of



Tibers, are preferred. The absorbent structures of this invention 15 will
general ly conprise from 50% to 98% by wei ght, and nore preferably
from . 65% to 90% by wei ght of hydrophilic fiber material. As

i ndi.cat ed, the inpreved hydrogel -form ng polyner material as hereinbef ore
described can be enmployed In the absorbent 20. structures of this.

i nventi-on in the form of discrete particles. Such hydrogel -form ng pol yner
particles can be of any de5| red shape e.g.,=#gherical or seni-spherical,

cubic, rod-1ike, pon- Shapes haV|n? a Iarge greatest -
di mensi on/ smal | est 'ﬂf’nﬁ%?ﬁﬁl"?’ét '50 afl‘ﬂ@ﬁ"n?é‘dlﬂ?é’"‘ q Aiet: aldroepeparticles

al sg contem 25 Hﬂv&t OEry afiutls eretiticed nra&eé\gﬂﬂ Qﬁﬁbﬁitﬁtﬁ'\ of Ph!Wf?GG' fdrotge Ng
.pol yner particles also Be use

Al
pol yner - cant ai ni nd? Vhd‘t'ﬁr !"ﬁ%ﬁ'ﬂ 5‘? @%L‘Qf%}“?%g ﬂer?‘fﬁrﬁpev@?"“ﬂ?t h
hydrogel -formi ng sike tofcfrom havi n0amicnonscke si ze Vanmi nd'Pavticlea Sidellcas

range, other ‘Sons'died?’ﬂerenﬁrﬁﬁéﬁ’é“thW? ight6d UWlerbG€ dfSthe smeRkst ihensioh

very large parti - asons  of “i ndustrial hygl ene, average
particle sizes sm@fl é’?‘!'ﬁg{ﬁ' ual ParfisleS-cr ons are | ess desirable. Particles

Pav: ng a fsmal | est di meTise camowrnitg of Hmogel_-forminQZPG!r?nlﬁEty pﬁgsnlaagfsedggn
eel 1 ng 0 gl’lttl S al e unaesi. r.anl e

‘from a consumer gg'gt ﬁgg?{:ésl%ét %ivﬁ%@?xﬁ%s aﬁ&fﬂ"h&&gbg mIp_ il enlent% T uid
absorption is aff¢nessedyinptarmsciof aiweight (pengentager of cthes absonbentr struneh
reduced rates19f apper Pt rAls, Rhe Ybserbéd sﬁecﬂ%@ rhéF’e‘#h hiii O Yerel- 81y NI

particles having an average particle size of mcrons to
mm  Particle si€P8t a‘&s?'% ‘used F&rtQ- ﬁoﬂemet Héef\ﬁé?gbft £ePmyer agel Y tohe
| I est di mensi or358{ byeweightyvofiutte degéetonﬂlhg maveridl.of This concen-

1
hy rogel -form ng qpéygﬁ,r paﬁybpga gﬁﬁ&l"é mta@n s&r beaq%':f Sﬁéu&ﬁf&}egerﬁ' n.

can be nobst convenl én erns o rce t he
absorbent. struc- 2Rerms u?fe a wnmlst natio &tssbvgmelsiqrmmrmlvmes eton hydror

general |y conygi n gHifE fiber mat¥iiaf. 5%&’?&%5%@?%%&’ fF-&ﬂm . 2:9P%t0
50:50. The optimum polymer/fiber ratio Is in the range of
~ from © 10:90 to 35:65. Based on a cost/performance
analysis, polymer/fiber ratios of from . 10:90 to 25:75
are preferred for use in the absorbent structures herein.
20 The density of the absorbent structures herein can be of
some importance in determining the absorbent properties of the .
structures and of the absorbent articles in which such structures:
are employed. The density of the absorbent structures herein
will generally be in the range of from . 0.06 to . 0.3
— o 25 g/cm?®, and more preferably within the range of from 0.09 -
to ~ 0.18 g/em3. Typically the basis weight of the absorbent
structures herein can range from 0.02 to 0.12 gm/cm?.
Density values for these structures are calculated from basis -
- weight and caliper. . Caliper is measured under a Ygentle" load of
30 10 grams/cm?. Density and basis. weight values include the
weight of the hydrogel~forming particles.
in a preferred embodiment, the absorbent structures will
comprise an intimate admixture of hydrophilic fiber material and
. hydrogel-forming particles with the hydrogel-forming particles
35 being distributed, and preferably substantially uniformly



35% by weight of the hydrogel-form ng material. This concen- tration of
hydr 6gel -form ng material can al so be expressed in.terns of a weight ratio
of hydrogel -form ng polymers to hydro- 15 philic fiber materiral. These

rati os may range from . 2:98 to 50:50. The optinmum polyner/fiber ratio
I's in the range of - from 10:90 to 35:65. Based
on a cost/performance analysis, polyner/fiber ratios of from . 10:90 to

25:75 are preferred, for use in the absorbent-32+uctures herein. 20
The density of the absorbent structures herein can be of sone inportance in
det er m ni ng t he - alxdisttibutedyr cheovgheutofa twededphitic ufiberamatoix.t hAbsbsberitent
articles in which, - - 18 StvteS ST densi. b «of . . o/
absorbent struct u-rsectg'('i e"_rﬁlglglri&tvm 'ﬁ g?neera[l yggggv%gmeiﬁg%}emgf;L#{}fnmx.ture
0.06 to . 0. Phchydraphilic afibers anst ehdreas)-farming particiesgeand. f ifom
0£ 09 :0 N 0. 18 @dsired erp?ééﬂslsir};hed&@ﬁfﬁh Itmg'&f;uhmgﬁgmgeshtch a
structures herein can range from., . - 0.072 to_0.12 g r Depsi
val ues for theése s?'ﬂ?ﬁ?ﬁfggsa?%“ﬁéﬁ%I"?;&'&dp‘fl?\')r{f‘bgg?éeﬁewgﬁfmmﬁ g'&lr‘? .
Cali per is measur eRatenticRubdicagient Ne. Elbwl-uﬂ,m_; -'I?Gbﬁshed/m_:ﬂbber CEMsi984,and-
basi s weight val uagehnsdrifes {REraiR! B! raferthtey SAQIMIENGE 10 BAK! batéR
In a preferred enbodinent, the absorbent structures Wil conprise an
inti mate adni xt ur ARANGAANepthe | webs plarmes: &y Shisnaresegiusgewill opnefegably
particles with thednpgHisoaubsintidly RNbondedsfiBers pid\ewill Frateratlyt Rave aand
preferably s Bstant.l ?I!Fy li%lfoﬂ{%. -27- distributed, throughout a
‘hydrophi li ¢ filBer MRESHYRE coniens 9fo}9% o 1888 yres of this type can be formed
by air-1aying a dry m Altermativeligydtiophédralsinatiobeof thydrophiticodiblerf arateria) _
particles and - if Fgﬁ.,si SRS phrti RS L E XL NGe  dBNE 4F, 88 4N o
Such a 5 proce ure'l{‘gﬂggélc?l bed m?rxgtfgﬁe:gl ?Elxélﬁ octefbia&érﬂél gt;rdlgﬁr'éesean
Pat ent Publi cati orh%&."‘ [GANACQMPrisgoa ';P@H!‘#%hww'aseft feast] ope, a_n.d pref- :
i ncor porated her eigrabyy Fﬁ\fdi‘ro@nﬁﬁfeﬁ_slarﬂﬁk oft dispersedi Ry 8PogEILformbhg CParitpN,
the webs formad by LhIS oGRS ellitatmiics sirifie. cBRMRINY RiRededE il 'ce
unbonded fiber's arfd®%u | T JIHO8E] TREDIDG, Particle=containing’ [a ¢ '
o ~ overwrapped with- and separated by sheets of hydrophilic fiber
‘material such as tissue paper if desired. -Such laminate struc-
" tures are more fully described in Kramer, Young and Koch; U.S.

Serial No. 563,339; Filed December 20, 1983, incorporated herein
20 by reference. - L ._ ' | <
‘Because of the unique absorbent properties of the hydrogels
formed from the improved polymer materials employed therein, the
- absorbent” str_uctureé_‘of this invention- are very suitable for use
in absorbent articles, and especially disposable absorbent articles.
25 By “absorbent ar‘tiélg" herein is meant a consumer product which
is capable of absorbing significant quantities of water and other
fluids (i.e., liquids), like body fluids. Examples of absorbent
‘articles include disposable'diapers, sanitary napkins, incontinence.
pads, paper towels, facial tissues, and the like. "As compared to
30 conventional hydrébhi'lic fibrous webs, the absorbent structures .
of this invention have 'a'ﬁigh' ‘absorbent _caﬁécity". Thus, these
' absorbent structures are-particularly suitable for use in articles
‘like diapé_rs. incontinent pads, and sanitary napkins.
~ Absorbent ‘articies herein will in general comprise a liquid
35 impervious ~ backing - sheet, ‘a liquid pervious, relatively



* 10 noisture content of 10%or less. Alternatively, the conbination of
hydrophilic fiber nmaterial and hydrogel -form ng particles used as the
absorbent structures herein can conprise a |anm nate containing at |east

one, and pref- erably two or nore, |layers of dispersed hydrogel -form ng
parti-_ 15 cles. The hydrogel -form ng particle-containing | an nates can be
-overw apped with and separated by sheets of drophilic fiber material such
as tissue paper if ¢esired. Such | am nate stT™ic- tures are nore fully

- d i bed in K . Young. Keche ..o Seri Al 563 320 _Lil od.
beconber 20 1663 WYARBPRSIES: GRsREFY; ghd, an"dBdtrpbRy o8¢ Saprising ‘ine

" uni que absor bent pbspehentestoictune of, ahegpresent: inuentiodmpositiopast hedween

pol'ymer materi al Sssmo!wégﬁ»eg ][lg'{e%i "and i8iRRopsaRl Uiguld whpe §|'Béi:kin?y

- invention..are very suita yse i n absorpent_article ‘aﬁld' speci al
very!

di sposabl e absor b&heeHs (Gan Lompsise any -matesiale for, example B £8¢ 1 8hnt
a consuner prgducipotypropyléene daaihg @fcatipesrdfi about dus fmidsntwhjchnwilt ihedp of

wat er and ot her fl yj i e. Wo|I¥ ke fl U .
absorbent articl e_§ °h{ |-fl8%°eoh' -gﬂbilgsg%g?béf’a%&éﬁs?‘ﬁ%qﬁ?t ﬁé}ﬁﬁ‘éfoﬁwr%h&;'c'
i nconti nence pads liquigepervimiss, topsbeels t¢ans ROMPrisR] 2RY magerial ASVED PRI ed

to 30 conventio ' okl j b WeRhE : thd19ik WhikBNls Séubshatigny of
this i nvention ha@?'%{%?ghpgﬁgg%@m '?gggci t : i

g . ... Thus, these, absqr hent
structures are pamoreus ANd R&fmitH, e fiul Wséz?qf_“ér‘ﬁsél g'%"l‘i%ll'é" EBBPOS the
i ncontinent pags, ukdérpangt shsordenkisteuctiiveor bent articles herein will in
general conprise a |i gl d. | i | . oird arel Qe
pervious, relativel y%rq@%rééﬂgglé%r %%_s%%%gsghg%ﬁ'cz%%gﬁgghf acrlgr gi’é;ﬂ)s
cg.pri si ng the ababl®dtiapets.ucPisposable: Hiapers comprisingnthe AbgEERENtStrypc-
b

tween said backiiges tethe plesditdidvittitic mayLBei fadétss Using cbAvkntional
sheets can conprise any materi al fior exgn?l e Proe!gYaeqLAﬁél ene ar '5 ting .t

pol ypropyl ene havidigPer maingectechnigies i Dyt y;;fep! oIF AuPPiEmENing the,
fluid within hbe afsoe ulp fitieirciweb Rebixfelvt) \cong dwbikiods ctypically duses vinous

Lopstieet s, £an £OTHE YEoTpballH FbdY, vith a wbAHIES Sirudiiriobe i pra

invention. Articles in the form of disposable diapers are fully

described in Duncan and Baker, U-.S.-_Patent-.Re-_ZG-,TS‘r.- ‘Issued

January 31, 1967; Duncan, U.S. Patént--3.592,‘1—9u, Issued July

20 13, 1971; Duncan and Gellert, U.S. Patent 3,489,148, ‘Issued

~ January 13, 1970; and Buell, U.S. Patent 3,860,003, Issued
- January 14, 1975; which ' patents are iincorporated herein by -

reference. A preferred disposable diaper for the purpose of this

_ invention comprises “an absorbent core containing the absorbent

A ' 25 structures of this inventio'n'; a topsheet superposed or co-ex-

 tensive with one face of the core, and a liquid impervious back-

sheet superposed or co-extensive with the face of the core oppo-

site the face covered by the topsheet. The backsheet. most

_ preferably has a width greater than that of the core - thereby

30 providing side marginal portions of the backsheet which extend

| 'bey'ond_ the core. The diaper is preferably constructed in an

" hourglass configuration. ' .

"~ One embodiment of a disposable diaper article according to

_ the present invention _is.shown i_n_thé_drawi_ng.‘ The hourglass-

35 shaped diaper structure of the drawing comprises a liquid



- - e e ———

porous and permts a fluid to readily pass therethrough Into the 10

under |l yi ng absorbent structure. Particularly preferred absorbent articles
herein are di spos- abl e diapers. D sposabl e diapers conprising the
absorbent struc- tures of the present invention nay be nmade by using
conventi onal diaper making techniques, but by replacing or supplenmenting
the 15 wood pulp fiber web ("airfelt") core which is typically used in
conventional diapers;with an absorbent struct+2% of the present invention.
Articles in the form.of disposable diapers are fully described in Duncan
and Baker, U.S. Patmpervieus2Bacidng sheetudalJarResitiorssd ohd@op éfunbenbacking.

o 10 Tomuey ThESeASilY G poligidh3Tingnd HlorEn TR 03, Yompriihg
| ssued January 14, 975L¥°W]klﬁ"(§h stgtune s of; ¢h ?n?ﬁ?iﬁﬂ*at‘@ﬂemﬁﬁq h' Bhis core
reference. A prefercoathmdummwm cﬂmematarat bﬁcl@tﬂsp%edopuld“fﬁae'rmeﬂlsbo”

{ t t 2 t ft
Cventi on: a ¢ Sponditriiflel BERERBLE NG SoBaRun]Cehne Nop e Slsergre gt
core, and a |iqui dclespel0di cnfs substantiaibyt watmimmweor paotnelt?ermu\tealimebb
the face of the cokarepfially (dry, h%ﬂiﬁ&%%ﬁﬁn%’ou? ARSI which" fas

backsheet - nost preferabl eat er

thereby 30 providith§ @Bﬂegﬁ'al"gl% bigh ihyeiroge! ged %5&%%@0%9%#"ék§@nd
beyond the core. abte dipsigmer s coneiretr abharaxaesistigst QihrleihlﬁfoP@deHsaSﬁ)ed

the prosent i nidn: FoRiaed8h Bp Bt thaChaTEs<-fRPra Hasorbent 557 dnlliscs
di aper structure diQuidiperviousntopsheetritdes a | | qU| d -29- i rrperw ous
backi ng sheet 101. = Pogjt Iaaaaatrorenlsaa.ménth@r@ ?a‘:lleeaawr la% the

hour gl ass-shaped absorbent. core 102 conprisi.n e absor bent structure

the present invent Polymerrrpataining ahseriient iy FB‘Mﬂ of &hei prasentipveation jsh
as wood pul p fi berpldkledon'éxt Wi the i diaper bidiailgetuss tane inberar Dadersedtd 302

ﬁ;ﬁt ?;ff;gfje p@gtl uppe ?%}Q? of th%'%l;?é}t E@H yw\pﬁcﬁ gk Olak}gr Ceorlilts' Sldeh-
' _ tlally of wood pulp fiber. The polymer-—contammg absorbent
'structure used as an insert can have the same size and shape as
the wood pulp fiber layer of the core, or can be generally smatl-
er. In a specuﬂc embodlment the wood pulp fiber layer is hour-
2:t_l glass shaped (i e., the width at’ the center of the core is sub-
. 'sta_ntlally less than the width at the ends), and the polymer-con-
'tainin'g"abs'orbent'”structure used as an insert is oblong and is
posntloned toward the front of the dsaper article. In a similar
embodlment ‘the hourglass-shaped upper layer of the core may
25 “also contam ‘small amounts. e.g., up to about 8% by we:ght of ot
o hydrogel formmg ‘material. - o
Because the absorbent structures of the present invention
are hughly absorbent they are also qunte suntable for use in
'.samtary napkms ‘As is. the case with dlsposable diapers sani-
30 tary napklns uttllzmg the present ‘absorbent structures may be
' derived from conventnonal sanitary napklns by slmply replacing
the absorbent core thereof (typicaily a web of' wood pulp fibers)
:"with the polymer-contanmng absorbent structure of the present
lnventnon Such replacement ‘may be on a “weight-by-weight
35 'basls, which results in a reduction in volume and a gain in



substantially dry, hydrogel-form ng polynmer material which has the high gel
vol unme, high hydrogel gel strength and | ow extract- able polyner content
. Characteristics- hereinbefore described. 10 Positioned on top of the
hour gl ass-shaped absorbent core 102 is. a liquid pervious topsheet 104. In
anot her enbodi ment of a di sposabl e diaper article, the pol yner-containing
absorbent structure of the present invention_'irplaced next to the diaper
backsheet as an insert underneath an 15 upp | ayer of the diaper core,

whi ch upper |ayer &g abs@LboPWnre taBément® malPBd 9”'5’ 159 than %@\f/"aé weight

pol ymer - cont ai ni n% ent structure used’as an insert can
skze and shape as Rafsndbarehy sacrificing pant ef thmcgaisy dn ahsarhpnbsapacity

general |y small- an. favér 2ofSpacCieves gadmdt NEgtucit lth \MQOSunul p'rfr{eb%bs&naae%'t s
hour- 20 gl ass sh Eu?“&-e ﬁ;g Qaerat tp‘gmgent & he ‘core J s sub-
stantially less tH% Wi HEeed 4P ﬂf'é’ Yo SPP RgLen® X/rﬁ‘;ﬁ"'cen“ iggmiatg
absorbent strdcturfromsed asOah mmstort is Dbhmngnomdprefqnablyt fromd t ownar.d
the front of the dhapgy artigl In a simlar enbodinment, the '

hour gl ass- shaped upper | ayer o the core may 25 also cont ain snmall
anounts, e.g. up-to abADt e¥emple &fi dnisaniiaryy pepkin -sompnises Matrad of the

Eggglrjzgni het ﬁgio; &w”sbrsém(;cgmsuﬁ a&hgtrﬁa ?pﬁsteenlt Rvugmdt%h arg h'yﬂ%b’hob'c _
the case with di sp§g§‘3?§ #ﬁ%e??v 'ga perytpus, §P§/‘°Hhﬁﬁfﬁ% u*PFat?’Pﬁgeﬁthé“
present absor3@nt ther hacksbeetmarebcpldced vatl 6ppositec osidest iofnahe sabsdrent
napkins by sinply gipgeasrend b'?ﬁlo?tbﬁ rb@ﬁ‘é Qﬁéoerbkhi”gﬂfuc%é@'ﬁa'd% %Fﬁe*%n"f

wood pulp fibers) with the poly ontal ni ng absor bent structure
Rr gsent inventi on. e""SﬂRﬂf t!’éHFaceﬁ*“EFﬂb'W“S@'%rf"ﬁ R gheetsy- beitgmt shepts
basi's, which resuldmn ienvelopedtissuenare) wedl kiownih ah@aapt.i NA morSOdetaned

Fhoreby”sacr {1 o (GBSCRBRE" of BerS pdok GRS AT e, JeRbi dBropss,
even greater M&dud Bbﬂnl ns. btnund 'Iine Duncenbend Smithet WS, (Ratent i3, 8203780y
napki ns preferabl yghgue lﬁaﬁﬂ'l ll%er‘l?fs the .disclosure. of which is incorporated
' herein_ by reference.
The hydrogel-forming polymer compositions herein, processés
_ for their preparation and ‘absorbent structures and absorbent
20 articles containing these hydrogei-forming materials are iliustrated
— : _ - by the following examples:

. TEST METHODS _
In a- number of the exampies herein, hydrogel-forming poly-
mer charactgristics such as gel volume, gel strength as measured
U/ 25 by shear modulus of the resulting hydrogel and content of ex-
' tractable polymer material are set forth. Where reported, these

characteristics are determined using the following test methods:

. A. .. Gel Volume Determination

, Gel .volume in terms of grams of synthetic urine absorbed
30 per gram of hydrogei-forming polymer is determined by swelling
the po_lymer samples in several.aliquots. of synthetic urine. The
amount of such synthetic urine actually absorbed by the hydro-
gel-forming polymer is ._determine'd by a-procedure which involves
use of a synthetic urine solution containing Blue Dextrin so that
35 optical absorbence measurements can be used to calculate the




5 from 0.1 mmto 2 mMm nor e preferably from ~ 0.3 nmto
1 mMmm An exanple of a sanitary napkin conprises a pad of the absorbent
structure of the present invention; a hydrophobic.topsheet; "and 'a fluid

.~ 1 nmpervious bottom sheet. The topsheét and 10 the backsheet are placed at

opposite sides of the absorbent structure. Optionally, the absorbent
structure is wapped in envel ope tissue. Suitabl-e materials for top sheets,
bottom sheets and envel ope tissue are well knodh=in the art. A nore.

detai |l ed description of sanitar apkins- and suitable materials for use 15
therein is found | n®PRRRYP! aﬁ’d"é’fﬂt!‘h unines thet; ispnot takenzup: bysthe chydinoge!
18, 1975, 't he di scl ehigte fofms\hi ch i s |ncorporat ed herein by ref.erence. The\J
hydr ogel - f or mi ng pol ymer cogpo "U 088 I ’ £sses for the|.'r

prepar ation..and absorbent stru ' ra i cl es contai ni ng

t hese hydrogel -forni ng nat e R93%r Blue| sztlat\edﬁgl) t$cdutioh| dsv pgeparedp|Bs:

TEST METHODS | g a nunbegigioiving 6x exzarmlreé dteBfie, oéwwq@.?&g glss‘ﬁmoi 106"

characteristics such as g gﬁg stren th as neasu ear
modul us of the resul ti anﬁ P icc biginm ((SH) selution, §M"BhﬁHFyHE\ﬂe is

(rjraterl al gre set Iﬁrtp 1S’Wamrtsemrt%?d',r;]fohexelmasom Qialrﬁ ldf%l:@@ﬁ 1.8 parts
eterm ned -using the fo g m.n

Gel :volunme in terns ofkgygzo#ﬁz/hgﬁgt?%smﬁf g&%&;egﬂeg %@1’ &rgﬂnsgéb
hydr ogel - f or mi ng pol ymeparts dwithy istédechyHg el | iTig trhesufting meolutiompllees am
several al i qUOtR) Of  SYabisHHeRcE! b dbout E: zanwrrks o;bs%vsbnéa%ﬁsagi.@y ¥ By

actual ly absorbed by the hydro- gel -form ng polyner is det erm ne
procedure which invol ve8Mase of -a synthetic urine 'sol‘ution containing Blue
Dextrin so that 35 optical bdbsydeoret Bysitibrstiomt s . can be used to

o/
ﬁ%fglggf e\/\;]ir]gh £ or ?r;:s}- arm-unqulfuoﬁ/ ”éi“ihbch%l-@éelt&%;hs PSlyrie? §8 82 @ét«tect1 €
: are ‘swelled in (i) 20 parts of Synthetic Urine (SU) solution
15 and (ii) 20 parts of Blue Dextrin (BD) solution. The sus--
pension in the Blue D'e_xti'in' (BD) solution is prepared in
duplicate. For most hydrogels, 0.1 - 0.2 parts of hydro-
gel-forming dried powder is required to give a sufficiently
high--spectfoph’otometer reading reia_tivé to the Blue Dextrin
20 reference solution. One hour of"eq'uilibration “at. ambient
temperature under gentle stir-bar stirr'ihg’ is sufficient for
swelling equilibrium to be attained. After equilibration, a>3
ml aliquot of ‘supernatant is's_'eparated from each gel suspen-
_ sion by decantation followed by centrifugation. -
25 ' "¢} Gel Volume Determination | -\
' The optical absorbency (ABS) of each supernatant is
deterrmned spectrophotometrically with an accuracy of 0.001
absorbence units. The Synthetic Urlne_ solution is used as
an ABS=0.0 reference. The absorbency of the supernatant
300 ‘from the synthetic urine suspension ‘without Blue Dextrin
o should not exceed 0.01 A; higher values indicate scattering
from residual hydrogel gel partlcles or residual additives,
and further centrifugation is necessary.' The absorbency of
_ “the Blue Dextrm supernatants should exceed the absorbency
35 ‘of the Blue Dextrin reference solution by at least 0.1




“a) Blue Dextrin Solution Preparation A 0.:03% Blue Dextrin (BD) solution is
prerared by 5 dissolving 0.3 parts of Blue Dextrin (Sigm D 5751)
in 1000 parts .of Synthetic Urine (SU) solution. Synthetic Urine Is 15.0
parts of 1% Triton X-100, 60.0 parts of NaCl, 1.8 parts of [err] and 3.6
parts of [err] diluted to 6000 parts with distilled [err]. The resulting
solution has an 10 absor bence of about 0.25 at Its absorbence

maxi mum of - 617 nm h) Hydr ogel Equilibrati on-gg- quots of the

hydr ogel -form ng polyner-to be tested are swelled in (i) 20 parts of
Synthetic Urine (SU) sslbsotrbanedSunits. aﬁhbo(rbey:c{eo valudss beéloB uthibextange

(BD) solution. The sus h gefﬁl - :
prQe)par ed in duplicate. in#%a?g Em't '#’gr S%E“éﬁs 8‘09 orfng af 3 Ql 'fér_mmg
gel -forming dried powdpelymerrused ut@cpneaag'i \ﬁbeaeduﬂﬁﬂﬁﬂém-y Hi gh

spect rophot onet er read| ng aﬁl Y1 Polume! C8IcRIIaGodEXt i N 20 reference

Tl rbar sti 178 ng 1 s out 11 ShenGa o Valae | Photat, VARG AT Bo0aRt.oF

stir-bar stlrrﬁngls suf _
After equilibration, agﬂstgmals eadtulated ufremaiinthe sweighdr fraatidn cofi ctheh

el suspen- .sion by de e

%) Cel P/ol ume Det e?/m ng %#?ér%%é ngggo@bgﬁéﬁé{%&aﬁ&ﬁaﬁd (i) the
supernatant is déeterm nttelo s@%cﬁeomm ryelgme, i thetotal cvplume Af theo1
absorbence uni ts. Thes@ﬁgﬁ%ﬁdc SiricacBIod DexAPin §5 eserlded fronhithe-hydif-

ref erence. The absorbenc of { rnat.ant, 30- rom_Lhe t.
urine suspensi%h wit hoEF Pﬁe“b&& F‘Pﬁ‘ Mﬁ?‘b’aﬁove'g%éee . "6&'°A'5 %Xgﬁ%g? °
val ues indicate scatt ethexgnéasared r abscrbehciesdr oGke. fglibwing téquadionoiis used

ot he Bl e Dext 11 n sugeﬁﬁgPﬁﬁ%sﬁﬁﬂégl IO LD o), (e aPserbeney
the Blue Dextrin refefehMoldmedion .by at least 0.1 -32-
(gms BD Solution) x '
15 (gms hydrogel formmg polymer)
' - (ABS BD solution) ]
[ (ABS BD supernatant-ABS SU supernatant)

B. Gel Strength/Shear Modulus Determination

Gel strength of the hydrogels formed from the polymer
20 materials herein is quantified by means of determining the shear
" modulus of a sample of the swollen hydroge!. Shear modulus is
determined using a stress rheometer which comprises a circular
lower plate onto which the swollen hydrogel sample is placed. A
) truncated conical upper element having the same projected surface
/ : | 25 area as the area of the lower circular plate is posltnoned above’
. the circular lower plate. This upper element is lowered into the
- mass of swollen hydrogel material on the circular lower plate and
is positioned at the proper gap relative to the circular lower
plate. This gap corresponds to the point at_which an untruncat-

30 ed cone would contact the lower plate. | |
An._ oscillating torque (stress) is applied torsionally to the
conical element, and the resulting angular displacement of the

cone is determined as a function of the applied tokque.
The sample being tested is swollen to its gel volume in the
35 same type of synthetic urine utilized in the gel volume
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torS|onaIIy to the copical element, and the resulting
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‘rbqaean Rieométers swol Sangamo Msecg-elastw Wialyaert he 35
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Plate Radius 2.5 cm
Cone Radius L
(Edge to vertex) ~M.5cm

~ Cone Angle *  43.6 milliradians
Oscnlatlon Frequency 1.0 Hert_z
Strain Amplttude . <2.5% .
Sample Temperature 21.4°C

20

. * Angle between surface of the lower plate and the surface of the

~cone i.e. ('ﬂ'l2 - semi-vertical angle) e

2

o/

, Under these condltnons. an oscnllatory torque (stress) is
_-apphed via the upper conical . element to the swollen hydrogel.

_Th__ls resuits in an oscillatory response__ (str__am) of the sample

‘which is reflected by the magnitude of the angle through which

30

the conical element rotates in response to the applied torgue.
The shear modulus of the hydrogel .is calculated from the ratio of
(i) the applied stress to (ii) the' amplit_ude of the in-phase com-
ponent of the resultant strain. B

For the particular conelplate geometry employed in this

- testing, the. ratio of stress (g-cm) to strain (milliradians) is
L cenverted to 'shea_r modulus (_dyneslcm?}' using the following

35

formula:



-33- ‘determnation. Excess free syntheticsurine is renoved fromthe

hydr ogel sanple by blotting, and approximately 1 .5 cc of the swollen
.hydrogel materi-al i5 placed In the gap between the |ower circular plate and
t he upper conical elenent of the rheonmeter. 5 This hydrogel mass Is
-usual ly fornmed from an aggl onerati on of swollen hydrogel particles which
‘have unswollen particle di- nmensions |ess thgg 710 microns. Spherical
particles, should beiground to formirregular shaped particles before

- testing. Stress anghs&dr Modulsisur enents are taken under the fol- 10 |ow ng

condi ti ons: Paranefer Val.ue eongt er Sangano
Vi sco-el astic Analéuém&-ﬂ& (Jﬂa%e RPEM “and Plate
Pl at e Radi us 2 X FCcxn PiBte RadiusRadi Strajrcdge to verte.x ' ~2. 5
cm Cone Angle * 3 adi,an ilJ.gti C¥ypi
Hertz Strarn Ampl Iwharem thé cﬁn%‘ é{;}él& th %t%ﬁ alrg[% QPGE&%@JQR 5‘1"5?
Angl e bet ween Sur fRHHEradiapse ﬂ"G\AEFatﬁl%ﬁdéu%lrf& HRitss O f%eﬂtﬂ torgue dhe UNits,

[err] - sem -vert I@ab-aml eBor Hrydeégélbe&eeCfﬁslsé hﬂ?ﬁe iﬁ&l@é‘ecublﬁtrerand @oque

03 TThrL T asalbs. rthel sBalobe ot 3RS, oR L BRaleCTS ToRem A Mo THD IR

reflected by the nisgthatuebici coheertaggem o adygie~aimi.cHiThbe coni cal el enent

rotates in respons legSH e, The shear nodul us of the
hydrogel is cal culg?ée gr‘#\ﬂjﬁ?(k’?aﬁ%ﬁg (|) the applied stress to (ii) the

anpl i tude of tWe in-phh3® Xolprave (Bmie®) of the resultant strain. For the
particul ar cone/pl ate georreSmauermimyed.aﬁsr) this testing, the ratio of

Cayros a5 s o T P el BB W ot i, o1 v
C. Extractable Polymer Content Determination
Depending upon the type of hydrogel-forming material in-
15 volved, two 'dif_fe_rent methods are used herein to calculate ex-
tractable polymer content. For carboxylic acid-based hydrogel-
formmg polymers a potentiometric procedure is used to determine
extractables. For sulfonic acid-based hydrogel- formmg polymers,
a gravimetric procedure is employed. It should be noted that
_ 20 both of these procedures may. provide resu!ts that mclude in the
o _ total amount of extractable material those extractable components
in the hydroge! which are not polymerlc. Therefore if a given
polymer sample is known or believed to contain significant
_ amounts of non-polymeric extractable material, such non-polymeric
o | 25 extractable material should be removed from the analyte in con-
" ventional fashion before. runnirtg the extractable polymer content
determination hereinafter described.

1) Carboxylic Acid-Based Hydrogel-Forming Polymers
Extractable polymer content of carboxylic acid-based hydro-
30 gel-forming material is determined by admixing the hydrogel-form-
. ing polymer with synthetic urine for a period of time sufficient to
substantially epproach _eqoilibrium with respect to extraction of
polymer material from the hydroge_l which is formed. The hydro-
gel/urine mixture is allowed to settle and a portion thereof is
35 filtered. An aliquot of this filtrate is then taken, and the free




-34- Shear’ Modulus = 3 x 981 x Gone Angle x Cos(Phase Angle) x Torque 2 x
[err] X Plate Radius3 x Strain wherein the cone angle and strain are
expressed in units of 5 mlliradians, the plate radius in units of cm and
torque in units of g-cm For hydrogels, the phase angle is close to zero
and so the cosine of the phase angle is taken as unity. The factor 981 is

t hat which converts.g-cmto dyne-cm Thus Shear Mdul us (dynes/cn®) -

1308 x Torque (gmcm) Stral n (m I I | radl ans) f 6851 he particul ar equi prrent
used in this test rret,a C.. | e Pol%rﬁre,r C@ntent Dg}erm tion
Dependi ng upon ‘t he &%} eg'Eﬁ”‘ﬁySF‘o rial jdjssolyed '&'attev\B"e
di fferent nmethods atitrateddioh@ieine Mth:abml at Allesf ﬂ'reaehﬂhcbq'lﬂtil)gmps are\w/

contet . CBr So OOSBhe AFANEOR 3 R pcl] BB, g ars, o

potentlorretrl c procedure i s used déterm ne €x

aci d- based hydr ogelusest A0 repipptenshe amountaof raxtractableopotiumer iis thephyyec:
It shoul-d" be noged égaﬁ,rmﬂ qsgg'mgf. ganipie. procedures may provide results
~that include in the total aaﬁun. of e trac apl e terl_l._t ose extractabl e
conponents in the hydrogel YR i S n1aiping
pol ymer .sanple is knovaﬂmatbsamesi to cont ain si gm fi cant am)unts of
non- pol yneric extractabl e materiyal o SHC pol | C

materi al should be renoved froml‘fheo 2H fb Ced rgc%{nrﬂyd?o%iaoﬁ%fg'bg hggn%r is
bef ore running the extract apfeuradelyméto c!oﬁtbrmgljé'{@GhFﬁamtorﬁ H&0e mhdispos-

described. 1) Gg boxylic ACbﬂreBBESE'eHydlp@esd:(UéikEQs Fs%yusé& Feﬁeyaﬁm@'se
pol ymer content of carboxylic aci dhb:f -for 8 eri %
determined by admixi ng the R§dr¥38pe cﬁrl‘ﬁ' d‘sﬁol y(f%l SW’?'FF gb'ﬂ hgge washer

for a period of tinme suffictheme tmesuhd;tlmdxlxaell;lcari;tbnach-lequllutbdl v \mtrhu
respect to extraction:of Polydihied WatktF zp.wyam *{Ycﬁ'{{%lth“@is‘ihlécf water.

forned.- The hydr o- gel/urlne mXxture Is ‘al

t her eof- _ _ _Thls procedure removes traces of detergents and other _
' 15 ' contammants whlch would otherwnse mterfere with the
' titratlon ) '

2. 75 ml of synthettc urine (hereinbefore de-
scrlbed in the Gel Volume Determmatlon section) are
_ added. B oo
20 - - vafg. Samples are slowly stirred for a period of time
| " sufficient to reach equilibrium. Equilibrium is generally
reached within 16 hours. If extractable polymer con-
‘tent is to be measured as a function of time, then 1, 6,
_ and 16 hour pernods are sufflclent to defme the ex- .
25 tractables versus time curve. Co . /.
A ' - Samples are allowed to settle’ for 15 minutes.
_ 5.' Using a 3 m disposable syrmge and 0.22
“micron filters, enough solution is filtered so that a2 20
_ mi ahquot can be tzken. -
30 " b) Titration Conditions -

' SR 1. If the titrations are to be performed manuaily,
-great care must be taken to assure that equilibrium is
reached after each addition of titrant.

2. _A'z.o': mi aliquot of the filtrate is transferred to

35  a 50 ml disposable beaker. If glass beakers are being




"35 filtered. An aliquot of this filtrate is then taken, and the free
acid groups on the polyner material dissolved in this filtrate are titrated
.o pH 10 with base. Al of the carboxylate groups are then titrated to pH
2.7 with acid. These titration data are then used to cal cul ate the anmount
of extractable polynmer In the hyuro- 5 gel -form ng pol yner sanple. a)-
Preparation of the Extractable Polyner-Containing Filtrate Sanples 1. 0.40
to 0.41 g of hydrogel-form ng polynmer is accuf"aﬁ"ely (to 0.1 ng) weighed
into a 150 m dispos< 10.. abl e, heake I | ass beakers are . -
used,” they must be acid wasH&Fprthsy TBshg’e’. -'c[q]'éﬁfg‘ﬁgr@"?ﬁo 55 25,00t
thgee times with dilute HCl hereinbeforeCl diluted 1:4 with distil]led water),

“then. three times with distilledgwat9phe Ihaaopr&c\%ﬁ%ﬁdr etgox,qf _L aGfh q)f IN

whi CI ul d ot )

det ergent s:.and ot her 15 contam-nant s WO erw se
interfere with the titrati oNa®Hz 75 ni of synthetic urine (hereinbefore

de- scribed inghe Gel Vol une Dgj ermheaaliguosast tneh bdck AFsted 38 pH 2.7
Samples are slowy stirred f rﬁ E- of time suffficient to reach
equilibrium Equilibriumi swglg'ngrgfl ye eached within 16 hours. |If _
extractabl e pol ymer con- tent i§.toStepsnehsanddsasre perforined oh t20nem! tdfen
1, 6, and 16 hour periods a i cleit ' : =

tractabl es versus tinme cur\?gefn%f‘%aﬁkﬁ{e&stgﬁbgigi gﬁ? ' o@siae?ﬁefofo?ot%s‘eps '
mnutes. 5. Using a 3 nl dPkpBeditratiensi nge and 0.22 nicron filters,
enough solutiog is filtereg) scatdidationg0 nl ali quot can be taken. 30

Dt o om0 L A Tt SR SR R SRR L
' a@ tion of titrant. - acrylic acid) (in .minimoles) in the supernatant aliquot
(Ma) is given by: ' '
oM =V, - V) x Na__lpil_li_mol_es (mm)
15 where:  V, = The ‘yglurr_n_e'_‘_(ifn m!) of acid required to
titrate the al_i_q!.lot_ to pH 10.
Vb = :T:h_e_vo_iun_ie "(in..qnl) of acid required to titrate 20
. ml of synthetic urine to pH 10.
, _ Na ".-'.'_"_r'he”t'\_ormality (in lheq/_m!) of the acid: (nominally -
20 .. 0.10 meq/ml) '
~ _ | 2. The total amount of polymerized acid moieties
(e.g. acrylic acid) plus polymerized neutralized acid
moieties (e.g., sodium acrylat_e)_ (in mm) in the super-
_ _ natant aliquot (Mt) is given by:
\_ 25 Mt = (Vb - V_bb-) x Nb millimoles
' where: Vb = The volume (in ml) of base required to
titrate the aliquot from pH 10 down to pH 2.7.
Vpp = The volume (in ml) of base required to titrate 20
mi of synthetic urine from pH 10 down to pH 2.7.
30 Np = The nbrm#lity. (in meq/mi) of the basg (nominally
0.10 meq/m).
3. The amount of polymerized neutralized. acid
moieties (e.g.. sodium acrylate) (in mm) in the original
supernatant aliquot (M) is given by: |

35 My =M - M,



2. A 20 m* aliquot of the filtrate isctransferred to 35 as0nm

di sposabl e beaker. [|f glass beakers are being -36- used, they nust be
acid washed prior to use as noted hereinbefore. 3. The allquot is titrated
to pH 40 with 0.1N NaCH.- 5 : : 4. The aliquot is then back

titratedito pH 2.7 with 0.INHCl. 5. Steps 3 and 4 are perforned on 20 nl
of synthetic urine to obtain titrati-on blanks for both steps of the

titration. 10 c) Calculations 1. Thgyanmount of polynerized acid
noi eti.es (e.g., acrylic acidy (in nillimoles) In the supernatant allquot
(Ma) is given by: [err] 15 a, The th?éleamouers Teal nl?’) éiﬁ

.- =.Th
acid required (0 Ltiate thRyal| Gug! dlyREAS) merkiagions i Ebiesiesn () =~
(in meg/m ¥ of the acid (nofe.gall scidic acid pluls s&hhﬁld;ieﬂffﬁke) ﬂ?elxtﬁt‘rifggiﬁ-l
anount of pol ynerized acid &fre€ .acrylic. aci pl us pol ynme :
neutral i zed aC|5d noi eties ('geb eéafe Dryl a;t’e) (in mm |n t he sKlEer-
nat ant aliquot (M4) is gi vewab’y a X an I\/ZWb = M@ %)D X

m | linoles where: dVb Thﬂthfzd urre |£1 1’4.& g&,_,oillqg%@tr gg;qﬁ,) &b& “@w ihe-
f H 10 down to :
?Lhﬂ??gd '[gmt Ptrate 80 m. 01I‘O syR?IP@ FPY WSmpFF’J)d"U@&*F’tB’ mQ'ZBCZ'Y'RO

Nb = The normality (in rreq/ m) aﬁldt#lGPmeeqlngm naI ly O. 10 meq/ m ).
Eb = The equivalent welght of neutrallzed acid moiety in

10 neutralized polyacld mouety (e.qg., sodlum acrylate -in
' I sodlum polyacrylate = 94 meq/mg). : __
D = The dilution factor (75 m!/20 mi = 3.75). o/

5. The percent extractable polymer in the hydro-
'gel-formmg polymer sample (e) is given by
15 e =T[(W, ¢ wb) x 100]/W percent
where' W= The sample weight in mg.
2. Sulfonic Acld-Contamlng HydrgiFormmLolymers _
Extractable polymer content of sulfonic acid-based hydro- -
gel-forming polymers is determmed by a gravimetric ‘procedure
20 wherein hydrogel samples are swollen overnight in distilled water, )
and the polymer content in the filtrate. _is gravimetrically de-
termmed. By comparlng extractable content determinations for
carboxyllc acid- based hydrogel-formmg polymers, using both the
potentiometric method herembefore descrlbed and’ the gravnmetrlc
'25_ method, it has been determlned that the extractables readings
"glven by the gravumetrlc method ‘using distilled water overnight
provndes acceptable correlatlon with extractables determined by
_ the 16- hour synthetlc urme procedure used in the potentiometric
method
30 _,_f The partncular procedure of the gravumetrlc extractables
' determmatlon are set forth as follows°
o lnto a 500 ml Erlenmeyer flask is wenghed accurately (to 2
'0 1 mg] about 0. 25 grams of dry hydrogel-formmg ‘polymer (w )
250 mi of distilled water is added, and the mlxture is stnrred'
35 slowly for 1 hour. After this hour has passed stirring is




*3. The armount of polynerized neutralized- aci'd noieties (e.g., sodium
acrylate) (in nmm In the original supernatant aliquot (M) is givenby:

lLerr] -37- 4. The total anounts of polynerized acid noieties (Wa) and
polymarlzed neutralized acid noieties (W) b (e .g., acrylic acid plus
sodi um acryl ate) extracted (in ng) are given by 5 [err] - M

X Ex D - and W = Mo x Eb x D where: E The equi val ent wei ght of aci d
noiety in a polyacid:noiety (e.g., acrylic ac-r&B-In polyacrylic acid = 72
meq/ ng). Eb = The equi val-ent wei ght of neutralized acid noiety in 10

neut ralized poI yacisioppedi pnde the  swolignuige! alsr pllawedi to settleneyerrnjoht.y| dne

94 negq/ ng) . —tﬂbeuﬂkﬁtﬁﬁi %o& ghipf &Z%ﬂb&?&tﬁht -is3fi?@re5 \?ﬁfg ReBCAI
leag

E§”i‘§tab'f ol yr Sisposalie. Sginge $081PWHEIER Tifar 40 obwin Srilsssh A9l BI

\AElil ght i BI nmg. 2. StdffﬁrtrmeACIEixﬁw annmngafl-mwramlis Iiﬂgamgnﬁahymm 100 ml
tractabl e polyner t s ci n
polyners is de'r“erm s 8 gg@to'%davwr%? gr otg'eed}%?&iw E%/)\h‘é.?&l[emﬁé 8 geq 2
sanpl es are swol | efrotamy ne\gﬂnO"BtPfdl (swauerecasn&mpr yaguuhe poltlyrréﬁmpemtyne
cont ent  det 1 i nat e or ey e ol (L oecet L 16 PR terted Qg
usi ng both the pot éh‘ﬁﬁ)ﬂn‘é’t @ ?'ﬁgt FIIGEP%HBQeY e‘Y’Bg t cfe?i‘? ngﬁ!?"gf f@sy‘ﬂed
gravimetric 25 metwadr, i tTHesohsion dat ﬂnmwﬂghtdgatwth@s eveidugetiatd adryness
readings given Qy RSy grgrwesi 'ﬁo hESk Ségotéoe" r\é@g?g[)he 3R the

provi des accept bl e ‘correlati on ractabl € ermn
weight of resudue (w ) is determmed using the tare welght of the
\_/ : vial. The percent extractablg polymer (e) is calculated from the

weight of dry polymer (W p) and weight of residue (W) by the
following equation.

15 W, x 250
: e = X 100 -

_W;'i'_u'ﬁ—

As indicated, the extractables value obtained from this calculation
‘is believed to approximately correspohd to a t6-hour equilibrium
. 90 . extractables content value in synthetic urine. '
— : Example |
| Four hundred and fifty parts of doubly distilled water were
placed in a reaction vessel equipped with a mechanical stirrer,
, _ argon inlet, thermometer, and pressure-equalizing addition funnel
v - . 25 containing 0.136 parts of N,N-m_ethylénebisacrylamide dissolved in
92 parts of acrylic acid. The water and contents of the funnel
were separately purged with argon through submerged gas dis-
persion tubes for 1 hour at 25°C. The water was then cooled to
10°C while being vigorously stirred; 0.05 parts of ascorbic acid
30 dissolved in 2 parts of water was added, immediately followed by
0.10 parts of - a 30% hydrogen peroxide solution dissolved in 2
- parts of water. ' |
The contents of the addition funnel were then added to the
solution. Within 5 minute's_, the mixture formed a clear gel which
35 could no longer be sti_rred.. While maintaining external cooling at
6°C, the temperature of the gel rose to 30°C after 30 minutes and
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the 16-hour synthetic urine procedure used in the potentionetric nethod. 30 .
The particul ar procedure of the gravinetric extractables determ nation are .
set forth as follows: Into a 500 ml Erlenneyer flask is weighed accurately
(tog 0.1 ng) about 0.25 grans of dry hydrogel -form ng polynmer [err] 250 mi

~of ‘distilled water is added, and the m xture is stirred 35 slowy for 1
hour. . After this hour has passed, stirring 1is -38- stopped, and the
swollen gel is allowed to settle overnight. |In the norning enough of the
supernatant is filtered using a 3 nl dlsposable syringe .and 0.22 mcron
filter to obtain at least 40 m of filtrateggExactly 40 m of filtrate kg
placed into a clean 100 ni 5 round- bottoned flask; ‘and‘the solution is

concentrated on ﬁud’rpbeﬁunewaﬁu.at fl'fhe(%ﬁl Wasaeﬂsrr &ﬂfed/%wltembiﬁiture of
r

ot Ea T oel sk 505 DT o1 19,98 2415 pRER sy en-

distilled water. dﬂ'é\m sfobmt then flaaskttmdvplagtd rig ¥ibeakes: m&uidgthwpgmss 10
in an oven at 12%3 y‘ ec?ﬁ;sgﬂ'edr mbws &n aH].e wei ght of
FeP M hed usin

resi due (W). tare we e vial .- The percent

extract abl-e i)ol yner (he gel @EGSCGPEPBQ# fﬂ"@ﬁ?‘!ﬂ@%ﬁ@%t“oh‘@r‘}“ﬁ%@?rﬂﬂ oferr]
and wei ght of regiedg@rtotindinyg ﬂhﬁﬁfﬂ‘ld Vi) ket Usk '40% f@'r 16 Réursidi Tweed,

ot oxi mately colPREHETAr E?'r Bhorf ErtRleR, Was it Fadedy B8 S0, et o, o
val ue in synt. hetmethmpheat Eﬁ?ﬁptradlfummr lahopped, acahverting ghemstmfopdoubl y
distilled water 4Gé £ sitic ﬁa‘rﬂcleg Teﬂﬁé'ﬂ.lbéfﬁﬁﬁq'lt BIdid RS theh hrdingved, _
mechani cal st rrer gon inl et er np ~and sur equal | ZI n o
addition furifel 304 %’(%tpéf 1 Rf 6"1526 §° f*W’N’ﬁEFayPE&eﬁl‘%%R'P?I de
di ssolved in 92 ¢gomtirsuedf. adv ;ﬁnal decahtalllbola@dielonachbnplngeprodwéed treartlunnel
vere separ at ely &Jlrtﬂ:?gs Wﬁ.@h%@&”s&hl&&‘%r sin.gg;,g%q §5vT Qha then isolated
by fiitration. These particles were dried under high vacuum at
60°C for 3 hours and pulverlzed to obtain 16.8 parts of a white
15 “powder,
Such powder had a gel volume of 59 g/g and an extractables
- content of 3.7%. . " _ R :
' " Degree ‘of ‘neutralization U
_ . was 708. _ ' '
20 - 'Example_1|
: 'Another’ portion of the neutralized gel particles prepared as
'in Example | (before treatment with methanol) was ‘dried directly
at 80°C under high vacuum for 16 hours, pulverized, and redried
- for one hour. The resulting white powder has a3 gel volume of 45
25 glg 'and an .eitfactables content of 3.9%.

Such a sample also has a degree of neutralization of 70%
' Examgle 11 :
- Four hundred and fifty parts of .doubly distilled water, 92
30 . .parts of acrylic acid, and 1.87 parts of N N'-methylenebisacryl-
amide were placed in 'a'. reaction vessel equipped with a mechanical
stirrer, thermometer, and 'a”rgon inlet. The solution was stirred
at 25°C and" purged wlth argon through. a submerged dlsperslon
tube for 1 hour. The solutlon was then vigorously stirred and
35  cooled to 11°C; 0.025 parts of ascorbic acid dissolved in 2 parts



* persion tubes for - hour at 25[err] The water was then cooled to 10[err]

el S ——

whil e being vigorously stirred; 0.05 parts of ascorbic acid 30 dissolved

- in 2 parts of water was added, inmediately followed by 0.10 parts of a 30%

hydr ogen peroxi de solution dissolved in 2 parts of water. The contents of
the addition funnel were then added to the solution. Wthin 5 mnutes, the
m xture formed a clear gel which could no | onger be stirred. Wile

mai nt airni ng external cooling at [err] the tergmrature of the gel rose to
30[err] after 30 mi nutes and then began to fall. The gel was then heated

to a tenperature obf 4dter; ]iminediaﬁelwtfoﬁowdd by t0.050 cpants i ef geBO’( deydrogent s)

S, Wth- drawn fr f n ﬂu»?&fdj €lfC nt 4. rts
\3/?&_/80(1' um hydr oxi dggIil gg%l%/@ék’f’a 8’6 arts of vva?gﬁ& %f water, ﬁ&e aﬁdﬂa
chopped t her oughl yWithin | 3 | mirntes j the; mattenq gellednand sYiETIRG; W38+ Pg ngsn
\t/\ﬁs kegg gtt40[8(r) r po s%le1]§ Wﬁ%lﬁsmal;ﬁt&trﬁz ngRRrasl ,coﬁubgew 270 t+ %€, whee

en added to of, ne nal a \Y n
themto opa- qg Eﬁ if?? ﬂ&F'PFE ¢ fRee s&pmﬁ a f{t '?I E#d&mq gﬁgr gh%{‘/eg
10 and 500 parts bégdn delfaltet hanol were added and choppi ng was conti nued.
A final “decantati on/ adgiidr-Oeshinepi the ﬁﬁiQ@HFédtJ‘%oddD%i-' thée WowHs "

stirred for 2 hours at 40 errg t hen 1 sal at ed filtr

particles were driREtHRdas! S Pa#NBoBEPYN f'Br a3'“F‘|{3 ﬁdpesst?e to
pul verized to obt agivel smélippubiseryf partibiese 15 sabatickerof ich naotmlef soatium

gel vol une of nﬁaﬂg‘.g%@ggggn"?xﬁﬁc%phesofcq;gtgpt wab §dé§</8 &g{rﬁge %frtices

neutralizatio not

portion of the neubfterithofouah mixing cladlsexeessafiuig had heﬁkéﬁ‘ﬁf‘?q (before
t%/at ment with met hanofrhewegswiti gﬂlrisﬂmeat whé cképt Wrdao° Qi &r VIsC

16 hours, pul V@” zediand ok e g aﬂﬂ‘ﬁsg??‘aét ggﬁatészg%{ﬁﬁtgdy '&ﬁb‘% .
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methanol and dried as described in Example I. After pul_verlza-
1S tion and an additional hour of. drying, a white powder was ob-
tained having a gel volume of 27 g/g and an extractables content
of 0.4%, :

powder has a gel

Dégree of neutralization was 70%.
Another portion of the gel particles was directly dried under
: 20 high vacuum at 80°C for 16 hours before grinding and for an
~ " additional one hour after drying to give a white powder having a
- gel volume of 26 g/g and an extractables content of 0.9%.

Degree of neutralization was also 70%. _
— 25 Example IV
A polymerization was carried out using the amounts of mate-
rials and methods of Example |, except that 0.748 parts of
N.N'-meihylenebisacrylamide were used. The final white powder
has a gel volume of 37 g/g and an extractables content of 0.7%.
30 ’ . ) - . . .
' Degree of neutralization was 70%.
Example V -
A polymerization was carried out using the amounts of mate-
. rials and methods of Example |, except that 0.374 parts of |
35 _ . _



Such a sanpl e aI SO has a degree of neutral I zation of 70% Exanple 111 Four
hundred and fifty parts of doubly distilled water, 92 30 . parts of ‘acrylic
acid,” and 1.87 parts of NN -nethyl enebi sacryl - am de were placed in a
reacti on vessel equipped with a nmechanical stirrer, thernoneter, and argon
inlet. The solution was stirred at 25[err]and. purged wi th argon through a
subnerged di.spersion tube for 1 hour. The solution was then vigorously
stirred and 35 cooled to 11[err] 0.025 parts-y9f ascorbic acid dissolved In -
2 parts -40- of water, inmmediately followed by 0.050 parts of a 30%
hydr ogen peroxi de mmwmmmsmhman pare susgd.walTbe, final ewhiteepowder

Wihin 3 mnutes ¢ Buihnki Uhds Geder dotifie bt B! Gl R U URBRUCEARE Glens ~

Wi | e nai nt ai ni ng external ool Py at T 2rerr] reacti on.tenperature
rose to [eer] aftePf3® ¥ nutes and then began to fall. After heating the

mxture to 40 [err] for three hours, the brittle gbDegres dfr Akatratination was
ground I n. rrgrtaga?nd pestle to gi ve small rubbery particles. A solution

of 35.4 parts Um 10 hydroxide in 1200 parts of water was added to
the particles. After thorough mxing, allExamplesVl|uid had been i nbi bed.

tTﬂg 5 glsu:ozi Irtngclgg!s partw'&ww.iradrmtwa%t c&ﬁltfié& n%ﬁ g%ﬁal &he%&ﬁ&tw&aeé-
described in Exarrpwgﬁ? t'@? hﬁﬁ? *%‘;ﬁ% trfﬁF%dﬂéﬁf gd&ﬁ[sr |R§ﬁé§ ofoB%~ of
drying, a white poudebucvwrsidomssolaneded\ Raparts of gua&ew/(ab'urre Q50 parw/ of and0®n
ext ract abl es, oqgt chiyaPbodh 1gérdad colllipR° W ERjnoy Yakd Ogf SE"Rtre

portion of the gel es was_ direct vacuum at -
80[err] for 16 houP§e‘5e?%r'@egri“'ﬁlﬁ% %ﬂ’ﬁe?‘or BheaﬁBPE |"6ﬂ&? B?Yédﬁfoéha&f‘{‘ﬁ

drying to give a Webt#ing@vnes ahgel ndlamgcof wel ?r@ arid 2h ekgrattsbies content
extract abl es contept. pf,g0. 9% Degree of neutralization was also 70% 25 .
Exanpl e IV : C

Degree of neutralization was

15 70%. :
| . Examgle Vil
Four hundred and forty parts of doubly distilled water, 92
parts of . acryllc acid, and 0.374 parts of N,N'-methylenebisacryl-
amide were placed in a reaction vessel equipped with a mechanical
. 20 stirrer, thermometer, argon inlet, and:pressure-equalizing addi-
tion funnel. The contents of the flask were stirred gently while
~being purged with-argon through a submerged dispersion tube for
1 hour at 25°C. Halféway through this .purge. the addition
funnel was charged with 0.050 parts of a 30% hydrogen peroxide
25 solution dissolved in 9 parts of water; this solution was also -
_srmilarly purged with argon. After the purge period, the stir-
ring rate was increased slightly, and the solution temperature was
equilibrated with that of an exterior cooling bath at 12°C.
In 2 slow, dropwise manner, a: portion of the contents of the
30 addition funnel was added until a 0.25°C reaction temperature rise
coupled with a noticeable viscosity increase appeared. This
occurred after about 2 parts of the hydrogen peroxide solfution
had been added in 13 ‘minutes. .Shortly thereafter, stirring was
no longer possible. After 90 minutes, the gel reaction tempera-
35 ture reached a maximum of 22°C and began to fall.



* A polynerization was carried out using the anmounts of mate- rials and
met hods of Exanple |, except that 0.748 parts of -

. N, N - et hyl enebi sacryl am de were used. The final white powder has a gel
vol une of 37 g/ g and an extractables content of 0.7% 30 Degree of
neutral j zati on was 70% Exanple V A polynerization was carried out using
the anmpunts of mate- rials and methods of Ex le I, except that 0.374
‘parts of 35 N,N - nethyleneblsacrylan1de Were used... The final white

powder obtai ned has 2 ACUhiY VIR ger Ua/ fedted ﬁ“n@“érﬁ?tﬁ%r%% RGNt A

2.1% Degree of neutralization Yf&"VI A pol yneri z t|on was
caryied out usi ngpertdomRfuthis gel nth%9 PaEts) H’HI A5aen, ?"él
except that 0.025¢piation of W93 partdi 6f sodilintimairoxide iin & miﬂs «ff wwatrer

and 6 0s0-part s b3 200 BTSRRI 11D S,
that was obt a$ nedsha&ouzmdg@g fiwidundt owasi gheyr Jeftnat 4A°C florath HoMES. cont ent of

1. 1% Degree of .neutr gy, bg@,{d,ﬁnomﬁelréjg Eﬁgﬁg&,ﬁ aél,-{;cﬁgum.{mmtgdnand
forty parts of doubly distille arts of aﬁg Cld an 0374

parts of N, N -net ﬁ(]Y'é\erPEQCPVFV"WSeb e jpethed o |oﬁ Ve st
equi pped Wi th a npsiwsnofa white powdees , A Iparttnmaﬁfetmsapgmen wast pulvediz-

pressure-equal i zi E? ﬂ.ﬁ-‘iher tdn(y”l er%ﬂ @%dﬁ‘?ﬁ &1t § ,qu,t g msg Hﬁf@rial _

stirred gently whi ern ar ont roug ﬁ? er.si.on
tube for 1 hol@ ahaving a I%'fyﬂh-V"Q H-onﬂahgt’ﬂl §“13u?§e°"¥'ﬁ§t t‘F‘!S'ﬁe'P ffel
was charged with §,43R0 parts of a 30% hydrogen peroxi de

_ Degree of neutralization was 70%.
-~ A When a portion of the. neutralized rubbery particles was
_ directly dried under high vacuum at 80°C for 16 hours (no meth- |
15 anol treatme'nt) followed by the same pulverization and redrying,
~a white powder was obtained héving_ a gel volume of 45 g/g and
an extractables content of 2.2%. :
Degree of
neutralization was also'70%
20 This example illustrates that hydrogel-forming materials of
W . especually low. extractables content can be prepared using the
. minimum_. initiator concentration technique. - -
Example Vil
. | A polymerizatlon was carried out using the amounts of mate-
U ' 25 rials and methods of Example 1 except that 0.725 parts of tri-
methylol propane triacrylate were used in place of N,N'-methyl-
| 'enebisacrylamide. The final white powder that was obtained has a
ge! volume of 41 g/g and an extractables content of 2.1%.

30 - Degree of neutralization was 708%.
| , Example IX
, Four hundred f'fty parts of doubly distilled water, 92 parts
of acryhc acid, and 0.748 parts of N N'-methylenebisacrylamide
were placed in a reaction vessel equipped with a - mechanical
35



" stirring was no'lo

25 solution dissolved in 9 part's of - water; this solution was al so
simlarly purged with argon. After the purge period, the stir- ring rate
was increased slightly, and the solution tenperature was equilibrated with
that of an exterior cooling bath at "12[err]. In a slow, dropw se nmanner, a
portion of the contents of the 30 addition funnel was added until a
0.25[err] reaction tenperature rise coupled with a noticeable viscosity

“increase appeared. This occurred after about™ 43- parts of the hydrogen

e o R, A L 1ok SO s

tenpera- 35 ‘ture ata@SKEdand npungedvwith 22gon iy tngmergedfdisperaon tiibe for o

this Lime the gel YoRohea! el fuliiirbbufbr thecEollBithwad, Aj%% Gioc e

gel (69.9 parts) was t’hdrawn a a solution of parts o
sodi um hydr oxi de |ﬁtlsoinpaﬁpse%fwmtie¢reasne gtnd 85t HRArtE dot Rotassiumy Pefn | |

'[t hi'i? ' mi'Gbﬁdsm ! s?ffai@@ns’%olvédﬂiﬁq“ib@rf??f'%t@r Jlére\’\@édét?enl left ft
err]for ours. Tre re ery. particles wi

net hanol , drying, and %Wgr? i35 'B?s't ié n??ﬂﬂﬂ“o‘? %ﬁ%#e n a‘i’é"'ﬂﬂ jwas
parts of a white poadengeA mﬁblen thllehlmlptamliag quenmlltempedafumtmr

and dried for an a | | r i ado I
AR A+ f q:tggt r%ag?fg&&i [ tdifpdta¥Grét g %! o Betdi 14 Wirfuté ' and

neutralization wasthen.oegaante; fallr ¢ Afﬁe’bf'“ac'ﬂ@

was direct|y dio edsoqClefor hingiee ieoursy t23. 8Qpants |off thisifelhwere choppedtin- tHé

anol, (reatment) 1 obeytedyr s $aTFs B! 3@ilhohy 80U GRULNEEIN Seilahts

powder was obt ai ne an-extrac
content of "2, 2% Def rveaéebf N@maﬂ. zasemﬂmié hﬂ Permdmbibed, the mesyiting

exanpl e il l-ustrat epubbétty fmdﬁeuﬁl wePé TeftJatM0eCi AIrS10Thok?BEC I THesE particles

Canent ot o0 B ARG HAE SR BEoGs At WochLAUIHTchE i of Exampe

15 VII
A white powder having a gel volume of n glg and an extract-
ables content of 3.9% was obtained. "
The
degree of neutrahzatuon was about 70% '

20 - - Ex amgle X

Wé‘@t the .%g"m HASMRErature; 2t es

Three hundred sixty three parts of doubly distilied water, '

187 parts of acrylic acid, and 0.080 parts of N, N-methylenebi-
acrylamlde were dnssolved and purged as in Example IX. ~To the
- quickly stirred solution cooled to 10°C were acicied 0.05 parts of

.25 _ascorblc acid dissolved in 3 parts ‘of water quickly followed by U/

0.100 parts of hydrogen peroxlde solut:on dlssolved in 3 ml of
water.’ ’ ST _
“After 45 se_'édnds, the reaction 'ﬁmiXtu're' had gelled and could
no longer be stirred. Within 17 minutes, the reaction temperature
30 had increased to"65°C while maintaining external cooling below
10°C. When the temperature had fallen to 40°C, it was main-
- tained there for 3 hours. A portion of the resulting extreme|y _
- tough, rubbery gel (60.1 parts) 'was chopped in the presence of
7.9 parts of sodium hydroxide dissolved in 160 parts of water. [t
35- was left at 40°C for 16 hours. '



*Exanpl.e VII1 A polynerization was carried:out ‘using the anmounts of mate- 25
rials and nmet hods of Exanple | except that 0.725 parts of tri- nethyl ol

, pbropane triacrylate were used in place of NN -methyl- enebisacryl am de. The
“final white powder that was obtained has a gel volune of 41 g/g and an
extractabl es content of 2.1% 30 Degree of neutralization
was 70% Exanple | X Four hundred fifty parts of doubly distilled water, 92
parts of acrylic acid, and 0.748 parts of N, Nggnethyleneblsacrylan1de wer e
pl aced in a reaction vessel equi pped with a nechanical 35 -43- stirrer,

thernoneter, and argonAftdreidryine and| gt-ihaihg\m i iExamplerll X754 awliite Powder

b he ol ut i on- wabeyiHE &5 atf VallRTRE 8 o) 87 find Cuctactibles APMSCRT CY
0. 051 parts of pot wesiohteined. 5 sulfate dissolved in 3 parts of water

were added. Wthin 45 seconds, the solution had gg + grd: of aNElitrailiatidn Wadas
no | onger possjble. ' mai nt ai ni ng the extern tenperature at [err]

the reaction t npe?ﬁ?‘iﬁébf’rose to [err] after 19 mi nutes and then began to

fall. After maintaining the external tenExampleeXht 10 [err] for three .
hours, 123.4 parts of r Q P r S
of SOdI um hydr oxi de_di E@f\’g‘?ﬁrﬁel%6%?b% :*f”dB Glfﬁﬁf&? vfgtg'?(cgasgss ‘tﬁl d
had been inbi bed, Phe2srydig @city rANshelP2pparts|efs '\'/\é\"emﬁﬂ'm'emb'%ﬁ['?/ﬂ?']‘*dﬁor
16 hours. These pam;rslaasma dhdepur ddgaeund Bkampret XEt T alhel ulidiay

renner o ST dpred, ot shBC sk P iy oV Wi or sl
neutralizati on wasaeidodissplved o 3 parts water followed by 0.04 paptsaefl kydeo-
Three hundred si Xt Yeh Np&rxidé soifion| aiabyivedSin |3 YPhrigiRiter, After 7 min-
utes, the viscosity of.the. solution prevented further stirring.
After 114 minutes, the reaction temperature reached a high point
15 of 17°C-and began to fall. The gel was then heated at 40°C for
..-three- hours. A portion (113.2 parts) of the resulting brittle gel
--: -was - broken: up into small particles in a mortar and pestie and
. treated with 4.39 parts of sodium hydroxide dissolved in 80 parts
- of water. _
20 . After standing at 40°C for 16 hours, the particles were
dried and ground as in Example X ‘to give a white powder having
a gel volume of 43 g/g and an extractables content of 0.6%.

4

Degree of neutralization was about 70%.
N 25 B ‘Example XI|

| - Four hundred and fifty parts of doubly distilled water, 92
- parts of acrylic acid, and 0.040 parts of N,N'-methylenebisacryl-
~ amide were placed in a reaction vessel equipped with a mechanical
_stirrer;, thermometer, and argon inlet. The solution was stirred
30 at 25°C and purged with argon by submerged dispersion tube for
1 hour.. The -stirring speed was then increased, and the solution
t_émperature- was lowered by external cooling to 11.8°C. 0.025
parts of ascorbic acid dissolved in 2 parts of water were added.
u A solution of 0.052 parts of 308 hydrogen peroxide in 9 parts of
| 35 water were placed in an addition funnel and added drop by drop



187 parts of acrylic acid, and-0.080 parts of N N nethylenebi- acrylam de
wer e idi ssol ved and purged as in Exanple | X. To the quickly stirred solution
cooled to 10[err] were added 0.05 parts of 25 ascorbic acid di-ssol ved in 3
parts of water quickly followed by 0.100 parts of hydrogen peroxide
solution dissolved in 3 mM of water. After 45 seconds, the reaction mxture
had gelled and could no longer be stirred. Wthin 17 ninutes, the reaction
tenperature 30 had increased to 65[err] wh+4S nmi nt ai ni ng ext er nal

cooling below-[err] Wen the tenPerature had fallen to 40C,-it was nai n-
tained there for Jonthe stirred reaction rixture. r Whep: $ix;deaRs had beer agided,

Lugberydgelj (60| 1 ﬁ@"iébk% ﬁ\tﬁ‘hl@@%é fho‘tml Fmggens&m{n.%% ie‘i'nm‘flatéﬁg' uy
roxi de dissol v was | eft a

nour o 0% a3 Car Mt 3 wf% AiriPhcvas 'StaBsdube flter i, imiutel 4h,
having a gel. vol urreaoifm|38teygeranmemeadme¢1b13é’£ candt eﬂnnobeﬁaﬂ%avaiall. At

obt ai ned. Degrsee Qf'nd“?h'ﬁ(ﬁ’) ub+ zr‘éééﬂan }’iﬁiﬁéére vi’aQOH%%tZQCVSt E?SGQF Mo Fholrye

hundred forty parts o LSt cryllc acid,

and 1.22 parts of N, NARaM Sﬂ"eﬁ I@Md%a%) e"‘!ﬁ dbprenght Hnﬁh?RRijéPas
in Exanple X. To tthe présekkcy 60 7. su pmd 60 Isotium  IDypdroxidé cdisdéloed] invase

added 0.02 parts ol 8500 igreaChhefli 3pClekeded M Hid Mgé&r,p;ak bgvedrhy

0. 04 parts of hydro- "gen peroxi utlon
After 7 min- -utes 'eﬁh'éi'\g Jubhery perticles wsm Lhﬁntnapr'&?&wt et Y@ rhawss and

stirring. Aft% lmem fHebtee Witle nietREAGIOBNd CIMEE FnU tise ndiep lof ExaS) upm nt

three houre, | A" pdh ORI RIS sigs' Bpefifec Bt ad aqonl vbE et 74°ke
broken up into smahld par textragsablesacmnafo&ﬂd%pestIe -and ‘treated with 4. 3Q/
parts of SOdI um hydrOX| de di ssol ved in 80 parts of water
_ - Degree of neutrahzatlon was about 70%
'_ . 15 : . - Example. Xit. , .
| o Thls example |Iiustrates preparation of a polyacrylate hydro-
'gel-formmg material using an inverse suspension polymerization _
techmque. _ . T
A four-neck, 1 liter round-bottom resin kettle equipped with
20 a stirrer, a reflux_._.conden'ser, a dropping -funnel, and an inert

. gas dispersion tube was charged with 430 ml of cyclohexane and o

2,57 g of_l:ethyl___cellulose (Aldrich Chemical Company, Inc.,
. ethoxyl content 48%). Argon gas was blown into the flask to
. purge dissolved oxygen, and the temperature elevated to 65°C.
25 In a separate flask 28.0 9 of acrylic acid was dissoived in u
- N8 g of distslled water. The monomer concentration in the
. aqueous phase was 208 by weight. Then, 0.0128 g of potassium
persuifate and 0.1798 g of -.:.N.N‘-tnethyleneoisacrylamide were
. dissolved in the aqueous solution, and argon was introduced into
- 30 the solution to remove. oxygen present therein.. o
The contents of the. latter . flask were added dropwlse to the
contents of the above mentioned four—neck flask over a period of
one-half hour. After completion “of the. dropwise addition, re-
.. action :w_as carr_le_d out at 65°C for four hours, and then the re-
35  action mixture was cooled to ambient temperature. = Separately, in

L)



* 20 After standing at [err] for 16 hours; the particles were dried and
ground .as.i.n Exanple X to give a white powder having a gel volume of 43 g/g
and an extractables content of 0.6% Degree of neutralization was about

Y 70% 25 Exanpl e XI| Four hundred and fifty
parts of doubly distilled water, 92 parts of acrylic acid, and 0.040 parts
of- N, N - net hyl enebi sacryl - an1de were placed In a reaction vessel equipped
with a nechanical stirrer, thernoneter, and gggon inlet. The sol ution was
stirred 30 at [err] and purged wth argon by submerged dispersion tube

for 1 hour. The gSthady nmﬁﬁegd d?a%ot N(We] es6didm roxfdé Odllition is

t erature was | owered by ext €r nal to 11.8[err Q. 025 parts_ of
ag%rgr bic ‘acid di ssissaived i $.8 (g %'Is W&f’eg'w c30d gagded, 86‘!‘&' nt®f the 052
parts of 30% hydr agatemsr okithe fooronexk flask{ Followdne rcompletehbdditibni, nthan

addi tion funnel Q%ag’%gd%figgg #?Q/skdégp 5|Ioweé5to Eﬂrt Hﬁ' 56 'n'iiF\Ggesr %@%Heofhcf

m xture. \Wien six een
and the additiSon Wwollenr pplymesdwayyisplated by rfUE'é%iO'bt PH‘W?@) 'ﬂaStaﬂdoBHEEl'

and after 41 m- mmgﬁt téiﬁ: rtaeﬁt H?iédt eﬁaefaﬁw&eaeaﬁmrhesf ]soagdté fmabegan
to fall. At 5 thl?\F gi I on xture% gp?gerr] for
hours. A portion PRI gﬁﬁr fclesgo Ea?t YRES RTR ﬁg‘ﬁ% RopPedemn t‘he
presence of 7.74 [3#rgbgpf sodi um hydroxide dissolved in 160 parand extoacter

until all excess eeq) | or - ol
wer e kept at 40C fJb% 16 hour? ﬁd ?&bb@ﬂ of I@&Faﬁib‘ii&ﬁ Fwag %b Y'I‘I-E@Ja'l&é

reated w th a ried
in the manner 18f HRENMA-23Y73-Ruis f'e"pdm'f&?‘ {ﬁagrﬁiﬁ‘ﬁl thap %Fcﬁgﬁaga g
volune of 74 g/g a)d an extract abl es content- of:. 13% Degr ee of
eutralizatjon was about 70% 15 g amnje XIV (Comparative) Exanple X1
Thi’s exarrple I Il ustrates preparati - ydro- gel -form ng
material using an invefhis exempiei alsopdilystrates: Pfﬁpﬂféﬂﬁﬂl ®fic a2 polvegryieck,

1 liter round-bot ta@ppsi hyEpbielefermihgPRAdteviah using an Inverse suspension
15 polynierizafion téchnique. In this example, however, a monomer

concentration above that used in the process of the present

invention is employed. Fu'rthérmbre, the monomer used was 75%

" neutralized (sodium acrylate) instead of being predominantly in

the free acid form as required by the process of the present

20 invention. :
In this example the same polymerization vessel as used in
Example XIll was charged with 870 ml cyclohexane and 2.80 g
ethyl cellulose.  Inert gas was introduced to expel dissolved
oxygen therefrom, and the temperature raised to 65°C. In a
- _ '25 separate flask, 57.0 g acrylic acid was neutralized with 47.3 g of
'50.2% (w/w) sodium hydroxide solution dissolved in 54.9 g dis-
tilled water while externally cooling the cha'r_ge.' The monomer
concentration in the aqueous phase was 44% by weight. Then,
0.0260 g potassium persulfate ‘and 0.0073 g N .N'-methylenebis-
30 acrylamide were dissolved .in the aqueous solution, and argon was
blown into the solution to remove dissolved oxygen.
' The contents of the latter flask were added dropwise over a
'period of one-half hour to the aforementioned four-neck flask,
after which reaction was carried out at 65°C for four hours
35 before temperature was returned to ambient.



—————

20 a,stirrer, a reflux condenser, a .dropping funnel, and an |nert gas b
di spetrsion tube was charged with 430 m of cycl ohexane and 2.57 g of ethyl
cellul ose (Aldrich Chem cal Conpany, Inc., ethoxyl content 48%.. Argon gas
was blown into the flask to purge dissolved oxygen; and the tenperature

el evated-to [err] In a separate flask, 28.0 g of acrylic acid was

di ssolved in 111. 8 g of distilled water. = The nonomer concentration in the =
aqueous phase was 20% by wei ght. Then, O. 0128-lg7-of pot assi um persul fate and
0.1798 g of N N -net hyI enebi sacryl ani de were di ssol ved in the aqueous

sol ution, and argon was Thet PIYMeEdis riselated inha swolien &tateo bye fitratidny dR4

resent therein. Thdried nired¥rs redudde QPW se .t o

![Dhe contents of theofel‘B& ErellE g ned l-a%g-dr?reecé{flask 0&'ggdg§g€ ‘5% Bprticles e
one-hal f heur. After cg'rrpﬁ Fe 'S Pﬁ volumpe % 3% igdg, re- action was
carried out at [err] for four ‘hours, and then e égt,-aa&b,@;tlgn m;gyég

was cool ed to gnbi q8b EEREY; : t

of 50.2% (W w) sodﬁumﬂkpx roa%i e'&s'%fu%??{orﬂe gyydl"gs ‘\'}'Eoélqtﬁrﬂ"l?dg' |3Meéd
wat er and added dr-88% ¥e ?\Seﬁ'lé"'&in?eri@ gregres: of neutnaitiatidrawas fs!d | Olnhélg

conpl ete addition, valuze (font(@nnv-ca‘ oyhig €|

m nutes before thev§ ﬁnemm?:"gégt'gcﬁ%\ﬂs?e#@ a(?nfth%ﬂ

to stand over- night an hen dr| e a&r &rane d”HF@?SQFr eﬂ\ﬁt i{heprqan'ce of
obt ai n spheri cal pHF't'lZUPQEsaG}F’ fopo ymnomohtctrehﬁi\belge|loN0|cBﬁEent+atiQR :ff

g/g, 10 * "preferred" hydrogel-for apd racI-
3.5% Degree of neg“egll Zﬁot | ony os? 75% omm mat 1%‘9)%5 ng‘\’/ 39{55raic§-
4.82 which |Is greatée t Ra anl ue for e Exanpl e XI V (Conparative)

This exanpl e also illustrates pr epar at i oréxdm emVyacr yl - ate-type : )
hydrogel -form ng nat er i@k e sus sion 15 polynerization .
 SHarile WMstiths s NoVREES Bitppasicn PR et

technique.. In this ex

used in the procesg"?ﬁe%p‘ﬁ% M"Ggﬂﬁt “lamferlﬁl mmdﬂeedarﬁnbmyeﬂe polyimaer BYr @zedNe
mononer used WS 7ﬁ‘?z(plc distillation prior to neutralization. of the polymer. - '

A four-neck 1 liter round bottom resin kettle equipped with

a stlrrer a reflux condenser a droppmg funnel, and an inert .
gas-dzspersnon tube was charged with 430 mi cyclohexane and

. 2.57 g ethyl cellulose (Aldrnch Chemical Company, lnc.. ethoxy!

20 content 48%). Argon gas was blown lnto the flask. to purge
dissolved oxygen and the temperature ‘elevated to 65°C. In a -
separate flask 28.0 g acrylic acid was dissolved in 111.9 g
distilled water. The monomer concentratlon in the aqueous mono-'
mer solutlon was 20§ (water content: 808). Then, 0.0064 g of .

25 potassuum persulfate and 0.0599 g N N'-methyleneblsacrylamnde o/
were dsssolved ln the aqueous solutlon and argon was introduced
to remove oxygen therein. The resulting - monomer soiution was
fed dropwnse to the four-necked flask in an argon atmosphere in

| _the course of 0.75 hours to effect polymerizatlon and was subse-

' 30 quently held at 65°C for four hours to complete the polymer-
lzatlon. o . : -

- Thereafter, the water content of the polymer suspended in .
_cyclohexane was adjusted to 55% by azeotroplc distillation. The
polymer beads were isolated by filtration and resuspended in 450
35 ml of fresh cyclohexane at ‘ambient temperature. ‘Separately, in a



‘neutralized (sodiumacrylate) instead of being predomnantly in the free .
acid formas required by the process of the present 20 invention. In this
exanpl e the sane pol ynerization vessel as used in Exanple X1l was charged
with 470 mM cycl ohexane and 2. 80 g ethyl cellulose. Inert gas was
introduced to expel dissolved oxygen therefrom and the tenperature raised
to [err] In a 25 separate flask, 57.0 g acrylic acid was neutralized with
47.3 g of 50.2% (ww sodium hydrOX| de sol u"t"%on di ssolved in 54.9 g dis-

1 the aqueous pndBkac 2, 1080 20 (MISar B8R slyirailie Blfign A"t ' O
pecsul fate and 0S0L/EY gnNE7N - gedigkil&ﬁbmctersendadhyl mw.l&i \g3reshatiiens olsyed

In the aqueous solaaabendr@msarm \aaiebioaweflmtsomhessw \thé OFoll/ el EETNE
di ssol ved~oxygen. sﬁ ontents of the maaéﬂ' r flask re acéH?- *dr o WI se over

a period of one-h&%P ur'“t&yﬂ‘? expte "‘B‘HBS 80P ﬁ@cl? \4.d
whi ch reacti 08 wadzatiorm iigdcontinued [for r{.5f uoui-mbef‘owrﬂ\e%wohe!ﬁopdymer |s

tenperature was r d s ' i S0 <y

S\AonPI en state by ?g‘#{{ragt Pg E%%? 3 drl r %ﬁ ggl‘xregsu;seﬁa LFte‘rﬁr

yi el d spheri cal pabta'm%ehwcaiobsq?ér OﬁMvrgerapgedU%Mﬂea gel yplume @ 961 and
extractables, e, gfg}0.3% 5 (Sorre characteristics of t he pghdn&xtraef-
determ ned as an ver runs of .neutral.ization
was 75% The val uggf‘e&r flg'?’fg ?esgrgeogf) “@ﬁa'f’?q 'Jt&é'?“?ﬁaﬁ Wage

. 3% val ue e. mer € n an
10. 3% val f b0 e75%.ThSome :hatsacwaaﬁcs: ofl the tpaly tm determined as

uti l'izing acid fopQeragenefevafral’ Aiiy.i vely I ow concentration If 10

"preferred" hydrogel-formng material of especially |ow extract- ables is
to,be realized. Exanple XV This exanpl egﬂ_ﬂrﬁiﬂ‘es a reverse suspension

pol ymeri zati on pr ocedihds wheaaipie Wdllestriates cnbe eprieparatidre sl WESutfan-zeo-
15 ”Op' ¢ distilLaly eoniniRg bOiyer WRicH ForAE #hydiBgRP'naWilg the char-
15 acterlstlcs of those of the present ‘invention by virtue of the use
' of free acid monomers in relatively low concentrations.

A U-necked, 1-liter round-bottomed resin kettle equipped'
with a stirrer, a reflux condenser, a jacketed. 'drepping funnel
and an inert gas duspersnon tube .was charged with 510 ml of

_ 20 cyclohexane and 3.06 g ethyl cellulose (Aldrich Chemical Co.,
N : Inc., ethoxyl content 48%). Argon gas was introduced to expel
dissolved oxygen, and the temperature was elevated to 65°C.

in a cooled flask, 25.2 g of acrylic acid was dissolved in-
132. 8 g of distilled water, to which was added 0.0128 g of potas-

v 2'5_ sium persulfate and 0.1792 g N N'-methyleneblsacrylamnde. Then
| 8.0538 g of 2-acrylamido-2-methylpropane sulfon_lc acid (Lubrizol
special process reaction. grade Il) was addeq to the equeous

solution, and ergon was blown into the solution to remove oxygen

~ present therein. The _mohomer concentration in the aqueous

30 phase was 20% by weight. The contents of this flask were added

from the cooled addition funnel dropwise over a period of about

one-half hour to the contents of the af_oremehtioned §-necked

kettle. _ o

After completion of ‘the dropwise addition, reaction was
35 carried out at 65°C for &4 hours, and then the reaction mixture




A four-neck, 1 liter round bottomresin kettle equipped with a stirrer, a
reflux; condenser a dropping funnel, and an inert gas-dispersion tube was
charged with 430 m cyciohexane and 2.57 g ethyl cellulose {Aldrich

Chem cal Conpany, Inc., ethoxyl 20 content 48%. Argon gas was blown Into
the flask to purge dlssolved oxygen, and the tenperature elevated to [err]
In a separate flask, 28.0 g acrylic acid was d-8%olved in 111.9, g

distilled water. The nmRoner concent ration I n the agueous. nono- ner .
sol ution was 20% (wal@$ <ok ip: ambignt temparatureyocieperatelys imax flaskuras.2 *

D S sl o om: 0578 81 SpA TR “'“"39?'2‘“??0'5"? Y.”“"’"’“S’“m g B

. resul ting nohomer so " 88% 25 hewr éﬁ
2o iaFlAA" AT aBu PR droByicd avar dheochui F 28ich

~argon atnosphere in theccontends off tive AS5nacked: kettlef f eﬁoiloping'roompieﬂel sddizion,

was subse- 30 ggentdng Eglenas Ui Ketite! Weve  Gidhaa ' safml 1§ Adlfrs before

pol ymer- 1 zatii. on Thereafter ter cont suspende
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wat er and the resul tamd, e:enlaﬂuahiess efddielk .dr opwi se over a peri od of 0.5 -

hours to the pqloyrrer sus- pencﬁﬁné RheysdtePRIRECof the! palYimes ﬁam'&ttermmed
addi tion, neutral - jzati '%?e ?sfgon jnued for 1.5. hours before t

swol | en poI ynmer is |?0F5t%'€f FutsL Ty md dr| ed. under reduced pressure
at [err] to optain spherical beads @&x gﬂlgrﬂéVHQ(degaraM\lﬂ a gel vol une of

51 9/, Thi i ill ' nge et 1\
4.8% The: degree of neu,trals exampe us rates preparatloﬁ ? 7@?&%‘:3@'85““

at I on
characteristics of tWNpg PHé ?ﬂet QFWr&d‘mﬁ having a Jigber Aaxtract-
runs. Exarrpl_e X\ls Trabaesexeombat ti‘ldrusmeah%lrogel% farmrﬁbmorpomi\er& of this

sul fonic ‘invention. . Such high extractable materials resuit from the poly-
"merizatlon ot' SOdiUI'I'I salt monomers in relatively high concen-
tration. '
" The same polymerization vessel ‘as in Example XVl was
20 'charged with 475 mi hexanes and 3.75 g SPAN (RTM) 60 surfactant
 (sorbitan monostearate)  Inert gas was introduced to expel
_ 'dissolved oxygen therefrom, _and the temperature was raised to
¢ _ uo°c. " _ ' -.
) ln a separate flask 51 3 g of acrylic acid was neutralized'
25  with 41.1 g of 508 (w/w) NaOH solution dissolved in 47.9 g .-
distilled water whlle externally cooling the charge. Following -/
neutralization. 351 g of S51.6% (wlw) sodium 2-acrylamido-2-
" methylpropane sulfonate solution was added along ‘with 0.0074 g
N N'-methylenebisacrylamide and o ozso g potassium persulfate.
30 The monomer concentration in the aqueous ‘phase was 46% by
7 weight. Argon gas was blown into the ‘aqueous phase to remove
- any dissolved oxygen. The contents of the latter flask were
" added dropwise over a period ‘of one-half hour to the four-necked
kettle, after which reaction was carried out at GS° for 3 hours
35 -bet‘ore the temperature was allowed to return to ambient. The .
o swollen polymer was isolated by filtration and dried at 80°C under'



aci d-cont ai ni ng pol ymer which fornms a hydrogel having the char- 15 :
. acteristics of those of the present invention by virtue of the use of free
. acid nmononmers in relatively | ow concentrations. A 4-necked, 1-liter
round-bottonmed resin kettle equipped with a stirrer, a reflux condenser, a’
j acketed. dropping funnel, and an inert gas dispersion tube was. charged
with 510 M of 20 cyclohexane and 3.06 g ethyl cellulose. (Aldrich

Chem cal Co., Inc., ethoxyl content 48%. Arg g@ gas was introduced to expel
di ssol ved oxygen, and the tenperature was eleVated to [err] In a cool ed

flask, 25.2 g of di water
t oowhi ch was added %éleggpﬁgge{br\aa@ ?.é@ H“s?gﬂ#n;l é§ ?'théeﬁ 3n¥1§% nfg'gndfl
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present therein. The rmnorre\r@%ﬁc‘gﬁf?%r'éﬁ'cslﬂfqhﬁ YEOShsWeTr %ﬁ%@ég‘ﬁﬁs
20% by wei ght .5 Theas @nt averagef of severfal asinswer e added from the cool ed
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dropwi se addition, reaftdifpogall e3d aR%.'r i$ Rreparediicomprisingop molyprerylenad
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aver age of sev%r al
suded tape to fasten the individual components together. The
diaper core is described in greater detail in the following Table 1:

_ N Table |
Feature - Value
Core shape Hourglass
W 20 Hydrogel-forming polymer ' Polyacrylate of Example |
: Airfeit concentration 85% by weight
. Hydrogel-forming polymer 158 by weight
concentration _
, '  Total surface area 93.6 in.2 (604 cmz)
N 25 Crotch area. _ 86 in.2 (297 cm?)
Basis weight of crotch 1.64 g/in.? (0.254 g/cm?)
Core weight _ : 33.0 grams

Such a diaper artlcle is especnally effective mth respect to
total fluid capacity and low incidence of diaper failure.
30 .. Example X1X .
Disposable dlapers contammg partially (i.e., about 75%)
neutralized, hydrogel-forming polymer absorbents of varying
characteristics are prepared in a manner substantially similar to
that described in Example XVIII. These diapers are tested by
35 panels of fifty mothers over a ten-day period in comparison with




Exanple XVII (Conparative) This exanple illustrates preparation of a

sul foni c-aci d-con- taining polynmer which forns a hydrogel having a hi gher
extract- 15 ables content than the hydrogel s forned from polynmers of this
i nventi en. Such high extractable materials result fromthe poly- nerizatio
of sodium salt nonomers In relatively high concen- tration. The sane

pol yneri zation vessel as in Exanple XVI was 20 charged with 475 nml hexane
and 3.75 g SPAN (RTM , 60 surfactant (sorbitan qnnostearate) | nert gas
was introduced to expel dissolved oxygen theréfronl and the tenperature

n

S

neutralized 25 i iR FPPYSTORER, (WRR ey ehiBieoly harGEles Spostie

distilled water whi fi2Rext ermmycwaimng M@Qﬂﬂabqet hvdrggebfmg'ng polymer.
neutralization, 35.gaéh Cﬁaﬁhs@%céWe‘é’)sn&W'ﬂﬁbe?s afﬁﬁkgmfdﬂ'i@test diaper and
met hyl propane sulfo&?.g ﬂ_{lonwa dded al ong ‘With g

- et hyl enebi sacryl a ©BPH® y potassium persulfate. 30 The
nmononer concent$ati on | Eatheofathedws diapee mﬂ@/dbskeuefghﬂveﬁxﬂgpﬁ gMotha

S

bl.own Tnto Lhe aquegLe JHSSELS fooRRNE Blied’ SSRLURIG WA bercdiBaf O0F SO

of the latter flask were-a ropw se over a perio our
t he four-necked ket giaperatype WhPQi'h leakst PDE mspcwlﬂpeanoéndmt-ee pbr their

hours 35 before ttheﬁa@WWé’é#@rﬁ:eW Hidpredey o retlH“iaﬁ@lai’ifﬁB' Flsults TRen-
swol ['en pol ymer was _i sql at 80C un

r at n an;
reduced pressure to coinipg g’b’ne‘}/‘?r&&f‘tﬁ%{"l cpare bﬁ‘tsaﬁﬁla%gnéutﬂ"éﬁrfé‘ﬂepfﬂ"yr?ﬁ?
product. . This pol ytest Hispezsgeit sboulde beohoSid ghgt thed pertenmtdgebbt snethers

49% Some charact er L%%{-&% ﬁ rH'irﬁfUrXﬁ?é bf}w regtrqﬁ't annt@?fj oﬁ corﬁ%la@ idPer @S

of several runs. I Sposa raper-Is nprisi ng
pol ypr opyl ene topshé!ét'de‘t’vﬁﬁ‘-ﬁ"yshet\m% thaﬁeabmdosmtr@b iapersi.i qui d

| nper vi ous pol yet hyl ene Abafekt AgtiRe el henicharadterBtRs! bf thed hyaregelatdiiing

each
polymer used in the - test dnapers as well as test results are set

15 forth in Table 1L
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10 side of the conpleted diaper and two-tape fasteners. The absor- bent
core is an hourgl ass-shaped m xture of wood pulp fibers (airfelt) and

partieles of a water-insoluble, slightly cross:linked, partially

neutralized, substantially dry hydrogel -form ng polyner of this invention.

. The di.aper is- hand assenbl ed using double- 15 sided tape to fasten the

i ndi vi dual conponents together. The diaper .g@re is described in- greater
detail in the following Table 1: Table |I Feature :

Val ue Core shape . Hour gl ass 20 Hydr ogel - f or mi ng
pol ymer ¥ gryl ate of Exanple | Airfelt concentration

8% by weight Hydi®ge orm ng pol yner ' 15% by wei gzt?
concentration Tot a rea - 93.6 in (604 £n2) 25
Crotch area ag‘gsflg- Q'E%q'; :%Eiﬁp(%7 cm) Basis weight of
crotch - - @&8Fg/in. 2 (0.254 g/cnR) Core weight

33.0 grans Such a diaper article is especially effective wwth respect to

total fluid capacity g@rsl | ow incidence of diaper failure. 30

Exanpl e Xl X Di sposal®l& i apeLs JLo&t g ni,ng, wartially (i.e., about 75%
neutral i zed, hydrog® &fdr rrne pol Fner ebsorBem s of var ying characteristics
are prepared in a marfet subst anti al | y simlar to that described in Exanple
XVIIl. These diapers are tested by 35 panels of fifty nothers over a

ten-day period in cg;nggison W th -51 - a control diaper which Is a
comercially markég dgm_sp'_-g)sa-blee. §i Zpee p.gogug cont ai ni ng no absor bent

hydr ogel -form ng pe . Each panel'ist receives sixty diapers, thirty of

the test diaper and thirty of the control. 5 Each of the two di aper
ypes is tested for five days. Moth- ers are asked to keep diaries
concerning the percent ?e of each di aper type which | eaks and to provide an
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overall preference of diaper type. |In tabulating results con- cerning the
percent age of panelists having a preference for the 10 test diapers, It
shoul d be noted that the percentage of nothers expressing no preference for
either the test or control diaper was divided equally between the test and
control ,diapers. A description of the characteristics of the .
hydr ogel - formi.ng pol ymer used in.the test diapers as well as test results

are set 15 forth in Table I[1. 20 25 30 35 -62- SUS ot C -
Z -Z ~ <~ ~ O i 0 0 @sx2 CD - W C~TEO
W * IzIf ; 4UI - -E

4 4ua an 1. a ¢tcandbe seleﬂ*ermi th&6Table 11 data ot a' dlaper@ contamm§3V

v saet o g v G Rt ERb et hatha B el by se roro
- in the present invention generally had fewer instancés of diaper

leakage and were gen'erally' highly' preferred by mothers in com-

5 parison with the control diaper. Duapers with ‘Polymer Numbers 8

_and 9, on the other hand are those wherem ‘the polymers are

those having _5|gmf|cantly hlgher levels of extractables than the

polymers of the present invention. Diapers with these two poly-.

mer types have a significantly higher incideﬁc'e 'of': leakage and are

10 furthermore not significantly preferred by mothers over the

control diaper. | _ _ U
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in the present invention generally had fewer instances of diaper |eakage
and were generally highly preferred by nothers in com 5 parison with the
control diaper: D apers with Polymer Nunbers 8 and 9, on the other hand,

are those wherein the polynmers are those having significantly higher Ievels
of extractables than the polynmers of the present invention. D apers with
these two poly- mer types have a significantly higher incidence of |eakage
and are 10 furthernore not significantly preferred by nothers over the
control diaper. 15 20 25 30 35 -5404CLAIMS: 1. A substantially

wat er -i nsol ubl e, slightly cross-linked, partially neutralized,

hydr ogel - f ormi ng pol ymer conposi tion consisting essentially of (a) from
about 50 nol e percent to 99.999 nole percent of polynerized unsaturated,

pol ynmeri zabl e, acid group containing nmononers; and (b) -from about 0.001

nol e perc@uUaIMse 5 nol e percent of a cross-linking agent: wherein said
conposition has a degree of neutralization of at |east about 25 %and is-
substantially free of graft polymerizable polynmer noeities; and further
wherein sai d pol ynmer conposition, upon neutralization to a degree of
neutralization of at |least 50%  has or would have a gel vol unme of at

| east 20 grang of s nt het urine per gram of dr ogel - form ng pol yner, .a
gel strenath 8, 81bE éPtgﬁélﬁyﬂ?Bgéff?ﬁghﬁﬁlﬁfdh¥ Yol yner exhibits a

shear nodul uscebsst-1inrea, 3pa0t Iy Ire/ nedtoanized ] alydrogel-forming

polymer composition consisting essentially of:
. . (a) from about 50 mole percent to 99.999 mole percent

W] - of polymerized unsaturated, polymerizable. acia

' ~ group containing monomers;: and

(b) from about O. 001 mole percent to 5 nole percent of

a cross- linkinq agent:

wherein said composition has a degree of

neutralization of at least about 25 % and is

substantially free of graft polymerizable polyme:

moeities; and further wherein saiad polyme:

composition, upon neutralization to a deg:ee of

neutralization of at least 50 %, has or would have a

gel volume of at least 20 grams of éynthétic urine per .

gram of'hydroqel-fqrninq'polymer. a gel strength such

_ that the hydrogel formed from said polymet exhibits a

— ' shear modulus of at least 3270 dynes/cmz. an initial

' extractable polyme: content, after one hour in
synthetic urine, of no more thah 7.5 % by weight of
hydrogel-forming polymer, and an equilibrium
extractable polymer'content;'at equilibrium in
synthetic urine, of no more than 17 § by weight of
hydrogel-forming polyme:.“

* c L L] S *
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extractabl e pol ymer content, after one hour in synthetic urine, of no nore
than 7.5 % by wei ght of hydrogel -form ng polyner, and an equilibrium
- extractabl e pol yner content, at equilibriumin synthetic urine, ‘of no nore

than 17 % by wei ght of hydrogel -form ng polyner 2. A hydrogel -formng
pol ymer conposition according to Claim1l rein (a) said conposition has a
degree of neutralization of at |east abol % (b) said conposition has a

gel volune of from25 to 80 granms of synthetic urine per gram of

hydr ogel - f ormi ng pol yner; (c) the hydrogel fornmed from said conmposition has* -

a gel strength such that the hydrogel exhibits a shear nodulus of from 4710
to 92,000 dyhes/AchydFPgsdi-f ordipes POlyMOEagonRoshtion| acrerdingite pol yrens
content, after onpqaign wherwlmhetic urine, of no nore than 5% by wei ght

of hydrogel form ng pol,yner osition has ilibrium
. extractable polyﬁﬂa “ngqg&&P¥PBP|ﬂnﬁ?gggyn?ke??ﬁtﬁffﬂﬁ'gg nor e
. than 10 % by wei ght aft demagamohmrﬁong polymer 3. A hydrogel forn1ng '
- pol ymer COWOS'“@J} W@o‘i@ 3t 2 Wag Whaii'%gé‘i E&f; Eb

cont ai ni ng nononers are sel ect acryl rc aci i.C aC| , and
2-acryl am do- 2- met hy 1953382 9 §§PFGRFgEaBF “‘aRG‘cSﬁanaflons t hereof ; and
(b) said cross-linki nysregel-toraingcpodymees (i) di -and. ponV|nyI

compounds. (1), (e tHA YA UGRIC B Rlea 8380 5318 cORPGH1 E06n PRI @7 POV T €
gel st:ength such that the hydtogol czhibitl a
_ ‘ghear’ modulul of from 4710 t092, Qm dynulcnz |
= (d) said eomposttion has an 1nitial extractable O J
' polyme: contont. atto: ono hou: in syntnotie
. urine, of no no:o than § % hy wcight of
hyd:oqol to:ninq polynot : and - -
(e) said conposttion has an oquilib:iun oxtzaetablo '
polyme: content. at oquilib:iun in synthetic
urine, of no more than 10 % by woight of o
hyd:ogel fo:minq polyne: .

3. A hydrogel—to:ninq polyno: conponition accordinq to _ \)
. Claim 2 wherein -
f (a) said acid-g:oup eontaininq monomers a:e selected’
| from ac:ylic acid. nothaezylic acid. and
| z-ac:yltnido-z-ncthylp:opano sultonic acid. and W
combinations tno:oof' and
(B) said cross-llnking aqcn: is soloctod fzon
' '(1) - di-and polyvinyl colpoundl...
(1) fdi-and polyesters of unsatu:atod -ono- and
| 'polycatboxyllc acids with polyolt.
(iit) bisac:ylanidol._
(iv)  carbamyl estets obtained by zoactinq
_ polyisocyanatos with hydroxyl
gtoup-containinq mOnomers; .

1A O R



c(iii) bi sacryl am des; (iv). . carbanyl esters.obtained by reacting

pol yi socyanates wi th hydroxyl group-containing nmononers; * . C L M
S f (v) » dr- and polyallyl ethers of the polyols; (vi) di - and
pol yal Iyl esters of polycarboxylic acids: (vii) esters of unsaturated nono-
and pol ycarboxylic acids with nono-allyl esters of polyols: -and (viii) di-
and triallyl amnes 4. A substantially water-insoluble, slightly
cross-linked, partially neutralized hy §pgel form ng pol yner conp05|t|on
consisting essentially of: (a) from75%1to 99 ..99 % nol e percent of

pol ynmeri zed acrylic acid nononers; and (b) fron10 01 %to 3 % nole percent.
ofi_a cross-1|inking agent sel ected fron1N N' nethylenebisacrylanide,

trimet hyl ol propane |acr ate nd tri.ally rein,sa

conposition has at 5%#@6Qﬂ iROLYA H @t§@F8 3Foﬁ§§ 386¥P2Frzed with
sodi um cat i ons and (uihmedtﬁnannlapnyaiinﬂ eptaits pél podycactioxplicer

noi eties, and further whergdguegsai d pol yner conposition has a gel volune, v.
of at |east 20 gr ans L)synt etic urlne per gram of hydrogel -forning

pol ymer, a gel strefth) siReFans0f MsarMIated mORRedanfom sai d pol yner
exhibits a shear nodul us, polydartiodyadsi a3l1dg widynmoneuBllydnestetsal

extractabl e polyner conte ey our. i m synthetic urine, of no nore
than 7.5 % by wei ght of h;gatrc;‘?‘;]b'e‘:{orm%rll1 pol ymer, and an equilibrium

extractabl e poIyner(YiiikHﬂ1~(?niﬂtﬁiﬁhhﬂlbnndnﬁSH synthetic urine, of no
nore than 17 %

4. A substantially water-insoluble, slightly
\v) cross-linked, partially neutralizead, hydroqel—forming
' polymer composition consisting essentially of:
(a) from 75% to 99.99 % mole pe:cent of polymerized
acrylic acid monomers: and
(b) from 0.01 &% to 3 & mole pe:cent of a cross-linking
| agent selected from N, N*-methylenebiéacrylamide.
trimethylol propane triac:ylate and triallyl amine;
wherein said composztion has at least 50 % of its
acrylic acid groups neutralized with sodium cations

% C and is substantially free of graft polyme:ited polymer
' moieties, and further wherein said polymer composition
. has a-.gel volume, v, of at least 20 grams of synthetic
urine per gram 6f'hydtoqel forming polymer, a gel
W/ ‘strength such that the hyd:ogel formed from said

polymer exhibits a shear modulus, s, of at least 3270
dynes/cmz.'an initial extzactable_polynez content,
after one hour in synthetic urine, of no more than 7.5
%t by weight of hydrogel-forming polymer, and an

- equilibrium extractable polymer content, e, at
équilib:ium in synthetic urine, of no more than 17 ]
by weight of hyd:ogel forming polymer.

-
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by wei ght of hydrogel -formning polyner. 5. A hydrogel -form ng pol yner
conposition according to Claim4 wherein the relationship between ge

vol une, v. and equilibrium extractable polyner content. e. is defined by

the equation: [err] 6. A hydrogel-form ng polymer conposition according to
Claim4 wherein the rel ationship between gel volune. v, and equilibrium
extract abl e. pol yner content, e, is defined by the equation: [err] 7. A

hydr ogel - f or mi ng pol ymer conposition aceo‘@kng to any one of the preceding
clainms containing less than 0.5 % of organic solvent. S. A

hydrogel - form ng pol ymer conposition according to any one of t he . precedlng

- clainms -which is substantially free of organic solvent. 9. A process for &

preparing a §ubsAanydeégel VES BtngISs0 1yex cdmmiloi&r Qeedrigingdeopartial ly

absor bent product £5acf PHSEEEE ene MR (NG neduadh ooy’ Votshe,,”
m xture consi stiwg %B&e&ﬂﬂtﬂiQttﬁmfexﬂn&iﬂnhlp:ibrtngﬁ\nnquntofe. is

unsat ur at ed, pola'gﬁﬁg@t%‘g tﬁ&l‘hﬁ%ﬁ%lﬁ‘pg prpeners in the free acid
form fron10 001 nole - ‘percent to 5 nol € percent, based on nol es of

pol yneri zabl e nononers, - of . a. cross- I|nk|ng agent and from O nole percent .to
5 nol e perceét, mabmlr@gelmnmim; pﬁlxmﬂrymwﬂmm@m&ain@f to free

radi cal 11 U at Gyl of) GRS R AR YGilbnls SOV ' Yo Of 07 At

pol yneri zabl e po yner.
v, and equilihrium extractable polymer content. e, is

defined by the equation: e{0.073v - 0.37.

o/

7. A hydrogel- forming'polymer composition according to
any one of the preceding claims containing less than
0.5 % of organic solvent._

8. A nydrogel forming polymer composition according to o
. any one of the preceding claims which ‘is substantially -
free of organic solvent. '

9. A process ror preparing a substantially _
water- insoluble. slightly cross- linked. partially ' x;)
neutralized hydrogel or hydrogel forming material
_ suitable for use in absorbent products, said process
' comprising :
'(a) preparing a reaction mixture consisting
_essentially of from 5% to35 s by weight or
unsaturated, polymerizable. acia group-containing .
monomers in the free acid form, from 0.001 mole

(LTI



"(b) subj ecting said aqueous reaction m xture to polynerization conditions
whi ch are sufficient to produce therein a substantially water-insol ubl e,

+ slightly cross+-linked polyner naterial which, upon subsequent
neutralization to a degree of neutralization of at |east 50 % and upon
subsequent drying, has or would have, a gel volune, v. of at l|east 20 grans
- of synthetic urine per gram of hydrogel -form ng polyner, .a gel strength
such that the hydrogel formed fromsaid golynmer naterial exhibits a shear
modul us, s, of 2 at |east 3270 dynes/cn1 an initial extractable polymer
content, after one hour in synthetic urine, of no nore than 7.5 % by wei ght
of\_hydrogel -form ng pol ynmer, an equilibrium extractable polymer content, e,

t i1ibri ' t [ f th 17 %D ht of
varagel -for mng pARRRERE Ea4.BB1pbeBReRE baraR.Ar RaLebI Tk v ' and
equi | i bri um ext raceslyaegiizabde uononats.eotdefcruxhkndnk&ngxugsnxwl e
0. 23v 3.0; and (g)ndnelﬁ,;nabl 6bi‘geﬁkzé§ﬂ§tté‘ 90*‘%%%%&?% Cl ddgrou.ps of

t he pol yner nmaterial fornmed aqueous reac
salt-formng catiof® FB‘fBPﬁP& pirPeiyrerizable monomens . anﬁnaa al

havi ng a degree of raddteal indtiavonf iﬂtaheﬁééu&ﬁ %ed ikl whidl GGESS |
according to O ai ) | S, Of |y mat eri al
formed in the aquggﬁgw?gggkgéégn$§F gf 359{ 3&*%*&1 égiﬂpﬁQnrnng
cations to forma Peig¢fieSimterial having a degree of neutralization of at .
| east 50 % (b) said neutralized polyner material has a gel volume of from

25°to 80 grans(gs EXEBQSEQSqUEAPS gﬁueg“s reaction mixture to =

\_ - polymerization conditions which are sufficient to
produce therein a substantially water-insoluble,
slightly cross-linked polymer material Hhich upon

' subsequent neutralization to a deq:ee of
neutralization of at least 50.% and upon
subsequent drying, has or wouid have, a gel

- volume, Vv, of at least 20 grams of synthetic urine
per gram of hydrogel-forming pdlymer.-a gel
strength such that the hydrogel formed from said

N polymer material exhibits a shear modulus. s, of
at least 3270 dynes/cmz. an initial extractable
polymer content, after one hou: in synthetic
urine, of no more than 7.5 % by weight of

U/ hydrogel-forming polyme:. an equilibriun
extractable polymer content, e. at equilibrium in
synthetic urine, of no more tﬁan 17 & by weight of
hydrogel- to:ming polymer; and a relationship
between gel volume. v, and equilib:ium extractable

. polymer content, e, detined by the equation: e £
0.23v - 3.0; and ;

(c)_neutralizing at least a. po:tion of the acid g:oups
of the polymer material formed in the aqueous
reaction mixture with salt- forninq cations to form
a partially neutralized polymer material having a
degree of neut:alization of at least 25 &%.
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of hydrogel form ng polymer: (c) said neutralized polynmer nmaterial forms a
hydr ogel having a gel strength such that said hydrogel exhibits a shear
nodul us of 4710 to 92000 2 dynes/cnR2 and (d) said neutralized pol yner
material has.an initial extractable polymer content, after one hour in
synthetic urine, of no nore than 5 % by wei ght of hydrogel -form ng pol ymer |
and an equilibrium extractable polyner content, at equilibriumin synthetic
urine, of no nore than 10 % by meight_o#_j@@rogel-forning polymer. 11. A '
process according to Caim 10 wherein (a) said acid group-containing
nononers are selected fromacrylic acid, nmethacryli¢ acid,

2-acrylanm doA@- rktmcﬁﬁ)m‘éﬂ%rﬁ% Claiim 9. WBeZ8AB/i nati ons t hereof; and\o

(b) said cross-| zniﬂm agﬁrx gﬁouzifa 3 ahel PRymek matdtiaandoaﬁbavmyl

conmpounds: (i) and esterqiof Ul 1S turated

pol y-car boxylic aC|cﬁP%M1 iuﬁ%? P§5bf§ﬁaﬁ\§g§’i?g3f "iegrbanyl
esters obtalned by r&ninqﬁq;qinguGﬁﬁﬁpntamasfWEuhahpOﬂunyt gatepiadnt ai ni ng

onoIer s: Mlvidy d.b dself 19 aR9o10bE: aevuastdso end
car bocxyl

pol yal | yl esters of pal e ids; sters of: aturated
nono- and pol ycak &W\; neytralized M"&I‘I %“é§§éllsh01‘ ﬁoﬂ? | ¥olums
(viii)di- and .t r| aI lof fromeas td 80 mramssofamtweltgct uran)l pbrCIqaams 9 -

11 wherein of hydroqel forminq polyner°"'“" :
(c) said neutralized polymer material forms a ‘hydrogel
having a gel strength such- that said hydrogel

dynes/cm2 .and j' : .

(4a) said neutralized polymer material has an initial
extractable polymer content. atter one hour in
'syntnetic urine. of no more tnan § § by weight of
nydrogel forming polymer and an. equilibriun
extractahle polyner content. at equilibrium in

'i synthetic urine. of no more than 10 & by weight of
nydrogel forming polyner.r

ll. A process according to c1a1n 10 wherein f _ .
(a) said acid group-containing nonomers are selected
from acrylic acia, nethacrylic acid,

—————

H

exhibits a shear nodulus o£47|o ‘t0o 92000 W)

z-acrylamido-z-metnyl propane sulfonic acid. and O/

e combinations thereof; and =
(b)_said cross linking ‘agent is selected from

ﬂ(;)_'. di- and polyvinyl conpounds'___

(i) d4i-. and polyesters of unsaturated mono- and
- 'poly-carboxylic acids ‘with polyols'

(iii) bisacrylamides' | o

(iv) - carbamyl esters obtained by reacting

| polyisocyanates witn hydroxyl ~-group

o containinq monomers:

A0 g



t he aqueous reaction mxture is substanti, y-free of organic solvent. 13.
A process according to any of Cains 9 - wherei n the aqueous reaction
s mxture is suspendéd in the formof droplets in a water-inmscible organic
sol vent, and wherein said droplets are subj ected to pol ymer.i zation
condi ti ons using i nverse suspension or inverse enul sion polynerization
procedures, whereby the resulting hydrogel or hydrogel-form ng polyner is
subsequent |y subjected to a solvent renpval step. 14. A process according
to Gai 13 wherein, in-.the solvent renmoval step, the hydrogel or
hydrogel -form ng polymer is substantially freed of organic solvent. 15. An
absor bent structure suitahle for use in disposable absorbent articles, said
absor bent struct uf¥)conpf slH@d(E?lfﬁé%wgoﬁﬂmﬁé398£%PB}YQAF@ht of said
structure of hydr qwii)l i c dffi-bandnposyaaliylaedters( bt ﬁngbabBHEx 1¥eto 50 %
by wei ght of said structyrg gf di screte particles of substantially
wat er -i nsol ubl e, slightly cro§s |l i nked, partially neutralized
substantial ly dry(VﬁgdrogéKQFGrnfngnpctynntedanenpalaadcordlng to any of
the Clains 1 - 8. 16. Anpahigealk8Bik u r a wher ei n
the hydrophilic fiber naF r?g# n%??g SEgﬁgn?ggﬂ/g?gg959$§%ybagégﬁt of.
said structure and wherePh B&i H°85Pyﬂ§ particles conprise from10 to 35%
by wei ght of said(viidgl@drcand7trialdpioamsnesstructure according to daim
15 or 16 3 which has a density of - fromO0. 06 0.3 grans/.cm 18. An

absor bent artrcle conprisjyig : .(a) a.liquid, #g?grvious bagki ng sheet;
12. A process accotdinq to any of Claims 9 - 11 wherein

et i

the aqueous reaction nixture is substantially free of
organic solvent.

/

;3. A process accotdinq to any of_élaims'D - 11 wherein
the aqueous reaction mixtﬁrg is suspended in the form
of:dtoplets in a water-immiscible organic solvent, and
wherein said droplets are subjected to polymerization
conditions using inverse suspension or inverse
emulsgion polymerizatioh prbcedures.'whe:eby the

LJ resulting hydrogel or hydrogel-forming polymer is
subsequently subjected to a sol#ent removal step.

14. A process according to Clai 13 wherein, in the solvent
W, removal step, the hydrogel or hydrogel-forming polymer
is substantially freed of organic solvent.

15. An absorbent structure suitable for use in disposable
absorbent articles, said absorbent structure |
comprising :

(a) from 50 % to 98 % by weight of said structure of
‘hydrophilic fiber material; and.

-
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(b) a_liqlid pervious rel atively hydrgphgbic topsheet: and - ()
an absorbent core conprising an absorber’istructure according to any of
Clains. 15 - 17 positioned between said backing sheet and said topsheet.

19. A diaper. article according to Claim18 wherein the absorbent core
conprises an holr gl ‘ass- shaped absorbent structure formed froman air-1|aid

m xture of hydrophilic fiber material and hydrogel -formng pol yner

particles. 20. A diaper article according to Claim19 wherein the

pol ymer - cont ai ni ng absor.bent structure conprises an insert positioned

under neath an upper |ayer of the diaper core, which upper |ayer is )
hour gl ass-shaped and consi sts essentially of wood pulp fiber material and "/

from o poto abagl 8 UaPYntRhod vohoPRh NoheSull Rt baoghiboLTERg BEL ™
of discrete particles of substantially

wvater-insoluble, sliqhtly cross-linked. partially

neutralized. substantially dry. hydroqel forming -

polymer material according to any of the CIaims

1l - 8.

16. An absorbent structure according to Claim 15 wherein
the hydrophilic £iber materiai comprises from 65 % to
S0 &% by weight of said structure and wherein said \-)
polymer particles comprise from 10 % to 35 &% by weight
of said structure.

17. An absorbentistructureiaccordingfto Claim_is_or_ls'
'which'has a:dehsity of from 0§06_to_0;3 grams/cma.

18. An absorbent article comprising
(a) a liquid impervious backing sheet.

(b) a liquid pervious. relatively hydrophobic _ e
topsheet° and

(c) an absorbent core. comprising an absorbent.
structure according to any of Claims 15 - 17 v

positioned between said backing sheet and said
topsheet.

19. A diaper article accordinq to Claim 18 wherein the
absorbent core comprises an hourglass- shaped absorbent
structure formed from an air laid mixture of '
hydrophilic fiber material and hydrogel forlinq
polymer particies.

O
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20. A diaper article according to Claim 19 wherein the

pozyde:-containinq absorbent structure comprises an
insert positioned underneath an upper layer of the
_diiper core, which upper layer is hourglass-shaped and

- consists essentially of wood pulp fiber material and
from O % to about 8 % by weight of particles of
hydrogel-forming polymer material.
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