WD 96/ 15163 ' " PCT/ US95/ 14677

ABSORBENT MATERI AL The present invention relates to an
absorbent Rpdogrisibs 5 nore particularly a material of the tyefusSssiap” v
referred to as a "superabsorbent”. : The substances
currently termed "superabsorbents” are typically slightly cross-Iinked
hydrophilic polynmers. The 10 polyners-may differ in their chem cal nature
but they share t he property of being capabl e of absorbing and retaining

even under noderate pressure Wﬂﬁ wareet®rf | ui ds equi val ent

to many tines their own weight. For exanpl e superabsorbents can
typically absorb up to 100 tines their own weight or even 15 nore of
distilled water. The present&@eéﬁeﬁeﬁb@@mtag% @?%&é&&%ﬂ@%ﬁﬁriﬁe in
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batteries and filters. However the primary field of application for
superabsorbents is in the production of hygienic and/or sanitary
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Superabsorbents have been suggested for use in many
different industrial applications where advantage can be
taken of their water absorbing and/or retaining properties

20 and examples include agriculture, the building industry, the
production of alkaline batteries and filters. However the
primary field of application for superabsorbents is in the
production of hygienic and/or sanitary products such as
disposable sanitary napkins and disposable diapers either for

25 children or for incontinent adults. In such hygiénic and/or
sanitary products, superabsorbents are used, generally in
combination with cellulose fibres, to absorb body fluids such
as menses oOr urine. However, the absorbent capacity of
superabsorbents for body fluids is dramatically lower than

30 for deionised water. It is generally believed that this

' effect results from the electrolyte content of body fluids
and the effect is often referred to as "salt poisoning".

The water absorption and water retention characteristics

35 of superabsorbents are due to the presence in the polymer
structure of ionisable functional groups. These groups are
usually carboxyl groups, a high proportiori of which are in
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2 wbbgKest formwhen the polyner is dry but which E&glﬁ,ggg“ -

di ssoci ation and sol vati on upon contact with water. In the gl ssoci at ed
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Attempts have been made to counteract the salt poisoning
effect and improve the performance of superabsorbents in
absorbing electrolyte containing liquids such as menses and
urine. Thus Japanese Patent Application OPI No. 57-45,057
25 discloses an absorbent which comprises a mixture of a
superabsorbent such as a cross-linked polyacrylate with an
ion exchange resin in powder or granular form. EP-A-0210756
relates to an absorbent structure comprising a superabsorbent
and an anion exchanger, optionally together with a cation
30 exchanger, wherein both ion exéhangers are in fibrous form.
Combining a superabsorbent with an ion exchanger attempts to
alleviate the salt poisoning effect by using the ion
exchanger, generally as a combination of both an anion
exchanger and a cation exchanger, to reduce the salt content
35 of the liquid. The ion exchanger has no direct effect on the
performance of the superabsorbent and it may not be possible
to reduce the salt content sufficiently to have the desired
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effect on the overall absorptlon capacity of the conbination.

addi ti on, bﬁ®! ei ng expensive, the ion exchanger has ﬁ%ﬁ& ng
effect itse %ﬁglﬁhus acts as a diluent to the superabsﬁ%

An object of the present invention is to prqvi de a super absorbent with
| nproved perfornmance in the presence of electrolyte, for exanple in
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groups are in zhxasabscbnbimga@ﬂfect itself (24 thusitacts e iAuddt WY dhe
from50 to 100% % % Eunctlonal groups are in acid form
%é gor

The cationic sT preferably has from50 to 100% nore
preferabl ySsubstantially 100960f t he functi onal groups in basic. forn1
20 The Cahhowy@é@ ger a{eefﬁfagéxth% (Dt 58! log 1?9&%
the functional groups in"acid form as now surpr S|ng

been found acceWBeFgbEsrbaBto With, é@@ﬁpvpﬁveﬁﬁ‘-@ﬁm@ns@ anc &hs presencs of

cationic absor@'.eékt:crol¥téﬂ Bogi exhaplewihhtae codkl OFf feaBRR0SY Rragied form
S particularly effective as a superabsorbent in-the case of

el ectrolyte containing solutions, for exanple nenses and urine. 30
VWi | st notow shing Thehprdsemt invertigmptrosikdas & miperabsorbért material

bel i eved t hat %ﬁ LR Eé?ﬁriggsfglgoﬁL&ﬁﬁE;@Qﬁ@gthe super absor bent

mat eri al accor ntron tacted wwth an electrol yte
cont ai ni ng solutlon(&t f 8l tatdonic superabsorbent in which from 20 to 100%

of the functional groups are in basic form, and
(2) a cation exchanger in which from 50 to 100% of the
15 functional groups are in acid form.

The cationic superabsorbent preferably has from 50 to
100%, more preferably substantlally 100% of the functional
groups in basic form.
20 _ _
The cation exchanger preferably has substantially 100%
of the functional groups in acid form.

It has now surprisingly been found according to the
25 present invention that a combination of a cationic absorbent
in basic form with a cation exchange in acid form is
particularly effective as a superabsorbent in the case of
electrolyte containing solutions, for example menses and
urine. ' |
30 _

Whilst not wishing to be bound by any particular theory,
it is believed that'there'is a two fold effect when the
superabsorbent material according to the invention is
contacted with an electrolyte containing solution as follows:

35 (1) ‘the catiocnic superabsorbent is converted from a non-
absorbing form into the salt form in which it acts as a
superabsorbent; and
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the salt forms has a de-ionising effect on the solution which is
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superabsorbent in base form thus cau51ng substantial
desalification of the saline solution and in turn improved
20 absorbance of the superabsorbent

This conversion of the anionic superabéorbent into the
salt form on contact with an electrolyte containing solution
and the effect of the cation exchanger in attaching sodium

25 ions has a significant desalting effecﬁ on the solution
thereby improving the performance of the superabsorbent by
alleviating the salt-poisoning effect. In contrast with the
use of an ion-exchange resin to desalt the solption in
combination with a superabsorbent which is already in salt

30 form (see Japanese Patent Application OPI No. 57-45057 and
EP-A-0210756 referred to above) the cationic superabsorbent
in basic form also has a de-salting effect on the solution.
This allows a much greater de-salting effect to be achieved
than by use of ion exchanger and superabsorbent in salt form.

35 It should be rioted that the effect of electrolyte in solutioﬁ
on the absorption éapacity' of a superabsorbent for that
solution is not linear in that absorption capacity does not



than by use of ion exchanger and superabsorbent in salt form 35 It should

be noted that the effect of electrolyte in solution on the absorption
capaci ty of g sgiRgdsabsor bent for that solution is not |ingafpdeshdddt
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wWith increasing salt content. Accordingly over certain concentration
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10 slightly cross ed acrylic Base polyner. For exanple base
pol yner m#y bEUWetSRcr yl ani de, pol yvinyl alcohol, ~ ethylene nmaleic
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aci d, pol yacryli acid rol.idone_and
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st ar ches. c% c|5ﬂcu anseeM%ners %ﬁﬁﬁgeﬂcr%go nkaa%'r yacreﬁgoes
hydr ol yséd aai@rgmbwtqn%s lltgﬁ%ﬁta@dryll%b&ﬁ@hpolvmgrar cIFprZ@xample, the
pol yacryl ates pa0d H39hHEy rralee@ @Bh!&_lrdbk?@aﬁﬁﬁ%' Y B Byvinyl alcohol,
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cross-|inked RABESRS at S@leic "anh npicé@og'fy‘;‘se& 't abPELYYEPYALEeY,
funct :jonal or gpbykriciylle 25sumpaicﬁlii\CLy aami] & ,um glquaalranicEmr%/,aCLd
secondary or tertlar ou esent i n_pas orm _For
cel lul ose ’s}ﬁf}%’é‘-’% r%ré& Xf‘?ﬁﬁp%ihsl(e Tc'b g.ymers of
derivati s the/se rmdﬂmnémcnamrmlsq;rhmp:sed defStredthaandheeiduieseobased
functi onal I I 0
anhydr ogl ucosg&ﬁ%ﬁ%gﬂl%ﬁ'%sg |L&/ %g |s@lglxr§ng&a#a§%?ggkﬁ cel&ui.ose,
1.5. In an aexthexymetiyher cehdudeseor angt RarYlic g{)@fpﬁérssﬁaycms
defined as theJM&l1 & B48K Y Mer 3R ude cross-linked polyacrylates,
hydrolysed acrylonitrile_ grafted starch, starch

20 polyacrylates, and isobutylene maleic anhydride copolymers.
Particularly preferred base polymers are starch polyacrylates
and cross-linked polyacrylates.

Examples of suitable cationic functional groups lnclude

25 quaternary ammonium groups or prlmary, secondary or tertiary

amines which should be present in base form. For cellulose

derivatives the degree of substitution (DS) of the derivative

with the functional group is defined as the number of

functional groups (generally quaternary ammonium groups) per

30 anhydroglucose units of cellulose. The DS is generally from

0.1 to 1.5. In an analogous manner the DS for synthetic

polymers may be defined as the number of functional groups

per monomer or comonomer unit. The DS is generally 1, for

example 1 Qquaternary ammonium group per monomer unit of

35 polyacrylate. - Preferred base  polymers include

polysaccharides and polymers based on dimethyldiallyl
ammonium chloride.
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i OH R3
oY : : _ o ‘
15 1 +
N —=—R2. A

CH;—GCH —(CHR)
o’ &3

where n is an integer from 1 to 16; X is halogen; 2 is an

20 anion such as halide or hydroxyl; and R, R!, R? and R®, which

| may be the same or different, are each hydrogen, alkyl,

hydroxyalkyl, alkenyl or aryl and R? may addif.ionally
represent a residue of formula

25 Rt +
(CH,) = z%« (CHR) & z"
R3 - OH
or .
30 R? : +
Jemy) -—-—CH-—-CHzi zZ-
d3 No”
- | 4

where p is an integer from 2 to 10 and n, R, R!, R®, X and 2

35 have the meanings already defined. Cationic -polyséédharid_e
superabsotbents of this type are described in more detail in
W092/19652. | -
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Super absdfbende. . . . . (ﬁ trﬂkﬁ%%%ﬂai;ﬁﬁiﬁgﬁm¢©é@R4ﬁ)nDre detail i'n our
co-pending 20 patent application No ....... (internal reference DR43).

lon exchange is the reversible interchange of ions between a solid and

liquid in which t hEFEAIRE peFRanént Berthengembrdinens: r fditir ecatipnac
solid, which apdiabstrbent eughabge arbvated-swellable, wat&f-£x6820BEe
occurs in a vay WrOfco?n%l%sitsairﬂCge%rflts %;rived from a diallylic quaternary
15 - ammonium salt monomer, cross-linked by a suitable
poly'functional vinyl compound, characterised in that the

polymer has been produced by radical polymerisation in an

aqueous phase using a free radical catalyst. Superabsorbents

of this type are described in more detail in our co-pending

20 patent application No....... (internal reference CR43).

Ion exchange 1is the reversibie .nzercnan

between a solid and ligquid in which there :s no ¢

25 change in the structure of the solid, which is the 1ion-
exchange material. |

Ion exchange occurs in a variety of substances - e.g.

silicates, phosphates, fluorides, humus, .c_ellulose, wool,

30 proteins, alumina, resins, lignin, cells, glass, barium
sulphate, and silver chloride. :

However, they are used for ion exchange materials that

depend on properties other than the interdhange of ions

35 between liquid and solid phase. Ion exchange has been used
| on an industrial basis since 1910 with the introduction of
water softening using natural and, l'ater, synthetic zeolites.
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exchange o cations, or anions. I norganic 1on eXchange
mat eri=al s a}‘?fccl’%eorb%‘?ﬁ ¥ he natural |y occurring materials such as the
m neral zeolites cI iptonite) the green sands and clay

(e.g. the 10 o e and .synt het i rooducts sych as the
gel zeolites, tﬁ%‘%%’t‘%és gé’f’de%’ggﬁlggﬁ%‘? it ?ri? SIHES hPOEh (R ! ubl
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O her weak acid .resins. have_bee I ¢ of phosphonic
functlonalﬂﬁQﬁHEf salts of p ﬂggaééﬁ aﬁﬁésrﬂé YXaHP& BeCAdSty for
t he hydrogen ion and, thus is easily regenerated with strong acids. THe

Synthetic organic products include cation and anion ion
15 exchange resins both of strong and weak type.

The weak acid, cation-exchange resins are Dbased
primarily on acrylic or methacrylic acid that has been
crosslinked with a disfunctional monomer - e.g. DVB

20 (divinylbenzehe). Other weak acid resins have been made with
phenolic of phosphonic functional groups. ' |

The weak acid resin has a high affinity for the hydrogen

ion and, thus is easily regenerated with strong acids. The

25 property, however, limits the region in which salt splitting
can occur to above pH 4. '

The strong acid resins of commercial significance are

sulfonated copolymer of styrene and DVB, sulfonic acid,

30 sulfur trioxide, and chlorosulfonlc acid have each been
utilized for sulfonation.

These materials are characterized by their ability to
- exchange cations or split neutral salts and are useful across

35 the entire pH range.

~The cation exchanger is preferably a cation resin



25 property, however, linmts the region in which salt splitting can
occur to above pH 4. The strong acid resins of commercia

signi ficangppaéiesies Sul fonated copol ymer of styrene and DVBpcpaikéSMIsT
acid, 30 sulfur trioxide, and chlorosulfonic acid have each been
utilized for sul fonation. : These9materials are characterized by
their ability to exchange cations or split neutral salts and are useful
across 35 tieortriringH fungeional groupsThéncagfFdf ef&¥Inger iSyiitable

preferably a £aé@foh&si Ngroups indRAM/ bsbxylic or sulphonic acid

PCT/ US95/ 14677 9 cont ai ni ng
functional JFER¥RS-in acid form Sui tabl e functional groups
i nclude carboxylic or sulphonic acid gr oups. 5 The foll ow ng

cationic exc e.resins e used in ractise qf the prese
ovent o RS ghELbME " e SR, eetiSe creBRRS BN, PeiteR iR

sul foni c. aci dfawcisenafi thewpreaents amwehalbbm:in Herr] form 10 The
total exchange capacity is 4.4 nmeqg/g for the dry resin. Anberlite IRC
76 which is a weak cation exchanger having carboxylic functionality

whi ch is avaidmeerliveafRd1dr which Iimne teftxPnexeatige exghengeri hawming

meqg/ g for dr ysﬁffd:ﬂlc lacid f@%‘é%&oi@ﬂ’fé;' MHJ.CJh | 55 22941 PAB1 6L HOR*EESaNger
which is aval lable in %err form having sul fonic aC|d functionality.

The 1Ot alTlé%c%%@% %RPRENFS FIPACHEY/ gSf6r4dm9q/ss Rr the dry resim.

Amberlite IRC 76 which is a weak cation exchanger having
carboxylic functionality which is available in acid form.
The total exchange capacity is 10 meq/g for dry resin.

15 '
Dowex 50W _YZ which is a strong cation exchanger which is
available in H* form having sulfonic acid functionality. The
total exchange capacity is 5 meq/g for dry resin.

20 In general the weight ratio cationic superabsorbent to
cation exchanger is in the range 1:20 to 1:1 preferably 1:3
to 1:1 depending on molecular weight and ion exchange
capacity. '

25 The absorbent material according to the invention is
partiéularly suitable for use in applications where it is
desired to absorb electrolyte containing aqueous liquids.
Examples of such liquids include in particular menses and
urine and the absorbent material can be used as the filling

30 in catamenials and diapers generally in admixture with a
fibrous absorbent such as cellulose fluff. For this purpose
the absorbent according to the invention can be present as
granules or fibres.

35 S The absorbent materials according to the invention show
particularly good absorption of electrolyte containing
agqueous liquids as is demonstrated below in the following



20 " In general the weight ratio cationic superabsorbent to cation
exchanger is in the range 1:20 to 1:1 preferably 1:3 to 1.1 dependi ng
on nol eRplog/isi8i ght and ion.exchange - capacity. ?

absorbent material according to the inventionis parFCTu arly suitable
for use in applications where it is 1adesired to absorb electrolyte
cont ai ni ng aqueous liquids. . Exanpl es of such liquids include in

parti cul arcXamRas o testsyriamyigddouheusbsgrdeiineraicinitalorc a1 b Ra3sd as

the fillinghdBG&yrd ghéfgéuE¥&ﬁ+s and di apers generally in adnmixture with a
fibrous absorbent such as lulose fluff. For this purpose - t he

‘absorbent” according to the invention can be present as granul es or
fibres. 35 The absorbent materials according to the invention show

particul ar] 00d absorpt on,of .el ectrol yte cont aj ni aqueous | i quids
as |sq’j ¢‘?\ C1RRLE $‘I‘B?\F sorbent bamggemgzesslmked

PCT/ US95/ 14677 polydlmethyl diallyl akfonium expaPbesalY

tests carried out using sal yt&o (1% Nadl ) and synthetlc urine.

5 Preparation - Catlonlc upera sor bent based on crosslinked

pol ydi methyl diallyl amonium hydroxide . called Fai 7
OH. 10 Preparation of Fai 7 COH 133g of 60% aqueous sol ution of.
di ret hyl diallyl anwonlunl. chloride (DVAC avail able fromfluka) were
'meigﬁgd i ration of F 7 _OH : :

133g of 60% aqueous solution of dimethyl diallyl ammonium
chloride (DMAC ava;lable-frdm fluka) were weighed into'a {
250ml flask. '
15
~ 0.2g of bisacrylamide (BAC available from fluka) were weighed
separately into a Sml test tube and were dissolved in 2ml of
distilled water.

20 0.12g of ammonium persulfate (free radical :initiator) were
dissolved in a Sml test tube in 2ml cf distilled water;

The monomer solution was disareated by vacuum using a vacuum

pump.

25
Thereafter under continuous stirring the crosslihker solution.
and free radical initiator were added to the -monomer
solution, the temperature was adjusted to 60°C by placing the
flask in a thermostatic bath for four hours.

30

The solid product formed was cut using a spatula and
transferred in 5 litre .beaker containing 4 litres of
'distilled water, after two hours the swelled gel was filtered
with a nonwoven tissue fabric filter. The gel was dried in
35 a ventilated oven at 60°C for 12 hours. 60g of dried polymer
was collected and called Fai 7 Cl. 20g of Fai 7 Cl was
placed in a 10 litre beaker and swelled by adding 4 litres of



250m flask. 15 0.2g of bisacrylam de (BAC available from fluka) were

wei ghed separately into a 5m test tube and were dissolved in 2m of
distilled “Walovensi6320 0.12g of ammoni um persul fate (free r agTAMEISNI4677
initiator) were di ssolved in a 5m test tube in 2m of distilled

wat er . The nononer sol ution was di sareated by vacuum using a vacuum
punp. 25 Thereafter under continuous stirring the crosslinker solution

and free radi @SthileaivAteRr angdRT FONG IINOUR SEARELING . JWheR itdie podamer

tenperature wagaddsweleddt qadeker 2 (&dw:sql 3530619111 hef 0.0l RSkabR &olution
t hernostatic bath fgr f.our

roduct_.formed was cut
usi ng a spat ul ¥@Sngdded ?Pgngggﬁregg ‘nﬁnuges| F?‘Fegegea'ﬁér fl&g niYTgnds @
litres of nohsbiréehed fabeic aftissuen hfiitset he swelThesksegel dp&ratlons

1L, AR e e e e

col | ected and waréedgoFghlprdide xynfcﬁnF%he7wa$huag watepsadsélpwxéelgons

litre beaker %Ré?ys W diedl10a ¢, kehbes oflf At th¥® ek gel
PCT/ US95/ 14677 distill Z%dp[#h under oC())ntI nuous st%%?irl ng. e wr?es

pol ymer havRshed| oty ldé15t23-l4tﬁ§r syatey mntFl o theng \was % EgrEher

was added and @fi@énd8@ 6Enuhesbhbgécyebatlsoh liheted waishing watei@noven
fabric tjssue filter. These operations 5 (al kal i ni zation and

filtrati ohy were repeated until there were no chloride ions in the
washi ng wat er sTehéaftde chesgel wam/ driexheirkeanbyeAgblBtedaoveanpt 6M&°C

this point thef I l\ya vvasf g rea?ltl | o3 IIJJ %égatvg suggii?ggg&efg@s Wi

further evidenCce O uthe basi on |n he "was
Thereafter thecgkledaBadr 7e@Hi-n an ventil ated oven at 60[err]C for 12
hours. 10g of dried polynmer was collected and was '

15 Examples
1. Comparative Tests of Liguid Absorbtion

A test was performed to demonstrate that the use of both a
20 cationic superabsorbent and a cation exchange resin may
| improve the absorbing performances of the «cationic
superabsorbent due to the desalting effect achieved by the

ion exchange mixture. | |

25 A 1% NaCl solution (150ml) was placed in contact with 2.23g
of the cation exchange resin IR120 (H*) in a 250ml beaker for
2 houré under continuous stirring. The sodium ions in the
solution should be replaced by the H* ions from the resin.
The solution was drawn up with a Pasteur pipette and dropped

30 into another 250ml beaker containing 0.11g of Fai 7 OH under
stirring; the addition is stopped when the gel swells no
more. At this point the gel is placed into a nonwoven tissue
"tea Dbag" small envelope and the absorbency after
centrifugation at 60 x g for 10 minutes was measured as

35 follows:

a = (Wwet - Wdry) /G



called Fai 7 OH 15 Exanpl es 1. Conpar ative Tests of Liquid
Absor bti on A test was perforrred to demonstrate that the use of both a-
20 cat W9E15363er absor bent and a cati on exchange resin rw% pr ove
the absorbing performances of the iationic supera so”f)ent dué to
the desalting effect achieved by the I on exchange m xture. 25 A 1%
NaCl solution (150m ) was placed in contact with 2.23g of the cation
exchange resin LR120 | Dsao 254 eaker far 2 hours under .
cont i nuous£3t| rring aéﬁ%?é%;% mgl 6ns T %F%é"gatl%‘l af%i §4%houl d be

repl aced b{¥&the= H[er‘f’?lgbﬁsoﬁr ARt stpntaininghgneolwat chGMaafdegwn up
wth a Pasteur pi pet@@naﬁgfgggepgg §Q I nt o anot her 250m beaker

cont ai 1lg of Fai stl rring;. the addition-is stopped
when t e YR | s lght OgrDFge ROVEPPe SR A i the drycA@Mi ano a
nonwoven tissue /tea bag" snall envel ope and the absorbency

after centrlfu 6 minutes was. neasured as 35
PCT/ U895/ 14677 12 =
absor bencyrpa tt@iscC alg iaflg@atd a't'écﬂhga.ng both FX\@% OH" aerhvaaquaf%&giqlén in

envel ope cont.ai nj ng .t he t af ter
"‘F&"Q’l‘iuagl |"@Vﬁ\%%tt e?ﬁa%@%%ammngsme dry AGMin

go = weight of the AGMused in the test in g.
Results are as follows: , ' (
15 . Absorption g/g | Absorption g/g°
(Tea-bag) (Centrifuge)
Amount H,0 1%NaCl H,0 1%NaCl
(g)
Fai-7 OH" " 0.11 351 55 300 42
Fai-7 Cl° C0.11 340 | 54 290 43
Fai-7 OH™ - 0.11 - - 96.7 - 55
+ IR 120 (H*) + 2.23 |

25 _
The above results show that the cationic superabsorbent

in base form Fai-7 OH" and salt form (Fai-7 Cl°) shows
limited absorption in 1% NaCl solution as compared to
deionised water. However in combination with the cationic

30 exchanger in acid form IR120 (H') the material shows
significantly increased absorption. '

It should also be noted that 1% NaCl represents a
stringent test of the superabsorbent. Studies in the



The test was al so repeated using both Fai 9 OHerr] and Fai 9 O Jerr] 10

individually without the cation exchange resin. Results are as
follows: 15 Absorption g/g ?‘bﬁe Weh 9/ 9
( Tea- bag) wo"’ls%@ent rifuge) Anoun E' err]O
19NaCl HO 19%NaCl (9) 13 Fai-7 OH err] 0.11
351 55 300 42 Fai-7 C[err] 0.11 . 340
54 : 290 11ter43u29 show th#&wi -theHsalt content 10f urine varies. 7

above résul tstRend Hgt Bplg.on(ﬂﬁ%‘éir bE facﬂ'o% ﬁ‘gt 1% b}gavel?ht Zep: ?seryf

he cationic supera orm
Fai - 7 OH er r ] thedmeximuioddkeral £p Gl'{%rerfﬁ‘)wd in pragtiqed absorption

in 1% NaCl solution as conpared to dei oni sed water. However in

conmbi nation with the cationic 30 exchanger in acid form |R120

(Herr]) Sthe material shows significantly increased absorption.

[t should al so be noted that 1% NaCl represents a stringent test of

t he superabsorbent. Studies in the WO 96/ 15163

PCT/ US95/ 14677 13 literature show t hat
the salt content of urine varies dependi ng on a nunber of factors but 1%

by wei ght represents



the maxi mum ti kel y to the encountered in practice. - WD 96/ 15163
PCT/ US95/ 14677 14 - Jdains 1.

A supergdsgisdient material which conprises a conbination Pfﬁ,gsgn“.ﬁ 1) a

cationic superabsorbent in which from20 to 100% of uncti onal \
groups are in basic form and 2) l4a cation exchanger in which from 50
to 100% of the functional groups are in acid form 10 2. A
superabsorbent material as clainmed in claim1l wherein -the cationic
super absoghanipghas from50 to 100% preferably substantially 100% of

t he functional _groups in basic form and . .Wherein the cation exchanger
has subst &nti alf PUPGFRPSCTOGEL materdad: whash gPBOPFASER actembinatias

3. A supgrabsorbent material as clainmed in claim1 or 2 wherein the
funct Lonal, ,groups,i.n the cationi.c superabsorbent are primar _

secon aryaér t & (AP n%%p%?a%%%?ﬂ%rw whicy ﬁFhr%ogrtiﬁJp%Qa/"QOOf 4.

A super absbebémnctdomalalgrasips @reedd rbadiz nickmhessd n t he functi onal

groups areg)quatera ﬁm'g%lg g syper rbent _as

cl ai ned i%)any%of C %?rrs t%%%guﬂahgpéf:ﬁ %oem ﬁgnc?oﬂgﬁg é’&guﬁé‘e are
attached fmupctional gaouRps Wreniide agisl yEaumyd al cohol, ethyl ene nal eic
anhydri de copol ynmer, pol yvi nyl et her, pol yvi nyl  sul phonic acid,

pol yagryl ic acid, polyyinylpyrolidone, polyvinylnorpholine or .
copoPérrer “t heﬁeﬁf“?’e Qx%ﬁ materdrds@shgiaames) yheFiads dovherein

?ﬁ' yrr:ar. the Catﬁlonliﬁ superabsorient ﬂﬁsELﬁzﬂ:lm &0 Q-lcﬁliilm,i rpﬁéig%ﬁ;_llglyherei n
car boxymePRYPEEEFEAae 1P ¥ CRe Ahg Hilndripad SR Y pasic Form and

wherein the cation exchanger has substantially 100% of the (
functional groups in acid form.

15
3. A superabsorbent material as claimed in claim 1 or 2
wherein the functional groups in the cationic superabsorbent
are primary, secondary or tertiary amines or quaternary
ammonium grdups .

20

4. A superabsorbent material as claimed in claim 3 wherein
the functional groups are quaternary ammonium groups.

5. A superabsorbent as claimed in any of claims 1 to 4
25 wherein the functional groups are attached to a

polyacrylamide, polyvinyl alcohol, ethylene maleic anhydride

copolymer, polyvinylether, polyvinyl sulphonic acid,

polyacrylic acid, polyvinylpyxjolidone, polyvinylmorpholine or

_copolymers thereof, a starch or cellulose based polymers as
30 base polymer. '

6. A superabsorbent material as claimed in claim 5 wherein

the starch or cellulose based polymer is hydroxypropyl

cellulose, carboxymethyl cellulose or an acrylic grafted
35 starch. '

7. A superabsorbent as claimed in claim 5 or 6 wherein the

Tk € L M s *



7. A superabsorbent as clained in claim5 or 6 wherein the WO
96/15163 PCT/ US95/ 14677

is a cross-linked polyacrylate or an isgay
nalelc anhéﬁ?pgg&ggpolyner. 8. A super absor bent as c?alnedﬁnn claim

7 wherein the base 5 polymer is a stagsh polyacrylate or
cross-1inked polyacrylate. 9. A super absor bent naterlal as
clained in anMaQé ﬁbamr is &l crioms-d inMeet pbilyachrylatat benas isobutylene
super absor bent super absor bent obt ai ned by
reacting a fIBP&ﬁ%c an%g@g@@%%c % ?Hégirlan excess of a quaternary
anmoni um conpound contai ning at | east one group capable of reacting

with polysaccharidg em%%ﬂso%%&s a%néla&meaglﬁ 82858E7 Qfhere i UDRL Ib4Ld ON

of 0.5 to 1.1. 15 WD 96/ 15163
pCT/U595/§467polymer is a starch polyagyylate 1gr AQyHEQQﬁﬁK*¥Rk§d

material as cp é&?ﬁ@r&ﬁa@bﬂ|”19 wherein =~ the quaternary annnnlun1conpound
has the general formula [err] 5
9. A superabsorbent material as claimed in any of claims
1 to 8 wherein the cationic superabsorbent is a
10 polysaccharide superabsorbent obtained by reacting a f£ibrous
polysaccharide with an excess of a quaternary ammonium
compound containing at least one group capable of reacting
with polysaccharide hydroxyl groups and having a dégree of
substitution of 0.5 to 1.1.
15

A



or 10 where n is an integer from1l to 16; X is halogen; Z is an
ani on such as halide or hydroxyl; and R, Rerr], Rerr] and R err], which
15 maywbesnsw3sane or different, are each hydrogen, al Kylerusesnasry

hydr oxyal kyl, alkenyl or -aryl and Rerr] nmay additionally

represent a residue of fornula 16 [err] 20 or 25
where p is an integer from?2 to 10 and n, R Rerr], Rerr], Xand Z

have the HBani AgSURPreRFPTRenthEdtezdal asiclaimedupor absbmb2nthewaimi al as

cl ai med i Bhanyuak e¢nairys ammonk dnP ckhphBI@iNad Nehe Ad Ao Sthshepsor bent 1
rapsor

a fibrous cationic pol ysacchari de havi ng supe ent
characteristigs, the polysaccharide being_substituted by 35 quaternary
ammoni um groupgs and having a ds of Eﬁ | easf+ 0.5 and the pol ysacchari de
bei nggcross-1i d_te a_syfdcient & tent t it remains insoluble in
water> 96"@5163‘ '8 - R iy o

PCT/ US95/ 1467X o 17 12, A

super absorbent=rmaterial as clainmed in any_bf cl ai s

or _
1 —+ _
10 CH, = CH = (CHR) ;/~—N —R?{|  z°
: \O/ 3
L ' -1
where n is an integer from 1 to 16; X is halogen; Z is an {

anion such as halide or hydroxyl; and R, R!, R? and R?®, which

15 may be the same or different, are each hydrogen, alkyl,
hydroxyalkyl, alkenyl or aryl and R? may additionally
represent a residue of formula

— —
-Rl +
{
20 (CH,) 5 N — (CHR) 2 CH—CH, 2"
' 3 OH X
or _ . -
R! | .
l .
25 (CH,) N (CHR) ,, === CH «=-CH Z-
2'p 1‘23 */n \o/ 2

. o -
where p is an integer from 2 to 10 and n, R, R, R3, X and Z
have the meanings already defined.

30 - _ |
11. A superabsorbent material as claimed in any of claims
1 to 10 wherein the catiqnic superabsorbent is a fibrous
cationic polysaccharide 'having superabsorbent
characteristics, the polysaccharide being substituted by

35 quaterhary ammonium groups and having a ds of at least 0.5
and the polysaccharide being cross-linked to a sufficient
extent that it remains insoluble in water.

AR



1 to 10 wherein the cationic superabsorbent is a water- swel | abl e,

wat er -i nsol ubl e pol yner conprising units derived froma diallylic

quat er nary vagskidsgsn salt nononer, cross- 5 |linked by a suitpéi/@sesiasr?

pol yfuncti onal vinyl conpound, characterised in that the polyner has
been produced by cationic polynerisati @? in an agueous phase using a
free radi cal. catal yst. 10 13. A superabsorbent material as clained
in any of clails. A guperiBsohberstnmpherdaili es e:dra”iane;ﬂarixﬁ samy cafi edaimsi n
contai ning functignalyg d absorbe _
material as clnlal Fn%dajll' n I;JFMB‘%’J'&ES %A cfaei?glc unc | ona grg%’p g|)saréte:r

car boxylic acﬁjﬂe)h%?al?)howﬁ‘éeﬁﬂ-@&)lub oncplymer comprigingpunibsoderaved

material as clgidpdai @iaNyAficC| QidBernary sﬁméﬁlmersealrt {RSndife £t c?.-assgo
of cationic superabsorbent 20 to ]gi%onpeﬁ&fa is_in the range of from
t

1:20 to 1:3. linkedg by SLﬁ)er%‘b%B? t&gnala. RYh cPEmRPYSd,

wher ei n t hhawd @hérised o iaf cnatommeswwmorhaat béeg algr@iivced b
exchanger is from 1: e of i‘&ﬁ? ﬁbsorbent mat eri a

as claimed in %ﬁﬁ/"%‘f'lct Boélyaﬂeﬁ‘sf‘tﬁgnlél} U?nt ﬁ@“fr? bPRBRS ofS3E 13 oFFEE
cont ai ni ng raxtimpliscat Ly s,

10 13. A superabsorbent material as claimed in any of claims
1 to 12 wherein the cation exchanger is a cation resin
containing functional groups in acid form.

14. A su’perabsérbent material as claimed in claim 13 wherein
15 the functional group is a carboxylic acid or sulphonic acid
group. '

15. A superabsorbent material as claimed in any of claims
1 to 14 wherein the weight ratio of cationic superabsorbent
20 to cation exchanger is in the range of from 1:20 to 1:1.

16. A superabsorbent material as claimed in claim 15 wherein
the weight ratio of cationic superabsorbent to cationic
exchanger is from 1:3 to 1l:1.

25
17. Use of a superabsorbent material as claimed in any of

‘claims 1 to 16 for the absorbtion of electrolyte containing
aqueous liquids.

\
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