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distribute and store body fluids.

30 WO-A-97/31600 discloses an absorber element for use in hygiene or
sanitary articles wherein a plurality of elements of a
superabsorbent foam are arranged on a support in a grid pattern
at such distances that the elements in the swollen state touch at
their peripheries. For example, a monomer foam can be applied to

35 the support in the desired grid pattern and then polymerized or
separately prepared foam elements can be fixed on the support in
the desired grid pattern by chemical or physical means. However,
the permeability of the superabsorbent foams is still in need of
improvement.

40
US-A-5,981,689 and US-A-6,121,409 disclose water-absorbing
materials based on polyvinylamine gels. These materials consist
essentially of a mixture of particulate polymers composed of a
lightly crosslinked basic polymer, which has optionally been

45 surface postcrosslinked, and an acidic polymer, each polymer
being capable of absorbing water when in the polyelectrolyte
form. Examples of such absorbing products are mixtures of
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25 '
It is an object of the present invention to provide

water-absorbing articles having a high absorption capacity, an
improved permeability and an improved distribution.

30 We have found that this object is achieved by predominantly
open-celled foams composed of water-absorbing basic polymers,
obtainable by

(I) foaming a crosslinkable aqueous mixture including
35 '
(a) at least one basic polymer whose basic groups have
optionally been neutralized,
(b} at least one crosslinker,
(c) at least one surfactant,
40 (d) optionally at least one solubilizer,
(e) optionally thickeners, foam stabilizers, fillers, fibers
and/or cell nucleators, and
(£) optionally particulate water-absorbing acidic polymers,

45 by dissolving a gas which is inert toward free radicals in
the crosslinkable aqueous mixture under a pressure from 2 to
400 bar and subsequently decompressing the crosslinkable



400 bar and subsequently deconpressing the crosslinkable PF 53235 -

3 AUGF2(3@353 aqueous m xture to atnospheric or by dispersing fine
bubbles of a gas which is inert toward free radicals, and
(I'1)crosslinking the foamed m xture to form a hydrogel- ¥ figiogd 5 if
applicabl e adjusting the water cpntent of the polynmer foam to 1-60%
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25 aqueous mixture to atmospheric or by dispersing fine bubbles

of a gas which is inert toward free radicals, and

(II)crosslinking the foamed mixture to form a hydrogel foam and
if applicable adjusting the water content of the polymer foam
30 to 1-60% by weight.

(a) Basic polymers

Useful basic polymers include for example polymers containing
35 vinylamine units, polymers containing vinylguanidine units,
polymers containing dialkylamincalkyl(meth)acrylamide units,
polyethyleneimines, ethyleneimine-grafted polyamidoamines and
polydiallyldimethylammonium chlorides.

40 Polymers containing vinylamine units are known, cf.
Us-a-4,421,602, US-A-5,334,287, EP-A-0 216 387, US-A-5,981,689,
WO-A-00/63295 and US~A-6,121,409. They are prepared by hydrolysis
of polymers containing open-chain N-vinylcarboxamide units. These
polymers are obtainable for example by polymerizing

45 N-vinylformamide, N-vinyl-N-methylformamide, N-vinylacetamide,
N-vinyl-N-methylacetamide, N-vinyl-N-ethylacetamide and
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dlgg sic acrylates can e use in the form of the free bases, in the
form of their salts with mineral acids such as hydrochloric acid,
sulfuric acid or nitric acid, in the form of their salts with
organic acids such as formic acid, acetic acid, propionic acid or
sulfonic acids or in guaternized form. Useful quaternizing agents:
35 include for example dimethyl sulfate, diethyl sulfate, methyl
chloride, ethyl chloride or benzyl chloride.

Useful comonomers further include amides of ethylenically
unsaturated carboxylic acids such as acrylamide, methacrylamide
40 and also N-alkylmonoamides and -diamides of monoethylenically
unsaturated carboxylic acids having alkyl moieties of 1 to &
carbon atoms, for example N-methylacrylamide,
N,N~dimethylacrylamide, N-methylmethacrylamide,
N-ethylacrylamide, N-propylacrylamide and tert-butylacrylamide
45 and also basic (meth)acrylamides, for example
dimethylaminoethylacrylamide, dimethylaminoethylmethacrylamide,
diethylaminoethylacrylamide, diethylaminocethylmethacrylamide,
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above-described polymers is ef f ect ed accordlng to known processes

by the action_of acids, bases or enzg When PF 53235
- from 5 to 95 mol%, and preferably from 10 to 90 mol% of other

monoethylenically unsaturated monomers copolymerizable
therewith

—U

in copolymerized form. The comonomers are preferably free of acid
30 groups.

To prepare polymers containing vinylamine units, it is preferable
to start from homopoclymers of N-vinylformamide or from copolymers
obtainable by copolymerizing

35
- N-vinylformamide with
- vinyl formate, vinyl acetate, vinyl propionate,
acrylonitrile, N-vinylecaprolactam, N-vinyl urea,
40 N-vinylpyrrolidone or C;-Cg-alkyl vinyl ethers

and subsequently hydrolyzing the homo- or copolymers to form
vinylamine units from the copolymerized N-vinylformamide units,
the degree of hydrolysis being for example in the range from 5 to
45 100 mol% and preferably in the range from 70 to 100 mol%. The
hydrolysis of the above-described polymers is effected according
to known processes by the action of acids, bases or enzymes. When
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250C and at a polymer concentratlon of 0.5% by weight).

The polymers containing vinylamine units are preferably used in
salt-free form. Salt-free aqueous solutions of polymers
containing vinylamine units are preparable for example from the

35 above-described salt-containing polymer solutions by
ultrafiltration using suitable membranes having molecular weight
cutoffs at for example from 1000 to 500 000 Palton and preferably
at from 10 000 to 300 000 Dalton. Similarly, the hereinbelow
described aqueous solutions of other polymers containing amino

40 and/or ammonium groups can be obtained in salt-free form by
ultrafiltration.

Similarly, derivatives of polymers containing vinylamine units
can be used as polymers forming basic hydrogels. For instance,

45 polymers containing vinylamine units can be subjected to
amidation, alkylation, sulfonamide formation, urea formation,
thiourea formation, carbamate formation, acylation,
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of aQdfée*%EﬁﬁPﬁéékﬁy¥mB%HQQ§y1amlde and diethylaminopropylacrylamide.
These monomers may be used in the form of the free bases, as
30 salts with inorganic or organic acids or in quaternized form in
the polymerization. They may be free-radically polymerized to
homopolymers or together with other copolymerizable monomers to
copolymers. The polymers contain for example at least 30 mol% and
preferably at least 70 mol% of units derived from the basic
35 monomers mentioned. Water-absorbing basic polymers based on
poly(dimethylaminoalkylacrylamide)s are known from
Us-a-5,962,578.

Useful basic polymers further include polyethyleneimines, which

40 are preparable for example by polymerization of ethyleneimine in
agueous solution in the presence of acid-detaching compounds,
acids or Lewis acids as a catalyst. Polyethyleneimines have for
example molar masses of up to 2 million and preferably from 200
to 1 000 000. Particular preference is given to using

45 polyethyleneimines having molar masses from 500 to 750 000. The
polyethyleneimines may optionally be modified, for example
alkoxylated, alkylated or amidated. They may alsc be subjected to
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trifluoride etherates at for example from 80 to 100°C. Compounds

of this kind are described in DE-~-B-24 34 816 for example.

35 Useful basic polymers further include the optionally crosslinked
polyamidoamines, which may additionally have been grafted with
ethyleneimine prior to any crosslinking. The crosslinked
ethyleneimine-grafted polyamidoamines are water soluble and have
for example an average molecular weight from 3000 to 2 million

40 Dalton. Customary crosslinkers include for example
epichlorohydrin or bischlorohydrin ethers of alkylene glycols and
polyalkylene glycols.

Useful basic polymers further include polyallylamines. Polymers
45 of this kind are obtained by homopolymerization of allylamine,
preferably in acid-neutralized form, or by copolymerizing
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vinylamine homopolymers, 10-100% hydrolyzed polyvinylformamides,

30 partially or completely hydrolyzed copolymers of vinylformamide
and vinyl acetate, vinyl alcohol, vinylpyrrolidone or acrylamide
each having molar masses of 3000 - 2 000 000 and also
polyethyleneimines, crosslinked polyethyleneimines or amidated
polyethyleneimines which each have molar masses from 500 to

35 3 000 000. The polymer content of the agueous sclution is for
example, from 1 to 60%, preferably from 2 to 15% and usually from
5 to 10% by weight.

{b) Cresslinkers
40
To convert the above-described basic polymers into
water-absorbing basic polymers, they are reacted with at least
one crosslinker. The basic polymers are usually soluble or
readily dispersible in water. Crosslinking is therefore mainly
45 carried out in an aqueous medium. Preference is given to using
aqueous solutions of basic polymers that have been desalted, for
example by ultrafiltration, or whose neutral salt content is
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(9) di- and polyaldehydes and di- and polyketones.
25
Preferred crosslinkers (1) are for example the bischlorohydrin
ethers of polyalkylene glycols described in US-A-4 144 123.
Phosphoric acid diglycidyl ether and ethylene glycol diglycidyl
ether are also suitable.
30
Further crosslinkers are the products of reacting at least
trihydric alcohols with epichlorohydrin to form reaction products
having at least two chlorohydrin units, polyhydric alcohols used
being for example glycerol, ethoxylated or propoxylated
35 glycerols, polyglycerols having 2 to 15 glycerol units in the
molecule and also optionally ethoxylated and/or propoxylated
polyglycerols. Crosslinkers of this type are known from
DE-A-2 916 356 for example.

40 Useful crosslinkers (2) are o,w- or vicinal dichloroalkanes, for
example 1,2-dichloroethane, 1,2-dichloropropane,
1,3-dichlorobutane and 1,6-dichlorchexane.

Furthermore, EP-A-~-0 025 515 discloses a,m—dichloropolyalkylene
45 glycols having preferably 1-100, especially 1-100 ethylene oxide,
units for use as crosslinkers.
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25 are the terminal aziridine groups. These crosslinkers may be
characterized for example with the aid of the formula:

30 [> /\/I\c—(CHz)—c—N/\/ <'

H

where n is from 0 to 22.
35 :
Illustrative of crosslinkers (5) are ethylene carbonate,
propylene carbonate, urea, thiourea, guanidine, dicyandiamide or
2-oxazolidinone and its derivatives. Of this group of monomers,
preference is given to using propylene carbonate, urea and
40 guanidine.

Crosslinkers (6) are reaction products of polyetherdiamines,
alkylenediamines, polyalkylenepolyamines, alkylene glycols,
polyalkylene glycols or mixtures thereof with monoethylenically
45 unsaturated carboxylic acids, esters, amides or anhydrides of
monoethylenically unsaturated carboxylic acids, which reaction
products contain at least two ethylenically unsaturated double
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formula O 41 \\r-- X CH2~-:] K CHZ OH \--j -1~ M~TPDl ~n-
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These reaction products and their preparation are described in
25 EP-A-873 371 and are expressly mentioned for use as crosslinkers.

Particularly preferred crosslinkers are the therein mentioned
reaction products of maleic anhydride with o,w-polyetherdiamines
having a molar mass of from 400 to 5000, the reaction products of

30 polyethyleneimines having a molar mass of from 129 to 50 000 with
maleic anhydride and also the reaction products of
ethylenediamine or triethylenetetramine with maleic anhydride in
a molar ratio of 1: at least 2.

35 Crosslinkers (6) are preferably compounds of the formula

00 | .
i HO—/<:>—X E( CH£>m QEEQCH%— z}q—-\<o_;>/—0f1

where X, ¥, 2 = 0, NH

and Y is additionally CH;
45
m, n=0 -4
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obt ai nabl e by reacting pol yet herdi am nes, ethyl enedi am ne or

pol yal kyl enepol yam nes with nmal eic anhydride. 5 Further - 3 AUG 2006
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succi nate, 30 diisobutyl succinate, dinethyl adipate, diethyl ,

adi p J%ogngﬂ Fthﬁggropyl adi pate or M chael. addition products which

cont&i mat  {1'das wo ester groups and are fornmed from

pol yet herdi am nes, pol yal kyl enepol yam nes or et hyl enedi am ne and

est emhege ¥cry9H.c ORAciM(RMz2net hacrylic acid with, in each case,

naashydric al cohols 35 of froml to 4 carbon atonms. Exanpl es of

suitq@lgtgghﬁgﬁafﬁylrethylenicalIy unsaturated di carboxylic acids are

ma

di et hyl eate, diethyl nmaleate, diisopropyl maleate, dinethyl
itacopate and_di :aagg oggé itaconate. It is also possible to use
substh t utted “rafe §7I acids and their esters such as tartaric

acid 40 (D, L-formand as racemate) and also tartaric esters such as

diatetohyl Ot22trate and diethyl tartrate. Exanples of suitable

di carboxylic anhydrides are naleic
As well as dicarboxylic acids of the abovementioned formula it is
possible to use, for example, monoethylenically unsaturated
dicarboxylic acids such as maleic acid or itaconic acid. The

25 esters of the contemplated dicarboxylic acids are preferably
derived from alcohcls having from 1 to 4 carbon atoms. Examples
of suitable dicarboxylic esters are dimethyl oxalate, diethyl
-oxalate, diisopropyl oxalate, dimethyl succinate, diethyl
succinate, diisopropyl succinate, di-n-propyl succinate,

30 diisobutyl succinate, dimethyl adipate, diethyl adipate and
diisopropyl adipate or Michael addition products which contain at
least two ester groups and are formed from polyetherdiamines,
polyalkylenepolyamines or ethylenediamine and esters of acrylic
acid or methacrylic acid with, in each case, monohydric alcohols

35 of from 1 to 4 carbon atoms. Examples of suitable esters of
ethylenically unsaturated dicarboxylic acids are dimethyl
maleate, diethyl maleate, diisopropyl maleate, dimethyl itaconate
and diisopropyl itaconate. It is also possible to use substituted
dicarboxylic acids and their esters such as tartaric acid

40 (D,L-form and as racemate} and alsc tartaric esters such as
dimethyl tartrate and diethyl tartrate.

Examples of suitable dicarboxylic anhydrides are maleic
anhydride, itaconic anhydride and succinic anhydride. Useful

45 crosslinkers (7) further include for example dimethyl maleate,
diethyl maleate and maleic acid. The crosslinking of
amino-containing compounds with the aforementioned crosslinkers



anhydri de, itaconic anhydride and succinic anhydride. useful 45

crosslinkers (7) further include for exanple dinethyl maleate,

di et h{F BhaRd8&te and mal eic acid. The crosslinking of

am no-cont ai ni ng conpounds with the aforenentioned crosslinkerg;ﬁ@zmﬁ
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opti opgd) M aReafipdi fied by reaction with G- to C20-al cohols or
anmoni a ‘or am nes and be used as crosslinkers in that form

Further useful crosslinkers (7) are prepared for example by

30 free-radical polymerization of anhydrides such as maleic
anhydride in an inert solvent such as toluene, Xylene,
ethylbenzene, isopropylbenzene or solvent mixtures. Besides the
homopolymers, copolymers of maleic anhydride are suitable, for
example copolymers of acrylic acid and maleic anhydride or

35 copolymers of maleic anhydride and a Cz;- to Cip-olefin.

Examples of preferred crosslinkers (7) are copolymers of maleic
anhydride and isobutene or copolymers of maleic anhydride and
diisobutene. Copolymers containing anhydride groups may

40 optionally be modified by reaction with Cj;- to Cyp—~alcohols or
ammonia or amines and be used as crosslinkers in that form.

Examples of preferred polymeric crosslinkers (7) are copolymers
of acrylamide and acrylic esters, for example hydroxyethyl

45 acrylate or methyl acrylate, the molar ratio of acrylamide and
acrylic ester varying in the range from 90:10 to 10:90. Besides
these copolymers, terpolymers can be used, an example of the
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di keto es %h %(cc%mg Qﬂ%{}ﬂ% %m F%ta?ldsetg ketglpal%sehygrecursors,

for e
—hydroxyadlpaldehyde, furan—2 Smdlproplonaldehyde,

30 2-formyl-2,3-dihydropyran, glutaraldehyde, pimelaldehyde and also
aromatic dialdehydes such as, for example, terephthalaldehyde,
o-phthalaldehyde, pyridine-2,6-dialdehyde or phenylglyoxal. But
it is also possible to use homo- or copolymers of acrolein or
methacrolein having molar masses of from 114 to about 10 000.

35 Useful comonomers include in principle all water-soluble
comonomers, for example acrylamide, vinyl acetate and acrylic
acid. Aldehyde starches are similarly useful as crosslinkers.

Useful halogen-free crosslinkers of group (9) include for example
40 diketones or the corresponding hemiketals or ketals as

precursors, for example P-diketones such as acetylacetone or

cycloalkane-1,n-dicnes such as, for example,

cyclopentane-1,3-dione and cyclohexane-1,4~dione. But it is also

possible to use homo- or copolymers of methyl vinyl ketone having
45 molar masses of from 140 to about 15 000. Useful comonomers



cycl oal kane-1, n-di ones such as, for exanple, cyclopentane-1, 3-dione
and cBE|9d2X%3ne-1,4-dione. But it is also possible to use honp- or
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advantageously addition products of ethylene oxide and/or
30 propylene oxide with alcohols containing at least 10 carbon
atoms, the addition products containing from 3 to 200 mol of
ethylene oxide and/or propylene oxide per mole of alcohol. The
alkylene oxide units are present in the addition products in the
form of blocks or in random distribution. Examples of nonionic
35 surfactants are the addition products of 7 mol of ethylene oxide
with 1 mol of tallow fat alcohol, reaction products of 9 mol of
ethylene oxide with 1 mol of tallow fat alcohol and addition
products of 80 mol of ethylene oxide with 1 mol of tallow fat
alcohol. Further commercially available nonionic surfactants
40 comprise reaction products of oxo process alcchols or Ziegler
alcohols with from 5 to 12 mol of ethylene oxide per mole of
alcohol, especially with 7 mol of ethylene oxide. Further
commercially available nonionic surfactants are obtained by
ethoxylation of castor oil. The amount of ethylene oxide added
45 per mole of castor oil is for example in the range from 12 to 80
mol, Further commercially available products are for example the
reaction products of 18 mol of ethylene oxide with 1 mol of
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30 naphthalenesulfonic acids such as dodecylbenzenesulfonlc acid and
di-n-butylnaphthalenesulfonic acid and also fatty alcohol
phosphates such as C;5/C1g fatty alcohol phosphate. The
polymerizable agueous mixture can include combinations of a
nonionic surfactant and an anionic surfactant or combinations of

35 nonionic surfactants or combinations of anionic surfactants. Even
cationic surfactants are suitable. Examples thereof are the
dimethyl sulfate quaternized reaction products of 6.5 mol of
ethylene oxide with 1 mol of oleylamine,
distearyldimethylammonium chloride, lauryltrimethylammonium

'40 chloride, cetylpyridinium bromide and dimethyl sulfate
quaternized triethanolamine stearate, which is preferably used as
a cationic surfactant.

The surfactant content of the aqueous mixture is preferably in
45 the range from 0.5 to 10% by weight. In most cases, the aqueous
mixtures have a surfactant content from 1.5 to 8% by weight.



di rre gy gélfate guat erni zed reaction products of 6.5 nol of

et hyl 836%Pde with 1 nol of ol eyl am ne, di stearyldi net hyl anmoni um
chloride, lauryltrinmethylamonium 40 chloride, cetylpyridini

brom de and di nethyl sulfate quaternized triethanolanm ne st eginAU%Zﬂﬂﬁ
which is preferably used as a &8tionic surfactant. The surfactant
contgah ebibbEriMyieous m xture is preferably in 45 the range from
0.5 to 10% by weight. In nost cases, the aqueous m'xtures have a

surf 1.5 t0 3235 U5 2006
§§1 qu%sq{l%% L]'LI%%GECOUS’SS fcﬁ %%%/é“ g g%ﬁgner‘nl g %

opt | rapt )Prf%(,le&HEl%&ze‘f Efstt SHECReT lﬂﬂmlPP?éPt ass%ll‘-\‘tﬁlltlﬁﬁs Hifponent .

SolsubREREERs e grgpniy Selyenbse xpEPse| damthylf eul e
SulRt qijpd lyepbse gy $o| 94 1 Eoenirds!

di netdinktisyil famadéde di Metdunlyiloynaol dimnel) nehbyydyid allcdnaks,

NMONORY¢EbEs ﬁ'p’dl'j)@ltﬁylelﬂé Xﬁ@lc%ﬂ.sp@i‘ WL 8Bes %&ﬂ}eﬁ ‘Ehef@f‘ﬂﬁﬁ hers

deri \éﬁﬂéé&?r 4 or 552 tflgerhcﬂ{o%\{:;ha?stggt hg.ug!eggﬁ s do

not con |nclude

et h§PY gﬁ’@r 0ifut SRGPHE SR CICN AL
bl %Ml bgtg WGS(];Y-CIOlprEﬁbhﬂdmcgﬂyc@ﬁwlﬁmﬁémhyl et her.
The aqaemm-ptopesol reoldiddyteool Gudnome@tybyetieirght of at | east
one squbiIizer When sol ubilizers are used, they are preferably 15

i ncl rAGUEAUS MOALHECELdh 4 (BTRH! t
e B TRAERERs Siediy WSuR e R e

i A& &a@lu@%ﬂ éR‘eﬁBPsaq‘f%ﬁ SLEBRFE 76 &0 PPPRRE SEram Beks AM/RF cel |
nucl getights. Thi ckeners are used for exanple to optim ze foam
structure and to inprove foamstability. As a result, the foam 25

Wil 1 (shr koot o] BbER! 4¥ariurizagst hes PRIAUTEE: Batd Okertsef ul
t hi ckene 3 Q%Jh e all natural and’synthetic pol ymers known for

this pur po%e at” substantially increase the viscosity of an

adqueous system and do not react with the am no groups of the basic
pol yRBescrogid igkabhetaquenys martuzs meol prbienihlydasinde 30 can be
swel kabtleemrrssolfobhestabildizers , Afi Eherays fiberovard/ioewceil thi ckeners

may a%ciéw&sf orr%]eéﬁégliqja?ea hee@%hglq%a;hm mi?’é t!mi%@cgﬁﬁdda&d_r
8 E\S’&% l% £ 554 or &bhhCSea *I:Xb A% rast héh £ :
prz%[)gﬁue@%%kcﬁg (PEL BRIV TR HRY (She" POSEm o8- Jrehts and

Techﬁbpg&ﬁpqgg»p@glu@%|alktyatwﬁpéeqnd synthetlc polymers known for
this purpose that substantially increase the viscosity of an

aqueous system and do not react with the amino groups of the
basic polymers. The synthetic and natural polymers in question
30 can be swellable or soluble in water. An exhaustive overview of
thickeners may be found for example in the publications by
R.Y. Lochhead and W.R. Fron, Cosmetics & Toiletries, 108, 95-135
(May 1993) and M.T. Clarke, “Rheological Additives” in D. Laba
(ed.) “Rheological Properties of Cosmetics and Toiletries”,
35 Cosmetic Science and Technology Series, Vol. 13, Marcel
Dekker Inc., New York 1993.

Water-swellable or water-soluble synthetic polymers useful as
thickeners include for example high molecular weight polyethylene
40 glycols or copolymers of ethylene glycol and propylene glycol and
also high molecular weight polysaccharides such as starch, guar
flour, locust bean flour or derivatives of natural substances
- such as carboxymethylcellulose, hydroxyethylcellulose,
hydroxymethylcellulose, hydroxypropylcellulose and mixed
45 cellulose ethers. A further group of thickeners are
water-insoluble products, such as finely divided silica,
zeolites, bentonite, cellulose powders and other finely divided
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aqueous mixture. -

30
To modify the properties of the foams, the crosslinkable agqueous
mixture may have added to it one or more fillers, for example
chalk, talc, clay, titanium dioxide, magnesium oxide, aluminum .
oxide, precipitated silicas in hydrophilic or hydrophobic forms,

35 dolomite and/or calcium sulfate. The particle size of the fillers
is for example in the range from 10 to 1000 pum and preferably in
the range from 50 to 850 pm. Fillers can be included in the
crosslinkable agueous mixture in amounts up to 30% by weight.

40 The properties of the foams can optionally also be modified by
means of fibers. The fibers in question can be natural or
synthetic fibers or fiber blends, for example fibers composed of
cellulose, wool, polyethylene, polypropylene, polyesters or
polyamides. When fibers are used, they may be present in the

45 aqueous mixture in an amount of for example up to 200% by weight
and preferably up to 25% by weight. Fillers and fibers can
optionally also be added to the ready-foamed mixture. The use of
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30 alkanolamines such as ethanolamlne, diethanolamine or
triethanolamine.

The water-absorbing acidic polymers are added in particulate form
to the crosslinkable mixture or preferably to the already foamed

35 crosslinkable mixture. The particles can be used in solid form or
in foamed form. The weight average particle diameter is for
example in the range from 10 to 2000 um, preferably in the range
from 100 to 850 pum and usually in the range from 150 to 450 um.
Superabsorbents having the appropriate particle sizes can be

40 prepared for example by comminution, for example by grinding, of
coarsely granular, solid superabsorbents or of foamed
superabsorbents. The density of the foamed acidic superabsorbents
is for example in the range from 0.01 to 0.9 g/cm3 and preferably
in the range from 0.05 to 0.7 g/cm3. The surface of the

45 particulate superabsorbents can have been postcrosslinked, if
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for example from 10 to 90% and preferably from 30 to 70% by
30 weight of a water-absorbing acidic polymer. The mixture of foamed
basic hydrogel and the optiocnally foamed acidic hydrogel will
usually include from 40 to 60% by weight of the acidic
superabsorbent.

35 To prepare foams which have a high absorptive ability even for
saline aqueous solutions, the basic and acidic superabsorbents
are preferably used in unneutralized form. The degree of
neutralization of the acidic water-absorbing polymers is for
example from 0 to 100, preferably from 0 to 75 and usually from 0

40 to 50 mol%. The water-absorbing basic polymers have a higher
uptake capacity for saline aqueous solutions and especially
acidic aqueous solutions when in the form of the free bases than
in acid-neutralized form. When basic polymers are used as sole
water-absorbing polymers, the degree of neutralization is for

45 example from 0 to 100 and preferably from 0 to 60 mol%.
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range from 20 to sogc However, the aqueocus mixture can also be

30 foamed at temperatures above the boiling point of the component
having the lowest boiling point by foaming the mixture in a
pressuretightly sealed container. The foams obtained are
crosslinkable mixtures which are flowable and stable for a
prolonged period. The density of the foamed crosslinkable mixture -

35 is for example in the range from 0.01 to 0.9 g/cm3 at 20°C.

Crosslinking the foamed mixture

The second step of the process comprises crosslinking the basic
40 polymer to form a water-absorbing basic polymer. The originally
water-soluble polymer is rendered water-insoluble by
crosslinking. A hydrogel of a basic polymer is obtained. The
crosslinkable foams are for example transferred into suitable
molds and heated therein, so that the crosslinkers react with the
45 basic polymer. The foamed material can be applied for example in
the desired thickness to a temporary carrier material which
advantageously has been provided with an antistick coating. The
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30 possible to prepare sandwichlike structures having further foam
layers of the same density or different densities.

Inventive foam layers having a layer-thickness of up to about 1
millimeter are prepared for example by heating one side or in

35 particular by irradiating one side of the foamed crosslinkable
aqueous mixture. When thicker layers of a foam are to be
produced, for example foams having thicknesses of two or more
centimeters, it is particularly advantageous to heat the
crosslinkable foamed material by means of microwaves, since

40 relatively uniform heating can be obtained in this way. In this
case, the crosslinking is effected for example at from 20 to
180°C, preferably in the range from 20 to 100°C and especially in
the range from 65 to 80°C. When thicker foam layers are to be
crosslinked, the foamed mixture is heat treated on both surfaces,

45 for example using contact heating or by irradiation. The density
of the basic hydrogel foams is essentially equal to the density
of the crosslinkable aqueous mixture. Foams of water-absorbing
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30 reactions, it may be advantageous to dry under reduced pressure,
under a protective gas atmosphere and/or under benign thermal
conditions where the product temperature does not exceed 120°C,
preferably 100°C. Particularly suitable drying processes are
(vacuum) belt drying and paddle drying.

35
After drying, the hydrogel foam will usually no longer contain
any water. However, the water content of the foamed material can
be adjusted to any desired value by moistening the foam with
liquid water or water vapor. The water content of the gel foam is

40 usually in the range from 1 to 60% by weight and preferably in
the range from 2 to 10% by weight. The water content can be used
to adjust the flexibility of the hydrogel foam. Completely dried
hydrogel foams are rigid and brittle, whereas foamed materials
having a water content of for example 5-20% by weight are

45 flexible. The foamed hydrogels can either be used directly in the
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30 from 70 to 100°C. After surface crosslinking, the water content of
the foamed surface-postcrosslinked hydrogel can likewise be
adjusted to values from 1 to 60% by weight.

The optionally surface-postcrosslinked hydrogel foams of the

35 invention can be used for all the purposes for which for example
the water-absorbing hydrogel foams which are known from
EP-B-0 858 478 and which are based on acid group containing
polymers such as crosslinked polyacrylates are used. The hydrogel
foams of the invention are useful for example in hygiene articles

40 to absorb body fluids, in dressing material to cover wounds, as a
sealing material, as a packaging material, as a soil improver, as
a soil substitute, to dewater sludges, to absorb agueocus acidic
wastes, to thicken waterborne paints or coatings in the course of
disposing of residual guantities thereof, to dewater

45 water-containing o0ils or hydrocarbons or as a material for
filters in ventilation systems.
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Thi s ‘provrides” an nprove € ach|S| ion o Layers
of tﬁé‘enﬁl&PBﬁﬁ foans according to the invention can be for exanple
di sposed in a thickness froml to 5 nmin one of the abovenentioned
hygi eethanti 6f edetaamdnatbsor bent core between a

30
Density

Any suitable gravimetric method can be used for determining the
density of the multicomponent foam system. What is determined is
35 the mass of solid multicomponent foam system per unit volume of
foam structure. A method for density determination of the
multicomponent foam system is described in ASTM Method No.
D 3574-86, Test A. This method was originally developed for the
density determination of urethane foams, but can also be used for
40 this purpose. By this method, the dry mass and volume of a
preconditioned sample is determined at 22 +/- 2 °C. Volume
determination of larger sample dimensions are carried out under
atmospheric pressure.

45
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so?utdimpegsad Whst Q/9¥F byTheeipdlhsthaQplate ussi phaced on the diaper in
such a way that the center of the diaper is also the center of
the application ring. Three 10 ml lots of 0.9% WaCl solution are
applied. The 0.9% NaCl solution is measured out in a graduated
cylinder and applied to the diaper in a continuous stream through
30 the ring in the plate. At the same time the time is taken for the
solution to penetrate completely into the diaper. The time
measured is noted as Acquisition Time 1. Thereafter, the diaper
is loaded with a plate for 10 minutes, the load being maintained
at 13.6 g/cm?2. Thereafter, the plate is removed, 10 g = 0.5 g of
35 Schleicher & Schuell S&S$ 2282, 10x10cm filter paper are placed on
the midpoint and loaded with a weight of 1200 g for 15 s. After
this period, the weight is removed and the filter paper is
weighed back. The weight difference is noted as Rewet 1.
Thereafter, the plastic plate with application ring is again
40 placed on the diaper and the second application of liquid takes
place. The measured time is noted as Acquisition Time 2. The
procedure is repeated as described. This gives Rewets 2 and 3 and
also Acquisition Time 3.
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FSR = Wy / (Wy X ta).
30
Absorbency Against Pressure (AARP) (0.3 psi)

The measuring cell for determining AAP 0.3 psi is a Plexiglas
cylinder 60 mm in internal diameter and 50 mm in height.

35 Adhesively attached to its underside is a stainless steel sieve
bottom having a mesh size of 36 um. The measuring cell further
includes a plastic plate 59 mm in diameter and a weight which can
be placed into the measuring cell together with the plastic
plate. The weight of the plastic plate and the weight together

40 correspond to a weight loading of 0.3 psi. AAP 0.3 psi is
determined by determining the weight of the empty Plexiglas
cylinder and of the plastic plate and recording it as Wy. A piece
of the multicomponent foam system 20 mm in diameter is then
placed into the Plexiglas cylinder and weighed in. The plastic

45 plate is then carefully placed in the Plexiglas cylinder and the
entire unit is weighed and the weight is recorded as W,. The
weight is then placed on the plastic plate in the Plexiglas



To determine the free swell rate, 0.50 g (WH) of the nulticonponent
foam B 33235 s pl aced on the base of a plastic dish having a round
bottom of about 6 cm The plastic dish is 20 about 2.5 cm deep and
has a square opening of about 7.5 cmx 7.5 cm A funnel is 3 k&g
used to add 10 g (Wi) of a 0.9%2¢aCl solution into the center of
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and the entire unit is weighed and the weight is recorded as .

The  MRi9BENES d rﬁs@ peess it thapp! §§téé31dﬁ|1§'i;gd'15yt% Boexb@lay PF
53235 - AU62 29 cylinder. A'ceramc filter plate 120 nmin

di anet8r ana 0 |n porosity is placed in the mddle of a Petri dish
200 mMmin dianeter and 30 nmin height and sufficient 0.9% by
wetQht sodi um W OrBdestolafdlor [¥otWhtlr dledofior the surface of
the liquid to 5 be level wthout the surface of the filter plate

bei ngk watibted. A round filter paper 90 mMmmin diameter and < 20 Vmin
pore size (S&S 589 Schwarzband from Schl ei cher & SchUl) is

subsequent | | ace n_t he m c_plate. Th Pl exi gl as cyl i nder
cont ar‘lﬂﬁ 8 X} % %Ie f%&énﬁsy@t’%‘%ﬁ E hen placed with the
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t her evefight68quenurutsedut ion tate péind, o5 tthiasdper polymeirh eovcemt mittd onni t

i s respeeds byomidghe.Petri dish and filter paper and subsequently
t he wei ght

Stiffness
30
Tensile strength

Toughness
35 Nominal strain at max load
Nominal strain at break
were each determined in accordance with DIN/EN ISO 527-1, the
40 sample specimen used satisfying the condition of DIN 53448/A, the
clamped length was 30 mm and the test speed was 6 mm/min.
Unless suggested otherwise by the context, the percentages in the

examples are by weight.
45



Is removed fromthe Plexiglas cylinder. The Pl exiglas cylinder

cont ai.ni ng swol I en mul ti conponent foam systemis wei ghed back 15
togetlﬂ"'er5 3 the plastic plate and the weight is recorded as W.
Absor bency agai nst pressure (AAP) is calculated by the follow ng
equation: 20 AAP 0.3 psi [g/gi = [W-Wal / 1W-W1 K val ue ~-ThalK?2005
val ue was determ ned after H FiBRentscher, 25 Cel |l ul ose-Chem e,

Vol urikahgae 52- 63 and 71-74 (1932) in 5%by weight aqueous sol ution
at pH 7, 25 C and a polynmer concentration of 0.5% by weight.
Stiffne%% 30 Tensil e ftre th Toughness 35 Nom nal strain at Mx
| oad Wort’Ra¥ %t Aailf*at 1br 2l WREFE aAePUR e HERRR 95 accor dance with
DI N BQiysirpbenine bheing & dhpaduspeti Herverseddded i BT i of ehtss
coriliaquenusfsdiuNisd3448/ A, convercibabpesididnptilh wasfatamn qadditient est
speepréasct ¢F190 holUBE esshyslegidesk €8 QFter W a1 byr the 1608t gxt ’uet 2806
perc r .
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aquedi?s §87TRG o Sheashermi:izenpych\an (UAretsFdacitagrer afien tl on
pridduwdnubé S8 rdlenopoutrdy|mrie exfdtlown tsuppombl rifimead @i6hC18 al cohol
M Xt Wehi AdE. Ehed molidac&eAiG1iRQUERS Of dlnricdN cRbs 81 TiMtane mokied

A1 0 el dtofldIel 60084 KBy b CATioRE! bOKARI Gl Bhitfy A f oaned
I n thce shegrrlén Aelsls gf an gtr turrax stlgregn or, | m nut e and

t hen P8Gr et o0 YE PR FBH'S 1558PF ¢ Pmd Weeh2 h e 8RR The nol d
cont &OAPRGteHe drdefedThe JudnagranFeaticht@iaed ias stubseguertin*C in a
drif mgjvabédeto gverheghtontunt pd bhi sIt thadethe hprqmeineiienyl am ne
becanmdicassd i tkadbaadit he foam conpletely dried. The hydrogel foam
obt ai ned was subsequently 15 adjusted to a water content of 5% It
had ngﬁlgri)perties indicated in Table 1. Table 1 20 Absorbency

Agai ns ressure (AAP) 13.8 g/g Free Swell Capacity (FSC) 24.4 g/g
20 Absorbency Against Pressure (AAP) 13.8 g/g
Free Swell Capacity (FSC) 24.4 g/g
Centrifuge Retention Capacity (CRC) 12.7 g/g
Free Swell Rate (FSR) < 0.05 g/g.sec.

25 Example 2

To 300 g of a 10% ultrafiltered aqueous solution of
polyvinylamine having a K value of 90 were added 15 g of a 15%
agueous solution of a commercially available surfactant (addition

30 product of 80 mol of ethylene oxide with 1 mol of a Cl1l6/C18
alcohcl mixture) and 15 g of a 5% aqueous sclution of ethylene
glycol diglycidyl ether crosslinker. In addition, mixtures were
prepared that included the amounts of pentane indicated in
Table 2.

35
The crosslinkable mixtures were each foamed in the shearing zone
of an Ultraturrax stirrer for 1 minute and then poured onto a
Teflon support rimmed with aluminum. The foam layer in the mold
was 6 mm deep. The mold containing the foamed crosslinkable

40 mixture was stored at 70°C in a drying cabinet overnight. During
this time, the polyvinylamine became crosslinked and the foam
completely dried. The hydrogel foam obtained in each case was
subsequently adjusted to a water content of 5%. They had the
properties indicated in Tables 2 and 3.

45



Centrifuge Retention Capacity (CRC) 12.7 g/g Free Swell Rate (FSR) <
0.05 B $3%35 25 Exanple 2 To 300 g of a 10%ultrafiltered aqueous
solution of polyvinylam ne having a K value of 90 were added 15 ¢
of a 15% aqueous solution of a conmercially avail able surfaﬁ ﬁ@[ut
(addition 30 product of 80 nol g@fi ethylene oxide with 1 nol 2006
C16/ GL@ieabcohol mxture) and 15 g of a 5% aqueous sol uti-on of

et hyl Iuﬂlduj ether crosslinker. ln _addition _mxtures
wer e | br&i EFFRAE ?, H tgp afount =3 9plen % ndi ¢a®d |
Tabl ¢ crodsPoBan/ @ ﬁ/ 85| wBf % pnr BnaHPdg 9%

;—2-_35—114@
sheald %Q%Bﬁﬂial}ﬁ N IQI I3t4;at JI’I’HJSé a§'[| rre2r4 fqﬂr 7nu e aﬁQi-Q-r’nen
pour ed Z0AfoPertam | on %sdfpolt rimied wi t42 -8l dni ﬁuﬁn The olf | ayler
in the &5 Bent@Re 6 mm%dép. | The7nBl d dortdaibniingl4 e f oanel3
crossl i Hkabieataoeni kt Wr-d8wab str<&d at| A30C ijn B .dryjng cald net
overnight. During this tine, the polyvinylamne becane crosslinked
and tﬂg Lo m conpletely dried. The hydrogel foam obtained in each
case quhqenupntlv adjusted to a water content of 5% They had
t H® propertles indicated|lin Tables 2 and 3. 45 PE $3235 31 - 3 AUG
2006| Table 2 W % of pentlaif® Bergppey [ALOYRam@nerC FSR g/ OMB
0.3ps$i g/ g g/ Brepsrtdeg/ abc5% 0% pentane 0.34 13.8 2414 1 12.7 <0.05 5
2. 5% pent ane Qwagey. gomteny 7 8 0.06 5% pentane 0.18 7.8 44.8 14.9
0.3 [3obbiyessakBal. 18 16.5 3220 £12% 2/8 4F8b+e’® 10 0% Pent ane 10%
Pent dhensiBreoperengtsh KPab%| watsér zcdnt ent] St13d reds kpa 220 t 28 420
705 TeosgHresst oéngt h kPa §6 30502+ 734980 | 130085+ Tmeghness J/ n2 3050 -t
350 ANEHinA0 sipainadt Saxalln @60 e . 550 [T 140 4415 |19 load %
Nom nedacstyain at 160 t 7.8 145 -t 19 |break %t 20|Properties in
Nominal strain at 160 = 7.8 145 + 19
break %

)

Properties in

20 swollen state
Stiffness kPa 56 = 9.1 140 = 11
Tensile strength kPa 25 = 1.5 25 = 9.2
Toughness J/m? 353 = 42 200 = 69
Nominal strain at max 51 =5.4 14 = 4
25 |load %
Nominal strain at 51 = 5.6 14 = 4
break %
Example 3
30

To 300 g of a 10% ultrafiltered agueocus solution of
polyvinylamine having a K value of 90 were added 15 g of a 15%
aqueous solution of a commercially available surfactant (addition
product of 80 mol of ethylene oxide with 1 mol of a Cl6/C18

35 alcohol mixture) and 15 g of a 5% aqueous solution of ethylene
glycol diglycidyl ether crosslinker. In addition, mixtures were
prepared that included the amounts of cellulose fibers (Technocel
fibers 1000, length of fibers 1000 um) indicated in Table 4. The
agueous crosslinkable mixtures were each then homogenized at a

40 stirrer speed of 200 rpm for 5 minutes and thereafter foamed at
750 rpm for 5 minutes by introducing nitrogen at a rate of
100 1/h.

The foamy mixtures thus prepared were then each poured onto a

45 Teflon support rimmed with aluminum. The foam layer in the molds
was 6 mm deep. The molds containing the foamed crosslinkable
mixtures were stored at 70°C in a drying cabinet overnight. During
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swol len state Stiffness kPa 56 t 9.1 140 :t 11 Tensile strength kPa
25 t BF55383% 9.2 Toughness J/m2 353 -t 42 200 69 Nonminal strai n
at max 51 t5.4 14t 4 25 load % Nom nal strain at 51 5.6 14 --t
break %1 Exanple 3 30 To 300 g of a 10% ultrafiltered aquecullt 2885
sol ution of polyvinylam ne havisg a K value of 90 were added 15 g
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(Teshnocel fibers 1000, length of fibers 1000 pm) indicated in
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adj usted to a water content of 5% They had the properties

inl;l$|Q:% eid n Tables 4 and 5. 5 Table 4 Cellul ose Density AAP@ FSC
%t Cher s gl 0. 3psi_g/g lg/gl 1g/gi g/g/CMB_19% 10 Q0% 0. 34

13.8124.4 12.7 <0.05 2%eblnlpse]fibepanteng of erpwsd.iskabbes 2.8

4.5 ¢ 0.05 100%0.42 1 10.6 21.1 1 3.Bixtyee 0.43 4.4 8.2 1 2.18 <
0.06 | Table 5 0% | 25% [50% 200%

Properties of hydrogel foams at 5%
20 [water content
Stiffness kPa 220 = 28 1100 = 180 |1800 = 2706200 = 500
Tensile 86 = 2.7 240 = 15 330 = 14 400 = 110
strength kPa

Toughness J/m? 3050 + 350 2100 = 160 |1600 = 1401100 = 260
Nominal strain 150 = 7.5 51.3 = 1 27 = 2.2 9 = 1.6

25 at max load %
Nominal strain |160 = 7.8 58.3 = 0.89 (32 = 2.7 20 = 5.1

at break %
Properties of hydrogel foams in
swollen state
30 |Stiffness kPa 5
Tensile 2
strength kPa

Toughness J/m¢ (353 = 42 221 = 11 180 = 19 180 = 24
Nominal strain |51 5.4 34.9 = 1.1 [18.7 = 11.8 =
at max load % 0.87 0.83

35 |Nominal strain|51 = 5.6 36 = 1.4 20 = 1.5 20 = 3
at break % -
Example 4

40 To 300 g of a 10% ultrafiltered aqueous solution of
polyvinylamine having a K value of 90 were added 15 g of a 15%
aqueous solution of a commercially available surfactant (addition
product of 80 mol of ethylene oxide with 1 mol of a C16/C18
alcohol mixture) and 15 g of a 5% aqueous solution of ethylene

45 glycol diglycidyl ether crosslinker. The constituents of the
mixture were each stirred, initially at 200 rpm for 5 minutes and



Cel | ul ose fi ber

content of crosslinkabl e

m xt ure

10% 125% 150%

1200RF P3@3& ti es of hydrogel foanms at 5% 20 water content Stiffness
kPa 220 :L 28 1100 t 180 1800 t 270 6200 t 500 Tensile 86 -t

240 t 15 330

2.2 %hén at

20 5.

st at 5’t§ﬁa’§t‘1’?ﬁ r?éisss?eEP*éh%%lgth
1.5 34.5 0.22 50 2.5 82 8.6

1 re

't 14 400 t 110
2100 160 1600 140 1100 260 325 Nomi nal

snﬁhnétt;{@' Qih:!l.?g e i3m?8)I

060 SG0N & #2561 POrAH
strength kPa -Toughness J/nz 353 42

5JT%bm, ?9:(0

strength kPa Toughness J/ n2 30§b§w%@%
strain 150 7.5 51.3 1 27
9:09.32 2.7
0anE TH swol | en
A™-Tensil e 25

221 The feam MhuEspreparediovasnahestp@ireddbnts. 4 BAf1dn SnppdB: 7 11. 8

at smpimheadyLel) a8 dminés. e MoHnNBhyst rial Rh8lmotdd wik &. fim Z2fepl
, 3hebREBK JorRaanRh éné%zﬁeéo&&sq

3

solutlo

(add

of a I’S?/)q}g]lrﬂlgguéil%

PPLERLD

ne_ navi

?tloﬁnsp %F%éﬁﬁ%ch g

FiRer PeFamRD crﬁﬂsséf-n]é?‘llnﬁ’@néhSX Hémvﬁct“}i?lftﬁbl’ dfied-

ﬂ>9e/°

.5 20

10l LT eous
%&gﬂlfsaﬁ'& Ji% %%i

act ant

Cl16/ ErBples cwhdhenigenridjusapdepsred ofere 5¥iugted i sovatéon of
ettloy |c6f1€e14’5 @ peQl THepkyfedy,| cathest aihes akiakelndidaeegonstrdnientss of

the yaLX! 450l BneaCihs idaedanpldd | &ld ¥nat &R0 £ Eeffécéﬂﬂw es
and BF 53735 Alleae000.n gl thED. 2L o 73%8”15@%%%@ eIt es,
cros§F’Fﬂ§a‘fﬁ% ef"@iﬁ?“l"ﬁe? ﬁeFHﬁEs ;ﬂr\?pal'f“&’,ic%% tlﬁbﬁaﬁéﬁr@d onto a
Teflon support 5 rimed with alum num The foamlayer in the nolds
was Ganbedeep. The nold containing the foaned crosslinkable mxture
was FUPEEN tF8atddC [T BagrEb! g Cat ch@"w TLFS L S
the | polyvifyl am ne H@ﬁ@ﬁﬁﬁa‘%&%h' nked an ?gygf ? CPMRLCI0 e |
dried. Sanples of qghthus repared ustEd to a wate
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20 Methanesulfonic 75 3.6 32 17 Flexible
acid
Lactic acid 75 5.6 31 13 Flexible
Citric acid 75 3.3 3 1 Rigid
Hydroxysuccinic 75 3.2 4 2 Rigid
25 acid
Sulfamic acid 75 4.4 7 4 Rigid
Ascorbic acid 75 4.2 4 3 Rigid
Glycolic acid 75 4.8 13 10 Partly
flexible
Cyanocacetic 75 5.3 28 14 Partly
30 acid flexible
Preparation of an acidic particulate water-absorbing polymer
(SAP 1) |
35 270 g of acrylic acid were weighed into a glass beaker. 1.155 g
of methylenebisacrylamide {MBA) crosslinker were then added and
the monomers were stirred until completely dissolved. 810 g of
distilled water were weighed into a separate vessel and added to
the monomer mixture. The solution was stirred to complete the
mixture. The aqueous solution was then kept in a refrigerator for
about one hour to cool down.
Distilled water was used to prepare a 10% sodium persulfate
45 solution and it was added to a cooled polymerization vessel.

0.157 g of 2-hydroxy-2-methyl-l-phenylpropan-l-one (Darocur 1173,

Ciba, photoinitiator) and 2.736 g of the 10%

sodium persulfate

solution were added as an initiator system. A final mixing step



a pHin the acidic range. Thereafter, the flexibility of the foans
was Bl BR. The results are indicated in Table 6. 15 Table 6 Foam
treated Degree of pH FSC CRC Flexibility wth neutralization %8 %
[g/g] at 20%RH [% 0 10.0 25 13 Flexible 20 HCL 75 4.3 4§ 9#0b 006
Rigid Methanesulfonic 75 3.6 33417 Flexible acid Lactic acid 75
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t he nononer m xture. The solution was stirred to conplete the 40
nmi xt JF@MPFRe® aqueous sol ution was then kept in a refrigerator for
abbut one hour to cool down. Distilled water was used to prepare a
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1 minute.

45 g of SAP 1 (particle size 150-450 pm) were then added and the
mixture was homogenized by further shearing for about 1 minute.

25 The foam mixtures thus prepared were then each poured onto a
Teflon support rimmed with aluminum. The foam layer in the molds
was 6 mm deep. The molds containing the foamed crosslinkable
mixtures were stored at 70°C in a drying cabinet overnight. During
this period, the polyvinylamine became crosslinked and the foam

30 completely dried. The hydrogel foams obtained in each case were
subsequently adjusted to a water content of 5%. They had the
properties indicated in Table 7.

Table 7
35 [Pentane Foam FscC CRC |FSC g/g|[CRC g/g| AAP FSR
content density | g/g g/g 4 h 4 h g/g |g/g/sec
of ag. g/cm® |30 min (30 min 0.3psi
mix
0% 0.66 10.4 6.5 23.5 18.% 7.2 >0.06
10% 0.20 49.3 20.7 57.4 25.1 30.4 0.95
40 15% 0.21 | 49.2 [19.1 56.4 | 23.9 |30.5 | 0.74
20% 0.19 50.1 19.2 56.3 24.7 27.7 0.66

The test results show that the multicomponent foam system gave
'~ the best performance when prepared from a starting mixture having
45 a blowing agent content of 10% pentane, based on the total amount
of the aqueous starting solution.



Exanple 5 10 To 300 g of a 10%ultrafiltered aqueous sol ution of
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aqueous solution of a commercially avail able surfactant (addition
product of 80 nol of ethylene oxide with I nol of a Cl6/Cl B- 356 200§
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25 Table 8
SAP 1 Foam FSC CRC FsC CRC AAP FSR
particle density | g/g g/g g/g g/g g/g |g/g/sec|
size g/cm?® |30 min{30 min| 4 h 4 h |0.3psi
150-850 pm 0.2 32.1 15.1 49.7 24.2 9.3 0.1

30 150-450 um 0.2 53.4 23.1 64.0 27.8 9.5 0.65

In general, the particle size section from 150 to 450 um
possesses a distinctly superior absorption profile, due perhaps
partly to better integration of small particles within the foam
35 System and partly to reduced impairment of fluid transportation
within the channel system by large swelling SAP 1 particles.

Example 7

ag To 300 g of a 10% ultrafiltered aqueous solution of
polyvinylamine (PVAm) having a K value of 90 were added 15 g of a
15% agqueous solution of a commercially available surfactant
(addition product of 80 mol of ethylene oxide with 1 mol of a
C16/C18 alcohol mixture) and 15 g of a 5% aqueous solution of

a5 ethylene glycol diglycidyl ether crosslinker and 3 g of pentane.
The crosslinkable mixture was foamed in the shearing zone of an
Ultraturrax stirrer for 1 minute. Samples of the crosslinkable
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40

The best performance of the foams prepared was obtained in the
case of a combination of the multicomponent system in a
PVAm:SAP 1 ratio of 40:60.

Example 8

To 300 g of a 10% ultrafiltered agqueous sclution of
polyvinylamine (PVAm) having a K value of 90 were added 15 g of a
15% aqueous solution of a commercially available surfactant
(addition product of 80 mol of ethylene oxide with 1 mol of a
C16/C18 alcohol mixture) and 15 g of a 5% aqueous solution of
ethylene glycol diglycidyl ether crosslinker and 3 g of pentane.
The crosslinkable mixture was foamed in the shearing zone of an
Ultraturrax stirrer for 1 minute. The crosslinkable aqueous
mixture was then admixed with 45 g of SAP 1 having an average

45 particle size distribution of 150 — 450 um and the mixture was

to 450
r haps
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The crosslinkable foam m xtures thus prepared were then each poured
onto BF T@32%%h support rimred with al umi num The foamlayer in the
nol ds was 6 nmm deep. The nolds containing the foamed 10 - 3 AUG 2006
crosslinkabl e m xtures were stored at 700C in a dryi ng cabi net
overnight. During this period, t3ye polyvinylam ne becane
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Crosslinking and drying temperatures influence the performance to
different degrees. Whereas the absorption performance in the
teabag test is highest after 30 minutes at 60°C, earlier
saturation in the 4 hour value is achieved compared with higher
temperatures. However, retention values and incipient swelling
rate are optimal at this temperature.

25

10 Example 9

To 300 g of a 10% ultrafiltered aqueous solution of
polyvinylamine (PVAm) having a K value of 90 were added 15 g of a
15% aqueous solution of a commercially available surfactant
{(addition product of 80 mol of ethylene oxide with 1 mol of a
C16/C18 alcohol mixture) and 15 g of a 5% aqueous solution of
ethylene glycol diglycidyl ether crosslinker and 3 g of pentane.
The crosslinkable mixture was foamed in the shearing zone of an
Ultraturrax stirrer for 1 minute. The crosslinkable aqueous
mixture was then admixed with 45 g of SAP 1 having an average
particle size distribution of 150 — 450 pm and the mixture was
then homogenized by treatment with an Ultraturrax for 1 minute in
each case.

35
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Further crosslinkable foam mixtures of the abovementioned
composition were prepared and they were then each poured onto a
Teflon support rimmed with aluminum. The foam layer in the molds

45



Tefl on support rimmed with alum num The foamlayer in the nolds

was @Fm»3@38p. The nol ds containing the foanmed crosslinkabl e

m xtures were stored overnight in a drying cabinet at the OSAUG 2006
tenperatures indicated in Table 10. During this period, the 1

pol yvi nyl ami ne becane crosslinkggd and the foam conpletely dried.
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Drying overnight at 70 °C, followed by 1 hour drying at various

temperatures
30 Drying Foam FSC CRC FSC CRC AAP FSR
temperature |density| g/g g/g g/g g/g g/g |{g/g/sec
1h g/fcm3 (30 min {30 min| 4 h 4 h |0.3psi
0°C 0.21 46.0 16.7 53.6 21.0 26.5 0.43
100°C 0.21 43.2 16.6 53.2 21.5 | 25.4 0.46
125°C 0.21 39.4 14.6 49.7 19.6 26.2 0.26
35 140°C 0.21 |31.5 [12.6 40.1 16.4 [ 23.7 0.08

40

45



t he pol yvi am ne becane crosslinked and the foam conpletely 5
drlecPF‘ﬁi"e?r%%fter the foans were stored for 1 hour at the

t enper at ures i ndi cated in Tables 11 to 13 in order to cure the:v\ AUG 7006
interfacial areas between the basic polyner and the acidic r.
The hydrogel foans obtained in gach case were subsequently adj usted
to a g Lﬁr jgontent of 5% They had the 10 properties indicated in
Tabl es to 13. Table 11 Drying overnight at 60C, followed by 1
hour drying at various 15 tenperatures Drying Foam FSC CRC FSC CRC
AAP PSRingcpyRrnidite 28efSiCy §PYLeag rvgloheuy/dryghg/ abcvaniausy/ cnB
30 mitemBeratwres h 4 h 0.3psi 20 0C 0.21 47.1 21.4 50.2 29.5 28.9

0. 8 1OOCO 21 46.4 19.2 46.6 25.7 27.2 0.50 125C 0.21 37.1 16.2
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drying at various terrperatures 5 Dry| ng Foam FSC CRC FSC CRC AAP
FSR Exempéeait@re density g/g 9/g 9/g g/g g/g g/g/sec 1 h g/CVM3 30
mn 30 mn 4 h 4 h 0.3psi 00CO0.21 41.7 15.2 52.0 19 6 25.0 0.32 10
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aqueous solution of a commercially available surfactant (sodium
C14-Cl17 sec-alkylsulfonate, Hostapur® SAS93, from Clariant), 15 g
of a 5% aqueous solution of ethylene glycol diglycidyl ether

20 crosslinker and 3 g of pentane. Mixtures containing the amounts
of surfactant which are reported in Table 14 were prepared in
addition.

The crosslinkable mixture was foamed in the shearing zone of an

25 yltraturrax stirrer for 1 minute and then poured onto a Teflon
support rimmed with aluminum. The mold containing the foamed
crosslinkable mixture was stored in a drying cabinet at 70°C
overnight. During this period, the polyvinylamine became
crosslinked and the foam completely dried. The hydrogel foam

30 obtained was subsequently adjusted to a water content of 5%. The
foams had the properties reported in Table 14. The foam produced
according to Example 2 was stiff, whereas the foams obtained
according to Examples 10-1 to 10-3 were very soft.

35 rmable 14
% Density AAP 4 FsC CRC FSR
Example | surfactant | g/cm? 0.3psi (30 min) g/g tg/g/sec
: g/g g/g
40 10 .5 0.19 5.2 29.9 10.8 2.88
10 - 1 .5 0.12 9 35.1 11.5| 7.55
10 — 2 5 0.13 8.4 32.7 11.2 ] 6.64
10 — 3 10 0.13 9.3 30.1 11.3 ]| 3.29
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15 To 300 g of a 10%ultrafiltered aqueous sol ution of

pol yviFy332dhe having a K value of 90 were added 15 g of 5% aqueous
solution of a commercially avail able surfactant (sodium Cl4-Cl7
sec-al kyl sul fonate, HostapurS SAS93, from dariant), 15 g of JaAUSoA06
aqueous sol ution of ethylene gl ygol diglycidyl ether 20 crosslinker
and 3.9 of pgptane. Mxtures containing the amounts of surfactant
whi ch ar reported in Table 14 were prepared in addition. The
crosslinkable m xture was foanmed in the shearing zone of an 25
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Teflon “15 support rimred wth af unt num conta| ning the
foamed crosslinkable m xture was stored in a drying cabinet at 70' C

Table 15
25
% Density AAP @ FSC CRC FSR
Example | surfactant | g/cm3 0.3psi (30 min) | g/g |g/g/sec
g/g g/g
11 -1 2.5 0.105 6.7 41.5 12.4 2.4
30 11 — 2 5 0.106 8.1 40.5 11.7 3.5
11 — 3 10 0.096 7 38.1 11.7 3.9
Example 12

To 300 g of a 10% ultrafiltered agueous solution of
polyvinylamine having a K value of 90 were added 7.5 g of a 30%
aqueous solution of commercially available surfactant (alkali
metal salt of monosulfates of addition products of ethylene oxide
and propylene oxide with a fatty alcohol, Disponil® FES 32 IS ex
Cognis), 15 g of a 5% aqueous sclution of ethylene glycol
diglycidyl ether crosslinker and 3 g of pentane. Mixtures
containing the amounts of surfactant which are reported in

Table 16 were prepared in addition.

35

40

The crosslinkable mixture was foamed in the shearing zone of an
Ultraturrax stirrer for 1 minute and then poured onto a Teflon
support rimmed with aluminum. The mold containing the foamed
crosslinkable mixture was stored in a drying cabinet at 70°C
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overnight. During this period, the polyvinylamne becane

crossHE B&Band the foam conpletely dried. The hydrogel foam

obt ai ned was subsequently adjusted to a water content of 5% - A 2R 106
f oam produced according to Exanple 2 was stiff, whereas the foans
produced as per Exanples 11-1 t@ill-3 felt very soft. Further
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Is[]aor TaRh1gvify1ahailee %61:_1@ orDeRT kYo AR @/eES.Ca%& FSRg Egaarpéﬁ c
. I - .

0. 09 %g%%gé% Sp°h8! 2 (it BLagi g s %334%&1%%% (odig°
10 OFB JCl §ecpa y}igéfgﬁ%ﬁf, Hostapur® SAS23, from Clariant) in

the amounts reported in Table 17, 15 g of a 5% aqueous solution

of ethylene glycol diglycidyl ether crosslinker and 3 g of

pentane. Mixtures containing the amounts of surfactant which are
25 reported in Table 17 were prepared in addition.

The crosslinkable mixture were then each foamed for 1 minute in
the shearing zone of an Ultraturrax stirrer. Samples of the
crosslinkable aqueous mixture were then admixed with 45 g of

SAP 1. The mixture was then stirred for 1 minute. A homogeneous
mixture was obtained. The thus produced crosslinkable mixtures in
foam form were then each poured onto a Teflon support rimmed with
aluminum. The mold containing the foamed crosslinkable mixture
was stored in a drying cabinet at 70°C overnight. During this
period, the hydrogel foam obtained was completely dried and
subsequently moistened with water to adjust it to a water content
of 5%. The foams had the properties reported in Table 17. A foam
produced according to Example 6 was stiff, whereas the foams

10 produced according to Examples 13-1 and 13-2 felt very soft.
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15 - e 13 To 300 g of a 10% ultrafiltered aqueous sol ution of
20 polﬂfv%%m’ ne having a K value of 90 were added 15 g of a 5%
aqueous solution of a comercially available surfactant (sodium
Cl4-Cl 7 sec-al kyl sul fonate, Hostapurg SAS93, from d ariant) i. r5 AL B106
anounts reported in Table 17, 154g of a 5% aqueous sol ution

et hyl ee;gl yfol diglycidyl ether crosslinker and 3 g of 25 pent ane.
M xtures containing the amounts of surfactant which are reported in
Tabl e were prepared in addition. The crosslinkable mxture were
then gach fodmed fbr 1 niDe@e&tyn BRB &heali n%F§6ne off @€ | FSR
U trat %’F?’%B@-estfr”rl?fércﬁas‘anpl‘kﬁma t h8-3ps&r 0gsI(PRkBbNE JoUEDUS/FY RETIf
wer & fhen adnixed with 45 g of |[SAP 99 The|ni xt34% wag thern stirred
for 1 |dBnuté.] A hdmbgendou-2%ri xt ur 8-Mas obt ai A8d6 The 1Brds pAeduced
crosslildkab?g mi xthres iin 0fHam|for A2wkre tthen4@azh podi7ed oM .J%
Tefl on support rinmed with alum num The nold containing the foaned
crossiexakpbé e14ri xture 35 was . stored in a drying cabinet at 700C
overnight. During this peri od, the hydrogel foam obtai ned was

comsl afelyo 50 29dy SUISRAURNLLY IRIALeNEdiN L, gt or o adj ust it

to a water rop ef%|es reported in

Tabl e Pﬁyvﬂlﬁf]&‘&}h" pPB‘ﬂ’u‘E:%(f 5‘0(‘,’6}8?@’5 t3y Eﬁéﬁp?@d@ vias §tPfia Iffer eas

t he fcansod® gnladdeadohcemmeiredal by Beafllabdelguufani@nt3({2lkal: very

sof t . med45l FaE3235m8nddil 20646 o&2ad'daiﬁ:e>nli‘>r&éﬂﬁleuf§ldfy eAAP1 d 3G ideC

FSR Fahé"fg ?a Pldnkaekddd WH+H B QaBpfialcdho, Ndi &ﬂ/@/@%@gﬁzg/& g/ g
s)r

1338 o hid 8 Unsbplaoeiibic o8 0ogh A 11403172 075
Exampl Rareidt oSl T 8ren duiEous SoPiti on of

aqueous solution of commercially available surfactant (alkali netal
sal t @henorwessiilifndiabie ofiixddiet wene ptlvehuctashofoandr) | fene loriinete aird

pr opy ltaaes pxdfitigvzbie aof aid Wiakaehotax Htipesrl (The FoSH83 somgde 15
Cod® §he {fRed a‘&nﬁeé"/ﬂzﬁw%u% 6@' slz&ﬂ» 01” Qf18Lby! £ 9y alte and

di gl y%lhd\},(\;? et he tgs% #nﬁon and Poﬁtq rl"u E%nt a&tlat%Th%Hcr os,ﬁl I nkq_lal e

m xture eac S earlng zone of

an Ul FPBF%%‘P%}S é‘Pier ?8?@9%%0156&&%’63%@ é‘t“EB W $H0ER9afiked with
45 g GfrySpp dabigeitr pbd79°6r otemiighte &uging this period, the hydrogel
foam obtained was completely dried and subsequently moistened

with water to adjust it to a water content of 5%. A foam produced
according to Example 6 was stiff, whereas the foams produced as

per Example 14-1 felt very soft. The foam had the properties
reported in Table 18.

25

30

Table 18
% Density AAP FSC CRC FSR
Example | surfactant | g/cm3 @ 0.3psi (30 min) g/qg |g/g/sec
g/g g/g
35 14 — 1 2.5 0.16 9.6 44.1 19.5 1.3
Example 15

To 300 g of a 10% ultrafiltered agueous sclution of

40 polyvinylamine having a K value of 90 were added 7.5 g of a 30%
aqueous solution of commercially available surfactant (alkali
metal salt of monosulfates of addition products of ethylene oxide
and propylene oxide with a fatty alcohol, Disponil® FES 32 IS ex
Cognis), 15 g of a 5% agueous solution of ethylene glycol

45 diglycidyl ether crosslinker and 3 g of pentane. A mixture



t hen E‘oured onto a Teflon support rimed with alum num The nold
cont 8FnPA&3Phe foaned crosslinkable nixture was stored in a drying
cabi net at 70C overnight. During this period, the hydrogel hhogw
obt ai ned was conpletely dried and subsequently npi stened 25 2006
water to adjust it to a water cgptent of 5% A foam produced
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35 40 45 Pr 53235 3 AUG 2006 44 W claim 1. Foans conposed of
vat er—a ng basic polyners, obtainable 5 by (1) foamng a
crosslinkabl e aqueous m xture including (a) at |east one basi

pol ymer whose basi c groups have_ 10 optionally been neutraliigdwﬁ@wﬁ
at | east one crosslinker, (c) 4% 1east one surfactant, (d)
optionally at |east one solubilizer, is (e) optionally thickeners,
foanm&tg?&i&;grs, fillers, fibers and/or cell nucleators, and (f)
optionally particul ate water-absorbing acidic polyners, 20 by

di ssolving a gas which is inert toward free radicals in the

cr osditi nKRBPE SRIRABES REXYHII ANSerPAny rhasder @OLYBRF D tabtaingbbar

and® subs&yuent|y deconpressing the crosslinkable aqueous mxture to
at nospheric or by dispersing fine bubbles 25 of a gas which is inert

toward fres FadheddS cﬁ"’&gsl]s.ﬁ]l:aﬁfé) eBS NP fhEof QaRBGu{dgture to

forma hydrogel foam and if applicable adjusting the water content
of the polyner foamto 1-60% by weight. 30 2. Foans as clainmed in

claim1l, where)ortt headasine pakjoepcslweedwhase hpaliymegrougotiaieni ng

Vilyl ami ne uni t s opPObYATENS beeAt AbwE A i z4@NY! guani dine units,

pol ymers contai ni ng. di al kyl am noa| kyl (nmet h) acryl am de units,

pol yet hyl eneilR? n8§, 1835 %1937 eneasherkfitai t ed pol yani doani nes and

pol ydi al | yl digaet by! asa@nidh® ebtesdeasn., 3. Foans as clainmed in claim
1 or 2, wherefor the basic polyners used are, polynmers containing

vi nyl am ne urﬂfi?sPPﬁboﬁina%yﬂéﬁ%Bi%%égqﬁﬁﬂl Yret hyl enei mi nes. 4.

Fdérs as cl aiigpdopbich#iIy thivhenefor fidam beshilpehynersiused are

pol yvi nyl ami nes gpgéps éﬂaﬁbg églifﬁﬁ@ﬂE%QBQEYZ

pol y- N-vi nyl f or mam des. 45 oans as claimed in any of claims 1 to

4, whose sur flAteCRhionddah Passier bty waked-apromrdgpgsacidiauG 2006
45 polymers,
20 . . . . .

by dissolving a gas which is inert toward free radicals in

the crosslinkable aqueous mixture under a pressure from 2 to

400 bar and subsequently decompressing the crosslinkable

agueous mixture to atmospheric or by dispersing fine bubbles

25 of a gas which is inert toward free radicals, and

(I1) crosslinking the foamed mixture to form a hydrogel foam
and if applicable adjusting the water content of the
polymer foam to 1-60% by weight.

30 ) ) ) .

2. Foams as claimed in claim 1, wherefor the basic polymers used
are polymers containing vinylamine units, polymers containing
vinylguanidine units, polymers containing
dialkylaminoalkyl(meth)acrylamide units, polyethyleneimines,

35 ethylenimine-grafted polyamidoamines and
polydiallyldimethylammonium chlorides.

3. Foams as claimed in claim 1 or 2, wherefor the basic polymers
used are polymers containing vinylamine units,

40 polyvinylguanidines and polyethyleneimines.

4, Foams as claimed in claim 1, wherefor the basic polymers used
are polyvinylamines and/oxr up to 10-100% hydrolyzed
poly-N-vinylformamides.

45 ] ) )

5. Foams as claimed in any of claims 1 tc 4, whose surface has
been postcrosslinked.



6. Foans as clained in any of clains 1 to 5, wherein the

wat er - Bﬁs%?%?ﬁg basic polyners additionally include finely divided
wat er - absor bi ng acidi c polynmers, the polymer m xture includi mg Qﬁ;mﬂﬁ
10 to 90% by wei ght of water-absorbing acidic 5 polyners. oa

as claimed in any of clains 1 to 45 wherein the water- absorbl ng

aci di cg POl yFEMsS adl 815{MASS!inkad aﬁwial@nsaﬁl ds 5h%eliglﬂ pReticle
di aneter f é%@rlngB 399 ﬁg%f% g?}ﬁ&é%ﬁ é%dlggogé %! gud an &F
e‘%’szt e

conposed o vat er - &‘f

f oam ng a Tross HE ?ﬁe fq%@’&ﬂ? af %ﬁé"ﬁlﬁﬁ‘?ﬁﬁf n

basi ¢ pol y+1‘§’r qﬂ%@@efﬁ%lj@ dPodpg Ppaveeiabst Pén‘&ﬂ%ﬁf"‘@@éﬁrhém ragiidied,
(b) &t | eatlymearserosslinker, 20 (c) at |east one surfactant, (d)
optionally at |east one sol ubi lizer, (e) optionally thi ckeners f oam

stabilyzergoarfd lk€ESaimdd B8 2nngt %la(\i?tls nHS' @at‘«ﬁ[e§elﬂng &> (f)

optional l'y partieul ale water-a aC| |c

di ssol vin paferoaby ngﬁn"fs aFt P?%Wé %#éﬁ%‘al ﬁbrﬁ:]ec acids
crossl i nkglﬂ"em&q&e%%t%ﬁ%& L‘Fl’-émaﬁ%rﬂé’“brl@s*éar%oqorcb% -2 to 30 400 bar
andl@ubsequent |y deconpressing the crosslinkabl e aqueous m xture to
at nospher i & procepsdispesidugihynfodad Roaposed ¢f Gatewbabiotisingnert
toward fregadiadipedlfer#&ndnich! }gﬁ@%ésnkl ng the foaned m xture to
forma hydrogel foam 35 and i f applicabl e adj usting the water
content of the ymer foam 60% ight. 9., A _process as
clai med int®) af ngmﬁe?’é???lflr'%ﬁééeoﬁq‘{ “?Omlﬁ*éﬁ‘% MrREias: of an
aci #c wat er - absor bi ng pol yner having a 40 degree of neutrali zatl on
from0 to 75 npl & Qe‘d§@doﬂ§rba@¥t om&ngﬁ'vﬂ{&eogagltpa:ﬁ'ocb Qorx

10. A process as Aatlgg 1?_ ge e%tgr erein the “crosslin able
aqueous m xture i ndludes rfomao: 1'% %b%/*'%y 45 wei ght of a

hydr ocar bon. PPp)53#33eas8 M(ﬁfmﬁlmﬁeﬁl The use of the foans of
claims 1 to 7 <c§ htgilgg(gta(gJ écslu ac%an@bsorb body fluids, in :
dred®ing materid to cover wounds, a seal ing mat erlal as a
packagi ng mat e(rd)aloptaL@nalipidttiquatscuvene ssluwbiddebr subst i tute to

dewat er sl Udgeﬁgt) :goﬁ%igi?y P ARGRYS, AR G ¥R 8Ferd O £iflhEKED

wat er bor ne pai
P bers and/or cell nucleators, and

(£) optionally particulate water-absorbing acidic
polymers,

25

by dissolving a gas which is inert toward free radicals in
the crosslinkable aqueous mixture under a pressure from 2 to
400 bar and subsequently decompressing the crosslinkable
agueous mixture to atmospheric or by dispersing fine bubbles
of a gas which is inert toward free radicals, and

30

(II) crosslinking the foamed mixture to form a hydrogel foam
and if applicable adjusting the water content of the
polymer foam to 1-60% by weight.

35

9. A process as claimed in claim 8, wherein from 0.05 to 20
parts by weight of an acidic water-absorbing polymer having a
degree of neutralization from 0 to 75 mol% are used per part
by weight of a basic polymer.

40

10. A process as claimed in claim 8 or 9, wherein the
crosslinkable aqueous mixture includes from 0.1 to 30% by

45 weight of a hydrocarbon.



coatings in the course of disposing of residual quantities thereof,
to d8RaP323Bater-containing oils or hydrocarbons or as a materi al
for filters in ventilation systens. 10 15 20 25 30 35 __48) AUﬁ%ﬂB

46
11. The use of the foams of claims 1 to 7 in hygiene articles to

absorb body fluids, in dressing material to cover wounds, as
a sealing material, as a packaging material, as a soil
improver, as a soil substitute, to dewater sludges, to absorb

5 aqueous acidic wastes, to thicken waterborne paints or
coatings in the course of disposing of residual guantities
thereof, to dewater water-containing oils or hydrocarbons or
as a material for filters in ventilation systems.
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