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PF 53235 Fagnssyaswosed of wat er-absorbi ng basic polynmers and preparation
and use thereof 5 Description This invention relates to foans conposed of
wat er - absor bi ng basic polynmers, processes for their preparation and their
use in hygiene articles. 10 Water-absorbing, predom nantly open-celled
f'oams based on crosslinked acid-functional nmonomers are known, cf. EP-B-O
858 478, WO A-99/44648 and WO A- 00/ 52087. They are prepared for exanple
by foam ng Epaps| gampiseblod @gqtientabsurblingebanit giolyngratankd pregatratiomol %
neut ral i zecarar indef thetégmal nonoet hyl enically unsaturated nononers,
crosslinkers and at | east one surfactant and subsequently polynerizing the
f oamed m xt scnggle_mfloam ng of the polynerizable m xture can be effected
for exanpl e by I'spersing fine bubbles of a gas which is inert toward free
20 radicals or by dissolving such a gas under el evated pressure in the

pol yneri zathdsniipverkiamdedateapresivang composed wfevaliée-absmirbingdrdsint  of
t he foans ilytenst eprdaeske60tobytmbirgbreporat idnaapiethdire Jseads can

optional 'y figjieHbj et R dsQ surface postcrosslinking by spraying a
crossli nﬁr onto the foanmed 25 material or inmersing the foamtherein and

heatin cros | inker-1aden foamto a relatively high tenperature. The
f oans gre g %’g}é‘rﬁﬂ Q PRI A YaPPPRTGRI ke ée rRasedypPBt rj bute and
store body qll%iségnk% %ﬂA-fQWBRW Fosenes® ALMm kab?mr befi. @PeBeft83®r use

i n hygi ene 498, ¥Wanh+3TA44688i ahd WOMPe08/6208D] Whalyi hye Oprepaam@nifsr of a
super absor kefamph e aby af Sandnga A ge6! Yk rd zSBPO Odduddh sAmk t s PAInREAniAG AUCh

di st ancegs tlté%ts,tt Bg ﬁéﬁ%‘iﬁrhflé&? a% L kﬁﬂc&t.? A I‘ngpggtﬂlengggk%% suppor t
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f oam el emer™d éHHS%%“Gf’}WdPBﬁYTW@G‘ﬁpﬁF“F foamad, @igeure e by f@2BERY <t by
cheni cal orthehpolraer irable. migbrxe can bhee pergtesb Epr t gxagiplehby
super absor kspetshng fimesbubblés ofeadgak whigh deecdnsit ¥dwadd- Arbde 981, 689
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part cul at &3 Pgﬁt@%r%%% HS*E?*@ Sk 95 +gres§s§§ B bhE e B m,

whi ch has d”ﬁttleEn‘é?ﬁ/erbte Mt &5p It|°nlie5 at?ﬁjw&ﬁgg

pol ymer, e&&RmpdeynEhe %F“ﬁgcéﬁpmﬂléméﬂlﬁb%%r%hﬂgcﬁaﬂeto e ara the

pol yel ect r dogttero$sslinkibgabpl sprafiguahcabsarinkey pnoduties fanmedi Xt ures of

PF 5323%2%/miterial or immersing the foam therein and heating the
crosslinker-laden foam to a relatively high temperature. The
foams are used for example in hygiene articles to acquire,
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 moncmer 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-2A-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



particles oppl §9hsy crosslinked polyvinylamne in the formof the free
base with particles of lightly crosslinked polyacrylic acid in the form of
the free acid. As US-A-5,981,689 also reveals, salts of crosslinked

poI yvi nyl am nes can be used as 5 waterabsorbing polymers. US-A-5, 962,578
I'i kewi se di scl oses wat er - absor bi ng mat gl’l als conposed of a m xture of
particles oPaEtGIGSsPEnkiINasicEopBliMkad peduvhayiakines inf the frrmoE

wat er - absor bhengf el paee. withyhparyi¢les rais dlighkdy cxkelgliioRed opygacyydfic
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parti cul ase po'ﬁ/ IB%Q/ qjg.y/g\\e 087, 448. 15 US-B-6, 222,091 di scl oses

wat er - absor bi ng gel particles wher ein each particle conprises m crodonai ns
of an aci di ¥Svixtor963k5d8 bl ikpwiseshsalnbes vatbnsiksaritieg- maborislsg resin.
The above- desmpodeeid ofvat®ixtalr2oblii pariwileis alfSa adodsledkéarbaidpbeyhér
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basi ¢ polyner acl 25 |t is_an object
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di stri buti oman 38 wseblage Bamind pohpretsiin obijxecte iwitachicdédbd by

pr edom nant 4yteadaoeblihe bdradenlaoannstehedt , Vot crusalaser bangs4msi ¢
pol ymersyg obtainable by (1) foam ng a crosslinkabl e aqueous m xt ure
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di ssol vi pg ar@ias eshiehabsor ®odyt eYeRids free radicals in the crosslinkable
aqueous m xture under a pressure from2 to 400 bar and subsequently
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and lightly crosslinked acidic polymer.
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,
cbtainable 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
(f) 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



5 if appli ®®Is323B usting the water content of the polynmer foam to 1-60%
by weight. The present invention further provides a process for producing
f oans conposed of water-absorbing basic polynmers, which conprises 10 (1)
foam ng a crosslinkabl e agueous m xturg including (a) at |east one basic
pol ymer whose basi c groups have optignally been neutralized, 15 (b) at

| east one crosdFUEREF MiXture,to| aHRYSRIGT 15,PF ooy ajrﬁSPeFB}n‘l)pﬁJif@nﬁ’PW %

| east one sol ulsifl pzgas whichopsi dnett ytawairdk énes ssadigadsstaad | i zer s,
fillers, fibers and/or cell nucleators, and 20 (f) optionally partlcul ate
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m xture to at Spersmgflne bubbl es of a gas which is
inert toward free radicals, and (I'l)crosslinking the foamed m xture to form
a hydrogel 'Iﬂ:eaprasnehtiifnvappli.bnamm:lmutj psbvixdps hepmtecscﬂmﬁgmbdmémdm
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et hyl enei mi ne-grafted pol yam doam nes and pol ydi al | yl di net hyI anmoni um
chlorides. 40 Relymér deashtenenibagici pyl wreimehase tbasice gknopm, have

US- A-4, 421, 602, USoptied3ddly SeenERedtfaied387, US- A-5, 981, 689,

WO A- 00/1653295 qlg,cj We- hgsg%éggos;bmﬁe prepared by hydrolysis of

pol ymers cont aig ﬁgng OQSQ?Q enshl- ¥iovl far ‘boxam de units. These pol ymer s

are obtai nabl e r exa rrerl ZI n vi nyl f or mam de,
N-vi nyl - N met hy ¥ o PR ngifllf\l-a\ﬁ ﬁEe?’bem glm‘:‘ Tyl - N- et hyl acet ami de,
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the N-vinyl carboxam des include all conpounds copol ynerizable therew th.
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I ncl ude 28t er s agagbdesmiattthrel toi dasosypheric 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, pclymers containing vinylguanidine units,
polymers containing dialkylaminoalkyl(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



et hyl eni cal by s@2asurated C3-Co-carboxylic acids, such as for exanple

net hyl acrylate, methyl methacrylate, ethyl acryl ate and et hyl

nmet hacryl ate, acrylam de and net hacryl am de and al so 15 acrylonitrile and
met hacrylonitrile. Useful carboxylic egters are further derived from
dlycols or _polyal k cols, in erther case only one OH group being
esterified, 'f YK f“énﬂg’di;o é?h’i)?n%{?ﬁr)?l BeRtioRRA Sapebeypoliperized

met hacryl at %ltbﬂl‘dlaés?yﬁr%womhﬁa‘%th IBrhesxpowenarsacryl ate,  hydroxypr opy!
met hacryl ate, hydroxybutyl nethacrylate and also acrylic nonoesters of
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Usef ul cmgnmr@lftguaegnd ri\{éltﬁggr mﬁq;sngg et hyI enically wunsaturated
carboxylic acids such as acryl am nmet hacryl am de 40 and aI so
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di met hyl am pastdiyh Pﬁ%éﬂlﬁ@r?@ated' thAEEYL &E 48d also
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30 basic acrylates can be used 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 6
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,



the form ofpr IB343%e bases but also after neutralization with nineral
acids or organic acids or in quaternized form in which 15 case the

guat erni zation is preferably effected using dinmethyl sulfate, diethyl

sul fate, methyl chloride or benzyl chlg)ri de. It is further possible to use
di al I yl di al kyl ammoni um hal i des, for . eX | e diallyldinethyl anmoni um
chloride. ZHPrBYLRPLISRAAPY LBERY kAt d%ar ggﬁmaé“lf‘PBﬁPQSliq}'ﬂ%P% and
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in copolymerized form. The comonomers are preferably free of acid
30 groups.

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

35
- N-vinylformamide with
- vinyl formate, vinyl acetate, vinyl propionate,
acrylonitrile, N-vinylcaprolactam, 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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may contain up to 20 nol % of am dine units, for exanple due to a reaction
of formc acid with two adjacent am no groups or due to intranol ecul ar
reaction of an amno group with an adFacent am de group, for exanple of

copol ynerized N-vinyl formam de. The no masses of the polyners cont ai ni ng
25 vi nyl amiHE9SnPES” PERRY S Gr DEIERNZ NGr 3HFRDO the YADHLaming, ugdgs of

pref er abl y fheopolpgners A preseon ddne apneiunsalitghwheress ¢hieng) . Thi s
mol ar mass hyahgdysds resyobasekogiveamilse to free/amias fraipsh to 300 and
preferably from 10 to 250 (determ ned after H Fi kentscher I n 5% aqueous

sodi um ¢ t 5 o centration of 0.5%
by wei ght %Hﬁ%e@?{e&&??ﬁ)rﬁgggh%q&g N anJ in e “uni ts ar{é1h pr ef er abl y used in

oal t-free fbrHnYSapYBerades, and ot RSYBFTHGPnBE 1D it ZPRERGErom
vi nyl ani ne urkc 408r okt st a5| Brﬁﬁraés%a'nﬁnetlw drAngee £8oMm abib\ke- 368 creied
sal t - cont ailn mgspotgses, ddleutiegnse BEf hydroafsid roeft itha hismorg audi t abl e
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after H. Fikentscher in 5% aqueous sodium chloride solution at

30 25°C and at a polymer concentration 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 Dalton and preferably
at from 10 000 to 300 000 Dalton. Similarly, the hereinbelow
described agueous 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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and hese 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 moncmers mentioned. Water-absorbing basic polymers based on
poly(dimethylaminoalkylacrylamide}s are known from
Us-aA-5,962,578.

Useful basic polymers further include polyethyleneimines, which

40 are preparable for example by polymerization of ethyleneimine in
aqueous 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 also be subjected to
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30 The grafting reaction is carried out for example in the presence
of acids or Lewis acids such as sulfuric acid or boron
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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25 Preferred basic polymers include polymers containing vinylamine
units, polyvinylguanidines and polyethyleneimines. Examples
thereof are:

vinylamine homopolymers, 10-100% hydrolyzed polyvinylformamides,

30 partially or completely hydrolyzed copolymers of vinylformamide
and vinyl acetate, vinyl alcochol, 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 aqueous solution is for
example, from 1 to 60%, preferably from 2 to 15% and usually from
5 to 10% by weight.

{(b) Crosslinkers
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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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-dichlorcbutane and 1,6-dichlorchexane.

Furthermore, EP-A-0 025 515 discloses a,w-dichloropolyalkylene
45 glycols having preferably 1-100, especially 1-100 ethylene oxide,
units for use as crosslinkers.
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Illustrative of crosslinkers (5) are ethylene carbonate, propylene
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ethyleneimine gives bis[P-(l-aziridino)ethyl]oxalamide.

Dicarboxylic esters are reacted with ethyleneimine in a molar

ratio of 1: at least 4. The reactive groups of these crosslinkers

25 are the terminal aziridine groups. These crosslinkers may be
characterized for example with the aid of the formula:

N i "
30 D N/\/L\C— (CHz) — C— T/\/
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 monocethylenically
45 unsaturated carboxylic acids, esters, amides or anhydrides of
monoethylenically unsaturated carboxylic acids, which reaction
products contain at least two ethylenically unsaturated double



et hyl enedi appng3aBstri et hyl enetetramne with mal eic anhydride in a nolar
ratio of 1. at least 2. 35 Crosslinkers (6) are preferably conpounds of the
formula 00 HO\ X -9- CH2 YCH2 Z OH M- --<: Z p lg 40 00 45 where X,

Y, Z=0, NHand Y is additionally CHsz n=0-4PF 53235 13 p, g =0
-" 45 000, I ch are obtainable b reac%l ng pol yet herdi am nes,
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carboxylic acids such as dicarboxylic acids and also the salts, diesters
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mal ef i ¢ aci gobyalkydeorpelyaiihesThevhg axtlecslet vdighenikeapoat fut

di car boxyl i exafpXts ﬁl’eehm@ﬁ@{ﬁmﬂnegle_flimyﬁ_gggt@ql_lc@,{}_qu havi ng from1lto 4
carbon ah@na;pragyiWngtr i Ghidt! 'B0beofl FAldAA bhengSt er s are dinethyl
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di i sopropyl ~i t acofatdes of meneehylsgdspble unsatysased seanhenydic deisdshoxylic
acids and their esa@rs such as tartaric acid

20

- anhydrides of monoethylenically unsaturated carboxylic
acids,

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 a,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
HO _\ X [( CH‘>m ﬂp[( CH )n z]q QOH

where X, ¥, 2 = 0, NH

40

and Y is additionally CH;
45
m, n=20 -4



40 (D, L-forpr 83235 racemate) and also tartaric esters such as dinethyl
tartrate and diethyl tartrate. Exanples of suitable dicarboxylic anhydrides
are mal efic anhydride, itaconic anhydride and succini c anhydride. Useful
45 crosslinkers (7) further include fqgr, exanple dinethyl nmaleate, diethyl
mal eate and mal efic acid. The crosslinKing of am no-containing conpounds
with the aforenmentioned crd¥sid iik8rs Pr%%235 14 takes place with the
formati on of am de groups or, in the case of am des such as adi pam de, by
t ransam datwhoch Kakeobt®istairle, by nbsraiimgl polgedHerdiamahes At ed di car boxylic
aci ds and tdwiylenaabusinelex géﬂ!ybilkm&b@miralﬁfﬁb%suiﬂh' RELOR! Rnbyat9a&mt i on

of 5 carbgxan de groups and by addition of NH groups of the conponent to
be crosslinke (o] m doam nes, for., exanple) in t manner Qf a M chael
addi ti on. Q¢Ef£§%9|hé@?g%ﬂ{ﬁgsﬁc°§%§%ﬁ%ﬁ%§§scafb&ﬁaﬂﬂ g?&c?ﬂ% Qﬁ(i?F8§sli|ﬁker 10
class (7) itidhasde paruesdadrcarberylith@cidsr aueh Rox Pirarbexylsics gehds aand
citric aci ;aglgor dpeneelisardiesyers arel diamides | ddmiivedethereafiricth. These

et hyl enedi afonpufts ameetbec o@&bdct@sﬁﬂmtfet:raﬁaﬁﬂl@(}ski fe@fd bARMNe

di et hyl epgt#d,.ahaepent aacetic acid. Useful crosslinkers of group (7)
further include the salts, esters, am des and anhydri des 15 derived from
the af orenentioned carboxylic acids, e.qg., dinethyl tartrate, diethyl
tartrate, cﬁTﬁQFHﬁpzhﬁFﬁﬁﬁe and di et hyl adi pate. Useful crosslinkers of
group (7) further include polycarboxylic acids obtainable by polynerizing
nonoet hyl eniealel X anGBl} WORM, ed(RD) ,car boxyl i ¢ aci ds, anhydri des, esters or
am des. fxanples of suitable nonoethylenically unsaturated carboxylic
acids are lgp;yéégb gggfhylmethacrylic acid, fumaric acid, maleic acid and/or
i taconi c aci d. aﬁple of" useful crosslinkers are accordingly polyacrylic
acids, copolyners of acrylic acid and nmethacrylic 25 acid or copol yners of
acrylic aci® andr f-Erz-3d¥d. anf| ustrative comononers are vinyl ether,
vinyl formate, vinyl acetate and vinyllactam Further useful crosslinkers
(7) are poapar @d2for exanple by 30 free-radical polynerization of

anhydri des such as nal eic anhydride in an inert solvent such as tol uene,
xyl ene, ethyl zepe,.: i b ne .o ol,vent m xtur Besi des 1 he
nomopol yers AT RS rardSMBGRIL IATE ¢ End A Rnel L SorRBTa (£F 4
copol yner s Qﬁss&gR§I¥E URGd ERRdCRAIRY & ﬁﬁﬂ?ﬁ??¥ﬁ?Qﬁcaé%Ycﬁﬁﬁﬁ??ﬁé??dof nal ei ¢
anhydri de #Heaxbezylie amgisopeshms madepreactd qir dtareeic aadsis| Fhkers (7)
are copoRynstersf offatime condehpllatett drdrbesplicreids appgnaferabdfy nal ei
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succinate, diiscopropyl 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 also 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



of acrylam ge engsecrylic esters, for exanple hydroxyethyl 45 acrylate or
nmet hyl acrylate, the nolar ratio of acrylam de and acrylic ester varying
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Usef ul conononers PF 53235
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 sclvent 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 C;- to Cyp-olefin.

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

40 optioconally be modified by reaction with C:;- to Czp-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 10:30. Besides
these copolymers, terpolymers can be used, an example of the
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acrylam de, vinyl acetate and acrylic acid. It will be appreciated that

m xtures of two or nore crosslinkers 5 may al so be used. Preferred
crosslinkers are glycidyl ethers of alkylene glycols such as ethylene
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products of ethyl ene oxide and/ or 30 propyl ene oxide with al cohols

cont ai ni ng wefuvdahhldfers-aireen crasoinkdrise ofdgidupon spr eACTide TRt akahpge f rom
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The amount of ethyl ene oxi de added 45 per nole of castor oil is for exanple
i n the rasgesdfiuinhalogen-Sreenvrosflirkees odngesup qi9)yisvhidealfloe pxraahied S
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maleialdehyde, fumaraldehyde, tartaraldehyde, adipaldehyde,
2-hydroxyadipaldehyde, furan-2,5-dipropionaldehyde,

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 B-diketones such as acetylacetone or

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

cyclopentane-1, 3-dione and cyclohexane-l,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



oxide with grngg296 a CL3/ Cl5 oxo process al cohol or the reaction products
of from7 to 8 nol of ethylene oxide with 1 nol of a Cl13/Cl5 oxo process
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have a SurfaCt%%blgogéeggrboxyghc ac1é§. éhe sur ants use are

advantageously addition products of ethylene oxide and/or

30 propylene oxide with alcohols containing at least 10 carbon
atoms, the addition products centaining 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 alcohols 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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m xtures nmey,diRgbUd€id sulfuric esters of Ci3/Cis oxo process alcohols,
paraffinsulfonic acids such as C;s—alkylsulfonate,
alkyl-substituted benzenesulfonic acids and alkyl-substituted
30 naphthalenesulfonic acids such as dodecylbenzenesulfonic acid and
di-n-butylnaphthalenesulfonic acid and also fatty alcohol
phosphates such as Cy5/C;g fatty alcohol phosphate. The
polymerizable aqueous mixture can include combinations of a
nonionic surfactant and an anionic surfactant or combinations of
35 nonionic surfactants or combinations of anicnic surfactants. Even
cationic surfactants are suitable. Examples thereof are the
dimethyl sulfate guaternized reaction products of 6.5 mol of
ethylene oxide with 1 mol of oleylamine,
distearyldimethylammonium chloride, lauryltrimethylammonium
40 chloride, cetylpyridinium bromide and dimethyl sulfate
guaternized 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.
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the properties of the foans, the crosslinkabl e aqueous mi xture may have
added to it one or_ nore flllers for exanple chalk, talc, clay, titanium
di oxi de, nmH§eSPEAKBRPER, £ormint bk Lizerde, £pHetisi £abeBssiqaldas in

hydr ophi | i ¢ or nwgdeaptishi c forns, 35 dolomite and/or calciumsul fate. The
particl eeize of the fillers is for exanple in the range from 10 to 1000 m
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20 ueous sys el an 0 not reac the amino groups of he
ba51c polymers. The synthetic and natural polymers in gquestion
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.) “Rheclogical 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 copelymers of ethylene glycel 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 aqueous
mixture may have added to it one or more fillers, for example
chalk, talc, clay, titanium dioxide, magnesium ocxide, 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 um and preferably in
the range from 50 to 850 um. Fillers can be included in the
crosslinkable aqueous mixture in amounts up to 30% by weight.

40 The properties of the foams can opticnally alsc 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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aqueous potassium hydroxide solution, ammonia, amines or
30 alkanclamines such as ethanolamine, 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 um 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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to a permanét eXapplerfrpR 40 4P, 9¢prand preferably from 30 to 70
30 weight of a water- absorblng acidic polymer. The mixture of foamed

basic hydrogel and the optionally 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 agueous 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 socle
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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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/cm?® 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-inscluble 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 p0551ble 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 tc 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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of the 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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by weight. The surface postcrosslinking of the hydrogel foams is

effected by heating the hydrogel foams which have been treated

with at least one crosslinker to a temperature which is for

example in the range from 60 to 120°C and preferably in the range

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 pelyacrylates 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 aqueous acidic
wastes, to thicken waterborne paints or coatings in the course of
disposing of residual quantities thereof, to dewater

45 water-containing oils or hydrocarbons or as a material for
filters in ventilation systems.
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Methods of determination
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 alsc 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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mul t i conpongtit MHGEATRIMERY SOPRTYTHoMC A APt 140 LAVEES i T 218l 4t B T
wei ght on thpubfnt ghi¢kness. Ppapermerialdyt availableodiaper pishgassfully t he
end of thi scypenped, the kigmplefe wsed aiss acguwbsigd onf medittherdReived amdh and

filter papeinsieddsuhe efivBdiidopbhiéntveicalit sysEerf 1Moy dchr Dindie Rhexiedds
cylinder. Hit disgho! fz‘é £Headal ThL! 1%991 é %ngmaaﬁamagspiaé oam
systemis R/{%ﬂedb tog ﬁru t_L N tl | at e and e.wel.ght is
recorded as sorbency a al st %resg fa ’?"Aﬂé) ‘é?’c Iate %
fol lowing Bifiike 4Aanot dbameses Bs, theyZdpa=s {usmmpeihiwd ormk-viitie The K
val ue was ctbltaéqemlﬁeéIOMQ@WiHh Fi ®eiahdciser thas e Italteéelc@mamnethvol une 13,
52- 63 an2s 7diapér( 18323 .6 rng/ou? byThevgilgst iagqpiies isopLadea ot thel diaphCiand a
pol ymer conggiif mabh9nehs thed%ehVeMRifthe diaper is also the center of
the application ring. Three 10 ml lots of 0.9% NaCl solution are
applied. The 0.9%% NaCl scolution is measured ocut 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?. 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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Stiffness @® geassl e strength Toughness 35 Nominal strain at nmax | oad
Nomi nal strain at break were each determ ned in accordance with DIN EN | SO
527-1, the 40 sanpl e specinmen used satisfying the condition of D N 53448/ A,
the clanped length was 30 mm and t he .fest speed was 6 mimn. Unl ess
suggested otherwi se by the context, @ percentages in the exanples are by

wei ght . 45 ¢@mtrifyges B(&rﬁS’FleCiPW‘QOdCQCM a 10%ultrafiltered aqueous
solution of polyvinylam ne having a K value of 90 were added 15 g of a 15%
5 aqueous STHil meshod bs amedetoi aéterndviei LS| Eredisvact api1 {Bddft kre

product of ﬂ@bmﬁ&nﬁ@%%s?gtgﬁ i tahtéaﬁ@é qfo aeg_l'ﬁ(l CR@I cp!

m xture) @ O:IO'% ggo adﬂ@cﬁﬂﬁﬂigﬁ ‘?F%ntghl og ﬁ’é yc(%ﬁ dlﬂ %l%l 3y|

et her cross in ¥t GP e shetithg
zone of an gls‘u?"l“a&“ Hi3Br el %F is f@‘bﬁ?ﬂﬁ?’éﬂdfn&eﬁlll%ﬂ e dhBnteakAg

Tef | on suppef tPhaFﬁﬁeHn vt [excgeanefha9%Thy welght @ediinmi elylatislef gaiedion
crossl i nkabjat teastr . 83ds oft spéitumichl@Cida sollrtbiondlcabdheaiolgwmerni ght .

Dur i lngtthi spoddelge faheamedm\ateylamaetetagaangs CEHRTS bRk e He feezﬁ@aént g
Cco ete uste
TPl et efy £l §dmsfice @y%%g«ah g&@rema B8 49 e2Ehs g@ﬂgy idRiadl U

to a water he pr pertles .
Table 1 20%? Eﬁgnﬁ %g’aﬁ%?f’ e (AAP) 13. 89/ g Free vaeII Capacity
(FSC)24. 49/ g Centri fuge Retentlon Capacity (CRC)12.7g/g Free Swell Rate
(FSR) <0. 05tjteg teet. sobriEampsed wads BOG bhyove g0 WaalLt safitdilcar.ed aqueous
solution of polyvinylam ne having a K value of 90 were added 15 g of a 15%
aqueous $9|pfde0Byal1 arUMRER)al |y avail able surfactant (addition 30

product of 80 nol of ethylene oxide with 1 nol of a Cl16/ Cl8 al cohol

m xture) and 15 of a 5% gqueous sol ution_of ethylene col diglycidyl
et her ca ossiq #ﬁ&grmg‘ﬂe %& ?ESﬁ SR It FR&Er wRr? ‘-’pr(épbr y i ncl gdgd t%e
amount s of WHHLSABPPRRAT HoR FYstRm|is plaged T theobase rr-k%t@l Plaski®res were
each foanediish hheishemmongdzbottomfofapbbit ritam.r akesplastairc dashlisn nute
and them@aiboad Q0boch dekyf a0 BAYROISquak8EskNingh o2l apduwim, sThg koam | ayer
inthe mold; 5 cm. A funnel is then used to add 10 g (Wy) of a 0.9% NaCl

solution into the center of the plastic dish. As soon as the

liquid has contact with the multicomponent foam system, a watch

is started and not stopped until the multicomponent foam system

25 has completely taken up the entire liquid, ie until pooled liquid
is absent. This time is noted as tp. The free swell rate then
computes from

FSR = WU / {Wy X ta)-
30
Absorbency Against Pressure (AAP) (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 pum. 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 Wp. 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



was 6 nmm deep.53F¥snol d containing the foaned crosslinkable 40 m xture was
stored at 70C in a drying cabinet overnight. During this tinme, the

pol yvi nyl am ne becanme crosslinked and the foam conpletely dried. The

hydr ogel foam obtained in each case waz? subsequent|y adjusted to a water
content of 5%, They had the pro ert| indicated in Tables 2 and 3. 45 PF
53235 31 Tey'dndex- 18 dFagcofiifet Riatse e dabers digneper @ fedbiB CRC FSR
g/ cnBO. 3psiPeFagdtygiggeiposse 19%'@@@@@@ 8413 B4 14 82| <20 ® 3w 15%

pent ane0. 16diakik2ed7abd. 6 mil/dpehe byted) .ahdl7 s8481i Bilht90. 8% 19Yoweight sodium

\FAJgtng ?nggnlmoﬁae?&&@@l& Ieghﬁt&d&éoa%akﬁmel%@%e&a&@ B{é)ﬁﬁﬁhiéit@t 12%
Toughnessg??gnﬁlg% g‘?gﬁo"g?q%é Eklggadgeo 0%2#;% ﬁﬂfls &g{fgo‘%ﬁ@%g ?[% %ad %
Nomi nal st rEfHdhEL1E8r PaPess 1’§mb’r’b aé}‘eﬁ?’ép%? |Hm RAHIENSLte e

Stiffness ki®56588. §qprrzbandn§ren Sahleighar kpSmiill) 59 Jubpegueptibfness
J/ nB53t 4228ice@oohotheaierstigi plate /The Plexiglas cylinder containing

the multicomponent foam system is then placed with the plastic

10 plate and weight on top of the filter paper and left there for 60
minutes. At the end of this period, the complete unit is removed
from the Petri dish and filter paper and subsequently the weight
is removed from the Plexiglas cylinder. The Plexiglas cylinder
containing swollen multicomponent foam system is weighed back

15 together with the plastic plate and the weight is recorded as W.

Absorbency against pressure (AAP) is calculated by the following
equation:

20 AAP 0.3 psi [g/g] = [Wp-Wa] / [Wa-Wo}
K value
The K value was determined after H. Fikentscher,

25 Cellulose-Chemie, Volume 13, 52-63 and 71-74 (1932) in 5% by
weight aqueous solution at pH 7, 25°C and a polymer concentration
of 0.5% by weight.

Stiffness

30
Tensile strength
Toughness

35 Nominal strain at max locad
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



51t 5. 414 4 gpogB235%\om nal strain at 51 5.614t 4 break % Exanple 3 30 To 300
g of a 10%ultrafiltered aqueous solution of polyvinylamne having a K

val ue of 90 were added 15 g of a 15% aqueous solution of a commercially
avai l abl e surfactant (addition produ of 80 nol of ethylene oxide with 1
mol of a C16/ Cl 3? al cohol m xture) and 15 g of a 5% aqueous sol ution of
et hyl ene glycidyl ether crosslinker. In addition, mxtures were
pr epar ed that i ncluded the amounts of cellul ose fibers (Technocel fibers
1000, | engtTe @DOf gbef ;2 10B0uiirafiditeaeddaquediablseldtidhief aqueous

crossl i nkalyol yiri ¥ LiiREnedVpa@ iRGCA ¥ RANuBORAPIRNiIwee alidéd 40 ot bEr grisypeed of
200 rpm fory q%egheuée?fuﬁ%% bles & nh@rc&%?ﬁ?daﬁﬁ& 628 ém raré g} Y& Y

trod t d
wer o hen GXORUBETE SRR & sty ]ﬁ"8n°§h%“bd’f1t ﬁﬁéb”‘ R

um The
f oam | ayer q1ﬁ°Pﬁ Wdf*ﬂ%re)w%%l?nﬂ &fep. 5 h@#ﬂﬂ“&s 596%'5369fh|°ﬁgef¢h!§1¢%rred

crossl i nkalglacopi gigkysidydr ethenranbssiliaber i IThe drysabinobilecnigvearai ght .
During PF 5323%o3fed titi £hei BReatitry pohyvonyimulteabeerde sHiegski peed and
ts Bgsg oano lqramltst £hy tcifénegouif@@ Jd&eraeﬁgf‘i@d Huppol¥ OF Bl LA Obt a tnlegswas
I ndi cgt ed |a>ré‘u$ajgﬁs gﬁgv‘@éﬁtla:ﬁﬁwg 9’&‘6 %Zoe% ggggﬁlﬁ% S.?
FSR fi bers "§FcABBTSD sﬁt d g? B &F&T‘@?g‘??ﬁf@e[twvﬁ%)l%SDgﬁﬁn% 1B<Q. 05
25%9. 3510. 723eg5tha BOtyiny QmEFE'B tpcage oroFs Lipded. and tle2 £028. 6< 0. 06
2009%0. 434. 48mpleBely . diietls Théllkydrogel foam obtained was subsequently

15 adjusted to a water content of 5%. It had the properties

indicated in Table 1.

Table 1
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 aguecus solution of
polyvinylamine having a K value of 90 were added 15 g of a 15%
agqueous sclution of a commercially available surfactant (addition

30 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. 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.
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20 25 30 3ppCaizagsosefi bercontent of crosslinkable m xture 0% 125%450%200%
Properties of hydrogel foans at 5% water content Stiffness kPa220 t 281100
t 1801800t 2706200t 500 Tensile 86 t 2.7240 t15330t 14400t 110 strength kPa
Toughness J/ nB050 t 3502100 t 1601600 igllOOt 260 Nomi nal strain 150 t
7.551.3 t127 t2.29 t1.6 at max |l oad % Nominal strain 160 t 7.858.3 t0.8932
t2.720 t5. FaBtepteak % Properties of hydrogel foanms in swollen state
Stiffness kWa56 ofo pehsi@ne 1 B&iDit PP 85BAPOE Tgrmeabegd5 CRAE. 5B4. 5 RIR 225(
t2.582 t8.6 strength kPa Toggtmesso IpBs§/y (42824 t|1148§t [191pGi/s2¢ Ngmi nal
strain 51 § 5043g8estdre 118. 0.8371. at3.gax Tjoad.%0.[812.§3 m<aelosstrgin 51
t 5.636 tg [. 426%1 dededhd 3| aio.N6€aK Exanple @.80 [30G.g of a oU0s
ultrafil te[edsagpgeREEne ol ITi0QAg0T [ poryRT Nyt[akiaNg Navigig aj K vay Be of {90
were added|{I57g%k Pendane 0 | AQUGEUS| SO 1§50 gf 33 _HOT llqlx,_+$—cx'i Yy avdigabtg
sur f act ant (addrtrom—product—of O—Trot—of—ethytene—oxrde—wth—t—ot—of a
Cl6/ C18 al cohol m xture) and 15 g of a 5% aqueous sol ution of ethylene 45
gl ycol di gifpbiely? et her crosslinker. The constituents of the mixture were
each stigg @d, TnitralTy at 200 fpmfor 5 mnutes and PF 5B235

0% Pentane | 10% Pentane

Properties at 5%
water content

Stiffness kPa 220 z= 28 420 = 70

Tensile strength kPa 86 = 2.7 130 = 13
15 [Toughness J/m? 3050 = 350 4000 = 780

Nominal strain at max 150 = 7.5 140 = 19

load %

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 agueous sclution 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

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 ¢f cellulose fibers {(Technocel
fibers 1000, length of fibers 1000 pum) indicated in Table 4. The
aqueous 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



33 then atprHR23Bn again for 5 mnutes, while a 100 1/h nitrogen stream
was passed through, to forma crosslinkable foam The foamthus prepared
was then poured onto a Teflon support 5 rimred with alum num The foam

| ayer in the nolds was 6 mm deep. Th«? nol d contai ning the foaned
crosslinkabl e m xture was stored. at 3C I n a drying cabi net overnight.
During t hi hisndimehthe, RolyvhlY LaRine BEEaRR chassdinhge @nshEbenéos®am
conpl et el y ahmpdgtelpdipiads Ghet fitbdmrponthinipy dyydredehef@mmadbtsined twas
wat er 10 caubsetjueht Bfvadhustedftera watel obntdi aci 6%. i Ty akadthe Table 6
were sprayeqiopaireibdeiddiaRaanih efab1ee 4hatqthe foamsurface had a pHin

t he .aci di%: range. Thereafter, the flexibility of the foans was eval uated.
The results are indicated in Table 6. 15 Table 6 20 25 30 Foamtreated
Degree of 1ert Flexibility withneutralization pH a/gl[g/aglat 20% RH 1%
-010. 02513F| exfeltulEET54. [3R8RFHYi|d MARRAnes|l f d%Cc 753. €BZ17F| exf3R e pci d
Lactic aci ¢755. &3be8Fl exi bl egtrmt | q tSpe58/BP1HRIG igd HydrieX'gducEangéom?
753. 242Ri gi{d aci d[®ul f ami c| aci d754.|1474Ri gi d Ascorbic agi d754. 24BRigi d
d ycol i Cl%‘( i d754. 83¥310Par t|l y 0.134xi il e CgaBoaceti 84v65. B281APart | y<0.05
aci df | exi blle Prep2s%®ati on gf @n3aci di c pac?i culfat 23wat ef - alssér bi hg ppl yner
(SAP 1) 35[270 g ®#% acrylijc acKad wgre welLghed|r nks.& gl ass.Beakp 01685p g
of net hyl emebi Saqnpkam de [ VBARM2CT dSST i1okKer rezihen addgdeand] < Beoe
NONONEBr s W 12 3] |W@Tﬂ$‘§‘oﬁ$ed.g_mu of2 .8 < 0.06
15 Table 5
Cellulose fiber content of crosslinkable
mixture
0% [25% [50% [200%
Properties of hydrogel foams at 5%
20 |water content
Stiffness kPa 220 = 28 1100 + 180 (1800 = 270 (6200 = 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 2 1 27 = 2.2 9 x 1.6
25 at max lead %
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 56 = 9.1 140 = 16 310 = 22 850 = 94
Tensile 25 = 1.5 34.5 £ 0.22 {50 + 2.5 82 =+ 8.6
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 1o 300 g of a 10% ultrafiltered aqueous solution of

45

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 Cl16/C18
alcohol mixture) and 15 g of a 5% aqueous solution of ethylene
glycol diglycidyl ether crosslinker. The constituents of the
mixture were each stirred, initially at 200 rpm for 5 minutes and



distilled vr 3285 e weighed into a separate vessel and added to the
nmonomer m xture. The solution was stirred to conplete the 40 m xture. The
aqueous solution was then kept in a refrigerator for about one hour to
cool down. Distilled water was used t(} prepare a 10% sodi um persul fate

sol ution and It was_ added to a cool ed 8 ol ynmeri zation vessel. 45 0. 157 g of
2- hydr oxy- 218 A1 7PC pHRIh A9REBpEPE | GHauEeRr Ititile127300 Kpaitrogen

phot oi ni t i #AtdERMaWEs Z’aﬁﬁ?dgtbto‘{l% v foodi anepmsdahkabke fwimuti on were
added as an initiator system A final mxing step PF 53235 34 gave a

honpgeneousrray $ham ¥iis hreparbftasi@Re Pohidd idntad TétidH R§ Rgrt
tenper at i & hed0fi LA %ﬁu{np%@é £l DA 36! B1ad SAS 5O

s carried
mnu

out in the gours rra n ergy.
This gave éﬁﬁ ﬁ ReSPBiaerIst %??“Msc&ﬁfrﬂaia@&eaﬂﬂx‘&%lwe?e??ﬁq ed at
125C. The d d8°C pit PnErydpeg ﬁ%@%gvg?m-aﬁdrw%\ﬁé‘ést timel &t t he
fraction I|mpliyngnghamirer dgeapear¢radslinked add 3iemEdafinconipdatele dridd. To
300 g of asmﬁﬂubtéaftﬂetefbaﬁl fELe Preparkit vére AfdjuBebyVid ) ¥aikeg having a K

val ue of39Q aﬁtaaéeﬁ hgreafemlS fggﬁqagogge %%u.t,' Oy t%dcgm%tﬁealétﬁ .

avai |l abl e surfactant Lon et ene

nol of a CI6rE18P18Y eéé tﬁ?xf‘?ﬁ'"é aﬁ‘ﬁ& is % g?’ ak gl}ea FYTEBF Gt of
ethyl ene dt PEoRRJFRE yatﬁld?F EaReR- §PFF|T<Te'r then & lex okt ityk 851 Bher xt ure
was f oaned fioamshwas hexglivagedonthefregultst ave uimdicasedrirerTabde 6. m nute.
Further crosslinkable m xtures were prepared fromthe abovenentioned

conponeniss Iiymet be am)unts of pentane indicated in 20 Table 7 and foamed by
Shearl ng V\ﬂ Fa0¢ |nr~+r||wnn+ oF 1 m ALH-e A5 0 nf QAD 1

(particle i zFe‘aTSSrE% écK/h) eute‘?_ieh ila dedPEnd tﬁé x?%?g % 2 ” nl zed
by further [shearng for ahdut fah ]?‘1 D5 The| 1§ f‘h]rr 19{9Ls ARug"prihal ed
wer e then each—poured-ontée—a—Fetl-on—support—r %W oam
| ayer in the nnJH_rlg“ was—6 mmdnn%) The m ‘1940‘,\ nf ] g--t-he ble

"""""""""" 24 at 7hcdih d‘Q/i niy &hi et BEERYi gh
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crossli d@abhle __m lires wdre sta

During t hil ¥epRARSFVLIEORAC ol yvi nyP ani ne petee| cribs! | nddd andFe¥dbigan] 30

conpl etel y|dri ed®¥8e hyddagel foans obthined jn each|case yere

subsequent Ily B#ftid @Fido 4 water?2ontent| o1-65% They had3the Draxidieie

U7

i ndi cated in G&bric Acids 40 Tabl €57 Pent hnk- Foam BSC 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

Cyancacetic 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 tc complete the
mixture. The aqueous solution was then kept in a refrigerator for
about one hour te cool down.

Distilled water was used to prepare a 10% sodium persulfate
soluticn 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



CRC AAP coprems2g8ensity g/g g/g FSC g/g CRC g/g g/g FSR of aqg. g/cnB30

m n30 m n4 h4 hO. 3psig/g/sec mx 0%0. 6610. 46. 523. 518. 97. 2>0. 06

1099. 2049. 320. 757. 425. 130. 40. 95 15%). 2149. 219. 156. 423. 930. 50. 74

209©. 1950. 119. 256. 324. 727. 70. 66 The tg.ﬂs results show that the

rful ti conponent foam system gave the t performance when prepared froma
starting m % & ﬁ&@?%ﬁ“e% BYBEER ‘ﬁlb’-%{’gé’ﬁﬁ ¢8F% ehonst unbid pénthd@de, based
on the totaktiaimedt 2 temperatagecofisl®Car at rghisdl poilonh. th¥ E3IBET BFaticanpl e
6 To 300 g ofactib@wabtcafiiedeped fmutdeusoasketodri2omhinpody byl am ne
having a KI yﬂd&ﬁa@&g O 3K &zoafbéﬁeh by Endfqy TR¥&5q @féleapl@%éiekft pAYni@ tfﬁ |
conmer ci a yl ene
oxi de wi t% ‘Yhia&fiua? 6%@ gﬁfic g’gﬂetteqp dp%'%j% i Ly ﬁg gg/{aqueous
sol ution ofp% reﬁB e vaole) b [l o) o étlﬁg? c?%§§l AR rt%§r§°§18?

pent ane. Th}éa‘”d’tgo§§l AYRERI® DATELGLR ﬁ/ﬁ? Péaketpm 14508 sheari ng zone of an
10 Utraturrax stirrer for 1 mnute. The sanples of the «crosslinkable
agueous m Xtxempleese then each adm xed with 45 g of SAP 1 having a
particleygize distri buti on i ndi cat ed in each case in Table B. The m xture

was then st for epeous m xt bt ai ned. 15 The
crossli nkab'Jfé @%a ‘.t‘ures thu jjger edINBrRs t%oéﬁ%égﬁho

poured onto a
Tef | on suppd?YYPraias Wﬁ thRVAPEnP ntinY 3 HH%e Of 03fh TeRfedded %?169 @f @sl%ks 36 nm

deep. The neuepusoReANRioN athe rommextiaddyssvailedilec snrfackay Weddisianr ed
at 70C i n opxhbductgofadd nesl 2@ evbylemghtoxiBerwivh thime1pefi ®d16/aas

pol yvi nyheninsHAacaiRtuts Pesld 1keg dnd tsheabheaki s ¥mkeish Yot dtdd1edde
hydrogel fo, o%htaaa%g‘gﬂdﬁn 2agh smlvm% Sumee%@%h St8ehPe @ Water

cont ent Of d in the S%Eggertléﬁaé A Ica 6§¥raturrax stirrer for 1
minute. Further crosslinkable mixtures were prepared from the
abovementioned components and the amounts of pentane indicated in
Table 7 and foamed by shearing with an Ultraturrax instrument for

1 minute.

20

45 g of SAP 1 (particle size 150-450 um) were then added and the
mixture was homogenized by further shearing for about 1 minute.
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 pericd, the polyvinylamine became crosslinked and the foam
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.

25

30

Table 7

35

Pentane
content
of aq.

Foam
density
g/cm3

FSC

g/g
30 min

CRC

g/g
30 min

FSC g/g

CRC g/g

AAP

g/g
0.3psi

FSR
g/g/sec

mix
0%
10%
15%
20%

0.66
0.20
0.21
0.19

10.4
49.3
49.2
50.1

6.5
20.7
19.1
19.2

23.5
57.4
56.4
56.3

18.9
25.1
23.9
24.7

7.2
30.4
30.5
27.7

>0.06
0.95
0.74
0.66

40

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.



25 Tabl e 8 PP s@¥#35 FoantSCCRCFSCCRCAAPFSR

particl edensityg/ gg/ gg/ gg/ gg/ gg/ g/ sec si zeg/ cn830 m n30 m n4 h4 hO. 3psi
150- 850 nD. 232. 115. 149. 724. 29. 30. 1 150-450 nD. 253. 423. 164. 027.89.50. 65 In
general, the particle size section fr 150 to 450. pm possesses a
distinctly s){u;neri or. absorption profil €~ due perhaps partly to better
integratio PdfaP| particles within the foam 35 system and partly to
reduced inpairment of fluid transportation wthin the channel system by
| ar ge swel ITo@0BABR &f parilicudsraFEkbigdedl dqdfod® s21dtdonfon 10%
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mol of a Y °>§tﬁ %ﬂ?d °i‘%d§ %*tr;g 155}‘°éqﬁ o"u lé({FEIPI on of 45
et hyl ene g|§ﬂ&ﬂh°a| BLyEUERY a@Ehed ¢rhH Shkaduesnf Jodubiopaf atbylempe
crossl i nkabdlyaulxddgtyoedy lf esired ¢rpssidnkheaandid mowé péntame.UTheat urr ax
stirrer forcrbs¥linkeblSaiiteseobasd baieds shi thaRaPin§323e 2& aaqueous

g} xtur guwgﬁéﬁ%ﬂragm e.cea&f@rt @0§Af’ nkum\é' Nené s aileades O ! : cl e S;tzle

I ndi cat ed |£]nr°esés’3" gca%%ae a@u%g\.\ ml’é nﬁ?u %F %‘T’%s a\fg'r 8dT+f§ECiNe %E‘ g%l?l’%% for
1 minute. 55%%68%’6%53 @%Fé@ Hikr%e GFEEEPRtEorTHadiratad ik #BFR Fasem

m xt ures t his Tabdpal edThemixthee Wikt thepoat brreshtforal Teinwre .sdpport ri med

wi t h al um rhwomogéheotisam Atayrer was nohtteeinedl. ds was 6 nm deep. The nol ds
containipg the foanmed 10 crossl i nkabl e mxtures were stored at 70Cin a

dryi ng Cabidﬂﬁt grBﬁ@i?ﬁﬂBle '?;B gfﬂ:gﬁp eﬁ%fﬁ’% r}meqxr’rbgghbecane
crosah ey A e R e

t he proper t’r’béihienBPt]:‘éﬁ P r?GTHBI %ee? f@eTEB?-%S FOPFapzipg 4 éemmz%c g/ gCRC
g/ gAAPFSR Swrpsisddekable grigdiges dety/sggrgiisat W EnBB0a Mdny30gntalfiBys|
300. 204120 13:amB 961 9. DRG0 ths VAol]) SAR po¥Prinylamine became

PVAM 0. 204% 3231 {a¥ed 2andl 3P4 @odR 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.

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/cm3 |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
10 150-450 pm 0.2 53.4 23.1 64.0 27.8 9.5 0.65

In general, the particle size section from 150 to 450 pm
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

a0 To 300 g of a 10% ultrafiltered aqueous solution of
polyvinylamine (PVAm) having a K value of %0 were added 15 g of a
15% aqueous sclution of a commercially available surfactant
(addition preoduct of 80 mol of ethylene oxide with 1 mol of a
C16/C18 alcohol mixture) and 15 g of a 5% aqueous solution of

45 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



60 SAP 1 5(#F 184%isl12. 052. 019. 829. 40. 11 PVAM 50 SAP 1 60

PVAmM 0. 1237.511. 947. 318. 024. 80. 29 40 SAP 1 30 The best performance of the
foanms prepared was obtained in the case of a conbination of the

mul ti conponent systemin a PVAmM SAP ]36r atio of 40:60. Exanple 8 35 To 300
g of a 10%ultrafiltered aqueous sol ufifon of polyvinylamne (PVAM having
a K val ue FIUGQURePEXUHFeodels Bhen admixsd, il SF dohavinm agf ayerage
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pent ane. 5Xm§|toggggglll% g*r%‘?:lu%e%]u?éeg %?\g%imfaggned I n the shearing zone of an

Utraturra Frrer € Crosslinkabl e aqueous m xture was
then adm xed with 45 g of SAP 1 having an average 45 particle size

di stri buti dheofresslin emfapd nihurest bhes \REePRFed 3985 Ihent Raph

honogeni zegduyetir eatorentTediloh suwppdrtr atimned xwitdr aluminut 2 The feashliosse.
Two furtherifCh@sshédallad Gomm déeg Unde Rb1dH@ARAYRIRG (iHGdaReg0NPOSI tiON

were pref&“c‘%%s@#ni e ‘ﬁﬁ&%&@&%&ﬁé@&% §egh %t"g £ ol 90 Sé’éi?ﬁ{ef]t rinmed
wi th al um num g co}?m.gyﬂ'_l.lnterm S <\gas. Tﬂdee.?herm S

cont ai ni ng VREF88he P8 I AR B %% XPOrRY ¥VPE L8P0 PSR P ght in a
dryi ng cabiGf@esatrker andefher fean compigtedy riad - TARe hydrogedr £pgMs hi s

peri od, thebt@ipetlyin machnicaee beexansubregetntnkedddndteded @amatenpl et el y
dried. Thednrdneget Snamhegbhad it ipfropachidnShiddeated URSagueatdy

adj ustedjg o a water content of 5% They had the properties indicated in
Tabl e 10. %Bab[gbhe 10 20 Foam FSC CRC FSC CRC AAP FSR Tenper at uredensity

g/g d/g

Foam FSC CRC |FSC g/g |CRC g/g| AAP FSR
Sample density | g/q g/g 4 h 4 h g/g |g/g/sec
g/cm3 {30 min |30 min 0.3psi
20 30 0.20 41.7 13.5 58.6 1%.9 26.3 0.12
PVAm: 70
sSapP 1
40 PVAm: 0.20 49.3 20.7 57.4 25.1 30.4 0.95
60 SAP 1
50 0.12 37.1 12.0 52.0 1%.8 29.4 0.11
25 |[PVAmM:50
sarP 1
60 PVAm: 0.12 37.5 11.9 47.3 18.0 24.8 0.29
40 saP 1

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

30

Example 8
35
To 300 g of a 10% ultrafiltered agueous 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
Cl16/Cl18 alcohol mixture} and 15 g of a 5% aqueous soclution 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 um and the mixture was

40

45



0/g 9/9 o/ pr/sxExs 9/ cnB30 m n30 m n4 h4 hO. 3psi

60C0. 2147. 121. 450. 229. 528. 90. 70 70C0. 2146. 016. 753. 621. 026. 50. 43
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53235 38 was 6 nm deep. The nol ds containing the foamed crosslinkable

m Xt ur esygvei@1at psed overnight in a drying cabinet at the tenperatures
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Crosslinking and drying temperatures influence the performance to

different degrees. Whereas the absorption performance in the

o5 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.
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10 Example 8

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

35 {addition product of 80 mol of ethylene oxide with 1 mol of a
Cl6/C1l8 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

40 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.

a5 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



Foam FSC CRgr B¥233C AAP FSR tenperature density g/g g/g g/g 9/g g/g

g/ g/sec 1 hg/cnB30 m n30 m n4 h4 hO. 3psi

0C0. 2147. 121. 450. 229. 528. 90. 70

100C0. 2146. 419. 246. 625. 727. 20. 50 125C0. 2137. 116. 242. 323. 926. 50. 25

14000. 2127. 313. 235. 919. 527. 40. 10 25 T
followed by 1 hour dryin
CRC FSC CR™2&AP PBrdeqhm

5 dried. Thereafter, the foams were stored for 1 hour at the
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at vari ous

e 12 Drying overnight at 70 C,
tenperatures 30 35 40 Dryi ng Foam FSC

Brida St A ngrg Y1y f9A8

: : ed, eregstigkghiec 1
hg/ cnB30 nim3GureRiwere F1oZedi cVOM TG 1018 IHGL.RD CabtetbGt43he

100C0. 2143. hperaBul@d . fificdbed 6id 2%Hb0e2139. ¥d 4. 364Burifg Gifis?PeZfod,
140CD-2131~é¥%2p@iniﬁﬁﬁéﬁ¥§e7QeQ§me crosslinked and the foam completely

temperatures indicated in Tables 11 to 13 in order to cure the

interfacial areas between the basic pelymer and the acidic

polymer. The hydrogel foams obtained in each case were
subsequently adjusted to a water content of 5%. They had the
properties indicated in Tables 11 to 13.

Table 11

Drying overnight at 60°C, followed by 1 hour

drying at various

temperatures
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/cm3 |30 min{30 min| 4 h 4 h |0.3psi
0°c 0.21 47.1 21.4 50.2 29.5 28.9 0.70
100°C 0.21 46,4 19.2 46.6 25.7 27.2 0.50
125°C 0.21 37.1 16.2 42.3 23.9 26.5 0.25
140°¢C 0.21 27.3 13.2 35.9 19.5 27.4 0.10
Table 12

Drying overnight at 70 °C, followed by 1 hour drying at various

temperatures
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/cm3 |30 min |30 min| 4 h 4h |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 C.46
125°C 0.21 39.4 14.6 49.7 19.6 26.2 0.26
140°C 0.21 31.5 12.6 40.1 l16.4 23.7 0.08
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14. The foam produced

obt ai ned
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Example 10

according to Exanple 2 was stiff,

he
d

d
e

whereas the foans

To 300 g of a 10% ultrafiltered agueous solution of
polyvinylamine having a K value of 90 were added 15 g of 5%
aqueous sclution of a commercially available surfactant (sodium

C14-Cl7 sec-alkylsulfonate, Hostapur® SAS93,

from Clariant),

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 reported in Table 14 were prepared in

addition.

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
overnight. During this period, the polyvinylamine became
crosslinked and the foam completely dried. The hydrogel foam
cbtained 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 cobtained
according to Examples 10-1 to 10-3 were very soft.

Table 14

% Density ARP @ FSC CRC FSR

Example | surfactant | g/cm? 0.3psi (30 min) g/g |g/g/sec

g/g g/g

10 7.5 0.19 5.2 29.9 10.8 2.88
10 — 1 2.5 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




according tprEsgEEB es 10-1 to 10-3 were very soft. % Density AAP @ FSC CRC
FSR Exanpl esurfactant g/ cnB0. 3psi (30 mn) g/gg/g/sec g/gg/g

107.50. 195. 229. 910. 82.88 10 - 12.50.12935.111.57.55 10 -

250. 138.432. 711. 26.64 10 - 3100. 139. 3?@ 111. 33.29 PF 53235 40 Exanple 11 To
300 g of a 10%ultrafiltered aqueous lution of polyvinylam ne having a K
val ue of 9F%Péealilied 7.5 g of a 30% 5 aqueous sol ution of commercially
avai l abl e surfactant (alkali netal salt of nonosul fates of addition
product s ofTcetiogl gnef oxildé uantafilyprednaqoxdde swilhbienfet ty al cohol ,

Di sponi | (1)pd1599831 i riax ha%agl &)k vhlug 8F 90 5%4raquaers B9 4t benaOlos

ethyl ene glagdlond! SOAE N oot DStml ATy NSELI AN o5 0r PLoAGRL F0eka Y XU U e
10 contai nin & e ggow?ts Q zgr act%n +ch are regor%g | apnle, 15
were preparSoin®adith FPTOTHEIRTSR Q5 ARIDFHCHBFCAPE TRt AFRREERE 0%
shearing zc BFOR¥Ieng (P4LEr Yibh &t ifatsy alrohplyi RisroRik® tFREPIFodE et ont 0
a Teflon 1Xogoipdrt 1 igmedd anbt haqieovsnsmluiixen mfl dtbphérs mlygolhe foaned
crossl i nkahiiglfcxayl etrs srossTinkeraaddysng cRperehndl MiQ&ureyer ni ght.
During 119 &a2hliRting L1 RALYKLEYSATIEaBEE hi?:'hoﬁj?%'f%%}t%adiﬁh.e f oam
conpl etely #Lrﬂlgdl e ehﬁq_r ggﬂadflonargd ogta}lne was subsedquently adjusted to
a wat er conteént o? Bk 5 oan1progﬁ &9 according to Exanple 2 was stiff,
whereas the foans produced as per Exanples 11-1 to 11-3 felt very soft.
Further prihgecrpesliikakle mbubwrenmass Spareddin thEabhearing Pabkecfmamw5 30 %
Density AARIErBECr £RC HSRrExafipr ek wrihate aahd)/tHeB0pdpséd onto a Teflon

15 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
obtained was subsequently adjusted tc a water content of 5%. A

20 foam produced according to Example 2 was stiff, whereas the foams
produced as per Examples 11l-1 to 11-3 felt very soft. Further
properties of the foams are reported in Table 15.

Table 15
25
3 Density AAP @ FSC CRC FSR
Example | surfactant | g/cm? 0.3psi {30 min) g/g |g/g/sec
g/g g/9
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 aqueous solution of
35 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 solution 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.

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

45



(30 mn) g/mw/g¥ses 9/9gg/g 11 - 12.50.1056. 741. 512. 42. 4 11 -

250. 1068. 140.511.73.5 11 - 3100.096738.111.73.9 Exanple 12 35 To 300 g of a
10% ultrafiltered agueous solution of polyvinylamne having a K val ue of 90
were added 7.5 g of a 30% aqueous sol,ytion of comrercially avail able
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was stored in a drying cabinet at 70C PF 53235 41 overnight. During this
period, thergedleyibnyl am ne becane crosslinked and the foam conpletely
dried. The hydrogel foam obtained was subsequently adj usted to a water
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Example 13

To 300 g of a 10% ultrafiltered aqueous solution of
polyvinylamine having a K value of 90 were added 15 g of a 5%
agueous solution of a commercially available surfactant {(sodium
C14-C17 sec-alkylsulfonate, Hostapur® SAS93, from Clariant) in
the amounts reported in Table 17, 15 g of a 5% agueous 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.

20

The crosslinkable mixture were then each foamed for 1 minute in
the shearing zone of an Ultraturrax stirrer. Samples of the
crosslinkable agueous 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
produced according to Examples 13-1 and 13-2 felt very soft.
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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.

Table 18
% Density AAP FSC CRC FSR
Example | surfactant | g/cm3 @ 0.3psi (30 min) g/g |g/g/sec
a/g g/g
14 - 1 2.5 0.16 9.6 44.1 18.5 1.3
Example 15

To 300 g of a 10% ultrafiltered aqueous 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 solution of ethylene glycol
diglycidyl ether crosslinker and 3 g of pentane. A mixture
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(1) foam ngPr $3285! i nkabl e aqueous m xture including 10 15 20 25 (a) at

| east one basic pol yner whose basic groups have optionally been
neutralized, (b) at |east one crosslinker, (c) at |east one surfactant,
(d) optionally at |east one solubilizaa, (e) optionally thickeners, foam
stabilizers, fillers, fibers and/or cell nucleators, and (f) optionally
particul ate mater-absorblng acidic polyners, by dissolving a gas which is
i nert towar¥e fdlédmeadicals in the crosslinkabl e aqueous m xture under a
pressure from2 to 400 bar and subsequently deconpressing the

crosslinkable PSHAROUSMPOXEAISE WatatDRSRinG BhshY gHiSRRES] NdbifdiRabhubbl es
of a gas ghich js inert toward free radicals, and (II)crossflnklng t he

foamed m xture to forma hydrogel foan1 and if appl i cabl e adjusting the

wat er content of the polyner foamto 1-60% by weight. 30 35 40 2. Foans as
claimed in clai ), EATENGF Br CEPRSIHAkRBlp AGUARIUS BSEHUTRHACIBRIRS s

cont ai ni ng V|nylan1ne units, polyners containing vinylguanidine units,

pol ynmers contai ni ng, g a%}fkﬁle%g\:ngﬁé iiyalsfz,tgehg gﬁ lylvﬁi sdepyl 4 S groups have

pol yet hyhgnei m nes, l.eni oam nNes
pondiaIIyIdinethyIa ﬂhge#%h&;nggtr 'as clainmed in claim1 or 2,
wher ef or the basic ﬂﬂlwneﬂ%asu86ﬂbaﬁﬁmBthHEfs contai ni ng vinylam ne units,

pol yvi nyl guani di nes, and enei 4. Foans as claimed in claiml1,
wher ef or the basic 3Ifﬁ£g§¥ﬁge§n o iad 8I99thlan1nes and/ or up to 10-100%

hydrol yzed pol y- N-gdinydgdiomaibigest Wamst. ohoasmlvddldkatrped in any of clains
1 to 4, pkose surf p, rosslln ed. PEF 235 45 _, Foans as
claimed in any of gf(;l E‘%%foggﬁgy 1\% 3nﬁrl5he E'F?gbgﬁ?ﬁ%g ft}gl‘?’és'pol yNer s
additional Iy include fiTd&fs BP9 e Fatdt BRCIBRGTSI-ng"dci di ¢ pol ymers, the

pol ymer mixture ingfudiggona®ny 1fhiqc30%ebywaveirdibsefviva eiciabgor bi ng

acidic 5 polyners. polymers,

20 . : A :

by dissolving a gas which is inert toward free radicals in

the crosslinkable aquecus 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

(II)crosslinking the foamed mixture to form a hydrogel foam
and if applicable adjusting the water content of the
polymer fcam 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,
polyvinylguanidines and polyethyleneimines.

40
4, Foams as claimed in claim 1, wherefor the basic polymers used
are polyvinylamines and/or up to 10-100% hydrolyzed
poly-N-vinylformamides.
45

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



7. Foans aspels32®8 in any of clainms 1 to 6, wherein the water-absorbing
acidic polyners are crosslinked acrylic acids having a particle dianeter
from10 to 2000 dun. 10 8. A process for producing foans conposed of

wat er - absor bi ng basic polyners, whic onprises (I) foamng a

crosslinkabl e agueous m xture_ i .ncl udiEgEIS 20 25 30 35 40 45 (a) at |east
one basic pd yrﬂ?%&‘s"e"ﬁ%’sq"%f] drodp¥ Pavtaisst Lokally Weeninethe al i zed, (b)
at | east one creatfr-akeprbing )bagtic| pakymense agdiftienality, ipd)udptiioedlyl y at

| east one sol ubdivizied, wéegr-cgliscabdhyyad idiek paeimers OaNes pabyhdZ @fikture
fillers, fibersmandiay e8bh MUEbedhorsy +ANLnt! o ARldNabyrpald iacibate

wat er - absgr bi ng%&ci}n%&.g_ pol ymers, by di'ssolving a gas which is Tnert toward
free radicals i the crosslinkabl e aqueous m xture under a pressure from 2
to 400 bar_and subsequent|y deconpressing the crosslinkable aqueous

m xture to &t nOEpHEr r€ Slaedliifparsi of Flaiaeshlbt? & wheraipathenhi ch is
inert toward frwsteradbsarsinmadifdlit)pelesinsnkragetdes finkgddacnydtier acids f or m
a hydrogel foarnaving af pappldieaalemetdtistong 10heo viEdodr paont ent of the

pol ynmer §gamto 1-60% by weight. 9. A process as clained in claimS8,

wh in f 0. by .wei ght of | di -.absor.b
pol yrer hayi ng ' PEEgPaer o TN, Bbegt coRinf 4 viPRETARBH NG per

part by wei ghtPBCaPBAERRT SyoWAHER. CAPPT 1RSS! ocess as clainmed in claim8 or
9, wherein the crosslinkable aqueous m xture includes fromO0.1 to 30% by
wei ght of a hydfbcafdamingPE &332 idkabld. agieeugseivtuiddnkttaging®f clains 1
to 7 in pwgiene articles to absorb body fluids, in dressing material to
cover wounds, as a seal.i nl?_}anateri al, as a packag]igng material, as a soil

i

i nprover, as a soi |{&uidt iIFAPE, 0% RfE&t BPLETFd §BOSSt BAZis GrRURE DR
acidi c wastes, to thiclkatigaadipdeend pghhraligedbcoat i ngs

(b} at least one crosslinker,
20 (c} at least one surfactant,
(d) optionally at least one solubilizer,

(e) optionally thickeners, foam stabilizers, fillers,
fibers and/or cell nucleators, and

{f) 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
agqueous 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
35 and if applicable adjusting the water content of the
polymer foam to 1-60% by weight.
9. & process as claimed in claim 8, wherein from 0.05 to 20
parts by weight of an acidic water-absorbing polymer having a

40 degree of neutralization from 0 to 75 mol% are used per part

by weight of a basic polymer.
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.



in the courge g248 sposi ng of residual quantities thereof,to dewater
wat er-containing oils or hydrocarbons or as a material for filters in
ventilation systens. 10 15 20 25 30 35 40 45

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 quantities
thereof, to dewater water-containing oils or hydrocarbons or
as a material for filters in ventilation systems.
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