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< {54) Title: WATER ABSORBING AGENT AND METHOD FOR THE PRODUCTION THEREOF

p =
wi{ {54) Bezeichnung: WASSERABSORBIERENDES MITTEL UND VERFAHREN ZU SEINER HERSTELLUNG
oL

g {57) Abstract: Disclosed is a water absorbing agent which consists of (a) particles of 2 water absorbing polymer and (b) a polymer

&= which contains nitrogen and which contains 5-17 mol/kg protonated nitrogen atoms in relation to the overall weight of said nitrogen-
—& -contzining polymer. The inventive agent has an improved property profile with a high absorption capacity, improved fluid trans-
&= missibility and high water resistance,

=

o (57 Zusammenfassung: Beschrieben wird ein Wasserabsorbierendes Mittel, das {a) Teilchen eines wasserabsorbierenden Polyme-

O risats, und (b) ein stickstoffhaltiges Polymer, das 5 bis 17 molkg, bezogen auf das Gesamigewicht des sticktoffhaltigen Polymers,
protonierbare Stickstoffatome enthdlt. Das Mittel weist ¢in verbessertes Eigenschaftsprofil mit hoher Absorptionskapazitit, verbes-
serler Flassigkeitsweiterleitung sowie hoher Nassfestigkeit auf.
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n | .
Subsequeg% S eﬁb$é%on is Enown as gel-blocking. Subsequent amounts of fluid

are then no longer taken up by the absorbent core, with the
consequences of uncontrolled distribution of the fluid on the
diaper surface and leakage of the fluid in the extreme case.
Another important requirement in this connection is that the SAPs

35 have a high gel strength in the swollen state. Gels having little
gel strength are deformed under pressure, for example the
pressure exerted by the bodyweight of the wearer, and clog the
pores of the absorbent core.

40 True, the gel strength and hence the permeability of an SAP can
be improved by increasing the crosslink density, but this reduces
the ultimate absorption capacity of the SAP. To achieve a high
permeability, the pores in the SAP have to have a large diameter
and hence the fraction of SAP particles having a small size has

45 to be reduced, which is costly and inconvenient.



are then nopFo00Q00053893 up by the absorbent core, with the consequences

of uncontrolled distribution of the fluid on the diaper surface and

" |l eakage of the fluid in the extrene case. Another inportant requirenent in
this connection is that the SAPs 35 ha?#e a high gel strength in the swollen
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i mproving swellability and f transm ssion I ncreasi ng wet strength
by using Bolgrrers such as pol yam nes and polyi m nes, the polynmer being
capabl e &P U? 2 dt3% A 5Qi PHeRASq S 4BPTOENE divelilphihitbfangr fheidi n
wat er - absor brampigsposi andrigncrastingl wetartresgah ebis aisd ngopo hyheutke sRBhf or
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whi | e retai B AW AR A4 Leadh! bRE cGRITRACRAL SRt ARY, 1 Ggtion 101 02 429.0
reconmends water . absgr bent s con‘gr.i S| ng_wnar lbgcl es. of a wat er absorb«iné
pol ymer 30 Whode TPFRERY | CTROSAE PRy HYRCASWATHISS L6 iRt YRedaFlude
phosphat > FRRwsS*@mplenpobetirorsaipe prbfaqlyadiylaeingt er absorbents
described is not satisfactory in every respect. There is a need 35 for
wat er absor beningprifreC he € Opd¥MRALA 1Y € VWit 18D rEk Hi fi id aR@I 881 Oy, prior

German patent application 101 02 429.0 recommends water

absorbents comprising particles of a water absorbent polymer

30 whose surface is associated with a water-insoluble metal

phosphate.

However, the performance profile of the water absorbents
described is not satisfactory in every respect. There is a need

35 for water absorbents which combine a very high fluid transmission
performance or permeability (SFC), ie are very efficient at
letting fluid pass through the swollen gel layer, with a very
high absorptive capacity. The absorbents shall further possess a
high wet strength.

40
It is an object of the present invention to provide water
absorbents possessing improved performance properties, especially
an increased permeability, high absorptive capacities both under
load and under free swell conditions and high wet strength.

45
We have found that this object is achieved by a water absorbent
comprising



per f or mancePBr OPO00O5387Bity (SFC), ie are very efficient at letting fluid
pass through the swollen gel layer, with a very high absorptive capacity.
" The absorbents shall further possess a high wet strength. 40 It is an

obj ect of the present invention to prow de water absorbents possessing

| nproved performance properties, especiall an increased perneability,
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t he nitrogenous™pbf9Ffdt at8MSprotonatabl e nitrogen atoms. The present
I nvention al so provides a process for producing the water absorbent of the
present invenéipreselt TheeNeid! aaR50pbevidddf al BeoPEHs ¥r pRYER i@ the

typically Q%éf‘cét?é&%%ﬂtbé(fo&?e %réeggﬁx‘?’irﬁﬁe[?ﬁ%) 1y all, of the follow ng

propertiﬁ%: a particle stze“distribution érein nore than 98% by

wei ght of"“the particles are from 100 to 850 dun, preferably from 100 to
600 m and eSpecvattary apsprbamp afo theopresgnt iryepeion ig Sapiaally ow

Conduct i vi t ghafacterieadt b0one 13- hoces/especi@1pyed I akify the abdll@asiy 60 X
10-7 cnsl/g gggpm@sigally at least 100 x 10-7 cns/g, - a Ball Burst
Strength (30 mn) (BBS (30 min)) of at least 50 gf, preferably at |east 90
gf and egpecially at least . 110 gf,. 25 - a Ball Burst Strength (16 h) [BBS
(16 h)] 3? at IéastESBa@ffl,c;ﬁr 8185 bt SETdPuEEgR (WhaT &jp §ﬂﬂee%l}?é'biggl%l bY at

| east 100 g¢f, - a yedihemt tBBSPEBOLGles) are BB 1@0n 1P/ 8BS G0 ni n) of

| ess than 0.8, prefprabinatdlysErbhan0®.to d0d @spae asbycidlly €somt hah €b 4, -
CRC of from 20 to 380@/8n, in2Bifd)l (0.7 psi) of from17 to 27 g/g. It has
been determ ned_t hat, I-Si.ng pegti.e f. .t _ .

absor bent, such as %nsgtogrlﬁ géf)ar&%!%de&%%ﬂ%gt §£an4$,tmi§g§%f’3n9§§ﬁ§q w@‘\t'/@lr Iséﬁi'l ity
(CRO) , Aﬁ?orbency URES e{% P%\UEtO]:eiasﬁsiSP, x 10~/ em°+s/g and especially

at least 100 x 10-7 cm3-s/g,
- a Ball Burst Strength (30 min) [BBS (30 min)) of at least
50 gf, preferably at least 90 gf and especially at least

/ kg
of

110 gf,

25 - a Ball Burst Strength (16 h) [BBS (16 h}] of at least
50 gf, preferably at least 75 gf and especially at least
100 gf,

- a quotient [BBS (30 min) - BBS (16 h)]/BBS (30 min) of
less than 0.8, preferably less than 0.5 and especially
30 less than 0.4,
- CRC of from 20 to 33 g/g,
- an AUL (0.7 psi) of from 17 to 27 g/g.

It has been determined that, surprisingly, the properties of the

35 water absorbent, such as in particular the fluid transmission
(SFC), swellability {CRC), Absorbency Under Load (AUL 0.7 psi),
depend substantially on the fraction of protonatable nitrogen
atoms in the nitrogenous polymer (hereinafter also: *“charge
density”). Thus, nitrogenous polymers having a charge density in

40 the specified range provide a distinctly improved fluid
transmission performance (SFC), an improved swellability (CRC),
an improved Absorbency Under Load (AUL 0.7 psi) for comparable
wet strength (BBS) as compared with nitrogenous polymers having a
charge density outside the specified range.

45



de|5end subsPrNODODDE38M3t he fraction of protonatable nitrogen atons in the
ni trogenous polynmer (hereinafter also: "charge density"). Thus,

" nitrogenous polyners having a charge density in 40 the specified range

provide a distinctly inpr oved fluid transm ssion performance (SFC), an

i nproved swellability aﬁé an i nproved Absorbency Under Load (AUL 0.7
psi) for coRparRRAte" P]-%t‘F’etrF@gﬁn( BBAJSafrEoRpaRt RIATOFSRI BEFRRGUS
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N-vi nyl car baxeiones acedsperasdsaionr dezymad car heaweiviewylasipecumdds). t hose
open-chain N-vinyl carboxam des whose hydrolysis yields a primry ani ne.

NVi hyl T qerdeea S Xf%%"*’é‘%’%ml b Jearl?f’é*@f%‘?l ASEas" SREhadta |y
N-vi nyl ngnﬁWo%YCIE‘)?a Sy ifa 1?% N—Rﬁ% ﬁ$ vinylgarboxamides are

N-vi nyl succPH??n‘d@lé}nd-W%YWWﬁ&Fdﬁd@SPPﬁéaﬂrbY\d?mS@ opent¢haidd can be
pol ymer i zedNevidycaaborembdes whadei kydrelysishyiebdd tdrémarySathinea
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such par PafPHe I 9 gy % Jf anfXEPLEEoPE ot SARY El'gb”
"partial |y AyeIrbtwizgdsgochol %?Pénﬁ‘n‘é@'ﬁlﬂ hgdimidere FhomorgmaHs o | n DE
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Sol uti ons Ofach WinerQr partially hydrol yzed pol yvi nyl formam des are

commercially avail abl e and are sol d for exanpl e by BASF Akti engesel |l schaft

under th&tstrade na Basocol | Lur edur 35 and al.so Catiofast(r).

s
i s parPi COI &rfL? d&ﬁﬂt e 'CBP?W‘&E"Q H@uﬁy‘?ﬁ‘ e 4Si % an  al kal i ne

rredl um for heRepgliyanernod Wty imHdermppid® haying. aT#egrgeHofvhydeolysis in
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sodi um hydr g¥i gle yAlzut rA8 PFoRRIMEOHSoPOLRSSidftially hydrolyzed
polyvinylamides (colloquially also known as “partially hydrolyzed
30 polyvinylamines”) is described for example in DE 31 28 478, which
is hereby fully incorporated herein by reference. Solutions of
fully or partially hydrolyzed polyvinylformamides are
commercially available and are sold for example by BASF
Aktiengesellschaft under the trade names of Basocoll®, Luredur®
35 and also Catiofast®.

It is particularly advantageous to carry out the hydrolysis in an
alkaline medium, for example in a pH range from 9 to 14. This pH
value is preferably set by adding aqueous alkali metal hydroxide

40 such as aqueous sodium hydroxide solution or agueocus potassium
hydroxide soclution. However, it is also possible to use ammonia,
amines and alkaline earth metal hydroxides such as calcium
hydroxide. The hydrolysis can likewise be carried out in an
acidic medium, for example in a pH range from 0 to 3. Suitable

45 acids are carboxylic acids, such as formic acid, acetic acid,
propionic acid, sulfonic acids such as benzenesulfonic acid or
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which contains copolymerized units of monomers having side groups

including protonatable nitrogen atoms and copolymerized units of

monomers without protonatable nitrogen atoms in a suitable ratio.
30 The charge density CD is calculated by the following equation:

xR

XMy + XoMo
35

where xy is the molar fraction in the copolymer of the monomer
which includes protconatable nitrogen atoms, Xy is the molar
fraction in the copolymer of the moncmer without protonatable
40 nitrogen atoms, My is the molecular weight of the monomer
including protonatable nitrogen atoms and Mg is the molecular
weight of the monomer without protonatable nitrogen atoms. The
term “mclar fraction” here refers to the composition of a polymer
chain which is representative of the given polymer.
45
Examples of suitable monomers having side groups which include
protonatable nitrogen atoms are allylamine,
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absor bent,_pol yner. 1 n”one enbodi nent, e wat er of the present
i nventio further includes at |east one finely_ divided water-insoluble
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vinylformamide fraction is for example in the range from 40 to
80 mol% with the acrylic acid fraction being in the range from 60

30 to 20 mol%.

The weight average molecular weight of the nitrogenous polymer is
preferably in the range from 10 000 to 500 000 daltons, more
preferably in the range from 50 000 to 450 000 daltons and

35 especially in the range from 100 000 to 420 000 daltons.

The nitrogenocus polymer is used in an amount which is typically
in the range from 0.001% to 5% by weight, preferably in the range
from 0.01% to 2% by weight, especially in the range up to 1.5% by

40 weight and most preferably in the range up to 1.0% by weight,
based on the weight of the water absorbent polymer.

In one embodiment, the water absorbent of the present invention
further includes at least one finely divided water-insoluble salt
45 selected from inorganic and organic salts and mixtures thereof.
By water-insoluble salt is meant for the purposes of the present
invention a salt which has a water solubility of less than 5 g/1,
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from 0. 0019208 aaxbppakei fheordnpssdten The angiaght witdrhdnsadtkele arddisbent

pol yner. are preferably selected from calcium oxalate, scandium oxalate,
the oxalates of the lanthamides and mixtures thereof. Of
30 particular suitability are the calcium and magnesium salts such
as calcium carbonate, calcium phosphate, magnesium carbonate,
calcium oxide, magnesium oxide, calcium sulfate and mixtures
thereof.

35 The average particle size of the finely divided water-insoluble
salt is typically less than 500 pm, preferably less than 200 um,
especially less than 100 um, particularly preferably less than
50 pm and very particularly preferably less than 20 pum and most
preferably in the range from 1 to 10 pm.

40
If used, the finely divided water-insoluble salt is used in an
amount from 0.001% to 20% by weight, preferably less than 10% by
weight, especially from 0.001% to 5% by weight, very particularly
preferably from 0.001% to 2% by weight and most preferably in the

45 range from 0.001% to 1% by weight, based on the weight of the
water absorbent polymer.
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cel l ul os hers, Crossiy ﬁyl%%llulose partially
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0000053873 ghtural products that are swellable in aqueous fluids, such as
25 guar derivatives, alginates and carrageenans.

Suitable grafting bases may be of natural or synthetic origin.
They include starches, i.e., native starches from the group
consisting of corn (maize) starch, potato starch, wheat starch,

30 rice starch, tapioca starch, sorghum starch, manioca starch, pea
starch or mixtures thereof, modified starches, starch degradation
products, for example oxidatively, enzymatically or
hydrolytically degraded starches, dextrins, for example roast
dextrins, and also lower oligo- and polysaccharides, for example

35 cycleodextrins having from 4 to 8 ring members. Useful oligo- and
polysaccharides further include cellulose and starch and
cellulose derivatives. It is also possible to use polyvinyl
alcohols, polyamines, polyamides, hydrophilic polyester or
polyalkylene oxides, especially polyethylene oxide and

40 polypropylene oxide. Useful polyalkylene oxides have the general
formula I

X

45 R! — 0 —(CHy — CH— 0), — R2 (1)



where R1l, RPFa0000083BZddent|y hydrogen; Cl-C4-al kyl; C2-C6-al kenyl; aryl,
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al Iyl sul
y oethYlenlcally unsaturated acids or salts thereof in the
presence of crosslinkers. However, it is also possible to
polymerize without crosslinker and to crosslink subsequently.

30 Water absorbent polymers are preferably polymerized from
- from 49.9% to 99.9% by weight of at least one monomer A

selected from the group consisting of monoethylenically
unsaturated acids and salts thereof,

35
- from 0% to 50% by weight, preferably from 0% to 20% by
weight, of at least one noncrosslinking monoethylenically
unsaturated monomer B other than said monomer A, and
40 - from 0.001% to 20% by weight, preferably from 0.01% to 14% by

weight, of at least one crosslinking monomer C.

Useful monomers A include moncethylenically unsaturated mono— and
dicarboxylic acids of .3 to 25, preferably 3 to 6, carbon atoms

45 which may also be used as salts or as anhydrides. Examples are
acrylic acid, methacrylic acid, ethacrylic acid, a—hloroacrylic
acid, crotonic acid, maleic acid, maleic anhydride, itaconic
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To optimize properties of the polymers according to the
invention, it can be sensible to use additional monoethylenically

30 unsaturated monomers B that differ from the A monomers in that
they bear no acid groups, but are copolymerizable with the
A monomers and are noncrosslinking. Such compounds include for
example monoethylenically unsaturated nitriles such as
acrylonitrile, methacrylonitrile, the amides of the

35 aforementioned monoethylenically unsaturated carboxylic acids,
e.g., acrylamide, methacrylamide, N—vinylamides such as
N-vinylformamide, N—vinylacetamide, N-methylvinylacetamide,
N—vinylpyrrolidone and N—vinylcaprolactam. The monomers also
include vinyl esters of saturated C;-Cy-carboxylic acids such as

40 vinyl formate, vinyl acetate and vinyl propionate, alkyl vinyl
ethers having at least 2 carbon atoms in the alkyl group, e.g.,
ethyl vinyl ether or butyl vinyl ether, esters of
monoethylenically unsaturated C3;-Cg-carboxylic acids, for example
esters of monochydric C;-C;g—~alcohols and acrylic acid, methacrylic

45 acid or maleic acid, acrylic and methacrylic esters of
alkoxylated monohydric saturated alcohols, for example of
alcohols having 10 to 25 carbon atoms which have been reacted
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carboxylic acids with ethylenically unsaturated alcohols such as

30 allyl alcohol, cyclohexenol and dicyclopentenyl alcohel, e.g.,
allyl acrylate and allyl methacrylate, also triallylamine,
dialkyldiallylammonium halides such as dimethyldiallylammonium
chloride and diethyldiallylammonium chloride,
tetraallylethylenediamine, divinylbenzene, diallyl phthalate,

35 polyethylene glycol divinyl ethers of polyethylene glycols having
a molecular weight of from 106 to 4 000, trimethylolpropane
diallyl ether, butanediol divinyl ether, pentaerythritol triallyl
ether, reaction products of 1 mol of ethylene glycol diglycidyl
ether or polyethylene glycol diglycidyl ethers with 2 mol of

40 pentaerythritol triallyl ether or allyl alcochol, and
divinylethyleneurea.

Preference is given to water-soluble monomers, i.e., compounds
whose solubility in water at 20°C is at least 50 g/l. These

45 include for example polyethylene glycol diacrylates and
polyethylene glycol dimethacrylates, vinyl ethers of addition
products of from 2 to 400 mol of ethylene oxide with 1 mol of a



etﬁylenicaIPy 0008053878d doubl e bond and al so at | east one further
functional group that is conplenentary in terns of its reactivity to

* carboxyl groups. Functional groups having 10 conplenentary reactivity with

regard to carboxyl groups include forygxanple hydroxyl, am no, epoxy and
aziridino gr,oups. und sed include, for exanpl e hydroxyal kyl esters
of the af of]'é?rgrﬂ’f &%gggrbn &ﬁ;ﬁn&nﬁgﬁ? W&t‘_’gf‘ﬁ?eo&' 8?y§f%c‘éci ds,
such as 2- hj#peshaamilrtacey | eiiacrylpyes Aahteppetheesilates ¢f addition
4- hydr oxybupybdaxtrsy loft €rof- 61ytdy @0y ebhydf (endyllpaer gxidee witB- hydoDyxofpor opyl
(met h) acryl gl gcanist A pendaeryiniito1( ¥R M BAr WAk, and!diviRyREEEA] NI UM
brom de, vi nyl i m dazol es, such as N-vinylimdazol e,
1-vinyl-2-nmethyljm dazol e an N-vinyl | m dazol i nes, such as
N vi nyl § i dsBFYhdonsgers § foirtherei gl ids @oRBPRAGS having at least one
1- vi nyl - 2- eeby lenigaddyi nesarurared double handy rhdi akswlatnéeashi@te are used
in the fornteftlidre fuheetohab agoupnthatt &3 nickpdehentans iastagns ofh idse
R i A I I e AL

i met hy wodi y.
i et hy! adingompaneriBE ICFAe Aoy, WELN AR ED Mar BB BBt f1ugeny |
quat er ni zed EPBre¥ P 1S hEdFexy e FHLRQr SRR PR, PR EEEIIN® 95PUBS ysef ul .
Usef ul crosStnpaings msadnercludef gerhexanmicd bhydrovypburideshayvenef 3@ at
| east two fuHp6témumaliogedupsnddidlylehecaDpaiRthiasyed tdrdbRy1oE ddiRis),
o 1 sooyangra e ZIREL SLID syt e P o B e e
functionég Q;ﬁkpééxﬁéug i agﬁ&éﬁﬁ?y?'H%%g?ﬁgg%hgboiwg ﬁhfcgfﬁﬁ @1 ne groups.

r u as

Usef ul o 0sSr MYy BEPRY R (MY NECTELpkR | ANk 4By dERRYRNI Y LakRBR) aRdiREe  such
as et hanol api helwipertidiatwmrioiamiidee, Navinylidigdekgbés, swgbhaas
1, 3- but anedievinyllimdadbaepdi-alinyet-byhetteyigniaako14li idyl ene gl ycol,
Lol val year ol SL#POIni daSbLARSY IR 8RNV smAdilBL I ARG Ol yool , gl ycerol,
polygly , P p J Y )
Pl ot b8y by PR SaER9L ez A SneD! PRANC et i anidBagiine 9r ¢y arcn,

5 %Ylmz-@Fﬁyyéﬂé%a%énanaw%ﬁbwengsmiJdb,thepSPplarﬁ%etéleSuch as

bl ock copol
et hyl enedi afifer, baiest,hjhegeatraratized, form jat lagl eadt ein dihienpplymerization.

t et raet hyl enepisitason pospelaeich ykenai méhaini doatiy Palcyglihye pnei ni nes and
al so_pol yarfeciAdmaoshl ArndBesescof dikchinfMedd bocearl case.
esters sagh as, Sor bl.tn%n fftnttélt aC|rd e ter et ox%l aésg:]% ssorbl an at H acid
esters, pofiygtl"y,%l ﬂ‘l gﬂ"%rs sdlc?ﬁ g% ?hﬁigﬁg Pf’/.%l §I ef‘ay‘? eﬁé’ YpE
0000053873 ¥3ed gt yvekgreheed) §paa) oi &F e ldyl CAYREdY L dmpeb) arivlaney dsdyl
ether, gl yaésolugedinligl yci dyl ether, diglycerol polyglycidyl ether,
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as the aforementioned functional groups, such as hydroxyl, amino,
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35 include for example aminoalcohols, such as ethanolamine or
triethanolamine, di- and polyols, such as 1,3-butanediol,
1,4-butanediol, ethylene glycol, diethylene glycol, triethylene
glycol, tetraethylene glycol, polyethylene glycol, glycerol,
polyglycercl, propylene glycol, polypropylene glycol,

40 trimethylolpropane, pentaerythritol, polyvinyl alcochol, sorbitecl,
starch, block copolymers of ethylene oxide and propylene oxide,
polyamines such as ethylenediamine, diethylenetriamine,
triethylenetetramine, tetraethylenepentamine, pentaethylene-
hexamine and polyethyleneimines and also polyamines having molar

45 masses of up to 4 000 000 in each case, esters such as sorbitan
fatty acid esters, ethoxylated sorbitan fatty acid esters,
polyglycidyl ethers such as ethylene glycol diglycidyl ether,
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Polymerization in aqueous solution is preferably conducted as gel

30 polymerization. It involves for example a 10-70% by weight
aqueous sclution of the monomers A, B and C being polymerized
optionally in the presence of a suitable grafting base, by means
of a polymerization initiator by utilizing the
Trommsdorff-Norrish effect.

35
The polymerization is generally carried ocut in the temperature
range from 0°C to 150°C, preferably in the range from 10°C to
100°C, and may be carried out not only at atmospheric pressure but
also at superatmospheric or reduced pressure. As is customary,

40 the polymerization may also be conducted in a protective gas
atmosphere, preferably under nitrogen.

Industrial processes useful for preparing these products include

all processes which are customarily used to make superabsorbents.
45 Suitable measures are described for example in “Modern

Superabsorbent Polymer Technology”, F.L. Buchholz and

A.T. Graham, Wiley-VCH, 1998, chapter 3, incorporated herein by
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30 di(4-tert-butylcyclohexyl) peroxodicarbonate, dimyristyl
peroxodicarbonate, diacetyl peroxodicarbonate, allyl peresters,
cumene peroxyneodecanocate, tert-butyl per-3,5,5-trimethyl-
hexanoate, acetyl cyclohexylsulfonyl peroxide, dilauryl peroxide,
dibenzoyl peroxide and tert-amyl perneodecancate. Particularly

35 useful polymerization initiators include water-soluble azo
initiators, e.q., 2,2’'-azobis{2-amidinopropane) dihydrochloride,
2,2'-azobis(N,N’'-dimethylene)isobutyramidine dihydrochloride,
Z2~(carbamoylazo)isobutyronitrile,
2,2'-azobis{2-(2’-imidazolin~2-yl)propane] dihydrochloride and

40 4,4'-azobis(4-cyanovaleric acid). The polymerization initiators
mentioned are used in customary amounts, for example in amounts
of from 0.01 to 5%, preferably from 0.05 to 2.0%, by weight,
based on the monomers to be polymerized.

45 Redox initiators, which are preferred, are water-soluble
initiators and include as the oxidizing component at least one of
the above-specified peroxo compounds and as the reducing



Based on t h®Pa@OOO5387Bononers used in the pol ynmeri zation, from 3 x 10-6
to | nol % of the reducing conponent of the redox catalyst systemand from

 0.001 to 5.0 nol % of the oxidizing conponent of the redox catalyst is

used, for exanple. 10 Wien the polynerigation is initiated using high
energy radi ation initiagor usegfil S customarily a photoinitiator.

t [
Pol yners pr EBQP%%e’b"yTE’& FBPP A ATG0T0RC t Mt b $IURRRR I CTRIPOSEs ammonium
monoet hyl enPEapikalindmetadaself ks .ddiaul fite, whibeulfaonodyppsehfitd, v
unsat ur at ed pgoosmbiteres oxndul Fidealnetahayangs ,a suthl £6 U 9n (W) Jhbn®forabove

conounds hoo i ARG ShPLo Pt RuyRapE L AR ceBlifty 3%‘{;?0%3%?‘ 918 s

This reacti gﬁhgg cangatyalsrg'%elﬁl%%eeﬁgta%%oﬁ??%ﬁﬁ)]@rﬁ?ﬁ oS §HLE R at ed '

t enper at ur e828¢d QP ttder speuntRf mogererhkisad dsetharrokymeriaebiete firomned

nmononer s C, 3wki 0réhavel atoleadt theorédumimigonahpompmups bagi rgicorakabgst ar y

rea;:t i Vi tly_ ';hemactﬁr(iigﬁ cashoey s.grﬁ@p@-of%hlzhsxfdpﬁsigi eksﬁ{:?nér&][ of

post cr ossi i pki.n 0; [es yners in amounts of from
BEk fedsl ALATPE Ot Maplatobd Aangf S

0.5 to 2Q% by wei g prefera by wei ght, based on the
amount of™“t he polyner. 30 The polynmers of the invention are generally

obt ai ned af Wegn hs peddmenizafrians ifydrbybitedhasing highieseugy tadtadrionef
for exanpl ehériomitO%tion 9884 isswalstymbt Dy 20Yhbao 2R idverwei ght, which are
generally initially coarsely comm nuted by known met hods. Coarse

conmmi nuti on ' ff b ans_of. 35 custonmary tearin
and/or c %t F%iy%%%l g’%%’gggié% og_yg%%%%tb%’r{ i%gntﬁ%fa%?v(ﬁmf@ﬁé?ﬁ%é gunp I n '?he
case of I?ﬂg??%]ie&}cf“il& u ti“ﬁ&#ea?cﬁ'%%(‘,“t’-é‘r‘ 8F WyEBeUtutting roll or
cutting rol moneghylemicehly mnsedugased ofossiomeps| gneriypeicadhy Hdvisgem t he A
nononer s hamelewildreerighedof abieet 5abd 7 sk dferably habowaCisdi coppl areer
gener QF?yCZ&QE‘:?&Hﬁ?‘“"Q"B@ A A SR N S T
0 : :
oo dae, the & Vede V8 AR ool itk aioR a8 Peat ok Based on

especi al |

aci d- f un@i BRA¥I EhaHEFe48t (RS LeRPRERNIS W& §LlSe et wdgrasedt
neut r al i zat tenperatuziesoocbeuPRROFI00638M8: e osadjinistm usefloare orheduri ng t he
pol yneri zat hforerherrt iexadphéndnerd CkNeROE .haveehyl 18048 raloi FZHRGL BRGRNL S

i ncl ude alk@k&uﬁgﬂﬁﬂvigasEémﬁieﬁ%d%ggynfé%éﬂﬁJT%z'wfzﬁffg' R5€ £b Sc .BQ¥}ltp the
use of aqueﬁ%ﬁ%ﬁ;@d' um “hydroxi de solution or aqueous potassium hydroxi de
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bi car bonat eThe @otdeslinkebentere postcoosalydnaigearer addebrtioathe resultant
polymers in amounts of from 0.5 to 20% by weight, preferably from
1 to 14% by weight, based on the amount of the polymer.

30 The polymers of the invention are generally obtained after
polymerization as hydrogels having a moisture content of for
example from 0% to 90%, usually from 20% to 90%, by weight, which
are generally initially coarsely comminuted by known methods.
Coarse comminution of the hydrogels is effected by means of

35 customary tearing and/or cutting tools, for example by the action
of a discharge pump in the case of polymerization in a
cylindrical reactor or by a cutting roll or cutting roll
combination in the case of belt polymerization.

40 When the A monomers have not been used in neutralized form, the
acidic polymer obtained can be adjusted to the desired degree of
neutralization of generally at least 25 to 90 mol%, preferably
from 50 to 80 mol%, especially from 65 to 80 mol%, most
preferably from 70 to 78 mol% based on acid-functional monomer

45 units. Alternatively, the degree of neutralization may alsoc be
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from80C to 259@9respe0| ally in the range from 100C to 18OC by known
processes (see "Mdern Superabsorbent Pol yner Technol ogy” section 3.2.5).

DD DT | alse oL ARt LA oL e Sl e Lo e S Bt D =208 ) s fyi g

25 oper at fsgr?g’ﬁ glgpa?htt%% H: ]%dcse 78 f¥eE %ﬁo&gfengﬁu 3%&’8?‘6%@ ™ yrer

Technol ogy" é’gﬁ?’l‘b‘?% 9§12‘t6°‘én%F fprepps P‘P‘é#@rlalﬁ‘l pydropideseilatiiat e pol ynmers

obt ai ned ar owaeer sneudcelipasiar ovyl ahkede Eifettedtussing aedium

postcrossl i ghrb@nateMeodids bithrimakes §5td§§$%h'89rﬁbﬁiiéiﬁﬁ ﬁ@t5551um

functi onal Qs [ P rfa he pol yner
BLOUPSo ML 2 BLREK dUpdh 80P G honbhg: &dl'd AGRnSh 4

particle formo uequ e a ueous

ol ut  on WayBESRTSH n RRAPAFY i RAIETH: G0 CRoPs¥npBLNas MeAbPe USRS VST s
are al cohol §e§%ﬁ13&’sﬂtﬁﬁphanol et hanol, i-propanol or 35 acetone. Suitable
post crosslinkers include for exanple - di- or polyglycidyl conmpounds such

as diglyci dsrhep@@@ﬂhmbesenéoparyn@&hwgf&ﬂyyﬁgk Q'&&yﬁf ¥k SLAK from
bi'schi o ohydr hn. Sthars o éggepﬂlﬁgﬁy S M Bl BLERYSLLY oS %ﬂm od

- pol yaziridines, azi'r po yet er's “6r ©

hydr ocar gondn ¥hy & ‘Bl N7 rpd?%r’fﬁ%ﬁée Pralnoo 30588y range
pol yam nes §F°1po$y5arﬁ°d(§aﬁ1- nes and also their reaction products wth
epi chl orohydrin, - polyols such as ethylene glycol, 1,2-propanediol,
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get %yl en%bl XE g eﬁaz% ag e:bei(.l. rtr;T.%lnthng and classifying
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Polymer Technology” sections 3.2.6 and 3.2.7).

Preferably, the particulate polymers obtained are then surface

postcrosslinked. To effect surface postcrosslinking, compounds
30 capable of reacting with the acid functional groups on

crosslinking are applied to the surface of the polymer particles,

preferably in the form of an aquecus solution. The aqueous

solution may contain water-miscible organic solvents. Suitable

solvents are alcohols such as methanol, ethanol, i-propanol or
35 acetone.

Suitable postcrosslinkers include for example:
- di- or polyglycidyl compounds such as diglycidyl phosphonates
40 or ethylene glycol diglycidyl ether, bischlorohydrin ethers
of polyalkylene glycols,

- alkoxysilyl compounds,

45 - polyaziridines, aziridine compounds based on polyethers or
substituted hydrocarbons, for example bis-N-aziridinomethane,
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wei ght, sed on_the ht .of the water r.bent, yner. 15 The water
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pol yacrylQnitri artrcularty pre celTalosic fibers
such as 33 Glea te

If necessary, acidic catalysts may be added, for example
p-toluenesulfonic acid, phosphoric acid, boric acid or ammonium
dihydrogenphosphate.

30
Particularly suitable postcrosslinkers are di- or polyglycidyl
compounds such as ethylene glycol diglycidyl ether, the reaction
products of polyamidoamines with epichlorohydrin and
2-oxazolidinone.

35
The crosslinker solution is preferably applied by spraying with a
solution of the crosslinker in conventional reaction mixers or
mixing and drying equipment such as Patterson-Kelly mixers, DRAIS
turbulence mixers, L&dige mixers, screw mixers, plate mixers,

40 fluidized bed mixers and Schugi-Mix. The spraying of the
crosslinker solution may be followed by a heat treatment step,
preferably in a downstream dryer, at from 80 to 230°C, preferably
at from 80 to 1%0°C, particularly preferably at from 100 to 160°C,
for from 5 minutes to 6 hours, preferably from 10 minutes to

45 2 hours, particularly preferably from 10 minutes to 1 hour,
during which not only cracking products but also solvent
fractions can be removed. But the drying may also take place in
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- rboxyli c aci pa

sorbitangswt 8-ca s such as lauric, tic, stearic
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preferably in the range from 0 to 100% by weight and most
preferably less than 60% by weight.

30
The production of the water absorbent of the present invention
starts with a particulate water absorbent polymer which is
present in dried form or as a comminuted hydrogel and involves
the particles being contacted with the nitrogenous polymer, for

35 example by having the nitrogenous polymer, preferably in the form
of a sclution, applied onto the surface of the particles of the
water absorbent polymer. There generally follows a final drying
step. Alternatively, the particles of the water absorbent polymer
can be contacted with a carrier onto which the nitrogenous

40 polymer has previously been applied.

Useful solvents for the nitrogencus polymer include water or
organic solvents, such as alcohols, for example methanol, ethanol
and iscpropanol, ketones, for example acetone and methyl ethyl

45 ketone, or mixtures of water with the aforementioned organic
solvents. When the nitrogenous polymer used is a (partially)
hydrolyzed polyvinylamide, the solution obtained in the (partial)
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solution of the nitrogenous polyner. The coated carrier is subsequently
t hor oughl y mhe @thotinthof heuffaiditiagke$s Ofenerally in the range from 0.01% to
0.5% by weight, preferably less than 0.1% by weight and is in
30 particular below 0.05% by weight, based on the weight of the
water absorbent polymer.

In a preferred embodiment, the solution of the nitrogenous
polymer is sprayed onto the water absorbent polymer in a reaction

35 mixer or mixing and drying equipment such as for example a
Patterson-~Kelly mixer, DRAIS turbulence mixer, Lodige mixer,
screw mixer, plate mixer, fluidized bed mixer or Schugi-Mix. The
application generally takes place at temperatures in the range
from room temperature to 100°C. The application is typically

40 carried out following the drying of the (surface) postcrosslinked
and frequently still warm particles of the water absorbent

polymer.

The spraying of the solution is typically followed by a heat

45 treatment step, preferably in a downstream dryer, at from 40 to
140°C, preferably from 40 to 120°C and more preferably from 60 to
120°C. The heat aftertreatment step is typically carried on until
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When a finely divided water-insoluble salt and the optional

dustproofer are used, the application of or mixing with these

constituents can take place before, at the same as or after the
30 application of the nitrogenous polymer.

The finely divided water-insoluble salt can be applied by
intimate mixing for example. Typically, the finely divided
water-insoluble salt is added at room temperature to the

35 particulate water absorbent polymer and mixed in until a
homogeneous mixture is present. Mixing can be effected using
customary apparatus, for example a drum mixer, a belt screw mixer
or a silo screw mixer. The mixing with the finely divided
water-insoluble salt can take place before or after any surface

40 postcrosslinking, for example during the heat aftertreatment step
following the application of the postcrosslinking agent.

The dustproofer is conveniently applied in the form of an aqueous
solution, preferably during or after the intimate mixing with the

45 water-insoluble salt. The dustproofer can also be included in the
solution of the nitrogencus polymer.
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The measuring cell for determining AUL 0.7 psi is a
Plexiglas cylinder 60 mm in internal diameter and 50 mm in
height. Adhesively attached to its underside is a stainless

30 steel mesh floor having a mesh size of 36 um. The measuring
cell further includes a plastic plate having a diameter of
59 mm and a weight which can be placed in the measuring cell
together with the plastic plate. The weight of the plastic
plate and the weight totals 1345 g. AUL 0.7 psi is determined

35 by measuring the weight of the empty Plexiglas cylinder and
of the plastic plate and recording it as Wg. 0.900 = 0.005 g
of water absorbent polymer is then weighed into the Plexiglas
cylinder and distributed very uniformly over the stainless
steel mesh floor. The plastic plate is then carefully placed

40 in the Plexiglas cylinder, the entire unit is weighed and the
weight is recorded as W,. The weight is then placed on the
plastic plate in the Plexiglas cylinder. A ceramic filter
plate 120 mm in diameter and 0 in porosity is then placed in
the middle of a Petri dish 200 mm in diameter and 30 mm in

45 height and sufficient 0.9% by weight sodium chloride solution
is introduced for the surface of the liquid to be level with
the filter plate surface without the surface of the filter
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1, 2- propaned| ol anféat,lt? }3’81185 t’aegj@rlﬁj&dnasb%'ed on the base pol ymer) and t hen
with 0.5% by weight of alum numsulfate (as an aqueous 26. 8% sol uti on,

based on the baaeL pid ywaREhlhyed MBARBeOFo Bl dwithgTegeat 8bnN0zzl e in a powder
m xi ng assenbly and 25 heat treat ed at 175- 1800C for about 80 mn. After

cool i ng room terrperat o] wa a particle size
of 150-@%0 mto renove urrps $ﬁe p%%/]mer% 50 "t]hgg ng particle
size distribution: O. 14% above 850 dun, 35.8% of 300- 600 m 63. 3% of

150- 300 m add | 8abinehdiow. CopdttGiwits0 (SFCIThe 30 characteristic nunbers of
the polyner are reported in table 1 for conparison. 1 200 g of the polymer

prepared above yes &dyi2Geenbd! ford dtbrmiRPS R QUSHRLE drakosatory m xer at
roomterr%raturgsagldsQ%S ereafter sprayed with 65.71 g of a 7.3% by wei ght

aqueous pol yvi nyla@mmné sorutl on having different degrees of hydrolysis
(ex. 1. Basocoll PR 8086, degree of hydrolysis 95 nol % exanple 2: Basocoll
Pr 8092, de#reeBail tﬁlmsel ftrengtth BBS ex. 3: Luredur PR 8097, degree of
hydrol ysis 44 nmol % ex. 4: Basocoll PR 40 8095, degree of hydrolysis 31

mol % ex. 5. BagReoldstPRe8R84 tledeterfin Vg idey8bs dsb MY vERGL having a
wei ght a¥srad® 35 minutes elapse from the start of the swelling of the
superabsorbent to the measurement, is described in
Us 6,121,509. The determination of the BBS (16 h) value is
similar to the determination of the BBS (30 min) value,
except that 16 hours elapse from the start of the swelling of
30 the superabsorbent to the measurement. In departure from
UsS 6,121,509, the stock reservoir vessel is on the balance
and the measuring cells are on height-adjustable platforms.
After 30 minutes or 16 hours, as the case may be, the steel
weight is removed and the sample is transferred into the
35 measuring apparatus for measurement. The BBS value is a
measure of the wet strength of the water absorbent polymer.

The relative decrease in BBS (16 h vs. 30 min) is calculated
as follows:
40
BBS (30 min) - BBS (16 h)
BBS {30 min)

BBS decrease = x 100 %

45 5. Extractable content (16 h)
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| TN. 1- | NNN £rdg 150 ko- 85CLIMX Ghe base polymer obtained was sprayed with an

aqueous surface postcrosslinker solution (0.08% by weight of

20 oxazolidinone, 0.02% by weight of sorbitan monolaurate and 3.5%
by weight of 1,2-propanediol, each percentage being based on the
base polymer) and then with 0.5% by weight of aluminum sulfate
(as an aqueous 26.8% solution, based on the base polymer) by
means of a two-material nozzle in a powder mixing assembly and

25 heat treated at 175-180°C for about 80 min. After cooling to room
temperature, the powder was sieved off to a particle size of
150-850 um to remove clumps. The polymer had the following
particle size distribution: 0.14% above 850 um, 35.8% of 300-600
um, 63.3% of 150-300 pum and less than 0.1% below 150 um. The

30 characteristic numbers of the polymer are reported in table 1 for
comparison.

1 200 g of the polymer prepared above were placed into a 51
Lidige plowshare laboratory mixer at room temperature and

35 thereafter sprayed with 65.71 g of a 7.3% by weight aqueous
polyvinylamine sclution having different degrees of hydrolysis
(ex. 1l: Basocoll PR 8086, degree of hydrolysis 95 mol%;
example 2: Basocoll Pr 8092, degree of hydrolysis 75 mol%; ex. 3:
Luredur PR 8097, degree of hydrolysis 44 mol%; ex. 4: Basocoll PR

40 8095, degree of hydrolysis 31 mol%; ex. 5: Basocoll PR 8094,
degree of hydrolysis 14 mol%, each having a weight average
molecular weight of about 400 000 daltons) by means of a
two-material nozzle (nitrogen fed as atomizing gas at a pressure
of about 1 bar, the liquid via a pump) for 13 minutes while

45 mixing at 200 rpm. The product obtained was subsequently
transferred to a similar preheated Lédige plowshare laboratory
mixer and dried at 100°C and at 50 rpm in the course of about
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60 min. The fraction of the nitrogenous polymer was in each case
0.4% by weight, based on the absorbent polymer. The
characteristic numbers of the product obtained are reported in
table 1 below.

As can be seen in table 1, the SFC and BBS values in examples 2
and 3 increased distinctly as compared with the noninventive
examples.

10 The storage stability of the water absorbent was also tested. The
results are reported in table 2 below. The water absorbents in
examples & to 10 were prepared in the manner described above
(examples 6 and 7: Basocoll PR 8144, purified by ultrafiltration
to remove the by-products of hydrolysis, degree of hydrolysis

15 95 mol%; examples 8, 9 and 10: Luredur PR 8097, degree of
hydrolysis 44 mol%). The fraction of the nitrogenous polymer was
in each case 0.4% by weight, based on the absorbent polymer.
However, the water absorbent in example 10 was sieved off to a
particle size of 150-500 um. The measurements were carried out

20 directly after preparation in examples 6, 8 and 10 and after
14 days of storage at 60°C in examples 7 and 9.

The results of table 2 document that, following dry storage for
14 days at 60°C, the decrease in BBS and AUL in inventive
25 example 9 is distinctly less than in comparative example 7. The

results further show that the particle size distribution of the
polymer has an effect on SFC and BBS.

30
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claim 1. A water absorbent conprising 5 (a) particles of a water absorbent
pol ymer, and (b) a nitrogenous polymer containing fromb5 to 17 nol/Kkg,
based on the total weight of the nitro&@nous pol ymer, of protonatable
nitrogen atons. 10 2. A water absorbent as clainmed in claim1l, wherein the
nitroge- no¢ pHAyMer is a hydrolysis product of a honp- or copol yner of
an N-vinyl carboxi mi de and/or N-vinyl carboxi mde. 3. A water absorbent as
clained in glai B Jadr AabsehBeAc! &npr4dindd> by - a particle size
di stributigon wh i 89 i of t articles are from 100
to 850 m isn Si ZSE? Eag?@ﬁtshng&F?o‘\'/{vg%rn \lg%{)lgg%?tg %c'flqgr&egl’e%% 30 x 10-7
cns/g, - a Bal (PBupsPLSIISTGNR PREYIRT FoBFaRinefeomsh 9 1 @ol/kdpal |
Burst Strength (16 hysed on theatetsD wgfighgndf the nitrogenous polymer, of
protonatable nitrogen atoms.

10 2. A water absorbent as claimed in claim 1, wherein the nitroge-
nous polymer is a hydrolysis product of a homo- or copolymer
of an N-vinylcarboxamide and/or N-vinylcarboximide.

3. A water absorbent as claimed in claim 1 or 2, characterized
15 by
- a particle size distribution wherein more than 98% by
weight of the particles are from 100 to 850 um in size,
- a Saline Flow Conductivity of at least 30 x 10-7 ecm3-s/g,
- a Ball Burst Strength (30 min) of at least 50 gf,
20 - a Ball Burst Strength (16 h) of at least 50 gf, and
- a gquotient [BBS (30 min) - BBS (16 h)]/BBS (30 min) of
less than 0.8.

4. A water absorbent as claimed in claim 2, wherein the nitroge-
25 nous polymer is a hydrolysis product of a homopolymer of
N-vinylformamide but has a degree of hydrolysis in the range
from 30 to 80 mol%.

5. A water absorbent as claimed in claim 1 or 2, wherein the ni-
30 trogenous polymer has a weight average molecular weight in
the range from 10 000 to 500 000 daltons.

6. A water absorbent as claimed in any preceding claim, compris-
ing from 0.001% to 5% by weight of nitrogenous polymer, based
35 on the weight of the water absorbent polymer.

7. A water absorbent as claimed in any preceding claim, further
comprising a finely divided water-insoluble salt.

40 8. BA water absorbent as claimed in any preceding claim, wherein
the water absorbent polymer is polymerized from

- from 49.9% to 99.%% by weight of at least one monomer A
selected from the group consisting of monoethylenically
45 unsaturated acids and salts thereof,



- & quoti enPF[@PRO0338%3n) - BBS (16 h)]/BBS (30 min) of less than 0.8. 4.
A wat er absorbent as clainmed in claim2, wherein the nitroge- 25 nous
polymer is a hydrolysis product of a honopol yner of N-vinylfornmam de but
has a degree of hydrolysis in the ran from30 to 80 nold. 5. A water
absorbent as claine inogl gi n};&m&r 2, , ere'%n the ni- 30 trogenous pol ymner
has a wei ght averagtf Wblecifar WPt A 4tad§85F 97 10 000 to 500 000
dal tons. 6. A wat erteshydarieally amgaguratethywoppeesd® mharathancomisti s-
ing fromO0.001% t o ®96dmerwdi, gabd of ni trogenous pol yner, based 35 on the
wei ght of the water absorbent polymer. 7. A water absorbent as clainmed in
any preceging c]ai I j SN i di vi - ] uh) e
St 30 B A vt er pha-sety £8"R Mytefold BE L MU E brtkBbe TR,
the water absorbent™J8IAret i s pol ymerized from- from 49.9%to 99.9% by
wei ght of at |east one nonomer A selected fromthe group consisting of
monoet hyl eng cal A ywat#xr ahsatherst ed atatitedinich sakt srédwiienf clPim 0HH23873 28
from0%to 50% bye Wirght188 & drRashtOPCabdBRRRAL b BRlealky sRsAldy at ed
nonomer Bgother than sahd ,opnomer A and 5 - from 0.001%to 20% by wei ght
of at |east ondPCrossiin I'ng" " nononer C. 9. A water absorbent as clained in
any preceding claim wherein the particles of the water absorbent polyner
are surfaceld0 hostterogbsbrent as0clAined amn abyopbesrdiag claimedfunthany
precedi ng cl ai neoriptrilsiay acespyiesi Bglecead rireh Skéeficp toasistingoIup
consisting of &elililoeae, mb@okfdedet®hidddSGaybay ol RRHREORY! RAveRO! YeES

15 ter, drophi l i ci . I | ene, | yacryli ol y- am_des,
pol ystyrgﬁe, po# l_lu'r é&ﬁgﬁgxgg%lz(%l%yégégg{brﬁr}’telﬂefggy¥ii?’ /&’O\%gfa g’r"?%]b%'orpggﬁf as
claimed in clai #ﬂf&srmﬁeiﬁm 'nPPifg Cetangs 2p8| Bedfacry 1appFFEe -ont o t he
carrier. 20 12. A process for producing a water absorbent as clained in any
precedi ng clhai s, wateirc Rbeonipentsas theimed riggenatis pm) Wheiredh tle Iltubigon
t hereof being appidLehoPher tie 1t b8l st PfeHehearpder absorbent pol yner
and, as Ege case may be, dried. 25 119/sf 30 35 40 45
12. A process for producing a water absorbent as claimed in any

preceding claims, which comprises the nitrogenous polymer or

a solution thereof being applied onto the particles of the

water absorbent polymer and, as the case may be, dried.
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