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Water-absorbing material having a coating of elastic film-forming polyurethane with

high wicking and high permeability

Description

The present application relates to a water-absorbing polymer having a coating of elas

tic film-forming polyurethane and also to a process for its production.

An important component of disposable absorbent articles such as diapers is an absor-

bent core structure comprising water-absorbing polymers, typically hydrogel-forming

water-absorbing polymers, also referred to as absorbent gelling material, AGM, or su

per-absorbent polymers, SAPs. This polymer material ensures that large amounts of

bodily fluids, e.g. urine, can be absorbed by the article during its use and locked away,

thus providing low rewet and good skin dryness.

Especially useful water-absorbing polymers or SAPs are often made by initially polym

erizing unsaturated carboxylic acids or derivatives thereof, such as acrylic acid, alkali

metal (e.g., sodium and/or potassium) or ammonium salts of acrylic acid, alkyl acry-

lates, and the like in the presence of relatively small amounts of di- or polyfunctional

monomers such as Ν,Ν'-methylenebisacrylamide, trimethylolpropane triacrylate, ethyl

ene glycol di(meth)acrylate, or triallylamine. The di- or polyfunctional monomer materi

als serve to lightly crosslink the polymer chains thereby rendering them water-

insoluble, yet water-absorbing. These lightly crosslinked absorbent polymers contain a

multiplicity of carboxylate groups attached to the polymer backbone. It is generally be-

Iieved that the neutralized carboxylate groups generate an osmotic driving force for the

absorption of body fluids by the crosslinked polymer network. In addition, the polymer

particles are often treated as to form a surface cross-linked layer on the outer surface

in order to improve their properties in particular for application in baby diapers.

Water-absorbing (hydrogel-forming) polymers useful as absorbents in absorbent mem

bers and articles such as disposable diapers need to have adequately high absorption

capacity, as well as adequately high gel strength. Absorption capacity needs to be suf

ficiently high to enable the absorbent polymer to absorb significant amounts of the

aqueous body fluids encountered during use of the absorbent article. Together with

other properties of the gel, gel strength relates to the tendency of the swollen polymer

particles to resist deformation under an applied stress. The gel strength needs to be



high enough in the absorbent member or article so that the particles do not deform and

fill the capillary void spaces to an unacceptable degree causing so-called gel blocking.

This gel-blocking inhibits the rate of fluid uptake or the fluid distribution, i.e. once gel-

blocking occurs, it can substantially impede the distribution of fluids to relatively dry

zones or regions in the absorbent article and leakage from the absorbent article can

take place well before the water-absorbing polymer particles are fully saturated or be

fore the fluid can diffuse or wick past the "gel blocking" particles into the rest of the a b

sorbent article. Thus, it is important that the water-absorbing polymers (when incorpo

rated in an absorbent structure or article) maintain a high wet-porosity and have a high

resistance against deformation thus yielding high permeability for fluid transport

through the swollen gel bed.

Surface crosslinking leads to a higher crosslinking density close to the surface of each

superabsorbent particle. This addresses the problem of "gel blocking", which means

that, with earlier types of superabsorbents, a liquid insult will cause swelling of the

outermost layer of particles of a bulk of superabsorbent particles into a practically

continuous gel layer, which effectively blocks transport of further amounts of liquid

(such as a second insult) to unused superabsorbent below the gel layer. While this is a

desired effect in some applications of superabsorbents (for example sealing

underwater cables), it leads to undesirable effects when occurring in personal hygiene

products. Increasing the stiffness of individual gel particles by surface crosslinking

leads to open channels between the individual gel particles within the gel layer and

thus facilitates liquids transport through the gel layer. Although surface crosslinking

decreases the CRC or other parameters describing the total absorption capacity of a

superabsorbent sample, it may well increase the total amount of liquid that can be

absorbed by a hygiene product containing a given amount of superabsorbent during

normal use of the product.

There is still a need to provide thinner absorbent articles since they increase the

wearing comfort. There has been a trend to remove part or all of the cellulose fibres

(pulp) from the products. These ultrathin hygiene articles may comprise construction

elements (for example -but not limited to- the diaper core or the acquisition distribution

layer) which consist of water-absorbing polymeric particles to an extent which is in the

range from 50% to 100% by weight, so that the polymeric particles in use not only

perform the storage function for the fluid but also ensure active fluid transportation (in

simple words, the capacity of a swollen gel bed to pull liquid against gravity, or wicking
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absorption, a property that can be quantified as Fixed Height Absorption ("FHA") value,

determined as described below) and passive fluid transportation (in simple words, the

capacity of a swollen gel bed to allow flow of liquid with gravity, a property that can be

quantified as Saline Flow Conductivity ("SFC") value, determined as described below).

The greater the proportion of cellulose pulp which is replaced by water-absorbing

polymeric particles or synthetic fibers, the greater the number of transportation

functions which the water-absorbing polymeric particles have to perform in addition to

their storage function. It has been found that for such absorbent articles in particular,

there is a need for water-absorbent polymeric particles that have a good absorbent

capacity (CRC value) and a good fluid transportation (reflected by a good FHA value

and SFC value). It is well-known in the art that there is a trade-off between the wicking

ability and the permeability.

WO 2009/016055 discloses water-absorbing polymeric particles with high fluid

transportation and absorption performance by contacting polymer particles with a

postcrosslinker, a nitrogen-containing water-soluble polymer and a hydrophobic

polymer and heat-treating the obtained particles.

WO 2006/082239 discloses a water-absorbing material having a coating of elastic film-

forming polymers which have high core shell centrifuge retention capacity (CS-CRC),

high core shell absorbency under load (CS-AUL) and high core shell saline flow

conductivity (CS-SFC).

It is an object of the invention to provide a water-absorbing material having a high

active fluid transportation rate (FHA) and a high core shell saline flow conductivity (CS-

SFC).

We have found that this object is achieved by a process of producing a water-

absorbing material comprising the steps of

a) coating water-absorbing polymer particles with an aqueous composition

comprising a film-forming polyurethane;

b) optionally coating the polyurethane coated particles with silica;

c) heat-treating the coated particles obtained in step (b) at above 50°C; and
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d) coating the heat-treated particles with pyrogenic hydrophilic silica.

The water-absorbing material herein is such that it swells in water by absorbing the

water; it may thereby form a gel. It may also absorb other liquids and swell. Thus,

when used herein, 'water-absorbing' means that the material absorbs water, and typi

cally swells in water, but typically also (in) other liquids or solutions, preferably water

based liquids such as 0.9% saline and urine.

Inert gases within the realm of this application are materials which are in gaseous form

under the respective reaction conditions and which, under these conditions, do not

have an oxidizing effect on the constituents of the reaction mixture or on the polymer,

and also mixtures of these gases. Useful inert gases include for example nitrogen, ca r

bon dioxide or argon, and nitrogen is preferred.

According to one embodiment of the invention, the film-forming polyurethane and the

pyrogenic silica are used in weight ratio from about 8:1 to about 2:1 .

According to a further embodiment, the film-forming polyurethane and the pyrogenic

silica are used in weight ratio from about 6:1 to about 2:1 , in particular 6:1 to 3:4 and

preferably 5:1 to 3:1 .

Useful for the purposes of the present invention are in principle all particulate water-

absorbing polymeric particles known to one skilled in the art from superabsorbent lit-

erature for example as described in Modern Superabsorbent Polymer Technology, F.L.

Buchholz, AT. Graham, Wiley 1998. The water-absorbing polymeric particles are pref

erably spherical particles of the kind typically obtained from inverse phase suspension

polymerizations; they can also be optionally agglomerated at least to some extent to

form larger irregular particles. But most particular preference is given to commercially

available irregularly shaped particles of the kind obtainable by current state of the art

production processes as is more particularly described hereinbelow by way of example.

The water-absorbing polymeric particles that are to be coated according to the present

invention are preferably polymeric particles obtainable by polymerization of a monomer

solution comprising
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i) at least one ethylenically unsaturated acid-functional monomer,

ii) at least one crosslinker,

iii) if appropriate one or more ethylenically and/or allylically unsaturated monomers

copolymerizable with i) and

iv) if appropriate one or more water-soluble polymers onto which the monomers i),

ii) and

if appropriate iii) can be at least partially grafted, to give a base polymer,

wherein the base polymer obtained thereby is dried, classified and if appropriate is

subsequently treated with

v) at least one post-crosslinker

before being dried and thermally post-crosslinked (ie. surface crosslinked) to give a

precursor polymer.

Useful monomers i) include for example ethylenically unsaturated carboxylic acids,

such as acrylic acid, methacrylic acid, maleic acid, fumaric acid, and itaconic acid, or

derivatives thereof, such as acrylamide, methacrylamide, acrylic esters and methacrylic

esters. Acrylic acid and methacrylic acid are particularly preferred monomers. Acrylic

acid is most preferable.

The base polymers according to the present invention are typically crosslinked, i.e., the

polymerization is carried out in the presence of compounds having two or more poly-

merizable groups which can be free-radically copolymerized into the polymer network.

Useful crosslinkers ii) are disclosed in WO 2006/082239 which is incorporated herein

by reference in its entirety.

However, particularly advantageous crosslinkers ii) are di- and triacrylates of alto-

gether 3- to 15-tuply ethoxylated glycerol, of altogether 3- to 15-tuply ethoxylated

trimethylolpro-pane, especially di- and triacrylates of altogether 3-tuply ethoxylated

glycerol or of altogether 3-tuply ethoxylated trimethylolpropane, of 3-tuply propoxylated

glycerol, of 3-tuply propoxylated trimethylolpropane, and also of altogether 3-tuply mix-

edly ethoxylated or propoxylated glycerol, of altogether 3-tuply mixedly ethoxylated or

propoxylated trimethylolpropane, of altogether 15-tuply ethoxylated glycerol, of a lto

gether 15-tuply ethoxylated trimethylolpropane, of altogether 40-tuply ethoxylated glyc-
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erol and also of altogether 40-tuply ethoxylated trimethylolpropane. Where n-tuply eth-

oxylated means that n mols of ethylene oxide are reacted to one mole of the respective

polyol with n being an integer number larger than 0 .

Very particularly preferred crosslinkers ii) are diacrylated, dimethacrylated, triacrylated

or trimethacrylated multiply ethoxylated and/or propoxylated glycerols as described for

example in prior German patent application DE 103 19 462.2. Di- and/or triacrylates of

3- to 10-tuply ethoxylated glycerol are particularly advantageous. Very particular pref

erence is given to di- or triacrylates of 1- to 5-tuply ethoxylated and/or propoxylated

glycerol. The triacrylates of 3- to 5-tuply ethoxylated and/or propoxylated glycerol are

most preferred. These are notable for particularly low residual levels in the water-

absorbing polymer (typically below 10 ppm) and the aqueous extracts of water-

absorbing polymers produced therewith have an almost unchanged surface tension

compared with water at the same temperature (typically not less than 0.068 N/m).

Examples of ethylenically unsaturated monomers iii) which are copolymerizable with

the monomers i) are acrylamide, methacrylamide, crotonamide, dimethylaminoethyl

methacrylate, dimethylaminoethyl acrylate, dimethylaminopropyl acrylate, diethyl-

aminopropyl acrylate, dimethylaminobutyl acrylate, dimethylaminoethyl methacrylate,

diethylaminoethyl methacrylate, dimethylaminoneopentyl acrylate and dimethylami-

noneopentyl methacrylate.

Useful water-soluble polymers iv) include polyvinyl alcohol, polyvinylpyrrolidone, starch,

starch derivatives, polyglycols, polyacrylic acids, polyvinylamine or polyallylamine, par-

tially hydrolysed polyvinylformamide or polyvinylacetamide, preferably polyvinyl alcohol

and starch.

Preference is given to base polymers which are lightly crosslinked. The light degree of

crosslinking is reflected in a high CRC value and also in the fraction of extractables.

The crosslinker is preferably used (depending on its molecular weight and its exact

composition) in such amounts that the base polymers produced have a CRC between

20 and 60 g/g when their particle size is between 150 and 850 µ η and the 16h ex

tractables fraction is not more than 25% by weight. The CRC is preferably between 30

and 45 g/g, more preferably between 33 and 40 g/g.
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Particular preference is given to base polymers having a 16h extractables fraction of

not more than 20% by weight, preferably not more than 15% by weight, even more

preferably not more than 10% by weight and most preferably not more than 7% by

weight and whose CRC values are within the preferred ranges that are described

above.

The preparation of a suitable base polymer and also further useful hydrophilic ethyleni-

cally unsaturated monomers i) are described in DE-A 199 4 1 423, EP-A 686 650,

WO 01/45758 and WO 03/14300. The reaction is preferably carried out in a kneader as

described for example in WO 01/38402, or on a belt reactor as described for example

in EP-A-955 086.

It is further possible to use any conventional inverse suspension polymerization proc

ess. If appropriate, the fraction of crosslinker can be greatly reduced or completely

omitted in such an inverse suspension polymerization process, since self-crosslinking

occurs in such processes under certain conditions known to one skilled in the art.

It is further possible to make base polymers using any desired spray polymerization

process.

The acid groups of the base polymers obtained are preferably 30 - 100 mol%, more

preferably 65 - 90 mol% and most preferably 69 -85 mol% neutralized, for which the

customary neutralizing agents can be used, for example ammonia, or amines, such as

ethanolamine, diethanolamine, triethanolamine or dimethylaminoethanolamine, pref-

erably alkali metal hydroxides, alkali metal oxides, alkali metal carbonates or alkali

metal bicarbonates and also mixtures thereof, in which case sodium and potassium are

particularly preferred as alkali metals, but most preferred is sodium hydroxide, sodium

carbonate or sodium bicarbonate and also mixtures thereof. Typically, neutralization is

achieved by admixing the neutralizing agent as an aqueous solution or as an aqueous

dispersion or else preferably as a molten or as a solid material.

Neutralization can be carried out, after polymerization, at the base polymer stage. But it

is also possible to neutralize up to 40 mol%, preferably from 10 to 30 mol% and more

preferably from 15 to 25 mol% of the acid groups before polymerization by adding a

portion of the neutralizing agent to the monomer solution and to set the desired final

degree of neutralization only after polymerization, at the base polymer stage. The
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monomer solution may be neutralized by admixing the neutralizing agent, either to a

predetermined degree of preneutralization with subsequent post-neutralization to the

final value after or during the polymerization reaction, or the monomer solution is d i

rectly adjusted to the final value by admixing the neutralizing agent before polymeriza-

tion. The base polymer can be mechanically comminuted, for example by means of a

meat grinder, in which case the neutralizing agent can be sprayed, sprinkled or poured

on and then carefully mixed in. To this end, the gel mass obtained can be repeatedly

minced for homogenization.

The neutralized base polymer is then dried with a belt, fluidized bed, tower dryer or

drum dryer until the residual moisture content is preferably below 13% by weight, es

pecially below 8% by weight and most preferably below 4% by weight, the water con

tent being determined according to EDANA's recommended test method No. 430.2-02

"Moisture content" (EDANA = European Disposables and Nonwovens Association).

The dried base polymer is thereafter ground and sieved, useful grinding apparatus

typically include roll mills, pin mills, hammer mills, jet mills or swing mills.

The water-absorbing polymers to be used can be post-crosslinked in one version of the

present invention. Useful post-crosslinkers v) include compounds comprising two or

more groups capable of forming covalent bonds with the carboxylate groups of the

polymers. Useful compounds include for example alkoxysilyl compounds, polyaziridi-

nes, polyamines, polyamidoamines, di- or polyglycidyl compounds as described in EP-

A 083 022, EP-A 543 303 and EP-A 937 736, polyhydric alcohols as described in DE-C

33 14 0 19 . Useful post-crosslinkers v) are further said to include by DE-A 40 20 780

cyclic carbonates, by DE-A 198 07 502 2-oxazolidone and its derivatives, such as N-(2-

hydroxyethyl)-2-oxazolidone, by DE-A 198 07 992 bis- and poly-2-oxazolidones, by

DE-A 198 54 573 2-oxotetrahydro-1 ,3-oxazine and its derivatives, by DE-A 198 54 574

N-acyl-2-oxazolidones, by DE-A 102 04 937 cyclic ureas, by German patent application

103 34 584.1 bicyclic amide acetals, by EP-A 1 199 327 oxetanes and cyclic ureas

and by WO 03/031482 morpholine-2,3-dione and its derivatives.

Post-crosslinking is typically carried out by spraying a solution of the post-crosslinker

onto the base polymer or the dry base-polymeric particles. Spraying is followed by

thermal drying, and the post-crosslinking reaction can take place not only before but

also during drying.
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Preferred post-crosslinkers v) are amide acetals or carbamic esters of the general fo r

mula I

where

R is CrCi 2-alkyl, C2-Ci2-hydroxyalkyl, C2-Ci2-alkenyl or C6-Ci2-aryl,

R2 is X or OR6,

R3 is hydrogen, CrCi 2-alkyl, C2-Ci2-hydroxyalkyl, C2-Ci2-alkenyl or C6-Ci2-aryl, or X,

R4 is Ci-Ci 2-alkyl, C2-Ci2-hydroxyalkyl, C2-Ci2-alkenyl or C6-Ci2-aryl,

R5 is hydrogen, Ci-Ci 2-alkyl, C2-Ci2-hydroxyalkyl, C2-Ci2-alkenyl, Ci-Ci 2-acyl or

R6 is Ci-Ci 2-alkyl, C2-Ci2-hydroxyalkyl, C2-Ci2-alkenyl, Ci-Ci 2-acyl or C6-Ci2-aryl and

X is a carbonyl oxygen common to R2 and R3,

wherein R and R4 and/or R5 and R6 can be a bridged C2-C6-alkanediyl and wherein

the above mentioned radicals R to R6 can still have in total one to two free valences

and can be attached through these free valences to at least one suitable basic struc

ture, for example 2-oxazolidones, such as 2-oxazolidone and N-hydroxyethyl-2-

oxazolidone, N-hydroxypropyl-2-oxazolidone, N-methyl-2-oxazolidone, N-acyl-2-

oxazolidones, such as N-acetyl-2-oxazolidone, 2-oxotetrahydro-1 ,3-oxazine, bicyclic

amide acetals, such as 5-methyl-1-aza-4,6-dioxabicyclo[3.3.0]octane, 1-aza-4,6-dioxa-

bicyclo[3.3.0]octane and 5-isopropyl-1-aza-4,6-dioxabicyclo[3.3.0]octane, bis-2-

oxazolidones and poly-2-oxazolidones;

or polyhydric alcohols, in which case the molecular weight of the polyhydric alcohol is

preferably less than 100 g/mol, preferably less than 90 g/mol, more preferably less

than 80 g/mol and most preferably less than 70 g/mol per hydroxyl group and the po ly

hydric alcohol has no vicinal, geminal, secondary or tertiary hydroxyl groups, and po ly

hydric alcohols are either diols of the general formula lla

HO— 6—OH (lla)
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where R6 is either an unbranched dialkyl radical of the formula -(CH 2)m- , where m is an

integer from 3 to 20 and preferably from 3 to 12, and both the hydroxyl groups are te r

minal, or an unbranched, branched or cyclic dialkyl radical

or polyols of the general formula lib

where R7, R8, R and R 0 are independently hydrogen, hydroxyl, hydroxymethyl, hy-

droxyethyloxymethyl, 1-hydroxyprop-2-yloxymethyl, 2-hydroxypropyloxymethyl, methyl,

ethyl, n-propyl, isopropyl, n-butyl, n-pentyl, n-hexyl, 1,2-dihydroxyethyl, 2-hydroxyethyl,

3-hydroxypropyl or 4-hydroxybutyl and in total 2 , 3 or 4 and preferably 2 or 3 hydroxyl

groups are present, and not more than one of R7, R8, R and R 0 is hydroxyl, examples

being 1,3-propanediol, 1,5-pentanediol, 1,6-hexanediol and 1,7-heptanediol, 1,3-

butanediol, 1,8-octanediol, 1,9-nonanediol and 1,10-decanediol, butane-1 ,2,3-triol, bu-

tane-1 ,2,4-triol, glycerol, trimethylolpropane, trimethylolethane, pentaerythritol, glycerol

each having 1 to 3 ethylene oxide units per molecule, trimethylolethane or trimethylol

propane each having 1 to 3 ethylene oxide units per molecule, propoxylated glycerol,

trimethylolethane or trimethylolpropane each having 1 to 3 propylene oxide units per

molecule, 2-tuply ethoxylated or propoxylated neopentylglycol,

or cyclic carbonates of the general formula III
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where R , R 2 , R 3 , R 4 , R 5 and R 6 are independently hydrogen, methyl,

ethyl, n-propyl, isopropyl, n-butyl, sec-butyl or isobutyl, and n is either 0 or 1, examples

being ethylene carbonate and propylene carbonate,

or bisoxazolines of the general formula IV

where R 7 , R 8 , R 9 , R20 , R2 , R22 , R23 and R24 are independently hydrogen, methyl,

ethyl, n-propyl, isopropyl, n-butyl, sec-butyl or isobutyl and R25 is a single bond, a lin

ear, branched or cyclic CrCi 2-dialkyl radical or polyalkoxydiyl radical which is con

structed of one to ten ethylene oxide and/or propylene oxide units, and is comprised of

polyglycol dicarboxylic acids for example. An example for a compound under formula

IV being 2,2'-bis(2-oxazoline).

The at least one post-crosslinker v) is typically used in an amount of about 1.50 wt.% or

less, preferably not more than 0.50% by weight, more preferably not more than 0.30%

by weight and most preferably in the range from 0.001% and 0.15% by weight, all pe r

centages being based on the base polymer, as an aqueous solution. It is possible to

use a single post-crosslinker v) from the above selection or any desired mixtures of

various post-crosslinkers.

The aqueous post-crosslinking solution, as well as the at least one post-crosslinker v),

can typically further comprise a cosolvent. Cosolvents which are technically highly use-

ful are CrC 6-alcohols, such as methanol, ethanol, n-propanol, isopropanol, n-butanol,

sec-butanol, tert-butanol or 2-methyl-1-propanol, C2-C5-diols, such as ethylene glycol,

1,2-propylene glycol, 1,3-propanediol or 1,4-butanediol, ketones, such as acetone, or

carboxylic esters, such as ethyl acetate.

A preferred embodiment does not utilize any cosolvent. The at least one post-

crosslinker v) is then only employed as a solution in water, with or without an added

deagglomerating aid. Deagglomerating aids are known to one skilled in the art and are
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described for example in DE-A-10 239 074 and WO 2006/042704, which are each

hereby expressly incorporated herein by reference. Preferred deagglomerating aids are

surfactants such as ethoxylated and alkoxylated derivatives of 2-propylheptanol and

also sorbitan monoesters. Particularly preferred deagglomerating aids are poly-

oxyethylene 20 sorbitan monolaurate and polyethylene glycol 400 monostearate.

The concentration of the at least one post-crosslinker v) in the aqueous post-

crosslinking solution is for example in the range from 1% to 50% by weight, preferably

in the range from 1.5% to 20% by weight and more preferably in the range from 2% to

5% by weight, based on the post-crosslinking solution.

In a further embodiment, the post-crosslinker is dissolved in at least one organic so l

vent and spray dispensed; in this case, the water content of the solution is less than 10

wt.%, preferably no water at all is utilized in the post-crosslinking solution.

It is, however, understood that post-crosslinkers which effect comparable surface-

crosslinking results with respect to the final polymer performance may of course be

used in this invention even when the water content of the solution containing such post-

crosslinker and optionally a cosolvent is anywhere in the range of >0 to < 00 % by

weight.

The total amount of post-crosslinking solution based on the base polymer is typically in

the range from 0.3% to 15% by weight and preferably in the range from 2% to 6% by

weight. The practice of post-crosslinking is common knowledge to those skilled in the

art and described for example in DE-A-12 239 074 and WO 2006/042704.

Spray nozzles useful for post-crosslinking are not subject to any restriction. Suitable

nozzles and atomizing systems are described for example in the following literature

references: Zerstauben von Flussigkeiten, Expert-Verlag, volume 660, Reihe Kontakt &

Studium, Thomas Richter (2004) and also in Zerstaubungstechnik, Springer-Verlag,

VDI-Reihe, Gijnter Wozniak (2002). Mono- and polydisperse spraying systems can be

used. Suitable polydisperse systems include one-material pressure nozzles (forming a

jet or lamellae), rotary atomizers, two-material atomizers, ultrasonic atomizers and

impact nozzles.
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The spraying with the solution of post-crosslinker is preferably carried out in mixers

having moving mixing implements, such as screw mixers, paddle mixers, disk mixers,

plowshare mixers and shovel mixers. Particular preference is given to vertical mixers

and very particular preference to plowshare mixers and shovel mixers. Useful mixers

include for example Lodige ® mixers, Bepex® mixers, Nauta® mixers, ProcessaH® mixers

and Schugi ® mixers.

After spraying, the water-absorbing polymeric particles are thermally dried, and the

post-crosslinking reaction can take place before, during or after drying.

It is particularly preferable to utilize a fluidized bed dryer for the crosslinking reaction,

and the residence time is then preferably below 30 minutes, more preferably below

20 minutes and most preferably below 10 minutes.

To produce a very white polymer, the gas space in the dryer is kept as free as possible

of oxidizing gases; at any rate, the volume fraction of oxygen in the gas space is not

more than 14% by volume.

The water-absorbing polymeric particles can have a particle size distribution in the

range from 45 µ η to 4000 µ η . Particle sizes used in the hygiene sector preferably

range from 45 µ η to 1000 µ η , preferably from 45 - 850 µ η , and especially from 100

µ η to 850 µ η . It is preferable to coat water-absorbing polymeric particles having a na r

row particle size distribution, especially 100 - 850 µ η , or even 100 - 600 µ η .

Narrow particle size distributions are those in which not less than 80% by weight of the

particles, preferably not less than 90% by weight of the particles and most preferably

not less than 95% by weight of the particles are within the selected range; this fraction

can be determined using the familiar sieve method of EDANA 420.2-02 "Particle Size

Distribution". Selectively, optical methods can be used as well, provided these are cali-

brated against the accepted sieve method of EDANA.

Preferred narrow particle size distributions have a span of not more than 700 µ η , more

preferably of not more than 600 µ η , and most preferably of less than 400 µ η . Span

here refers to the difference between the coarse sieve and the fine sieve which bound

the distribution. The coarse sieve is not coarser than 850 µ η and the fine sieve is not

finer than 45 µ η . Particle size ranges which are preferred for the purposes of the pre-
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sent invention are for example fractions of 150 - 600 µ η (span: 450 µ η ) , of 200 - 700

µ η (span: 500 µ η ) , of 150 - 500 µ η (span: 350 µ η ) , of 150 - 300 µ η (span: 150 µ η ) ,

of 300 - 700 µηι (span: 400 µπ ) , of 400 - 800 µm (span: 400 µπ ) , of 100 - 800 µm

(span: 700 µm).

Preference is likewise given to monodisperse water-absorbing polymeric particles as

obtained from the inverse suspension polymerization process. It is similarly possible to

select mixtures of monodisperse particles of different diameter as water-absorbing

polymeric particles, for example mixtures of monodisperse particles having a small

diameter and monodisperse particles having a large diameter. It is similarly possible to

use mixtures of monodisperse with polydisperse water-absorbing polymeric particles.

Coating these water-absorbing polymeric particles having narrow particle size distribu

tions and preferably having a maximum particle size of < 600 µ η according to the pre-

sent invention provides a water-absorbing material, which swells rapidly and therefore

is particularly preferred.

The water-absorbing particles can be spherical in shape as well as irregularly shaped

particles.

Step a)

The polyurethanes to be used according to the present invention for coating are film

forming and have elastomeric properties. They are disclosed in WO 2006/082239 the

disclosure of which is incorporated herein in its entirety.

Film forming means that the polymer (polyurethane) can readily be made into a layer or

coating upon evaporation of the solvent in which it is dissolved or dispersed. The po ly

mer may for example be thermoplastic and/or crosslinked. Elastomeric means the ma-

terial will exhibit stress induced deformation that is partially or completely reversed

upon removal of the stress.

In one embodiment, the polymer has a tensile stress at break in the wet state of at

least 1 MPa, or even at least 3 MPa and more preferably at least 5 MPa, or even at

least 8 MPa. Most preferred materials have tensile stress at break in the wet state of at
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least 10 MPa, preferably at least 40 MPa. This can be determined by the test method,

described below.

In one embodiment, particularly preferred polymers herein are materials that have a

wet secant elastic modulus at 400% elongation (SMwet 4oo%) of at least 0.25 MPa, pref

erably at least about 0.50 MPa, more preferably at least about 0.75 or even at least 2.0

MPa, and most preferably of at least about 3.0 MPa as determined by the test method

below.

In one embodiment, preferred polymers herein have a ratio of [wet secant elastic

modulus at 400% elongation (SMwet 4oo%)] to [dry secant elastic modulus at 400% elon

gation (SMdry 4oo%)] of 10 or less, preferably of 1.4 or less, more preferably 1.2 or less or

even more preferably 1.0 or less, and it may be preferred that this ratio is at least 0.1 ,

preferably at least 0.6, or even at least 0.7.

In one embodiment, the film-forming polymer is present in the form of a coating that

has a shell tension, which is defined as the (theoretical equivalent shell caliper) x (av

erage wet secant elastic modulus at 400% elongation) of about 5 to 200 N/m, or pref

erably of 10 to 170 N/m, or more preferably 20 to 130 N/m, and even more preferably

40 to 110 N/m.

In one embodiment of the invention where the water-absorbing polymer particles herein

have been surface-crosslinked (either prior to application of the shell described herein,

or at the same time as applying said shell), it may even be more preferred that the shell

tension of the water-absorbing material is in the range from 15 N/m to 60 N/m, or even

more preferably from 20 N/m to 60 N/m, or preferably from 40 to 60 N/m.

In yet another embodiment wherein the water absorbing polymeric particles are not

surface crosslinked, it is even more preferred that the shell tension of the water-

absorbing material is in the range from about 60 to 110 N/m.

In one embodiment, the film-forming polymer is present in the form of a coating on the

surface of the water absorbing material, that has a shell impact parameter, which is

defined as the (average wet secant elastic modulus at 400% elongation) * (relative

Weight of the shell polymer compared to the total weight of the coated polymer) of

about 0.03 MPa to 0.6 MPa, preferably 0.07 MPa to 0.45 MPa, more preferably about
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0.1 to 0.35 MPa. The "relative weight of the shell polymer compared to the total weight

of the coated polymer"is a fraction typically between 0.0 to 1.0.

In one embodiment, preference is given to film-forming polymers especially polyure-

thanes which, in contrast to the water-absorbing polymeric particles, swell only little if at

all on contact with aqueous fluids. This means in practice that the film-forming po ly

mers have preferably a water-swelling capacity of less than 1 g/g, or even less than 0.5

g/g, or even less than 0.2 g/g or even less than 0.1 g/g, as may be determined by the

method, as set out below.

In another embodiment preference is given to film-forming polymers which, in contrast

to the water-absorbing polymeric particles, swell only moderately on contact with aque

ous fluids. This means in practice that the film-forming polymers have preferably a w a

ter-swelling capacity of at least 1 g/g, or more than 2 g/g, or even more than 3 g/g, or

preferably 4 to 10 g/g, but less than 30 g/g, preferably less than 20 g/g, most preferably

less than 12 g/g, as may be determined by the method, as set out below.

The film forming polymer is typically such that the resulting coating on the water-

swellable polymers herein is not water-soluble and, preferably not water-dispersible.

In order to impart desirable properties to the elastic polymer, additionally fillers such as

particulates, oils, solvents, plasticizers, surfactants, dispersants may be optionally in

corporated.

The mechanical properties as described above are believed to be characteristic in ce r

tain embodiments for a suitable film-forming polymer for coating. The polymer may be

hydrophobic or hydrophilic. For fast wetting it is however preferable that the polymer is

also hydrophilic.

The film-forming polymer can for example be applied from a solution or an aqueous

solution or in another embodiment can be applied from a dispersion or in a preferred

embodiment from an aqueous dispersion. The solution can be prepared using any suit

able organic solvent for example acetone, isopropanol, tetrahydrofuran, methyl ethyl

ketone, dimethyl sulfoxide, dimethylformamide, chloroform, ethanol, methanol and mix-

tures thereof.
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Polymers can also be blended prior to coating by blending their respective solutions or

their respective dispersions. In particular, polymers that do not fulfill the elastic criteria

or permeability criteria by themselves can be blended with polymers that do fulfill these

criteria and yield a blend that is suitable for coating in the present invention.

The synthesis of polyurethanes and the preparation of polyurethane dispersions is well

described for example in Ullmanns Encyclopedia of Industrial Chemistry, Sixth Edition,

2000 Electronic Release.

In one embodiment, the hydrophilic properties are achieved as a result of the polyure

thane comprising hydrophilic polymer blocks, for example polyether groups having a

fraction of groups derived from ethylene glycol (CH2CH20 ) or from 1,4-butanediol

(CH2CH2CH2CH2O) or from propylene glycol (CH2CH2CH2O), or mixtures thereof. Poly-

etherpolyurethanes are therefore preferred film-forming polymers. The hydrophilic

blocks can be constructed in the manner of comb polymers where parts of the side

chains or all side chains are hydrophilic polymeric blocks. But the hydrophilic blocks

can also be constituents of the main chain (i.e., of the polymer's backbone). A pre

ferred embodiment utilizes polyurethanes where at least the predominant fraction of the

hydrophilic polymeric blocks is present in the form of side chains. The side chains can

in turn be block copolymers such as poly(ethylene glycol)-co-poly(propylene glycol).

It is further possible to obtain hydrophilic properties for the polyurethanes through an

elevated fraction of ionic groups, preferably carboxylate, sulfonate, phosphonate or

ammonium groups. The ammonium groups may be protonated or alkylated tertiary or

quarternary groups. Carboxylates, sulfonates, and phosphates may be present as a l

kali-metal or ammonium salts. Suitable ionic groups and their respective precursors are

for example described in "Ullmanns Encyclopadie der technischen Chemie", 4th Edition,

Volume 19, p. 3 11-313 and are furthermore described in DE-A 1 495 745 and WO

03/050156.

It is well understood by those skilled in the art that polyurethanes also include allo-

phanate, biuret, carbodiimide, oxazolidinyl, isocyanurate, uretdione, and other linkages

in addition to urethane and urea linkages.

In one embodiment the block copolymers useful herein are preferably polyether ure-

thanes and polyester urethanes. Especially preferred are polyether urethanes compris-
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ing polyalkylene glycol units, especially polyethylene glycol units or poly(tetramethylene

glycol) units.

As used herein, the term "alkylene glycol" includes both alkylene glycols and substi-

tuted alkylene glycols having 2 to 10 carbon atoms, such as ethylene glycol,

1.3-propylene glycol, 1,2-propylene glycol, 1,2-butylene glycol, 1,3-butylene glycol,

1.4-butylene glycol, styrene glycol and the like.

The polyurethanes used according to the present invention are generally obtained by

reaction of polyisocyanates with active hydrogen-containing compounds having two or

more reactive groups. These include

a) high molecular weight compounds having a molecular weight in the range of

preferably 300 to 100 000 g/mol especially from 500 to 30 000 g/mol

b) low molecular weight compounds and

c) compounds having polyether groups, especially polyethylene oxide groups or

polytetrahydrofuran groups and a molecular weight in the range from 200 to

20 000 g/mol, the polyether groups in turn having no reactive groups.

These compounds can also be used as mixtures.

Suitable polyisocyanates have an average of about two or more isocyanate groups,

preferably an average of about two to about four isocyanate groups and include a li

phatic, cycloaliphatic, araliphatic, and aromatic polyisocyanates, used alone or in mix-

tures of two or more. Diisocyanates are more preferred. Especially preferred are a li

phatic and cycloaliphatic polyisocyanates, especially diisocyanates.

Specific examples of suitable aliphatic diisocyanates include alpha, omega-alkylene

diisocyanates having from 5 to 20 carbon atoms, such as hexamethylene-1 ,6-

diisocyanate, 1,12-dodecane diisocyanate, 2,2,4-trimethylhexamethylene diisocyanate,

2,4,4-trimethyl-hexamethylene diisocyanate, 2-methyl-1 ,5-pentamethylene diisocy

anate, and the like. Polyisocyanates having fewer than 5 carbon atoms can be used

but are less preferred because of their high volatility and toxicity. Preferred ali-phatic

polyisocyanates include hexamethylene-1 ,6-diisocyanate, 2,2,4-trimethyl-

hexamethylene diisocyanate, and 2,4,4-trimethyl-hexamethylene diisocyanate.
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Specific examples of suitable cycloaliphatic diisocyanates include dicyclohexylmethane

diisocyanate, (commercially available as Desmodur ® W from Bayer Corporation), iso-

phorone diisocyanate, 1,4-cyclohexane diisocyanate, 1,3-bis(isocyanatomethyl) cyclo-

hexane, and the like. Preferred cycloaliphatic diisocyanates include dicyclohexyl-

methane diisocyanate and isophorone diisocyanate.

Specific examples of suitable araliphatic diisocyanates include m-tetramethyl xylylene

diisocyanate, p-tetramethyl xylylene diisocyanate, 1,4-xylylene diisocyanate, 1,3-

xylylene diisocyanate, and the like. A preferred araliphatic diisocyanate is tetramethyl

xylylene diisocyanate.

Examples of suitable aromatic diisocyanates include 4,4'-diphenylmethane diisocy

anate, toluene diisocyanate, their isomers, naphthalene diisocyanate, and the like. A

preferred aromatic diisocyanate is toluene diisocyanate and 4,4'-diphenylmethane

diisocyanate.

Examples of high molecular weight compounds a) having 2 or more reactive groups

are such as polyester polyols and polyether polyols, as well as polyhydroxy polyester

amides, hydroxyl-containing polycaprolactones, hydroxyl-containing acrylic copoly-

mers, hydroxyl-containing epoxides, polyhydroxy polycarbonates, polyhydroxy polya-

cetals, polyhydroxy polythioethers, polysiloxane polyols, ethoxylated polysiloxane po ly

ols, polybutadiene polyols and hydrogenated polybutadiene polyols, polyacrylate po ly

ols, halogenated polyesters and polyethers, and the like, and mixtures thereof. The

polyester polyols, polyether polyols, polycarbonate polyols, polysiloxane polyols, and

ethoxylated polysiloxane polyols are preferred. Particular preference is given to polyes-

terpolyols, polycarbonate polyols and polyalkylene ether polyols and in particular to

polyesterpolyols. The number of functional groups in the aforementioned high molecu

lar weight compounds is preferably on average in the range from 1.8 to 3 and espe

cially in the range from 2 to 2.2 functional groups per molecule.

The polyester polyols typically are esterification products prepared by the reaction of

organic polycarboxylic acids or their anhydrides with a stoichiometric excess of a diol.

The diols used in making the polyester polyols include alkylene glycols, e.g., ethylene

glycol, 1,2- and 1,3-propylene glycols, 1,2-, 1,3-, 1,4-, and 2,3-butane diols, hexane

diols, neopentyl glycol, 1,6-hexanediol, 1,8-octanediol, and other glycols such as

bisphenol-A, cyclohexanediol, cyclohexane dimethanol ( 1 ,4-bis-hydroxymethylcyco-

M/52026-PCT



hexane), 2-methyl-1 ,3-propanediol, 2,2,4-trimethyl-1 ,3-pentanediol, diethylene glycol,

triethylene glycol, tetraethylene glycol, polyethylene glycol, dipropylene glycol, polypro

pylene glycol, dibutylene glycol, polybutylene glycol, dimerate diol, hydroxylated

bisphenols, polyether glycols, halogenated diols, and the like, and mixtures thereof.

Preferred diols include ethylene glycol, diethylene glycol, butane diol, hexane diol, and

neopentylglycol. Alternatively or in addition, the equivalent mercapto compounds may

also be used.

Suitable carboxylic acids used in making the polyester polyols include dicarboxylic ac-

ids and tricarboxylic acids and anhydrides, e.g., maleic acid, maleic anhydride, succinic

acid, glutaric acid, glutaric anhydride, adipic acid, suberic acid, pimelic acid, azelaic

acid, sebacic acid, chlorendic acid, 1,2,4-butane-tricarboxylic acid, o-phthalic acid, the

isomers of phthalic acid, phthalic anhydride, fumaric acid, dimeric fatty acids made

from oleic acid, and the like, and mixtures thereof. Preferred polycarboxylic acids used

in making the polyester polyols include aliphatic or aromatic dibasic acids.

Examples of suitable polyester polyols include poly(glycol adipate)s, poly(ethylene

terephthalate) polyols, polycaprolactone polyols, orthophthalic polyols, sulfonated and

phosphonated polyols, and the like, and mixtures thereof.

The preferred polyester polyol is a diol. Preferred polyester diols include

poly(butanediol adipate); hexanediol adipic acid and isophthalic acid polyesters such

as hexaneadipate isophthalate polyester; hexanediol neopentyl glycol adipic acid po ly

ester diols, e.g., Piothane 67-3000 HNA (Panolam Industries) and Piothane 67-1000

HNA, as well as propylene glycol maleic anhydride adipic acid polyester diols, e.g.,

Piothane SO-1000 PMA, and hexane diol neopentyl glycol fumaric acid polyester diols,

e.g., Piothane 67-SOO HNF. Other preferred Polyester diols include Rucoflex ® S101 .5-

3.5, S 1040-3.5, and S-1 040-1 10 (Bayer Corporation).

Polyether polyols are obtained in known manner by the reaction of a starting compound

that contain reactive hydrogen atoms, such as water or the diols set forth for preparing

the polyester polyols, and alkylene glycols or cyclic ethers, such as ethylene glycol,

propylene glycol, butylene glycol, styrene glycol, ethylene oxide, propylene oxide, 1,2-

butylene oxide, 2,3-butylene oxide, oxetane, tetrahydrofuran, epichlorohydrin, and the

like, and mixtures thereof. Preferred polyethers include poly(ethylene glycol),

poly(propylene glycol), polytetrahydrofuran, and co [poly(ethylene glycol)-
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poly(propylene glycol)]. Polyethylenglycol and Polypropyleneglycol can be used as

such or as physical blends. In case that propyleneoxide and ethylenoxide are copoly-

merized, these polypropylene-co-polyethylene polymers can be used as random po ly

mers or block-copolymers.

In one embodiment the polyetherpolyol is a constituent of the main polymer chain.

In another embodiment the polyetherol is a terminal group of the main polymer chain.

In yet another embodiment the polyetherpolyol is a constituent of a side chain which is

comb-like attached to the main chain. An example of such a monomer is Tegomer D-

3403 (Degussa).

Polycarbonates include those obtained from the reaction of diols such 1,3-propanediol,

1,4-butanediol, 1,6-hexanediol, diethylene glycol, triethylene glycol, tetraethylene gly-

col, and the like, and mixtures thereof with dialkyl carbonates such as diethyl carbon

ate, diaryl carbonates such as diphenyl carbonate or phosgene.

Examples of low molecular weight compounds b) having two reactive functional groups

are the diols such as alkylene glycols and other diols mentioned above in connection

with the preparation of polyesterpolyols. They also include diamines such as diamines

and polyamines which are among the preferred compounds useful in preparing the

aforesaid polyesteramides and polyamides. Suitable diamines and polyamines include

1,2-diaminoethane, 1,6-diaminohexane, 2-methyl-1 ,5-pentanediamine, 2,2,4-trimethyl-

1,6-hexanediamine, 1,12-diaminododecane, 2-aminoethanol, 2-[(2-aminoethyl)amino]-

ethanol, piperazine, 2,5-dimethylpiperazine, 1-amino-3-aminomethyl-3,5,5-

trimethylcyclohexane (isophorone diamine or IPDA), bis-(4-aminocyclohexyl)-methane,

bis-(4-amino-3-methyl-cyclohexyl)-methane, 1,4-diaminocyclohexane, 1,2-

propylenediamine, hydrazine, urea, amino acid hydrazides, hydrazides of semicarbazi-

docarboxylic acids, bis-hydrazides and bis-semicarbazides, diethylene triamine,

triethylene tetramine, tetraethylene pentamine, pentaethylene hexamine, N,N,N-tris-(2-

aminoethyl)amine, N-(2-piperazinoethyl)-ethylene diamine, N,N'-bis-(2-aminoethyl)-

piperazine, N,N,N'-tris-(2-aminoethyl)ethylene diamine, N-[N-(2-aminoethyl)-2-

aminoethyl]-N'-(2-aminoethyl)-piperazine, N-(2-aminoethy1 )-N'-(2-piperazinoethyl)-

ethylene diamine, N,N-bis-(2-aminoethyl)-N-(2-piperazinoethyl)amine, N,N-bis-(2-

piperazinoethyl)amine, polyethylene imines, iminobispropylamine, guanidine, mela-

mine, N-(2-aminoethyl)-1 ,3-propane diamine, 3,3'-diaminobenzidine, 2,4,6-
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triaminopyrimidine, polyoxypropylene amines, tetrapropylenepentamine, tripropylene-

tetramine, N,N-bis-(6-aminohexyl)amine, N,N'-bis-(3-aminopropyl)ethylene diamine,

and 2,4-bis-(4'-aminobenzyl)-aniline, and the like, and mixtures thereof. Preferred d ia

mines and polyamines include 1-amino-3-aminomethyl-3,5,5-trimethyl-cyclohexane

(isophorone diamine or IPDA), bis-(4-aminocyclohexyl)-methane, bis-(4-amino-3-

methylcyclohexyl)-methane, ethylene diamine, diethylene triamine, triethylene tetra-

mine, tetraethylene pentamine, and pentaethylene hexamine, and the like, and m ix

tures thereof. Other suitable diamines and polyamines for example include Jeffamine ®

D-2000 and D-4000, which are amine-terminated polypropylene glycols differing only

by molecular weight, and Jeffamine ® XTJ-502, T 403, T 5000, and T 3000 which are

amine terminated polyethyleneglycols, amine terminated co-polypropylene-

polyethylene glycols, and triamines based on propoxylated glycerol or trimethylolpro-

pane and which are available from Huntsman Chemical Company.

The polyurethane may additionally contain functional groups which can undergo further

crosslinking reactions and which can optionally render them self-crosslinkable.

Compounds having at least one additional crosslinkable functional group include those

having carboxylic, carbonyl, amine, hydroxyl, and hydrazide groups, and the like, and

mixtures of such groups. The typical amount of such optional compound is up to about

1 milliequivalent, preferably from about 0.05 to about 0.5 milliequivalent, and more

preferably from about 0.1 to about 0.3 milliequivalent per gram of final polyurethane on

a dry weight basis.

The preferred compounds for incorporation of carboxylic groups into the isocyanate-

terminated prepolymer are hydroxy-carboxylic acids having the general formula

(HO)xQ(COOH)y wherein Q is a straight or branched hydrocarbon radical having 1 to

12 carbon atoms, and x and y are 1 to 3 . Examples of such hydroxy-carboxylic acids

include citric acid, dimethylolpropanoic acid (DMPA), dimethylol butanoic acid (DMBA),

glycolic acid, lactic acid, malic acid, dihydroxymaleic acid, tartaric acid, hydroxypivalic

acid, and the like, and mixtures thereof. Dihydroxy-carboxylic acids are more preferred

with dimethylolpropanoic acid (DMPA) being most preferred.

Other suitable compounds providing crosslinkability include thioglycolic acid, 2,6-

dihydroxybenzoic acid, and the like, and mixtures thereof.
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Optional neutralization of the prepolymer having pendant carboxyl groups converts the

carboxyl groups to carboxylate anions, thus having a water-dispersibility enhancing

effect. Suitable neutralizing agents include tertiary amines, metal hydroxides, ammonia,

and other agents well known to those skilled in the art.

As a chain extender, at least one of water, an inorganic or organic polyamine having an

average of about 2 or more primary and/or secondary amine groups, polyalcohols,

ureas, or combinations thereof is suitable for use in the present invention. Suitable o r

ganic amines for use as a chain extender include diethylene triamine (DETA), ethylene

diamine (EDA), meta-xylylenediamine (MXDA), aminoethyl ethanolamine (AEEA), 2-

methyl pentane diamine, and the like, and mixtures thereof. Also suitable for practice in

the present invention are propylene diamine, butylene diamine, hexamethylene d ia

mine, cyclohexylene diamine, phenylene diamine, tolylene diamine, 3,3-

dichlorobenzidene, 4,4'-methylene-bis-(2-chloroaniline), 3,3-dichloro- 4,4-diamino di-

phenylmethane, sulfonated primary and/or secondary amines, and the like, and m ix

tures thereof. Suitable inorganic and organic amines include hydrazine, substituted

hydrazines, and hydrazine reaction products, and the like, and mixtures thereof. Suit

able polyalcohols include those having from 2 to 12 carbon atoms, preferably from 2 to

8 carbon atoms, such as ethylene glycol, diethylene glycol, neopentyl glycol, buta-

nediols, hexanediol, and the like, and mixtures thereof. Suitable ureas include urea and

its derivatives, and the like, and mixtures thereof. Hydrazine is preferred and is most

preferably used as a solution in water. The amount of chain extender typically ranges

from about 0.5 to about 0.95 equivalents based on available isocyanate.

Particularly suitable elastic film-forming polyurethanes are extensively described in the

literature references hereinbelow and expressly form part of the subject matter of the

present disclosure. Particularly hydrophilic thermoplastic polyurethanes are sold by

Noveon, Brecksville, Ohio, under the tradenames of Permax ® 120, Permax 200 and

Permax 220 and are described in detail in "Proceedings International Waterborne High

Solids Coatings, 32, 299, 2004" and were presented to the public in February 2004 at

the "International Waterborne, High-Solids, and Powder Coatings Symposium" in New

Orleans, USA. The preparation is described in detail in US 2003/0195293. Further

more, the polyurethanes described in US 4,190,566, US 4,092,286, US 2004/0214937

and also WO 03/050156 expressly form part of the subject matter of the present disclo-

sure.
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More particularly, the polyurethanes described can be used in mixtures with each other

or with other film-forming polymers, fillers, oils, water-soluble polymers or plasticizing

agents in order that particularly advantageous properties may be achieved with regard

to hydrophilicity, water perviousness and mechanical properties.

The polymeric film is preferably applied in an amount of 0.1 - 25 parts by weight of the

film-forming polymer (reckoned as solids material) to 100 parts by weight of dry water-

absorbing polymeric particles. The amount of film-forming polymer used per 100 parts

by weight of water-absorbing polymeric particles is preferably 0.1 - 15 parts by weight,

especially 0.5 - 10 parts by weight, more preferably 0.5 - 7 parts by weight, even more

preferably 0.5 - 5 parts by weight and in particular 0.5 - 4.5 parts by weight, 0.5 - 4

parts by weight or 0.5 - 3 parts by weight with an amount of 0.5 - 2.5 parts by weight

and in particular 1 - 2 parts by weight being particularly preferred.

The film-forming polyurethane can be applied as a solid material, as a hotmelt, as a

dispersion, as an aqueous dispersion, as an aqueous solution or as an organic solution

to the particles of the water-absorbing addition polymer. The form in which the film-

forming polyurethane is applied to the water-absorbing polymeric particles is preferably

as a solution or more preferably as an aqueous dispersion.

Suitable elastomeric polymers which are applicable from solution are for example Es-

tane® 58245 (Noveon, Cleveland, USA), Estane® 4988, Estane® 4986, Estane® X-

1007, Estane® T5410, Irogran® PS370-201 (Huntsman Polyurethanes), lrogran ® VP

654/5, or Elastollan® LP 9109 (Elastogran).

Useful solvents for polyurethanes include solvents which make it possible to establish 1

to not less than 40% by weight concentrations of the polyurethane in the respective

solvent or mixture. As examples there may be mentioned alcohols, esters, ethers, ke

tones, amides, and halogenated hydrocarbons like methyl ethyl ketone, acetone, iso-

propanol, tetrahydrofuran, dimethylformamide, N-alkylpyrrolidones such as N-

methylpyrrolidone or N-ethylpyrrolidone, chloroform and mixtures thereof. Solvents

which are polar, aprotic and boil below 100°C at ambient pressure are particularly ad

vantageous.

In a preferred embodiment the polyurethane is in the form of an aqueous dispersion.
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Preferred aqueous polyurethane dispersions are Hauthane ® HD-4638 (ex Hauthaway),

Hydrolar® HC 269 (ex Colm, Italy), Impraperm ® 48180 (ex Bayer Material Science AG,

Germany), Lurapret® DPS (ex BASF Germany), Permax®120, Permax® 200, and Per-

max® 220 (ex Noveon, Brecksville, OH), ) , Syntegra ® YM2000 and Syntegra ® YM2100

(ex Dow, Midland, Michigan) Witcobond G-213, Witcobond G-506, Witcobond G-507,

Witcobond ® 736 (ex Uniroyal Chemical, Middlebury, CT) and Astacin ® Finish products,

in particular Astacin ® Finish PUMN TF (ex BASF Germany).

Aqueous herein refers to water and also mixtures of water with up to 20% by weight of

water-miscible solvents, based on the total amount of solvent. Water-miscible solvents

are miscible with water in the desired use amount at 25°C and 1 bar. They include a l

cohols such as methanol, ethanol, propanol, isopropanol, ethylene glycol, 1,2-

propanediol, 1,3-propanediol, ethylene carbonate, glycerol and methoxyethanol and

water-soluble ethers such as tetrahydrofuran and dioxane.

It is particularly preferable to effect the coating in a fluidized bed reactor. The water-

absorbing particles are introduced as generally customary, depending on the type of

the reactor, and are generally coated by spraying with the film-forming polymer as a

solid material or preferably as a polymeric solution or dispersion. Aqueous dispersions

of the film-forming polymer are particularly preferred for this.

Useful fluidized bed reactors include for example the fluidized or suspended bed

coaters familiar in the pharmaceutical industry. Particular preference is given to the

Wurster process and the Glatt-Zeller process and these are described for example in

"Pharmazeutische Technologie, Georg Thieme Verlag, 2nd edition (1989), pages 412-

413" and also in "Arzneiformenlehre, Wissenschaftliche Verlagsbuchandlung mbH,

Stuttgart 1985, pages 130-132". Particularly suitable batch and continuous fluidized

bed processes on a commercial scale are described in Drying Technology, 20(2), 419-

447 (2002).

The process of the present invention utilizes the aforementioned nozzles, which are

customarily used for post-crosslinking. However, two-material nozzles are particularly

preferred.

It is possible that the water-absorbing material comprises two or more layers of coating

agent (shells), obtainable by coating the water-absorbing polymers twice or more. This

M/52026-PCT



may be the same coating agent or a different coating agent. However, preference for

economic reasons is given to a single coating.

According to the present invention, coating takes place at a product and/or carrier gas

temperature in the range from 0°C to 50°C, preferably at 5 - 45°C, especially 10 -

40°C and most preferably 15 - 35°C.

Step b)

After the film-forming polyurethane has been applied and before the subsequent heat-

treating step the particles are optionally coated with silica. Amorphous or crystalline

forms of silicon dioxide are suitable and they can also be used in their hydrated forms.

Silica is preferably used as aqueous commercially available silica sol, such as for ex

ample Levasil® Kieselsole (H.C. Starck GmbH), which have particle sizes in the range

5 - 75 nm.

In a preferred embodiment, the silica is used in an amount in the range from 0.001% to

20% by weight, preferably less than 10% by weight, especially in the range from

0.001% to 5% by weight, more preferably in the range from 0.001% to 2% by weight

and most preferably between 0.001 and 1% by weight, based on the weight of the wa

ter-absorbing polyurethane.

In addition to the silica it is also possible to add known deagglomerating aids, examples

being waxes and preferably micronized or preferably partially oxidized polyethylenic

waxes, which can likewise be used in the form of an aqueous dispersion. Such waxes

are described in EP 0 755 964, which is hereby expressly incorporated herein by refer

ence.

According to an embodiment of the invention a surfactant can be used in step (a)

and/or (b). The addition of the surfactant can take place together with the polyurethane,

before the addition of the polyurethane, after the addition of the polyurethane or to

gether with the silica in step (b). The surfactant can further be applied during the post-

crosslinking operation.

Useful surfactants include nonionic, anionic and cationic surfactants and also mixtures

thereof. Preferred are nonionic surfactants. Useful nonionic surfactants include for ex-
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ample sorbitan esters, such as the mono-, di- or triesters of sorbitans with C8-Ci 8-

carboxylic acids such as lauric, palmitic, stearic and oleic acids; polysorbates; alkyl-

polyglucosides having 8 to 22 and preferably 10 to 18 carbon atoms in the alkyl chain

and 1 to 20 and preferably 1. 1 to 5 glucoside units; N-alkylglucamides; alkylamine

alkoxylates or alkylamide ethoxylates; alkoxylated C8-C22-alcohols such as fatty alcohol

alkoxylates or oxo alcohol alkoxylates; block polymers of ethylene oxide, propylene

oxide and/or butylene oxide; alkylphenol ethoxylates having C6-Ci 4-alkyl chains and 5

to 30 mol of ethylene oxide units.

The amount of surfactant is generally in the range from 0.01% to 0.5% by weight, pref

erably less than 0.1% by weight and especially below 0.05% by weight, based on the

weight of the water-absorbing material.

Step c)

According to the invention, heat-treating takes place at temperatures above 50°C, pref

erably in a temperature range from 100 to 200°C, especially 120 - 160°C. Without

wishing to be bound by theory, the heat-treating causes the applied film-forming po ly

mer, preferably polyurethane, to flow and form a polymeric film whereby the polymer

chains are entangled. The duration of the heat-treating is dependent on the heat-

treating temperature chosen and the glass transition and melting temperatures of the

film-forming polymer. In general, a heat-treating time in the range from 30 minutes to

120 minutes will be found to be sufficient. However, the desired formation of the po ly

meric film can also be achieved when heat-treating for less than 30 minutes, for exam-

pie in a fluidized bed dryer. Longer times are possible, of course, but especially at

higher temperatures can lead to damage in the polymeric film or to the water-absorbing

material.

The heat-treating is carried out for example in a downstream fluidized bed dryer, a tun-

nel dryer, a tray dryer, a tower dryer, one or more heated screws or a disk dryer or a

Nara® dryer. Heat-treating is preferably done in a fluidized bed reactor and more pref

erably directly in the Wurster Coater.

In one embodiment for the process steps of coating, heat-treating, and cooling, it may

be possible to use air or dried air in each of these steps.
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In other embodiments an inert gas may be used in one or more of these process steps.

In yet another embodiment one can use mixtures of air and inert gas in one or more of

these process steps.

The heat-treating is preferably carried out under inert gas. It is particularly preferable

that the coating step be carried out under inert gas as well. It is very particularly prefer

able when the concluding cooling phase is carried out under protective gas too. Prefer

ence is therefore given to a process where the production of the water-absorbing mate

rial according to the present invention takes place under inert gas.

After the heat-treating step has been concluded, the dried water-absorbing polymeric

materials are cooled. To this end, the warm and dry polymer is preferably continuously

transferred into a downstream cooler. This can be for example a disk cooler, a Nara

paddle cooler or a screw cooler.

Step d)

After the heat-treating step the particles are coated with pyrogenic hydrophilic silica in

powder form. Pyrogenic silica is well-known in the art, see for example Angew. Chem.,

1960, 744 - 750. The primary particles have a diameter of about 10 to about 40 nm. If

prepared according to the conventional process of flame hydrolysis without post-

treatment, hydrophilic pyrogenic silica is obtained. Pyrogenic hydrophilic silica is com

mercially available under the name Aerosil ®, in particular Aerosil ® 90, Aerosil ® 130,

Aerosil ® 150, Aerosil ® 200, Aerosil ® 300, Aerosil ® 380, Aerosil ® OX 50, Aerosil ® EG 50,

Aerosil ® TT 600, Aerosil ® 200 SP, Aerosil ® 300 SP, Sipernat ®, in particular Sipernat ®

22S, or Acematf ® TS 100.

The hydrophilic pyrogenic silica is in general used in an amount of 0.05 to 8 % by

weight, in particular in an amount of 0.1 to 5 % by weight, and preferably in an amount

of 0.5 to 3 % by weight or 0.5 to 2 % by weight, based on the weight of the polyure-

thane.

The coating is in general carried out in conventional mixers, such as Schuggi mixers,

turbolizers, tumbler mixers or plowshare mixers such as a Loedige kneader which can

be used alone or preferably as a battery of plural consecutive units. If such a mixer is

used alone, the particles to be coated may have to be fed multiple times through the
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apparatus to become homogeneously coated. If two or more of such apparatus are set

up as consecutive units then one pass may be sufficient.

The invention also relates to the water-absorbing material which is obtainable accord-

ing to the process of the invention.

The coated water-absorbing particles may be present in the water-absorbing material

of the invention mixed with other particles components, such as fibers, (fibrous) glues,

organic or inorganic filler materials or flowing aids, process aids, anti-caking agents,

odor control agents, coloring agents, coatings to impart wet stickiness, hydrophilic sur

face coatings, etc.

The water-absorbing material is typically obtainable by the process described herein,

which is such that the resulting material is solid; this includes gels, flakes, fibers, ag-

glomerates, large blocks, granules, particles, spheres and other forms known in the art

for the water-absorbing polymers described hereinafter.

The water-absorbing material of the invention preferably comprises less than 20% by

weight of water, or even less than 10% or even less than 8% or even less than 5%, or

even no water. The water content of the water-absorbing material can be determined

by the Edana test, number ERT 430.1-99 (February 1999) which involves drying the

water-absorbing material at 105 °Celsius for 3 hours and determining the moisture con

tent by the weight loss of the water-absorbing materials after drying.

The invention further relates to a water-absorbing polymer material which has a FHA of

at least 10 g/g, preferably of at least 12 g/g and in particular of at least 14 g/g. The

water-absorbing polymer material further has a CS-SFC of at least 200 10 7 cm s/g,

preferably at least 230 10 7 cm s/g, more preferably at least 250 10 7 cm s/g and in

particular at least 280 10 7 cm s/g.

According to another embodiment the water-absorbable polymer material which has a

FHA of at least 10 g/g and a CS-SFC of at least 200 10 7 cm s/g is obtainable accord

ing to the process of the invention.

The water-absorbing material of the present invention is notable for the fact that the

particles, which have an irregular shape when dry, assume in the swollen state a more
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rounded shape/morphology, since the swelling of the absorbent core is distributed via

the rebound forces of the elastic polymeric envelope over the surface and the elastic

polymeric envelope substantially retains its properties in this respect during the swell

ing process and in use. The enveloping film-forming polyurethane is permeable to sa-

line, so that the polymer particles achieve excellent absorption values in the CS-CRC

(Core Shell Centrifugation Retention Capacity) test and also good permeability in the

CS-SFC test.

In addition, the water-absorbing materials of the invention have a high permeability for

liquid flow through the gel bed as can be measured with the CS-SFC test set out

herein.

The water-absorbing material, hereinafter also referred to as hydrogel-forming polymer,

was tested by the test methods described herein below.

Methods:

The measurements should be carried out, unless otherwise stated, at an ambient tem

perature of 23 ± 2°C and a relative humidity of 50 ± 10%. The water-absorbing poly-

meric particles are thoroughly mixed through before measurement. For the purpose of

the following methods AGM means "Absorbent Gelling Material" and can relate to the

water absorbing polymer particles as well as to the water-absorbing material. The re

spective meaning is clearly defined by the data given in the examples below. The test

methods, for example for determining CRC, CS-CRC, AUL, CS-AUL, SFC, and CCRC

are disclosed in WO 2006/082239 and are incorporated by reference. Measurement of

FHA and CS-FSC is carried out as described below.

Saline Flow Conductivity (SFC)

The method to determine the permeability of a swollen gel layer is the "Saline Flow

Conductivity" also known as "Gel Layer Permeability" and is described in EP A 640

330. The equipment used for this method has been modified as described below.

Figure 1 shows the permeability measurement equipment set-up with the open-ended

tube for air admittance A , stoppered vent for refilling B, constant hydrostatic head res-

ervoir C, Lab Jack D, delivery tube E, stopcock F, ring stand support G, receiving ves

sel H, balance I and the SFC apparatus L.
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Figure 2 shows the SFC apparatus L consisting of the metal weight M, the plunger

shaft N, the lid O, the center plunger P und the cylinder Q.

The cylinder Q has an inner diameter of 6.00 cm (area = 28.27 cm2) . The bottom of the

cylinder Q is faced with a stainless-steel screen cloth (mesh width: 0.036 mm; wire

diameter: 0.028 mm) that is bi-axially stretched to tautness prior to attachment. The

plunger consists of a plunger shaft N of 2 1 .15 mm diameter. The upper 26.0 mm hav

ing a diameter of 15.8 mm, forming a collar, a perforated center plunger P which is also

screened with a stretched stainless-steel screen (mesh width: 0.036 mm; wire diame-

ter: 0.028 mm), and annular stainless steel weights M. The annular stainless steel

weights M have a center bore so they can slip on to plunger shaft and rest on the co l

lar. The combined weight of the center plunger P, shaft and stainless-steel weights M

must be 596 g (± 6g), which corresponds to 0.30 PSI over the area of the cylinder. The

cylinder lid O has an opening in the center for vertically aligning the plunger shaft N

and a second opening near the edge for introducing fluid from the reservoir into the

cylinder Q.

The cylinder Q specification details are:

Outer diameter of the Cylinder: 70.35 mm

Inner diameter of the Cylinder: 60.0 mm

Height of the Cylinder: 60.5 mm

The cylinder lid O specification details are:

Outer diameter of SFC Lid: 76.05 mm

Inner diameter of SFC Lid: 70.5 mm

Total outer height of SFC Lid: 12.7 mm

Height of SFC Lid without collar: 6.35 mm

Diameter of hole for Plunger shaft positioned in the center: 22.25 mm

Diameter of hole in SFC lid: 12.7 mm

Distance centers of above mentioned two holes: 23.5 mm

The metal weight M specification details are:

Diameter of Plunger shaft for metal weight: 16.0 mm

Diameter of metal weight: 50.0 mm

Height of metal weight: 39.0 mm

Figure 3 shows the plunger center P specification details

M/52026-PCT



Diameter m of SFC Plunger center: 59.7 mm

Height n of SFC Plunger center: 16.5 mm

14 holes o with 9.65 mm diameter equally spaced on a 47.8 mm bolt circle and

7 holes p with a diameter of 9.65 mm equally spaced on a 26.7 mm bolt circle

5 / 8 inches thread q .

Prior to use, the stainless steel screens of SFC apparatus, should be accurately in

spected for clogging, holes or over stretching and replaced when necessary. An SFC

apparatus with damaged screen can deliver erroneous SFC results, and must not be

used until the screen has been fully replaced.

Measure and clearly mark, with a permanent fine marker, the cylinder at a height of

5.00 cm (± 0.05 cm) above the screen attached to the bottom of the cylinder. This

marks the fluid level to be maintained during the analysis. Maintenance of correct and

constant fluid level (hydrostatic pressure) is critical for measurement accuracy.

A constant hydrostatic head reservoir C is used to deliver NaCI solution to the cylinder

and maintain the level of solution at a height of 5.0 cm above the screen attached to

the bottom of the cylinder. The bottom end of the reservoir air-intake tube A is posi-

tioned so as to maintain the fluid level in the cylinder at the required 5.0 cm height dur

ing the measurement, i.e., the height of the bottom of the air tube A from the bench top

is the same as the height from the bench top of the 5.0 cm mark on the cylinder as it

sits on the support screen above the receiving vessel. Proper height alignment of the

air intake tube A and the 5.0 cm fluid height mark on the cylinder is critical to the analy-

sis. A suitable reservoir consists of a jar containing: a horizontally oriented L-shaped

delivery tube E for fluid delivering, an open-ended vertical tube A for admitting air at a

fixed height within the reservoir, and a stoppered vent B for re-filling the reservoir. The

delivery tube E, positioned near the bottom of the reservoir C, contains a stopcock F for

starting/stopping the delivery of fluid. The outlet of the tube is dimensioned to be in-

serted through the opening in the cylinder lid O, with its end positioned below the sur

face of the fluid in the cylinder (after the 5 cm height is attained). The air-intake tube is

held in place with an o-ring collar. The reservoir can be positioned on a laboratory jack

D in order to adjust its height relative to that of the cylinder. The components of the

reservoir are sized so as to rapidly fill the cylinder to the required height (i.e., hydro-

static head) and maintain this height for the duration of the measurement. The reservoir
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must be capable to deliver liquid at a flow rate of minimum 3 g/sec for at least 10 min

utes.

Position the plunger/cylinder apparatus on a ring stand with a 16 mesh rigid stainless

steel support screen (or equivalent). This support screen is sufficiently permeable so as

to not impede fluid flow and rigid enough to support the stainless steel mesh cloth pre

venting stretching. The support screen should be flat and level to avoid tilting the cy lin

der apparatus during the test. Collect the fluid passing through the screen in a collec

tion reservoir, positioned below (but not supporting) the support screen. The collection

reservoir is positioned on a balance accurate to at least 0.01 g . The digital output of the

balance is connected to a computerized data acquisition system.

Preparation of reagents

Following preparations are referred to a standard 1 liter volume. For preparation mult i

ple than 1 liter, all the ingredients must be calculated as appropriate.

Javco Synthetic Urine

Fill a 1L volumetric flask with de-ionized water to 80% of its volume, add a stir bar and

put it on a stirring plate. Separately, using a weighing paper or beaker weigh (accurate

to ± 0.01 g) the amounts of the following dry ingredients using the analytical balance

and add them into the volumetric flask in the same order as listed below. Mix until all

the solids are dissolved then remove the stir bar and dilute to 1L volume with distilled

water. Add a stir bar again and mix on a stirring plate for a few minutes more. The con

ductivity of the prepared solution must be 7.6 ± 0.23 mS/cm.

Chemical Formula Anhydrous Hydrated

Potassium Chloride (KCI) 2.00 g

Sodium Sulfate (Na2S04) 2.00 g

Ammonium dihydrogen phosphate (NH4H2PO4) 0.85 g

Ammonium phosphate, dibasic ((N HPC ) 0.15 g

Calcium Chloride (CaCb) 0.19 g (2 H2O) 0.25 g

Magnesium chloride (MgCb) 0.23 g (6 H2O) 0.50 g
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To make the preparation faster, wait until total dissolution of each salt before adding

the next one. Jayco may be stored in a clean glass container for 2 weeks. Do not use if

solution becomes cloudy. Shelf life in a clean plastic container is 10 days.

0.1 18 M Sodium Chloride (NaCI) Solution

Using a weighing paper or beaker weigh (accurate to ± 0.01 g) 6.90 g of sodium chlo

ride into a 1L volumetric flask and fill to volume with de-ionized water. Add a stir bar

and mix on a stirring plate until all the solids are dissolved. The conductivity of the pre-

pared solution must be 12.50 ± 0.38 mS/cm.

Test preparation

Using a reference metal cylinder (40 mm diameter; 140 mm height) set the caliper

gauge (e.g.Mitotoyo Digimatic Height Gage) to read zero. This operation is conven

iently performed on a smooth and level bench top. Position the SFC apparatus without

AGM under the caliper gauge and record the caliper as L to the nearest of 0.01 mm.

Fill the constant hydrostatic head reservoir with the 0.1 18 M NaCI solution. Position the

bottom of the reservoir air-intake tube A so as to maintain the top part of the liquid me

niscus in the SFC cylinder at the required 5.0 cm height during the measurement.

Proper height alignment of the air-intake tube A at the 5 cm fluid height mark on the

cylinder is critical to the analysis.

Saturate an 8 cm fritted disc (7 mm thick; e.g. Chemglass Inc. # CG 201- 5 1 , coarse

porosity) by adding excess synthetic urine on the top of the disc. Repeating until the

disc is saturated. Place the saturated fritted disc in the hydrating dish and add the syn

thetic urine until it reaches the level of the disc. The fluid height must not exceed the

height of the disc.

Place the collection reservoir on the balance and connect the digital output of the ba l

ance to a computerized data acquisition system. Position the ring stand with a 16 mesh

rigid stainless steel support screen above the collection dish. This 16 mesh screen

should be sufficiently rigid to support the SFC apparatus during the measurement. The

support screen must be flat and level.
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AGM sampling

AGM samples should be stored in a closed bottle and kept in a constant, low humidity

environment. Mix the sample to evenly distribute particle sizes. Remove a representa-

tive sample of material to be tested from the center of the container using the spatula.

The use of a sample divider is recommended to increase the homogeneity of the sam

ple particle size distribution.

SFC procedure

Position the weighing funnel on the analytical balance plate and zero the balance. Us

ing a spatula weigh 0.9 g (± 0.05g) of AGM into the weighing funnel. Position the SFC

cylinder on the bench, take the weighing funnel and gently, tapping with finger, transfer

the AGM into the cylinder being sure to have an evenly dispersion of it on the screen.

During the AGM transfer, gradually rotate the cylinder to facilitate the dispersion and

get homogeneous distribution. It is important to have an even distribution of particles

on the screen to obtain the highest precision result. At the end of the distribution the

AGM material must not adhere to the cylinder walls. Insert the plunger shaft into the lid

central hole then insert the plunger center into the cylinder for few centimeters. Keep-

ing the plunger center away from AGM insert the lid in the cylinder and carefully rotate

it until the alignment between the two is reached. Carefully rotate the plunger to reach

the alignment with lid then move it down allowing it to rest on top of the dry AGM. Insert

the stainless steel weight to the plunger rod and check if the lid moves freely. Proper

seating of the lid prevents binding and assures an even distribution of the weight on the

gel bed.

The thin screen on the cylinder bottom is easily stretched. To prevent stretching, apply

a sideways pressure on the plunger rod, just above the lid, with the index finger while

grasping the cylinder portion of the apparatus. This "locks" the plunger in place against

the inside of the cylinder so that the apparatus can be lifted. Place the entire apparatus

on the fritted disc in the hydrating dish. The fluid level in the dish should not exceed the

height of the fritted disc. Care should be taken so that the layer does not loose fluid or

take in air during this procedure. The fluid available in the dish should be enough for all

the swelling phase. If needed, add more fluid to the dish during the hydration period to

ensure there is sufficient synthetic urine available. After a period of 60 minutes, place

the SFC apparatus under the caliper gauge and record the caliper as l_2to the nearest
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of 0.01 mm. Calculate, by difference l_2 - Li, the thickness of the gel layer as Loto the

nearest ± 0.1 mm. If the reading changes with time, record only the initial value.

Transfer the SFC apparatus to the support screen above the collection dish. Be sure,

when lifting the apparatus, to lock the plunger in place against the inside of the cy lin

der. Position the constant hydrostatic head reservoir such that the delivery tube is

placed through the hole in the cylinder lid. Initiate the measurement in the following

sequence:

a) Open the stopcock of the constant hydrostatic head reservoir and permit the fluid to

reach the 5 cm mark. This fluid level should be obtained within 10 seconds of opening

the stopcock.

b) Once 5 cm of fluid is attained, immediately initiate the data collection program.

With the aid of a computer attached to the balance, record the quantity of fluid passing

through the gel layer versus time at intervals of 20 seconds for a time period of 10 m in

utes. At the end of 10 minutes, close the stopcock on the reservoir. The data from 60

seconds to the end of the experiment are used in the calculation. The data collected

prior to 60 seconds are not included in the calculation. Perform the test in triplicate for

each AGM sample.

Evaluation of the measurement remains unchanged from EP-A 640 330. Through-flux

is captured automatically.

Saline flow conductivity (SFC) is calculated as follows:

SFC [cm3s/g] = (Fg(t=0) x L0) / (d x A x WP),

where Fg(t=0) is the through-flux of NaCI solution in g/s, which is obtained from a linear

regression analysis of the Fg(t) data of the through-flux determinations by extrapolation

to t=0, L0 is the thickness of the gel layer in cm, d is the density of the NaCI solution in

g/cm 3, A is the area of the gel layer in cm2 and WP is the hydrostatic pressure above

the gel layer in dyn/cm 2.

CS-SFC (Core Shell Saline Flow Conductivity)
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CS-SFC is determined completely analogously to SFC, with the following changes:

To modify the SFC the person skilled in the art will design the feed line including the

stopcock in such a way that the hydrodynamic resistance of the feed line is so low that

prior to the start of the measurement time actually used for the evaluation an identical

hydrodynamic pressure as in the SFC (5 cm) is attained and is also kept constant over

the duration of the measurement time used for the evaluation

the weight of AGM used is 1.50 +/- 0.05 g

a 0.9% by weight sodium chloride solution is used as solution to preswell the

AGM sample and for through-flux measurement

- the preswell time of the sample for measurement is 240 minutes

for preswelling, a filter paper 90 mm in diameter (Schleicher & Schijll, No 597) is

placed in a 500 ml crystallizing dish (Schott, diameter = 115 mm, height = 65

mm) and 250 ml of 0.9% by weight sodium chloride solution are added, then the

SFC measuring cell with the sample is placed on the filter paper and swelling is

allowed for 240 minutes

the through-flux data are recorded every 5 seconds, for a total of 3 minutes

the points measured between 10 seconds and 180 seconds are used for evalua

tion and Fg(t=0) is the through-flux of NaCI solution in g/s which is obtained from

a linear regression analysis of the Fg(t) data of the through-flux determinations

by extrapolation to t=0

the stock reservoir bottle in the SFC-measuring apparatus for through-flux solu

tion contains about 5 kg of sodium chloride solution.

Fixed Height Absorption (FHA)

The FHA is a method to determine the ability of a swollen gel layer to transport fluid by

wicking. It is executed and evaluated as described on page 9 and 10 in EP 0 1 493 453

A 1.

The following adjustments need to be made versus this description:

Laboratory conditions are 23±2 °C and relative humidity is no more than 50%.

Glass frit: 500 ml glass frit P40, as defined by ISO 4793, nominal pore size 16-40 µ η ,

thickness 7 mm, e.g. Duran Schott pore size class 3 . At 20 °C: a 30 cm diameter disk

must be capable of a water flow of 50 ml/min for a pressure drop of 50 mbar.
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Flexible plastic Tygon tube, for connecting the separatory funnel with the funnel with

frit. Length must be sufficient to allow for 20 cm vertical movement of the funnel.

Use of high wet strength cellulose tissue, maximum basis weight 24.6 g/cm2, size 80 x

80 mm, minimum wet tensile strength 0,32 N/cm (CD direction), and 0.8 N/cm (MD

direction), e.g. supplied by Fripa Papierfabrik Albert Friedrich KG, D-63883 Miltenberg.

The tissue is clamped with a metal ring on the bottom side of the sample holder.

Calculation:

FHA = (m3-m2) ÷ (m2-m1)

weight of absorbed saline solution per 1 g of AGM,

with

ml = weight of empty sample holder in g ,

m2 = weight of sample holder with dry AGM in g ,

m3 = weight of sample holder with wet AGM in g .

FHA is only determined in the context of the present invention with a hydrostatic

column pressure corresponding to FHA at 20 cm.

The following examples illustrate the invention without limiting it.

Example 1

Synthesis of the base polymer

A Loedige VT 5R-MK plowshare kneader of 5 I capacity was charged with 206.5 g of

deionized water, 271 .6 g of acrylic acid, 2 115.6 g of 37.3 wt.-% sodium acrylate so lu

tion (100 mole % neutralized) and 3.5 g of a threefold ethoxylated glycerol triacrylate

crosslinker and inertized by bubbling nitrogen through it for 20 minutes. This was fo l

lowed by the addition of dilute aqueous solutions of 2.453 g of sodium persulfate (dis-

solved in 13.9 g of water), 0.053 g of ascorbic acid (dissolved in 10.46 g of water) and

also 0.146 g of 30% by weight hydrogen peroxide (dissolved in 1.31 g of water) to initi-
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ate the polymerization at about 20°C. After initiation, the temperature of the heating

jacket was controlled in order to monitor the temperature inside the reactor. The tem

perature was kept below 90 °C. The obtained crumbly gel was dried in a circulating air

drying cabinet at 160°C for about 3 hours. The dried base polymer was subjected to

milling and classified to 150 to 710 µ η by sieving off over- and undersize particles.

Example 2

Post-crosslinking

A post-crosslinking solution was used which contained in water/isopropanol

(69.1/30.9):

0.14 wt.-% of a solution (50 wt.-%) of 2-hydroxyethyl oxazolidinone in 1,3-propanediol

0.7 wt.-% 1,2-propanediol

50 ppm (based on polymer) of sorbitan monooleate (2 wt.-% solution in water)

A Loedige VT 5R-MK plowshare kneader was charged with 1200 g of the base po ly

mer and heated to a product temperature of 185°C. Subsequently, 4.55 wt.-% (based

on polymer) of the post-crosslinking solution was sprayed on the polymer by means of

nitrogen (0.5 bar) at 185°C and a rotating speed of 200 rpm using a 2-fluid nozzle. After

the spray-coating the mixing was continued for 40 minutes. The obtained product was

classified to 710 µ η and is designated as precursor.

Example 3 (Reference example)

Coating of the precursor

In a cylindric fluidized bed (diameter of 150 mm having a sparger plate with 2 mm ori-

fices) 1200 g of the precursor were coated with a mixture of 66 g of 40 wt.-% polyure-

thane dispersion (Permax 200; Lubrizol Corp.), 0.66 g Pluronic PE 6200 and 74.3 g of

water at 35°C. Subsequently, the coated precursor was coated in the same fluidized

bed under the same conditions with a mixture of 12 g Levasil 50/50 (50 wt.-% of a silica

dispersion) and 18 g of water. A Loedige M5 plowshare mixer M5 was then charged

with 1200 g of the obtained coated precursor and then heated to 180°C product tem

perature and kept for 45 minutes. The obtained product is the reference product.
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After cooling the following parameters were determined:

FHA: 4.6 g/g

CS-SFC: 268 10 7 cm s/g

Example 4

Coating of the reference product

The reference product of example 3 was coated in a tumbler mixer with 1 % by weight

each of Aerosil 200 (hydrophilic silica), Aerosil 300 (hydrophilic silica) or Aerosil R 812

or Aerosil R 805 (hydrophobic silica). The following FHAs were obtained:

a) without coating (reference example 3): FHA 4.6 g/g; CS-SFC 268 cm s/g

b) coating with Aerosil 200 (invention): FHA 12.8 g/g; CS-SFC 265 cm s/g

c) coating with Aerosil 300 (invention): FHA 12.1 g/g; CS-SFC 221 cm s/g

d) coating with Aerosil R 812 (comparison): FHA 2.6 g/g;

e) coating with Aerosil R 805 (comparison): FHA 3.2 g/g; CS-SFC 401 cm s/g

Example 5 (reference example)

Coating of the precursor

The same fluidized bed as used in example 3 was charged with 2000 g precursor

(classified to 150-400 µ η ) and coated with a mixture of 78.9 g of a 37 wt.-% polyure-

thane dispersion (Astacin® Finish PUMN TF) and 7 1 . 1 g of water at 35°C. Subse

quently, the coated precursor was coated in the same fluidized bed and under the

same conditions with a mixture of 20 g Levasil 50/50 (50 wt.-% of a silica dispersion)

and 30 g of water.

Subsequently, a Loedige M5 plowshare mixer M5 was charged with 1200 g of the o b

tained coated product and heated to a product temperature of 180°C and kept for 25

minutes. The obtained product is the reference product. After cooling FHA was deter-

mined:
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FHA: 4.6 g/g

CS-SFC: 500 10 7 cm s/g

Example 6

Coating of the reference product

The reference product of example 5 was coated in a tumbler mixer with 1 % by weight

of Aerosil 200 (hydrophilic silica) and 1 % by weight of Aerodisp W 7520N (aqueous

dispersion of hydrophilic silica). The following FHAs were obtained:

a) without coating (reference example 5):

FHA 4.63.9 g/g; CS-SFC: 500 10 7 cm s/g;

b) coating with Aerosil 200 (according to invention):

FHA 16.4 g/g; CS-SFC: 310 10 7 cm s/g;

c) coating with Aerodisp W 7520N (comparative example):

FHA 2.6 g/g; CS-SFC: 293 10 7 cm s/g;

d) coating with Aerosil 200 dispersed in water (13.7 g Aerosil in 123 g water):

FHA 15.3 g/g; CS-SFC: 303 10 7 cm s/g;
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Claims

1. A process for producing a water-absorbing material comprising the steps of

a) coating water-absorbing polymer particles with an aqueous composition

comprising a film-forming polyurethane;

b) optionally coating the polyurethane coated particles with silica;

c) heat-treating the coated particles obtained in step (b) at above 50°C; and

d) coating the heat-treated particles with pyrogenic hydrophilic silica.

2 . The process of claim 1, wherein the silica in step (b) is used as an aqueous d is

persion.

3 . The process of claim 1 or 2 , wherein the film-forming polyurethane and the silica

in step (b) are used in a weight ratio from about 8:1 to about 2:1 .

4 . The process of claim 3 , wherein the film-forming polyurethane and the silica in

step (b) are used in a weight ratio from about 6:1 to about 3:1 .

5 . The process according to anyone of the preceding claims, wherein the film-

forming polyurethane is used as an aqueous dispersion.

6 . The process of anyone of the preceding claims, wherein the polyurethane on the

basis of polyester polyols is used.

7 . The process of any one of the preceding claims, wherein the water-absorbing

polymer particles are spray-coated in one or more of steps (a), (b) and (d).

8 . The process of claim 7 , wherein the spray-coating is carried out at a temperature

from about 0°C to about 50°C.



9 . The process of claim 7 or 8 , wherein the coating is applied in a Wurster coater or

in a Glatt-Zeller coater or in a continuous fluidized bed reactor or in a continuous

spouted bed reactor.

10. The process of claim 9 , wherein the gas stream in the fluidized bed reactor is

selected such that the relative moisture at the point of exit of the gas stream is in the

range from about 10% to about 90%.

11. The process of anyone of the preceding claims, wherein the heat-treating is ca r

ried out in a continuous fluidized bed.

12. The process according to anyone of the preceding claims, wherein the heat-

treating is carried out at a temperature in the range from about 100°C to about 200°C.

13. The process of anyone of the preceding claims, wherein the heat-treating step

and, if appropriate, one or more of the coating steps are carried out under inert gas.

14. The process of anyone of the preceding claims, wherein the pyrogenic hydro-

philic silica is used in an amount of 0.1 to 5 % by weight, based on the weight of the

polyurethane.

15. The process of anyone of the preceding claims, wherein the pyrogenic hydro-

philic silica is used in powder form or in the form of an aqueous dispersion.

16 . The process of anyone of the preceding claims, which further comprises the step

of obtaining the water-absorbing polymer particles by polymerizing at least one

ethylenically unsaturated acid-functional monomer and at least one crosslinker.

17. The process of claim 16, wherein the monomer is acrylic acid.

18. The process of claims 16 or 17, wherein the crosslinker is an acrylate ester of a

polyalcohol.

19. The process of claim 18, wherein the crosslinker is the triacrylate of ethoxylated

glycerine.



20. The process of anyone of the preceding claims, wherein the water-absorbing

polymer particles are surface crosslinked (post-crosslinked).

2 1. The process of claim 20, wherein the post-crosslinker is 2-oxazolidinone or N-(2-

hydroxyethyl)2-oxazolidinone.

22. A water-absorbing polymer material obtainable by a process according to anyone

of claims 1 to 2 1.

23. A water-absorbing polymer material having a FHA of at least 10 g/g and a CS-

SFC of at least 200 10 7 cm s/g.

24. The water-absorbing polymer material of claim 23 having a FHA of at least

12 g/g.







A . CLASSIFICATION O F SUBJECT MATTER

INV. C08J3/12
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B . FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

C08J C08L

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal , WPI Data

C . DOCUMENTS CONSIDERED TO B E RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

WO 2006/097389 A2 (BASF AG [DE] ) 1-24
21 September 2006 (2006-09-21)
page 5, 1i ne- 3" 7 - page 6, l i ne 17
page 7, 1i ne 18 - l i ne 22
page 9, 1i ne 26 - 1i ne 38
page 17 i ne 25 - l i ne 26
page 21 i ne 11 - 1i ne 37
page 29 i ne 39 - page 30, l i ne 12
page 32 i ne 13 - 1i ne 22
page 40 i ne 33 - 1i ne 34
page 41 i ne 35 - page 42 , 1i ne 12
page 67 i ne 18 - page 68, 1i ne 5
page 68 i ne 37 - page 69 , 1i ne 8
page 69 i ne 17 - 1i ne 23
page 69 i ne 32 - 1i ne cl aims
1-3 , 5 , 6,9-11 , 13 , 14 , 17 , 19

-/-

X| Further documents are listed in the continuation of Box C . See patent family annex.

* Special categories of cited documents :
"T" later document published after the international filing date or priority

date and not in conflict with the application but cited to understand
"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published o n or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

"L" documentwhich may throw doubts on priority claim(s) orwhich is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one o r more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

26 July 2012 02/08/2012

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016 Magri zo, Simeon



C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

WO 2006/082241 A2 (BASF AG [DE] ) 1-24

10 August 2006 (2006-08-10)

page 5 , l i n e 3 7 - ppaaggee 66,, ll ii nnee 117

page 7 , 1 i n e 18 l i n e 2 2

page 9 , l i n e 2 6 i n e 3 8

page 17 , n e 2 5 l i n e 2 6

page 2 1 , n e 1 1 l i n e 3 7

page 2 9 , n e 3 9 page 30, l i n e 12

page 3 2 , n e 13 l i n e 2 2

page 40, n e 3 3 l ine 3 4

page 4 1 , n e 3 5 page 4 2 , l i n e 12

page 6 7 , n e 18 page 68, l i n e 5

page 68, n e 3 7 page 6 9 , l i n e 8

page 6 9 , l i n e 17 - l i n e 2 3

page 6 9 , l i n e 3 2 - l i n e 40; c l aims

1-3 , 5 ,6,9-11 , 13 , 14, 17 , 19

W0 2006/082242 A2 (BASF AG [DE] ) 1-24

10 August 2006 (2006-08-10)

page 5 , l i n e 3 7 - page 6 , l i n e 17

page 7 , l i n e 18 - l i n e 2 2

page 9 , l i n e 2 6 - i n e 3 8

page 1177 , l i n e 2 5 - l i n e 2 6

page 2 1 , n e 1 1 - l i n e 3 7

page 2 9 , n e 3 9 - page 30, l i n e 12

page 3 2 , n e 13 - l i n e 2 2

page 40, n e 3 3 - l i n e 3 4

page 4 1 , n e 3 5 - page 4 2 , l i n e 12

page 6 7 , n e 18 - page 68, l i n e 3

page 68, n e 3 5 - page 6 9 , l i n e 6

ppaaggee 6699 ,, l i n e 15 - l i n e 2 1

page 6 9 , l i n e 3 0 - l i n e 38; c l aims

1-3 , 5 ,6,9-11 , 15-17, 19



Patent document Publication Patent family Publication
cited in search report date member(s) date

WO 2006097389 A2 21-09-2006 EP 1846050 A2 24-10-2007
US 2008154224 Al 26-06-2008
O 2006097389 A2 21-09-2006

WO 2006082241 A2 10--08--2006 AT 473764 T 15-07-2010
EP 1846047 A2 24-10-2007
P 2008528785 A 31-07-2008

US 2008124551 Al 29-05-2008
WO 2006082241 A2 10-08-2006

WO 2006082242 A2 10--08--2006 EP 1846048 A2 24-10-2007
US 2008200331 Al 21-08-2008
WO 2006082242 A2 10-08-2006


	abstract
	description
	claims
	drawings
	wo-search-report

