1 DESCRI PTI ON METHOD FOR PRODUCI NG WATER- ABSORBI NG RESIN 5 TECHNI CAL FI ELD
[ 0001] The present invention relates to a process for preparing a water-
absorbent resin. Mre specifically, the present invention relates to a
process for preparing a water-absorbent pesin which can be suitably used in
hygi eni c materials such as di sposabl e diaper, incontinence pad and 10
sanitary napkin, especially in disposable diaper. BACKGROUND ART [0002]
Conventional |y, water-absorbent resins have been widely used in hygienic
materi al s such as di sposabl e di aperpggerEeTIONY napkin, and industria
materials such as water blocking materials Tor cables. As water 15 absorbent
resins, there have been known, for exanple, hydrol ysates of
starch-acrylonitrile graftcopol yners, neutralized products of starch-

acryl ate graf t copgbyAes  FORPPRADECING WA PERLABSORBRIE! RESIRCT VI iC ester
copol ymers, partiallTy neutrallzed products of polyacryltc acrd, and the

like. [0003] In recent years, an absorbent body in a hygienic material such
as 20 disposabl e diaper or sanitary napkin tends to be made thinner from
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process for preparing a water-absorbent resin which can be suitably used
in hygienic materials such as disposable diaper, incontinence pad and
10 sanitary napkin, especially in disposable diaper.

BACKGROUND ART

[0002] Conventionally, water-absorbent resins have been widely used in
hygienic materials such as disposable diaper and sanitary napkin, and
industrial materials such as water blocking materials for cables. As water-

15 absorbent resins, there have been known, for example, hydrolysates of
starch-acrylonitrile graftcopolymers, neutralized products of starch-
acrylate graftcopolymers, saponified products of vinyl acetate-acrylic ester
copolymers, partially neutralized products of polyacrylic acid, and the like.

[0003] In recent years, an absorbent body in a hygienic material such as

20 disposable diaper or sanitary napkin tends to be made thinner from the
viewpoint of a comfortable. fit upon use. When the absorbent body is
thinned, the ratio of a water-absorbent resin in the absorbent body is
increased, so that gel blocking of the water-absorbent resins with each
other is likely to take place when a body fluid or the like is absorbed.

25 Therefore, in order to suppress the gel blocking of the water-absorbent



| ar ge anount of water absorption under pressure. However, in order to nake
t he anbunt of water absorption |arge under pressure, it is generally
necessary to increase a crosslinking density of the water-absorbent resin, 5
wher eby consequently having a di sadvantage that the water-retaining

capacity of the water-absorbent resin is |lowered. On the other hand, a

wat er - absorbent resin having a high water-absorption rate is desired in
order to prevent |eakage of a body fluid or the like. In addition, in order
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10 a water-absorbent resin having a smaller amount of water-soluble
substance has been desired.

[0004] As processes for preparing a water-absorbent resin used in a
hygienic material, a process comprising carrying out reversed phase
suspension polymerization using specified amounts of specified polymeric

15 protective colloid and surfactant (see Patent Publication 1); a process
comprising carrying out reversed phase suspension polymerization in
multi-steps of at least two steps (see Patent Publication 2); a process
comprising carrying out reversed phase suspension polymerization in the
presence of a $-1,3-glucan to give a water-absorbent resin, and adding a

20 crosslinking agent to the water-absorbent resin to carry out a crosslinking
reaction (see Patent Publication 3); a process comprising carrying out
reversed phase suspension polymerization using a specified amount of a
persulfuric acid salt as a polymerization initiator (see Patent Publication
4); a process comprising carrying out aqueous solution polymerization in

25 the presence of phosphorous acid and/or a salt thereof, to give a precursor



absorbent resin with a surface crosslinking agent while heating (see Patent
Publication 5); and the |ike have been known. However, the water- absorbent
resins obtained by these processes do not sufficiently satisfy 5 required
properties such as not only a large wateg-retaining capacity and a |arge
anount of water absorption under pressure, but also a high water- absorption
rate or a small anount of water-sol uble substance. There are further roons
for inprovenent. Patent Publication 1: Japanese Patent Laid-QOpen No. He
6-345819 10 Patofntwhigblabsarbennredin, dagamaseftGandiihg itk preCpasor N6 a wikter-
3-227301 Patent Publication 3: Japanese Patent Lald-Open No. Hei 8-120013
Pat ent Publ i cat iabBorbend ARaN®sth Palréive drasslin agdént wHidle lﬁaaZﬁ%gg@e Phahent
Publ i cati on 5: Japanese Patent Lai d-Open No. i 9-124710 DI SCLOSURE OF
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Patent Publication 4: Japanese Patent Laid-Open No. Hei 6-287233
Patent Publication 5: Japanese Patent Laid-Open No. Hei 9-124710

DISCLOSURE OF INVENTION

15 PROBLEMS TO BE SOLVED BY THE INVENTION

[0005] An object of the present invention is to provide a process for
preparing a water-absorbent resin which can be suitably used in a hygienic
material, the water-absorbent resin having a larger amount of water
retention, a larger amount of water absorption under pressure, a higher

20 water absorption rate, and a smaller amount of water-soluble substance.

MEANS TO SOLVE THE PROBLEMS

[0006] Specifically, the present invention relates to a process for preparing
a water-absorbent resin comprising carrying out a reversed phase
suspension polymerization in multi-steps of at least two steps when the

25 water-absorbent resin is prepared by subjecting a water-soluble



pol ymeri zation, said process for preparing a water-absorbent resin being
characterized by addi ng a phosphorus-contai ning conpound to at | east one
step in the second and subsequent steps, to carry out the polynerization 5
reacti on. EFFECTS OF THE | NVENTI ON [ 0007k According to the process of the
present invention, a water-absorbent resin having a |arger anount of water
retention, a |arger anmount of water absorption under pressure, a higher
wat er absorption rate, and a snmaller 10 anount of water-sol ubl e substance
can be obt ai ned.ethyBRhickll PERERLEFAEE Ot ddfe riddEo BRAWWYESS d fi288su§pengione 1] Fi gure
1 is a schematic explanatory view of a nmeasuring apparatus X used in the
det erm nati on ofpolywacapaivt, said pyatcess fabposiiringa whterpibgsitenogst@besgl i ne
under pressure. 15 EXPLANATI ON OF NUVERI CAL SYMBOLS [0009] X neasuring

apparatus 1 bal ahagactétizedttiy &ddngiarptasphé@sicontdinidg cotipdune@httledt onegl ass
filter 6 nmeasuring section 7 conputer 8 physiological saline 25 9

wat er - absor bent stgsinthe se€bhd¥hd Béi®equent steps, to carry out the polymerization

5 reaction.

EFFECTS OF THE INVENTION

[0007] According to the process of the present invention, a water-absorbent
resin having a larger amount of water retention, a larger amount of water
absorption under pressure, a higher water absorption rate, and a smaller

10 amount of water-soluble substance can be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] [Figure 1] Figure 1 is a schematic explanatory view of a measuring
apparatus X used in the determination of the amount of water absorption of

physiological saline under pressure.

15 EXPLANATION OF NUMERICAL SYMBOLS

[0009] X measuring apparatus

—

balance

bottle

air aspiration tube
20 lead tube

glass filter
measuring section

computer

physiological saline
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25 water-absorbent resin



61 nylon nesh 62 weight BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON 5 [ 0010]
In the process for preparing a water-absorbent resin of the present
invention, first, a first-step reversed phase suspension polynerization in a
wat er - i n- 0|I systen1|s carried out by mxing together an aqueous sol ution

of a water-soluble ethylenically unsaturated nononer, a surfactant and/or a
pol yneric protective colloid, a water-sol uble radlcal pol yneri zation 10
initiator, and a hydrocarbon-based sol vent, and heating the m xture with
stirring. [0011] The6gatercfﬁﬁ&yle ethylenlcally unsat ur at ed monomer

incl udes, for exanpl e h) acryl ic acid ["(meth)acryl-" means "acryl-" or
“nmethacryl-;" hereingfter ﬁglf gg, to the sane], 2-(neth)acrylamde-2 15
met hyl pr opanesul fonic acid an aI kali netal salt thereof; nonionic

unsat urated nonomersgsuch gs eg( yret h) acryl am de, N, N-di met hyl acryl am de,
2- hydroxyet hyl (et h) acr yI at and N-net hyI ol (rret h) acryl am de; ami no
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available. Even ofd Wa err%];) ib1€ gth%lrfemcally unsaturated monomer, a surfactant and/or

a polymeric protective colloid, a water-soluble radical polymerization

10 initiator, and a hydrocarbon-based solvent, and heating the mixture with
stirring.

[0011] The water-soluble ethylenically unsaturated monomer includes, for
example, (meth)acrylic acid [“(meth)acryl-” means “acryl-” or
“methacryl-;” hereinafter referred to the same}], 2-(meth)acrylamide-2-

15 methylpropanesulfonic acid and an alkali metal salt thereof; nonionic
unsaturated monomers such as (meth)acrylamide,
N,N-dimethylacrylamide, 2-hydroxyethyl (meth)acrylate, and N-methylol
(meth)acrylamide; amino group-containing unsaturated monomers such as
diethylaminoethyl (meth)acrylate and diethylaminopropyl (meth)acrylate,

20 or a quaternary salt thereof; and the like. These can be used alone or in
admixture of at least two kinds. The alkali metal in the alkali metal salts
includes lithium, sodium, potassium, and the like.

[0012] Among the water-soluble ethylenically unsaturated monomers,
preferred ones include (meth)acrylic acid or an alkali metal salt thereof,

25 acrylamide, methacrylamide and N,N-dimethylacrylamide, from the



include (neth)acrylic acid or an alkali nmetal salt thereof, fromthe

vi ewpoi nt of econom cal advantage. [0013] The water-soluble ethylenically
unsat urated nmononer can be 5 usually used in the formof an agueous
solution. It is preferable that the congentration of the water-soluble

et hyl enically unsaturated nononers in the aqueous solution of the

wat er -sol ubl e ethyl enically unsaturated nononers is from 15% by weight to a
saturated concentration. [0014] In the aqueous solution of the water-soluble

ethyl eni cal 'y 1G/igRpainifobethdRdaskiallyWasily kbsilnat e EveR nvbrerefdmeldedtes
nononer to be wused has an acid group, the acid group may be neutralized

with an alkali Bk (meth)aryliced&d %P]bﬁ al i meDi® sae M sCofrdif yhd al 1 zati on by

t he above- nentioned al kal retal is from10 to 100% by nol of the acid

group of the waligki §g{tqﬂlegog&gyda?ghgﬁh%g/¢_unsaturat ed nononer before the
neutralization, 15 Pr omthe viewpoint of Increasing osnotic pressure and
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10 unsaturated monomer, when the water-soluble ethylenic monomer to be
used has an acid group, the acid group may be neutralized with an alkali
metal. It is preferable that the degree of neutralization by the above-
mentioned alkali metal is from 10 to 100% by mol of the acid group of the
water-soluble ethylenically unsaturated monomer before the neutralization,

15 from the viewpoint of increasing osmotic pressure and increasing water
absorption rate of the resulting water-absorbent resin, and not causing any
disadvantages in safety or the like due to the presence of an excess alkali
metal. The alkali metal includes lithium, sodium, potassium, and the like.
Among them, sodium and potassium are preferable, and sodium is more

20 preferable.

[0015] The surfactant includes, for example, nonionic surfactants such as
sorbitan fatty acid esters, polyglycerol fatty acid esters, sucrose fatty acid
esters, sorbitol fatty acid esters, and polyoxyethylene alkylphenyl ethers;

anionic surfactants such as fatty acid salts, alkylbenzenesulfonic acid salts,

25 alkyl methyl tauric acid salts, polyoxyethylene alkylphenyl ether sulfate



Anmong them sorbitan fatty acid esters, polyglycerol fatty acid esters, and
sucrose fatty acid esters are preferable. [0016] The polyneric protective
colloid includes, for exanple, ethyl 5 cellulose, ethyl hydroxyethyl
cel l ul ose, polyethylene oxide, maleic anhydride-nodified polyethylene,
mal ei ¢ anhydri de-nodi fi ed pol ybutadi ene,” mal ei c anhydri de-nodi fi ed EPDM
(et hyl ene-propyl ene- diene terpolyner), and the like. [0017] The anount of
the surfactant and/or the polyneric protective colloid 10 is preferably
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radi cal 25 polynerization initiator s usually from0.00005 to 0.01 nol, per
1 mol of 8 the @J&p@ﬂcrﬁelmqiré, andwedriceal |y unsaturated mononer, fromthe
Vi ewpoint [0017] The amount of the surfactant and/or the polymeric protective colloid

10 is preferably from 0.1 to 5 parts by weight, and more preferably from 0.2
to 3 parts by weight, based on 100 parts by weight of the aqueous solution
of the water-soluble ethylenically unsaturated monomer.

[0018] The water-soluble radical polymerization initiator includes, for
example, persulfates such as potassium persulfate, ammonium persulfate,

15 and sodium persulfate; organic peroxides such as tert-butyl hydroperoxide,
cumene hydroperoxide, and benzoyl peroxide; hydrogen peroxide; azo
compounds such as 2,2’-azobis(2-amidinopropane)dihydrochloride; and
the like. Among them, potassium persulfate, ammonium persulfate,
sodium persulfate, benzoyl peroxide, and 2,2’-azobis(2-

20 amidinopropane)dihydrochloride are preferable, from the viewpoint of
being easily available and excellent in storage stability. The water-soluble
radical polymerization initiator can be used as a redox-system
polymerization initiator together with a sulfite or the like.

[0019] It is preferable that the amount of the water-soluble radical

25 polymerization initiator is usually from 0.00005 to 0.01 mol, per 1 mol of



of shortening the tine period for the polynerization reaction and
preventing abrupt polynerization reaction. [0020] The hydrocarbon-based
sol vent includes, for exanple, aliphatic 5 hydrocarbons such as n-hexane,
and n-heptane; alicyclic hydrocarbons sgch as cycl opent ane,

met hyl cycl opent ane, cycl ohexane, and nethyl cycl ohexane; aromatic

hydr ocar bons such as benzene, toluene, and xylene; and the |ike. Anong

t hem n-hexane, n-heptane, and cycl ohexane are preferable, fromthe
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10 stable in quality and inexpensive.

[0021] Usually, the amount of the hydrocarbon-based solvent is preferably
from 50 to 600 parts by weight, and more preferably from 80 to 550 parts
by weight, based on 100 parts by weight of the water-soluble ethylenically
unsaturated monomer, from the viewpoint of removing heat of

15 polymerization and being likely to easily control the polymerization
temperature.

[0022] In the present invention, it is preferable that the above-mentioned
polymerization reaction is carried out in the presence of a crosslinking
agent. The crosslinking agent includes, for example, diols, triols and

20 polyols such as (poly)ethylene glycol [“(poly)” means both cases where
the prefix “poly” is included and where the prefix is not included;
hereinafter referred to the same], (poly)propylene glycol, 1,4-butanediol,
trimethylolpropane, polyoxyethylene glycol, polyoxypropylene glycol, and
(poly)glycerol; unsaturated polyesters obtained by reacting the above-

25 mentioned diol, triol, or polyol with an unsaturated acid such as



N, N- met hyl enebi sacryl am de; di- or tri(meth)acrylate esters obtained by
reacting a pol yepoxide with (nmeth)acrylic acid; carbanyl ester of

di (nmeth)acrylic acid obtained by reacting a polyisocyanate such as tolyl ene
5 diisocyanate or hexanet hyl ene diisocyamate with hydroxyet hyl

(et h)acryl ate; conpounds each having at |east two pol ynerizabl e
unsaturated groups, such as allylated starch, allylated cellul ose, diallyl
pht hal ate, N,N ,N'-triallyl isocyanurate, and divinyl benzene; diglycidyl
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10 (poly)propylene glycol diglycidyl ether, and (poly)glycerol diglycidyl
ether; epihalohydrin compounds such as epichlorohydrin, epibromohydrin,
and a-methylepichlorohydrin; compounds each having at least two
reactive functional groups, such as isocyanate compounds such as 2,4-
tolylene diisocyanate and hexamethylene diisocyanate; oxetane
15 compounds such as 3-methyl-3-oxetanemethanol, 3-ethyl-3-
oxetanemethanol, 3-butyl-3-oxetanemethanol, 3-methyl-3-oxetaneethanol,
3-ethyl-3-oxetaneethanol, and 3-butyl-3-oxetaneethanol; and the like.
These can be used alone, or in admixture of at least two kinds.
[0023] The amount of the crosslinking agent is preferably from 0.000001 to
20 0.001 mol per 1 mol of the water-soluble ethylenically unsaturated
monomer in order to suppress the water solubility of the resulting polymer
by an appropriate crosslinking of the polymer, thereby showing a
satisfactory water absorbency.

[0024] The reaction temperature of the polymerization reaction differs

25 depending upon the radical polymerization initiator used. The reaction



to 80C, fromthe viewoint of rapidly progressing the reaction and
shortening the polynerization tine, thereby increasing productivity, and
easily renmovi ng heat of polynerization, thereby snoothly carrying out the 5
reaction. The reaction tinme is usually f{em 0.5 to 4 hours. [0025] Thus, the
first-step reversed phase suspension polynerization is carried out. Next,
the reaction m xture obtained by the first-step reversed phase suspension
pol ymeri zation is subjected to a second- or subsequent-step 10 reversed

phase suspensi onefffeyiratd &aireRRably FrdiQ00M6 920t ClandaAbleqstefdrits yr fey@r40ed
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or subsequent step. I n the present invention, S pre t he
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conmpound in first stép. e process carfrying a reversed phase
suspensi on pol yngpiizgt,en in the second or subsequent steps in the presence
of a phosphorus-containing conpound is not particularly limted. One
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reversed phase suspensioh polyherizatio e ocess conpri si ng
adding an aqueou&sﬁgrlls%h%gl}pr;ler?za”\'f%[neirs'subjected to a second- or subsequent-step

10 reversed phase suspension polymerization. In the present invention, the
reversed phase suspension polymerization is carried out in multi-steps of at
least two steps, and it is preferable that the number of steps is 2 or 3 steps
from the viewpoint of increasing productivity.

[0026] The greatest feature of the present invention resides in that a

15 reversed phase suspension polymerization is carried out in the presence of
a phosphorus-containing compound in at least one of the steps of the
polymerization in the second or subsequent step. In the present invention,
it is preferable that the reversed phase suspension polymerization is carried
out in the presence of a phosphorus-containing compound only in at least

20 one step of the second or subsequent steps, without the presence of the
phosphorus-containing compound in the first step. The process for
carrying out a reversed phase suspension polymerization in the second or
subsequent steps in the presence of a phosphorus-containing compound is
not particularly limited. One example of the process for carrying out a

25 second- or subsequent-step reversed phase suspension polymerization



sol ubl e ethylenically unsaturated nononer to the reaction m xture obtained
inthe first-step polynerization reaction with mxing, and carrying out a
second- or subsequent-step reversed phase suspension 5 polynerization in the
sanme manner as in the first step. [0027]{The phosphorus-containing conpound
may be added in a given anpbunt to the aqueous solution of a water-soluble
ethylenically wunsaturated nononer which is usable for carrying out the
second- or subsequent step reversed phase suspension pol ynerization, or can

be 10 added to tiheludeaa rfsgicy rﬂir;gaﬁ@diﬂggn%uébﬁs%luﬁén_%PH%@.ﬁyxent steps
after cooling. [0028] The phosphorus-containi ng conpound is not

parti cul ar |y 11 ohasle otibienies BROT TSP RIGALR %o FRALG nilghges, for

exanpl e, phosphorus aci’d conpounds su as phosphorous aci normal salts

of phosphor ous Ighgisid i WEHAS. Sy HIBBIASR Hdcbiondi R LASRI Ay ROSPNI e,

and di ammoni um phosphite, and a salts of phosphorou such as

sodi um_hydr odenafiRslibhea sl B UIbINAEAASERNORALLS ShocB s AOTRD] LI

hydr ogenphosphi te; sphoric acid co unds osphoric acid or

normals salts of ﬁwgﬁgﬂ%{i %Lh% s%ﬂfé;rrr]%ﬁrégf% iﬂr{h@?{?%p% e, potassium 20

phosphat e, and ni-um phosphate, IC sa ‘phosphoric acid such

5 oo 3 o= IRl ESLAEND AL RRRTSERDRA G VTP O
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such s sodt um Iy poBIORAILL SmBOLARS! HTkIBle YRRV e saagyon um
subsequent step reversed phase suspension polymerization, or can be
10 added to the reaction mixture obtained by first- or subsequent steps after
cooling.
[0028] The phosphorus-containing compound is not particularly limited.
The phosphorus-containing compound includes, for example, phosphorus
acid compounds such as phosphorous acid or normal salts of phosphorous
15 acid such as disodium phosphite, dipotassium phosphite, and diammonium
phosphite, and acidic salts of phosphorous acid such as sodium
hydrogenphosphite, potassium hydrogenphosphite, and ammonium
hydrogenphosphite; phosphoric acid compounds such as phosphoric acid
or normal salts of phosphoric acid such as sodium phosphate, potassium
20 phosphate, and ammonium phosphate, and acidic salts of phosphoric acid
such as sodium dihydrogenphosphate, potassium dihydrogenphosphate,
ammonium dihydrogenphosphate, disodium hydrogenphosphate,
dipotassium hydrogenphosphate, and diammonium hydrogenphosphate;

hypophosphorous acid compounds such as hypophosphorous acid or salts

25 of hypophosphorous acid such as sodium hypophosphite, potassium



tripol yphosphoric acid, polyphosphoric acid, and salts thereof; trinethyl
phosphate, nitrilonethyl ene triphosphonic acid, and the |ike. Each of these
phosphor us- cont ai ni ng conpounds may be used alone or in a 5 mxture of two
or nore kinds. In addition, as the phospherus-contai ning conpound, a
hydrate of these conmpounds may be used. Anong the phosphorus-contai ning
conpounds, the phosphorous acid conpounds, the phosphoric acid conpounds,
and t he hypophosphorous acid conmpounds are preferable, and di sodi um

phosphite, sodi uﬁ@'&mggﬂ%%ﬂh 8hfm ﬁg%ﬂ%@ﬂﬁhfﬁ@gg%@é&g are nore

preferable, fromth wpoi nt that an ect ~ex ts addition is

hi gh. [0029] It ﬂrﬁ)oﬁlﬁg'ldsgﬂofigﬁgid}[, EGL{y%ngéﬁeogﬁg; z*éi@?arﬁpéja\fﬁ'tﬁg{étoif;ﬁtgﬁx%thyl

phosphorus- containimg conmpound carrying ou
Feattion 15 moxt LFETACy RRHIGHCORCAGPRAIRAY, - Al fliEg Bagpaene fo The
0 02 mol,  and noveee PEPLPACGHehing 8RBy Bf FBRa AR 07 e
ol yret zaci on Pkee SRR HRERBHR, I CBRR s HObBRF e ol Eining.q
comound 15, 20 | eapb IR h QAL Rhs i IR B S8 SRl b e
pnosphor ue, Cont il Mg bOTRRELL S SS5ed KoLy oame, UL Eh el Koot e,
be el e, o AR Sl ol SRR SRR aRes 5 ] kebtohor e
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10 sodium hypophosphite are more preferable, from the viewpoint that an
effect exhibited by its addition is high.
[0029] It is desired that the amount of the above-mentioned phosphorus-
containing compound in the step of carrying out the polymerization
reaction by adding the phosphorus-containing compound to the reaction
15 mixture in the polymerization reaction of the second- or subsequent-step is
from 0.00001 to 0.05 mol, preferably from 0.00005 to 0.02 mol, and more
preferably from 0.0001 to 0.01 mol per 1 mol of the water-soluble
ethylenically unsaturated monomer subjected to the polymerization
reaction. When the amount of the phosphorus-containing compound 1s
20 less than 0.00001 mol per 1 mol of the water-soluble ethylenically
unsaturated monomer, the effect of adding the phosphorus-containing
compound is less likely to be sufficiently obtained, and when the amount
exceeds 0.05 mol, the polymerization rate is likely to be delayed, and the

amount of water-soluble substance is likely to be large.

25 [0030] In the present invention, it is preferable that post-crosslinking



a post-crosslinking agent having at |east two functional groups having
reactivity with carboxyl groups. [0031] The post-crosslinking agent may be
any one that is reactive with a 5 carboxyl group of the water-absorbent
resin. Representative exanples of the t-crosslinking agent include
diols, triols and polyols such as (poly)ethylene glycol, (poly)propylene
glycol, 1,4-butanediol, trimethylolpropane, polyoxyethylene glycol,

pol yoxypropyl ene glycol and (poly)glycerol; diglycidyl ether conpounds such

I t hyl - i dyl .. .
% o Do) S0 enflpbfiols HiEh BLVRY Pl IR 1l RELXAREPANL SRER Xl
S oot odSh A R R 838 ABPHES HPb 0 s pasin ve
f ti I h i t d h 2,4-tolyl
di i socyanat e and ASTHB AR TS BMSocyanat e; and the 1ike. These
Do oou2 298k oskeReatutBEdePhl Behd dsThildpdbphub et 10
indsof the  CoASEPINIEFALP abaH A chsmPgnt b, Ruge L Chat T RES Mfount. of
h 20 [ i nki is fr. . 00001 0.01 , f bly f
0. 00005 to 0. 005 MBF-CRSENBRERBPHENGUF SRS, iob1 st bPobBbstRBIZS per 1 mol
f the total f th ter-sol ubl t hyl eni cal | turated
Used for the paPyRFAICCHY Y GEPY HEOBHGTR EISOLI b BRAEDloss | nki g agent
used is less than 0.00001 nol, the water-absorbent resinis less likely to

25 achi eve a sattigrdbylotpiopans, polygxosshylene gygel bplyaxyaromdens gycahdugt 14

exceeds 0.01 nol, the anount_ of the crosslinking agent becones excessi ve,
(poly)glycerol; diglycidyl ether compoundssuch as (poly)ethylene glycol

10 diglycidyl ether, (poly)propylene glycol diglycidyl ether and
(poly)glycerol diglycidyl ether; epihalohydrin compounds such as
epichlorohydrin, epibromohydrin and a-methylepichlorohydrin;
compounds each having at least two reactive functional groups, such as
isocyanate compounds such as 2,4-tolylene diisocyanate and

15 hexamethylene diisocyanate; and the like. These post-crosslinking agents
can be used alone or in a mixture of at least two kinds.

[0032] The amount of the post-crosslinking agent cannot be unconditionally
determined because the amount differs depending upon the kinds of the
crosslinking agents. Usually, it is desired that the amount of the post-

20 crosslinking agent is from 0.00001 to 0.01 mol, preferably from 0.00005 to
0.005 mol, more preferably from 0.0001 to 0.002 mol, per 1 mol of the
total amount of the water-soluble ethylenically unsaturated monomer used
for the polymerization. When the amount of the post-crosslinking agent
used is less than 0.00001 mol, the water-absorbent resin is less likely to

25 achieve a satisfactorily high crosslink density, and when the amount



so that an unreacted crosslinking agent is likely to remain. The timng for
addi ng the post-crosslinking agent is not particularly limted, as |long as
t he post-crosslinking agent is added after the 5 term nation of the

pol ynmeri zation reaction of the nononmer. 40033] It is preferable that the
wat er - absorbent resin and the post- crosslinking agent are m xed together in
the presence of water. The anpunt of water used in the mxing differs
dependi ng upon the kinds, particle sizes, and water content of the

wat er - absor bent k@sddy 0.0 48b1, Yhe htholift IOthE&FbEERAKINPhodil DeBIRENExOIssHRL €7 1S
from5 to 300 parts by weighf, preferably from 10 to 100 parts by wei ght,

Tor e, Bref er abl y <biam oPulRaSRdREGFnRIEIANLs 11RA5 5 BaA00 parts by el gh

of the total anount of the water-sol ni cal unsat ur at ed nonomer

used for pol ynerizat ifgg -tim%??@g%ﬁ@ini@gﬁgﬁg?tgéro‘ﬁﬁirﬁ{iné ﬁg&ﬁ% th?ﬁttlﬁgpﬁf}; s by

wei ght, based on 100 15 pa we the totaf dnount o

wat er - sol ubl e etlﬁﬁlt@cﬁ‘,ia‘%%hggs ﬁ@grdl?ﬁ%?iy t ﬁnt%?@déﬂf&&%&m” zation,

t he crosslinking reaction s | ogress, an en t he anount

exceeds 300 par ttérxf?ﬁﬁawﬁb%l?tﬂa? géfé@é%@éiﬁgg L niegfat%un@%gﬂer't hereby making it

likely to be econom ca ageous. water in the
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particle sizes, and water content of the water-absorbent resin. Usually, it is
10 desired that the amount of water is from 5 to 300 parts by weight,
preferably from 10 to 100 parts by weight, more preferably from 10 to
50 parts by weight, based on 100 parts by weight of the total amount of the
water-soluble ethylenically unsaturated monomer used for polymerization.
When the amount of water is less than 5 parts by weight, based on 100
15 parts by weight of the total amount of the water-soluble ethylenically
unsaturated monomer used for polymerization, the crosslinking reaction is
less likely to progress, and when the amount exceeds 300 parts by weight,
the drying time is extended, thereby making it likely to be economically
disadvantageous. The amount of water in the present invention means the
20 total amount of water remaining in the reaction system and water used as
occasion demands when the post-crosslinking agent is added.
[0034] After the termination of the post-crosslinking, water and the
hydrocarbon-based solvent are distilled off from the water-absorbent resin
by distillation, whereby a dry product of the water-absorbent resin can be

25 obtained.



[ 0035] The present invention will be specifically described herei nbel ow by
the Exanples, without intending to limt the scope of the present invention
thereto. 5 [0036] Exanple 1 The anmount 340 g of n-heptane and 0.92 g of a
sucrose fatty acid ester (manufactured Iy M TSUBI SH CHEM CAL CORPORATI ON
under the trade nane of S-370) were added to a 1000 niL-five-necked
cylindrical round bottoned flask equipped with a stirrer, a reflux 10
condenser, a dropping funnel, a thernoneter and a nitrogen gas inlet tube.
The m xture was EK&NMPEES i n the flask, and the tenperature of the

di spersion was raised to dissolve the mxture, and thereafter the resulting
sol ution wa$0@I]l ed tIheghcsent dEdtioSepdl bd specifically ddseribbdhereifBelgwoby an 80%
by wei ght aqueous 15 solution of acrylic acid (1.02 nol) was added to a 500
mL- Erl enneyer fthadkxaniples,etithowtsnteadar tdrlapititse sddi @f hepresend d¥odnyionei ght
aqueous sodi um hydroxide (0.77 nol) with cooling fromexternal, to
neutralize 75%fthyrol of acrylic acid. Further, 50.2 g of water, 0.11 g
(0.00041 nol) of potassiumpersulfate, and 8.3 ng (0.000047 nol) of

et hyl ene gl y6086]20 diE)d@%ﬂlé)ll ether were added thereto, to give an aqueous
nmononer solution for a first-step polynerization. [0038] The entire anount

of this aqueous NDNOME{e fRGWt 3NV § 6F nshelptdntandt ®P2 oPSt ¥ SRITbIAfat9aci@s added
to the above-nentioned round bottonmed flask wth stirring, and"the m xture

0,9 9055 Mka i) o emsaronscoionioy ol c e
70C, and the pol yftRi tE@ira@8 nhRRUf 2B 78R%ere added to a 1000 mL-five-necked
cylindrical round bottomed flask equipped with a stirrer, a reflux
10 condenser, a dropping funnel, a thermometer and a nitrogen gas inlet tube.
The mixture was dispersed in the flask, and the temperature of the
dispersion was raised to dissolve the mixture, and thereafter the resulting
solution was cooled to 55°C.
[0037] Separately from the above, 92 g of an 80% by weight aqueous
15 solution of acrylic acid (1.02 mol) was added to a 500 mL-Erlenmeyer
flask. Thereto was added dropwise 102.2 g of a 30% by weight aqueous
sodium hydroxide (0.77 mol) with cooling from external, to neutralize
75% by mol of acrylic acid. Further, 50.2 g of water, 0.11 g (0.00041 mol)
of potassium persulfate, and 8.3 mg (0.000047 mol) of ethylene glycol
20 diglycidyl ether were added thereto, to give an aqueous monomer solution
for a first-step polymerization.
[0038] The entire amount of this aqueous monomer solution for a first-step
polymerization was added to the above-mentioned round bottomed flask

with stirring, and the mixture was dispersed. After the internal of the

25 system was sufficiently replaced with nitrogen gas, the temperature of the



carried out for 1 hour while keeping its bath tenperature at 70C
Thereafter, the reaction mxture in the formof a slurry was cooled to room
tenperature. 5 [0039] Separately fromthe above, 119.1 g of an 80% by wei ght
aqueous solution of acrylic acid (1.32 |) was added to a separate 500 nmi-
Erl ennmeyer flask. The anmount 132.2 g of a 30% by wei ght aqueous sodi um
hydr oxi de (0.99 nol) was added dropw se thereto while cooling, to
neutralize 75% by nol of acrylic acid. Further, 27.4 g of water, 0.14 g 10

(0.00052 mol) OlcohMIRiMTeRFISHILANE RNE, Bhd b 19nfé91%§nHR'réac‘PiBn Whsodi um

phosphite pent ahy rate were a thereto, to e’ an aqueous nonone

solution for a secagdioat £ m%r%t]]égh%a SRR R G A RO, SO uti on vas

cooled in an ice water bath |re ano I'S agueous

eactson’ mi xt ur o SRrAAa feaRacor il e RPN Al Ep O

agai n sufficient Hﬁ E?H{naeced with nitrogen gas, the tenperature of the
liquid m xture SPCHeER T ai sed to 70C, and the second-step polynerization
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out. Water and n ohnee%traﬂze By by mol of acrylic acid. Further, 27.4 g of water, 0.14 g

10 (0.00052 mol) of potassium persulfate and 0.54 g (0.0025 mol) of
disodium phosphite pentahydrate were added thereto, to give an aqueous
monomer solution for a second-step polymerization. The aqueous
monomer solution was cooled in an ice water bath.

[0040] The entire amount of this aqueous monomer solution for a second-

15 step polymerization was added to the reaction mixture obtained above.
Thereafter, the internal of the system was again sufficiently replaced with
nitrogen gas, the temperature of the liquid mixture was then raised to 70°C,
and the second-step polymerization reaction was carried out for 2 hours
while keeping its bath temperature at 70°C. After the termination of the

20 polymerization, the polymerization slurry was heated in an oil bath at
120°C, and the heated mixture was subjected to azeotropic distillation to
distill off 261 g of water to external of the system. The amount of
remaining water in the reaction system at this point was 56 g.

[0041] Next, 7.81 g of a 2% by weight aqueous solution of ethylene glycol
25 diglycidyl ether (0.00090 mol) was added to the flask while mixing, and a



further distilled off fromthe mxture by distillation, and the residue was
dried, to give 223.1 g of a water-absorbent resin having a mass-average
particle size of 380 m 5 [0042] Exanple 2 The sane procedures as in Exanple
1 were carried out except that the anpu of di sodi um phosphite

pent ahydrate in Exanple 1 was changed to 0.36 g (0.0017 nol), to give 222.5
g of a water-absorbent resin having a nmass-average particle size of 370 m
10 [0043] Exanple 3 The amount 340 g of n-heptane and 0.92 g of a sucrose

fatty acid est fos(—%§iﬁ%§2@é@ég%§§@ﬁr Ioﬂ"%@'an@q?ﬁ) d Mre under

t he trade nane S-370 a 1000 mL-five-necked cylindrical

round bottoned fﬂuitﬁh@%ﬁh@ﬂ%@f HWohlt1R rﬁb{t{ruéegé nd%tiﬁﬁﬁb#ﬁﬁhﬁl}%@@ﬂﬁ#ﬁgvra’s. a

dr oppi ng funnel, ernonmeter and a ni as In m xture

was di spersed ingthe 'g%k%zﬂ‘é 6@%%&%@1{8&%&1’?{%@ h?ﬁn'g%i Iﬁggsr-é%q%gé/"as

rai sed to di ssolve the®m xture,° and t resuPtin u®i on was

cooled to 55C | S fromthe above, 92 g of an 80% by wei ght
aqueous 20 sol a?folélﬂeosffég@é%?k&aci d (1.02 nol) was added to a 500

- Erlsenrrey 042f]I ask.EX'g 1EHO_was added dropwi se 102.2 g of a 30% by wei ght
aqueous sodi um'hydr m?@—?g 77 mol) with cooling fromexternal, to
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to 0.36 g (0.0017 mol), to give 222.5 g of a water-absorbent resin having a
mass-average particle size of 370 pum.
10 [0043] Example 3
The amount 340 g of n-heptane and 0.92 g of a sucrose fatty acid
ester (manufactured by MITSUBISHI CHEMICAL CORPORATION
under the trade name of S-370) were added to a 1000 mL-five-necked
cylindrical round bottomed flask equipped with a stirrer, a reflux
15 condenser, a dropping funnel, a thermometer and a nitrogen gas inlet tube.
The mixture was dispersed in the flask, and the temperature of the
dispersion was raised to dissolve the mixture, and thereafter the resulting
solution was cooled to 55°C.
[0044] Separately from the above, 92 g of an 80% by weight aqueous
20 solution of acrylic acid (1.02 mol) was added to a 500 mL-Erlenmeyer
flask. Thereto was added dropwise 102.2 g of a 30% by weight aqueous
sodium hydroxide (0.77 mol) with cooling from external, to neutralize
75% by mol of acrylic acid. Further, 50.2 g of water, 0.11 g (0.00041 mol)
of potassium persulfate, and 8.3 mg (0.000047 mol) of ethylene glycol

25 diglycidyl ether were added thereto, to give an aqueous monomer solution



[ 0045] The entire amount of this aqueous nononer solution for a first-step
pol yneri zati on was added to the above-nentioned round bottoned flask wth
stirring, and the m xture was dispersed. After the internal of the 5 system
was sufficiently replaced with nitrogen gas, the tenperature of the [Iiquid
m xture was raised to 70C, and the polynerization reaction was carried out
for 1 hour while keeping its bath tenperature at 70C. Thereafter, the
reaction mxture in the formof a slurry was cooled to room tenperature. 10

[ 0046] Separ at el ppfr gy L erizdd$h.1 9 of an 80% by wei ght aqueous
solution of acrylic acid ?1.3 nol) was added to a 500 ni-Erl enneyer fl ask.
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10 [0046] Separately from the above, 119.1 g of an 80% by weight aqueous
solution of acrylic acid (1.32 mol) was added to a 500 mL-Erlenmeyer
flask. The amount 132.2 g of a 30% by weight aqueous sodium hydroxide
(0.99 mol) was added dropwise thereto with cooling, to neutralize 75% by
mol of acrylic acid. Further, 27.4 g of water, 0.14 g (0.00052 mol) of
15 potassium persulfate and 0.77 g (0.0036 mol) of disodium phosphite
pentahydrate were added thereto, to give an aqueous monomer solution for
a second-step polymerization. The aqueous monomer solution was cooled
in an ice water bath.
[0047] The entire amount of this aqueous monomer solution for a second-
20 step polymerization was added to the above-mentioned reaction mixture in
the form of a slurry. After the internal of the system was again sufficiently
replaced with nitrogen gas, the temperature of the liquid mixture was
raised, and the second-step polymerization reaction was carried out for 2

hours with keeping its bath temperature at 70°C. After the termination of

25 the polymerization, the polymerization slurry was heated in an oil bath at



distill off 257 g of water to external of the system The anount of

remai ning water in the reaction systemat this point was 61 g. [0048] Next,
7.81 g of a 2% by wei ght aqueous sol ution of ethylene glycol 5 diglycidyl
ether (0.00090 nol) was added thereto whybe m xing, and a post-crosslinking
treatment was carried out. Water and n-heptane were further distilled off
fromthe mxture by distillation, and the residue was dried, to give 224.5
g of a water-absorbent resin having a nass-average particle size of 370 m

10 [0049] Exanpl Eﬁpd%dﬁﬁ@%hteafiﬂiﬂm@fwikh@?é@é@t@%o@r i GisfilaBog ST 0Se
fatty acid ester (manufactured by M TSUBI SH CHEM CAL ORATI ON under

the trade name ofiisBHIIORSTRS & REREE bRemal 0Phdtystdnie Theckesunt@! i ndri cal
round bottoned flask equi pped with a stirrer, areflux 15 condenser, a

droppi ng funnel 1re@néiﬂﬁfg@ﬁﬁ&%tl%“féaéti@ﬁ%is@&ﬁ%t@lﬁ%fﬂoﬂt%astﬁp : The mxture
was dispersed in the flrask, and the tenperature of the dispersion was
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particle size of 370 wm.
10 [0049] Example 4
The amount 340 g of n-heptane and 0.92 g of a sucrose fatty acid
ester (manufactured by MITSUBISHI CHEMICAL CORPORATION
under the trade name of S-370) were added to a 1000 mL-five-necked
cylindrical round bottomed flask equipped with a stirrer, a reflux
15 condenser, a dropping funnel, a thermometer and a nitrogen gas inlet tube.
The mixture was dispersed in the flask, and the temperature of the
dispersion was raised to dissolve the mixture, and thereafter the resulting
solution was cooled to 55°C.
[0050] Separately from the above, 92 g of an 80% by weight aqueous
20 solution of acrylic acid (1.02 mol) was added to a 500 mL-Erlenmeyer
flask. Thereto was added dropwise 102.2 g of a 30% by weight aqueous
sodium hydroxide (0.76 mol) while cooling from external, to neutralize
75% by mol of acrylic acid. Further, 50.2 g of water, 0.11 g (0.00041 mol)
of potassium persulfate, and 8.3 mg (0.000048 mol) of ethylene glycol

25 diglycidyl ether were added thereto, to give an aqueous monomer solution



[ 0051] The entire amount of this aqueous nononer solution for a first-step
pol yneri zati on was added to the above-nentioned five-necked cylindri cal
round bottoned flask with stirring, and the m xture was di spersed. After 5
the internal of the systemwas sufficienigy replaced with nitrogen gas, the
tenperature of the m xture was raised, and the polynerization reaction was
carried out for 1 hour while keeping its bath tenperature at 70C
Thereafter, the reaction mxture in the formof a slurry was cooled to room
tenperature. 10 fpPAFR$t-Seppohtmeyzdtionm t he above, 119.1 g of an 80% by

wei ght aqueous solution of acrylic acid (1.32 not) was added to a 500

nL- Er | enney@051] | askThekatien@motinflePthes gyu@ous ndéienir seditidt faquiaestepodi um
hydroxi de (0.99 not) was added dropw se thereto while cooling, to

neutralize 75% fﬁ@ yietizedora®ay hil@edtd the abakt igentiochéd4igt-RéckediSlinddicalt o
(0.00052 not) of 15 potassium persulfate, 10.7 ng (0.000062 not) of ethylene

glycol diglyci ggin@bBabmeaTthsR rth Stifrthd) 438 th®nlix@ire Wa%QﬁspéﬁadahOAﬁBf te
pent ahydrate were added thereto, to give an aqueous nononer solution for a

secong- step pol yeihtgatal QﬂtheTQ%t%W%fMQHﬂ?EelﬁﬁééHWﬂ Has gbsedhe' n an
ice water bath. 20 [0053] Theentire anount of this aqueous %D mer solution
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mxture in the formof a slurry. After the inter of the system was again

sufficiently r Q;Pésa&a‘ffﬁ Wolub£8H 1 PQ&e\ﬂhﬁ@%c%@Hg éfggJHl?E V\géﬁuﬁ‘é al HGe @ xture was

rai sed, and the secon -step polynerizati carried out for 2
hours with 25 |{ RI1RE: Y/ (ﬂﬁﬂt‘lon of
the 21 polyneri zatl on, fter lﬁ g(t:tllibl{rrerl nglxgﬁﬁsfl%hrpr&% Slﬂrk%ag(gﬁ)llén&gdr? ol I bath

at temperature.

10 [0052] Separately from the above, 119.1 g of an 80% by weight aqueous
solution of acrylic acid (1.32 mol) was added to a 500 mL-Erlenmeyer
flask. The amount 132.2 g of a 30% by weight aqueous sodium hydroxide
(0.99 mol) was added dropwise thereto while cooling, to neutralize 75%
by mol of acrylic acid. Further, 27.4 g of water, 0.14 g (0.00052 mol) of

15 potassium persulfate, 10.7 mg (0.000062 mol) of ethylene glycol
diglycidyl ether, and 0.54 g (0.0025 mol) of disodium phosphite
pentahydrate were added thereto, to give an aqueous monomer solution for
a second-step polymerization. The aqueous monomer solution was cooled
in an ice water bath.

20 [0053] The entire amount of this aqueous monomer solution for a second-
step polymerization was added to the above-mentioned reaction mixture in
the form of a slurry. After the internal of the system was again sufficiently
replaced with nitrogen gas, the temperature of the mixture was raised, and
the second-step polymerization reaction was carried out for 2 hours with

25 keeping its bath temperature at 70°C. After the termination of the



120C, and the heated m xture was subjected to azeotropic distillation to
distill off 263 g of water to external of the system The anount of

remai ning water in the reaction systemat this point was 54 g. 5 [0054]
Next, 7.81 g of a 2% by wei ght aqueous sul ution of ethylene glycol

di gl yci dyl ether (0.00090 nol) was added thereto while m xing, and a
post-crosslinking treatnment was carried out. WAater and n-heptane were
further distilled off fromthe mxture by distillation, and the residue was
dried, to give Pokyriegzatiory thepelynadrszatioasturrewian heateidrig aa othbasthaater age 10
particle size of 382 m [0055] Exanple 5 The sane procedures as in Exanple 1
were carried outl28%€epnd theatieatdd d@xtyrd O.a8Bubjented)to alzestvopicrdistillation to

di hydr ogenphosphat e di hydrate was used in place of 0.54 g (0.0025 nol) of
di sodi um phosphidistilpefft 263yg vatatémto Extdrralngd the $ystem. JTvea@dinofy of a

wat er - absorbent resin having a mass- average particle size of 385 pm [0056]

Exanpl e 6 The saemapiing&diees tas reactionaypletn 4t iy poinamas&d @ut except t hat
0.018 g (0.00017 rmol) of sodi um hypophosphite nonohydrate was used in 20

pl acesof O. 5@%(0. O0Rt,M8) gaff a2 %Sl welghlh agidu s obeiiabl ethglepeigly&iampl e
1, to give 221.8 g of a water-absorbent resin having a nmass- average

particle size ofdigifeidyl eE}QaQ%@]00@90&@61?%%%&8@@%&0_1%{1@nﬁﬁmag, Rh@@edures as
in Exanple 1 were cCarried out except that 25 di sodi um phosphite

oL 1 o PR Ratkegls st TSNty mlcr
further distilled off from the mixture by distillation, and the residue was
dried, to give 222.5 g of a water-absorbent resin having a mass-average
10 particle size of 382 um.
[0055] Example 5
The same procedures as in Example 1 were carried out except that
1.19 g (0.0076 mol) of sodium dihydrogenphosphate dihydrate was used in
place of 0.54 g (0.0025 mol) of disodium phosphite pentahydrate in
15 Example 1, to give 221.7 g of a water-absorbent resin having a mass-
average particle size of 385 um.
[0056] Example 6
The same procedures as in Example 1 were carried out except that
0.018 g (0.00017 mol) of sodium hypophosphite monohydrate was used in
20 place of 0.54 g (0.0025 mol) of disodium phosphite pentahydrate in
Example 1, to give 221.8 g of a water-absorbent resin having a mass-

average particle size of 375 pum.

[0057] Comparative Example 1

The same procedures as in Example 1 were carried out except that

25 disodium phosphite pentahydrate in Example 1 was not used, to give



380 m [0058] Conparative Exanple 2 The anmpbunt 340 g of n-heptane and 0.92 g
of a sucrose fatty acid 5 ester (manufactured by M TSUBI SH CHEM CAL
CORPORATI ON  under the trade nane of S-370) were added to a 1000
m.-five-necked cylindrical round bottongd flask equipped with a stirrer, a
reflux condenser, a dropping funnel, a thernonmeter and a nitrogen gas inlet
tube. The m xture was dispersed in the flask, and the tenperature of the 10
di spersion was raised to dissolve the mxture, and thereafter the resulting

sol ution was cogbe® ¢ af a%atel- Mﬁerﬁ%ﬁhﬁa@ﬁﬂgﬁh%b-ta%ra@é%ncl%?sdb@ﬁ an 80%
by wei ght aqueous solution of acrylic acid (1.02 nol) was added to a 500

mL- Erl enmeyer fkg Theret o was added dropw se 102 2 g of a 30% by wei ght
aqueous 15 sodi um hydroxi de (0.76 nol) with cooling fromexternal, to

neutralize b Furth 50. 2 f t 0.11
(ol10004|1Z Oaggi)fypgegs A E’I?, 8.3 ng (0 0000?180rm},\? of et hyl ene
glycol  diglycidyl ﬂ@ﬁm@%ﬂ%@@%t th- SQ 3049089 92 26 f@sﬁ%&%%ﬁ?ﬂ%ﬂh' te

pent ahydrate were added ereto o gl v an aqueous nonomer solutiron for 20

a firgt-step po'eé’tgF h%ﬂ@{a?&recﬁ Bg%ﬁ p%%gﬂﬁ'éﬁ}zm étﬁ}éi)gilfA?ﬁggous

nonomer sol ution rizatron was ad

above- rent | oned {lenReekid, gyl %‘Srjﬁﬁ o Aa RORUBPBTRLIARKp N St rri N

and the m xture was di'sperse hetin & system was
as rai seq,”anac iaeaefhEpdbhl t8§ﬂﬁeﬁrf2%& AR L 2, e
whil'e keeping | %angczar}s%r,tae %E)‘iiﬁ[guf nne a t?xermometer and a nitrogen gas inlet tube.
The mixture was dispersed in the flask, and the temperature of the
10 dispersion was raised to dissolve the mixture, and thereafter the resulting
solution was cooled to 55°C.

[0059] Separately from the above, 92 g of an 80% by weight aqueous
solution of acrylic acid (1.02 mol) was added to a 500 mL-Erlenmeyer
flask. Thereto was added dropwise 102.2 g of a 30% by weight aqueous

15 sodium hydroxide (0.76 mol) with cooling from external, to neutralize
75% by mol of acrylic acid. Further, 50.2 g of water, 0.11 g (0.00041 mol)
of potassium persulfate, 8.3 mg (0.000048 mol) of ethylene glycol
diglycidyl ether, and 0.41 g (0.0019 mol) of disodium phosphite
pentahydrate were added thereto, to give an aqueous monomer solution for

20 a first-step polymerization.

[0060] The entire amount of this aqueous monomer solution for a first-step
polymerization was added to the above-mentioned five-necked cylindrical
round bottomed flask with stirring, and the mixture was dispersed. After

the internal of the system was sufficiently replaced with nitrogen gas, the

25 temperature of the mixture was raised, and the polymerization reaction



Thereafter, the reaction mxture in the formof a slurry was cooled to room
tenperature. [0061] Separately fromthe above, 119.1 g (1.32 nol) of an 80%
by wei ght 5 aqueous solution of acrylic acid was added to a 500

mL- Erl enmeyer flask. The amount 132.2 »3x0.99 nol) of a 30% by wei ght
aqueous sodi um hydroxi de solution was added dropw se thereto whil e cooling,
to neutralize 75%by nol of acrylic acid. Further, 27.4 g of water, 0.14 g
(0.00052 nol) of potassium persulfate were added thereto, to give an

aqueous nononer vifs sdtidtioan féor heuSWERS tespiap 13Qia‘ﬂif@ém%éﬁahﬁ€ at Joecaqueous
nmononmer solution was cooled in an ice water bath. [0062] The entire anount

of this aqueous Tireafsr, 8 rehétdsh fidktude FEGRTArmIfaPsIRA WY tdatd erovs added
to the above-nentioned reaction nmixture in the formof a slurry. After the

internal of the tsypepifumas again sufficiently 15 replaced with nitrogen gas,
the tenperature of the mxture was raised, and the second-step

I t t bat h
pol ymeri zat fgyp1)eact isgpaM@dy SRy tRdalie, 29% 32% QRB‘E?n%bban‘S@%b @velgﬁt a

tenmperature at 70C. AfPer t e termnatio merizatio

pol ymey i zati on sjdkbys WeatibRdt G6r aﬂlf& AR5 wark aBatdiah so%ﬂgl ﬁé}ﬁp )btfrf gt ed

m xture was subjected to azeotro istillatiron to 57 g of

water Lo exter nainohmblft 228 90, NGB0 by LETEH ootk L e

reaction systemat this point 2% by

wei ght aqueous tsl@jd\}’\gklﬂ@ s8 utﬁ)tnmﬂlse ddle d’rﬁgl}vmedfhgl'éf{i vﬁiie &sc{lﬁ{ga(c?n ?l?ﬁ?z gml)

was added there m X1 ng Cr 0SS

carried out. %BI QF%&?H(Z a}ré\@gﬁp fr V\b.%} g?og{ﬁi{e@g' d)?g gg(]fofod Be G oa

m xture by di stl

wat er - absor bent (ﬁe;?dtgssm'p%gsuqfa@af%reaX(ﬂe%gtﬁereto, to give an aqueous monomer

10 solution for a second-step polymerization. The aqueous monomer solution
was cooled in an ice water bath.

[0062] The entire amount of this aqueous monomer solution for a second-
step polymerization was added to the above-mentioned reaction mixture in
the form of a slurry. After the internal of the system was again sufficiently

15 replaced with nitrogen gas, the temperature of the mixture was raised, and
the second-step polymerization reaction was carried out for 2 hours with
keeping its bath temperature at 70°C. After the termination of the
polymerization, the polymerization slurry was heated in an oil bath at
120°C, and the heated mixture was subjected to azeotropic distillation to

20 distill off 257 g of water to external of the system. The amount of
remaining water in the reaction system at this point was 61 g.

[0063] Next, 7.81 g of a 2% by weight aqueous solution of ethylene glycol
diglycidyl ether (0.00090 mol) was added thereto while mixing, and a
post-crosslinking treatment was carried out. Water and n-heptane were

25 further distilled off from the mixture by distillation, and the residue was



particle size of 380 m [0064] The water-absorbent resin obtained in each
Exanpl e and each Conparative Exanple was eval uated in accordance with the
following 5 nethods. The evaluation results for the following itens (1) to
(5) are shown in Table 1. [0065] (1) Wig4er-Retaining Capacity of
Physi ol ogi cal Saline Two grans of a water-absorbent resin was weighed in a
cotton bag (Cottonbroad No. 60, width 100 mmx length 200 nm, and pl aced
in a 10 500 nL-beaker. Physiol ogical saline was poured into the cotton bag
in an anmount of doi2d, ¢p gived23i.57g, of anetateh@absabenteregimshaliisp e msad-Berage not to
generate an unswol len lunp of the water-absorbent resin. The upper part of
the cotton bag sti¢le @tzelgt 380 hma r ubber band, and the cotton bag was

al | oned to stand for 1 hour, to sufficiently swel | the wat er - absor bent

resin. 15 [Dogd4gott orrhea@atwsbﬁ%mrraslﬁd)bmﬁedmrtamhtﬁxzyﬁl I anddeleydr at or
(manufactured by Kokusan Enshinki Co., Ltd., product nunber: H 122) set to

have a centri f ugagdmparative ExabfplESwaRN allagedBi ftbrdies with t}féffotllh%ngo'fton bag
containing swelled gels after the dehydrati on was determ ned he  same

procedures wer e fahbiedTaLyWuhtion reAdQifbgtR MMoin h%ﬁfsmto@ arreSIn and
the empty weight (W) (g) of the cotton bag upon we t| ng et er mi ned.

The wat er - r et ai LB CAPRH1EL Y. of physi ol ogi cal saline was calculated from
the follow ng fornula: [Water-Retaining Capacity of Physi ol ogical Saline]

Aount of VRS Ansor ok 1 on oy B AR R TSR Bt Biing 20 cire (1060
Pa) Two grams of a water-absorbent resin was weighed in a cotton bag
(Cottonbroad No. 60, width 100 mm x length 200 mm), and placed in a
10 500 mL-beaker. Physiological saline was poured into the cotton bag in an
amount of 500 g at a time, and the saline was dispersed so as not to
generate an unswollen lump of the water-absorbent resin. The upper part
of the cotton bag was tied up with a rubber band, and the cotton bag was
allowed to stand for 1 hour, to sufficiently swell the water-absorbent resin.
15 The cotton bag was dehydrated for 1 minute with a dehydrator
(manufactured by Kokusan Enshinki Co., Ltd., product number: H-122)
set to have a centrifugal force of 167G, and the weight (Wa) (g) of the
cotton bag containing swelled gels after the dehydration was determined.
The same procedures were carried out without adding a water-absorbent
20 resin, and the empty weight (Wb) (g) of the cotton bag upon wetting was
determined. The water-retaining capacity of physiological saline was
calculated from the following formula:
[Water-Retaining Capacity of Physiological Saline] (g/g)
= [Wa - Wb] (g)/ [Weight of Water-Absorbent Resin] (g) .
25 [0066] 2 Amount of Water Absorption of Physiological Saline under



The amount of water absorption of physiol ogical saline of a water- absorbent
resin under the pressure of 1960 Pa was determ ned using a measuring
apparatus X shown in Figure 1. 5 [0067] The measuring apparatus X shown in
Figure 1 conprises a balance 1, a bottles2 placed on the balance 1, an air
aspiration tube 3, a lead tube 4, a glass filter 5 and a neasuring section
6 placed on the glass filter 5. [0068] The balance 1 is connected to a
conputer 7 so that change in weight 10 can be recorded in the units of
seconds or m nutPrssufBg1060 Pap 2 hol ds physiol ogi cal saline in the interna
thereof, and the air aspiration tube 3 is inserted in an opening on its

top, and the |ead tu%éaméulﬂtdfaﬁﬁit@ﬂabébrgﬂﬁn oPPHYsidRMIEARalidd6f h WEr-end of
the air aspiration tube 3 is soaked in the physiological saline 8 The

glass filter 5 hagofbdlitasshemdef th%aoAr@mur fqbgolnﬁvaésa@eier_fﬂnh%@msﬁlg[ﬁ ass
Filter No. 1 of N PPON RI KAGAKU KI KAl CO., LTD. (pore size: 100to 160 m

was used. [0069]mggﬁlrgg§5¢§argtugr)gsﬁmngﬁ (£iflter 5 are communi cated with
d

each other via the le ube 4. In addition, the glass filter 5 is fixed to

2 posigion 16867  hEis iRl MRakieuetn B0 Pidhe 13masgtnet | on (ube 3

The 20 nmeasuring section 6 has a I nder on nes 1 adhered to the

bottom part of tihg, gty L@S(’Sttl@% g%@?%r%n‘g?é ggfag%g 1;‘_%5%?/1?@155‘@”%@ bé:oj 02.8 9.

The cylinder 60 has an i nner 1’i's formed

to have a size of S Si LG yen
anount of a wat glre_a gg@%ﬁ’e%gﬁggegﬁ%r g’ %“?%%%ﬁ%@%? g%ttljg %@Qacteﬁe%qln@FﬂéséS mesh
61. The wei ght 6§]6£155pl aced on the water-absorbent resin 9, so that a 26

1960 Pa | oad can be applied to the water-absorbent resin 9.
[0068] The balance 1 is connected to a computer 7 so that change in weight

10 can be recorded in the units of seconds or minutes. The bottle 2 holds
physiological saline in the internal thereof, and the air aspiration tube 3 is
inserted in an opening on its top, and the lead tube 4 is attached to the
body section. The lower end of the air aspiration tube 3 is soaked in the
physiological saline 8. The glass filter 5 has a diameter of 25 mm. As the

15 glass filter 5, Glass Filter No. 1 of NIPPON RIKAGAKU KIKAI CO.,
LTD. (pore size: 100 to 160 pm) was used.

[0069] The bottle 2 and the glass filter 5 are communicated with each other
via the lead tube 4. In addition, the glass filter 5 is fixed to a position
slightly higher than the lower end of the air aspiration tube 3. The

20 measuring section 6 has a cylinder 60, a nylon mesh 61 adhered to the
bottom part of the cylinder 60, and a weight 62 having a weight of 62.8 g.
The cylinder 60 has an inner diameter of 20 mm. The nylon mesh 61 is
formed to have a size of 200 mesh screen (size of opening: 75 um), and a
given amount of a water-absorbent resin 9 is evenly spread over the nylon

25 mesh 61. The weight 62 is placed on the water-absorbent resin 9, so that a



[0070] In the neasuring apparatus X having the constitution as descri bed
above, first, the bottle 2 is charged with physiological saline in a given
anount, and the air aspiration tube 3 is placed in the bottle 2 to get ready
5 for the determ nation. Next, 0.1 g of jhe water-absorbent resin 9 is
evenly spread over the nylon nmesh 61 in the cylinder 60, and the wei ght 62
is placed on the water-absorbent resin 9. The neasuring section 6 is placed
on the glass filter 5 so that its central section is in alignment with the

central section pj6(t P€lgidass e dpptiedo tHOwa@d/aHsofBent hesigbher hand, the

conputer 7 connected to the electronic balance 1 is booted, and the weight

reduction ofog#tg phth@m@ﬁieﬁglriﬁg?t&%p}@aﬂu@xhmngghé téndituliofas dbdt@ibedl ght of

t he physi ol ogi cal saline absorbed the water-absorbent resin 9, W (9),

. . I i i . ]
s continuousl y Jiarel ded, B8 o 2 0TBArEEd wit gﬁgl%ﬂa%éagj SR bR

. ] n
wat er - absor bent resin starts absorbi ng wate nut es and

preferabl y in unishaudl afeaRnMP ardVf, (8313%s Haden ELURIOPIAEAGHadY O { he

an&
bal ance 1. The anount o? wat er g@sor ption o ysi ol ogl cal I ne t he

wat er -qabsor bent fo?%ﬁé‘d@tegrgﬁﬁ‘iioﬁ.r Nl 6. %fgd&ﬂhg @%&%Bé&génmﬁﬁx@isfé\%m}; he

begi nni ng of the water absorption Is o) I ne rviding the wei ght” W (9)
o er 00 ™t S RERP AN RGOS of e ARSI ARRALOE, goGel n © (0.1
= vator- absor banterogn A WrIPERLEHP S Ao BuRBEaERIFRlacdl 17 e
27 changea 1 r ord b ceBlg Y S Tt W ReieuoRIRBP Mt Rbe BN R Phe above
central section of the glass filter 5.
10 [0071] On the other hand, the computer 7 connected to the electronic
balance 1 is booted, and the weight reduction of the physiological saline in
the bottle 2, 1.e., the weight of the physiological saline absorbed by the
water-absorbent resin 9, Wj (g), is continuously recorded on the computer
7 from the time when the water-absorbent resin 9 starts absorbing water, in
15 units of minutes and preferably in units of seconds on the basis of the
value obtained from the balance 1. The amount of water absorption of
physiological saline of the water-absorbent resin 9 under pressure after
60 minutes passed from the beginning of the water absorption is obtained
by dividing the weight Wc (g) after 60 minutes passed by the weight of the
20 water-absorbent resin 9 (0.1 g)
[0072] 3) Amount of Water Absorption of Physiological Saline under
Pressure (3920 Pa)
The amount of water absorption of physiological saline of a water-

absorbent resin under the pressure of 3920 Pa was determined in the same

25 manner as in the above-mentioned (2), except that the weight 62 was



mentioned (2), to obtain the anbunt of water absorption of physiol ogical

sal i ne under the pressure of 3920 Pa. [0073] (4) Water Absorption Rate 5 The
anount 50 0.01 g of physiological saline at a tenperature of 23 to 26C was
wei ghed out in a 100 nL beaker. A magnetjx stirrer bar having a size of 8
mm x 30 mmwi thout a ring was placed in the beaker, and the beaker was

pl aced on the top of MAGNETI C STI RRER (manufactured by | UCH under the
product nunmber of HS-30D). 10 Subsequently, the magnetic stirrer bar was

adj usted so thatchifieedBORESL.S g &l 129.6g iRahe deteain@thtRin HOthdReH tharBolel t her
adjusted so that the bottomof the vortex generated by the rotation of the

magnetic stirr efméiﬂforféaf(ﬁz),rt@&ibtaihhﬁe HRIBANt BPWate@AbSbrptida dﬁﬂ@%ldlé%li%hi rrer
bar. [0074] Next, 1.0 0.002 g of particles obtained by sieving the water-

15 absorbent reghhge Whddt thePrédsaesopsozy padard sieve conplying with JI S
Z8801 (1982) (opening of sieve: 500 mor 300 m, and subjecting the sieved

vat er - absor fpgnB] r esi to Wﬂéf%b%@ti%hzf@at@dj ustnment (500 mor less and 300
m or nore) re” qui ckl’y poured between the center of vortex in the beaker

and the side of the @ﬁ?\gg{oalggr@g d—é ?"r?tlfzé ?ﬁ%ﬂﬁg@gﬁi SR ﬁ%%at‘?@e &ﬁer e the

wat er - absor bent resin ( _ rto a point ere the
Lor Lo corver Bed s e S el 0Pl Sk Sliates @
arount 500, 0. & il PYELRLORE 200 SR PASS e R udBey 00 I
ring was placed g thD6AEAKFLs pIRBL bR PR ST MRS NRTICSTARER®
(manufactured by JUCHI under the product number of HS-30D).
10 Subsequently, the magnetic stirrer bar was adjusted so that the magnetic
stirrer bar rotated at 600 ppm, and further adjusted so that the bottom of
the vortex generated by the rotation of the magnetic stirrer bar came near
the upper portion of the magnetic stirrer bar.
[0074] Next, 1.0 = 0.002 g of particles obtained by sieving the water-
15 absorbent resins with two kinds of standard sieve complying with JIS-
78801 (1982) (opening of sieve: 500 um or 300 um), and subjecting the
sieved water-absorbent resins to a particle size adjustment (500 wm or less
and 300 wm or more) were quickly poured between the center of vortex in
the beaker and the side of the beaker, and the time (seconds) from a point
20 where the water-absorbent resin was poured into the beaker to a point
where the vortex converged was determined with a stopwatch, which is
defined as a water absorption rate.
[0075] (5) Amount of Water-Soluble Substance

The amount 500 = 0.1 g of physiological saline was weighed out in

25 a 500 mL beaker. A magnetic stirrer bar having a size of 8 mm X 30 mm



top of MAGNETI C STI RRER (manufactured by I UCH wunder the product nunber of
HS- 30D). Subsequently, the nagnetic stirrer bar was adjusted so that the
magnetic stirrer bar rotated at 600 ppm and further adjusted so 5 that the
bottom of the vortex generated by the rojgation of the magnetic stirrer bar
canme near the upper portion of the magnetic stirrer bar. [0076] Next, 2.0
0.002 g of particles obtained by sieving the water absorbent resins with two
ki nds of standard sieve conplying with JIS- Z8801-1982 (opening of sieve:

500 mor 300 m 1wiﬂftﬂ1t%q@ﬂ1%ﬁia§rﬂ)gadeHQn¥ﬁ)e B8 PR beakeOk e Plack§ Dntfet 0
particle size adjustnment {500 mor less and 300 mor nore) were quickly

poured between tt@ﬁo?ﬁ/ﬂA@NE’fI(Y@ﬁIRREH‘(m&ﬁ\ﬁa@ﬁﬁé’@ByQU@Jng‘ngn(féorﬁﬁ% sﬁo&d&%

beaker and di spersed therein, and the "mxture was stirr ours. The
vas i1 terod wi PRTARE ENES DR SUESERICpER, HenuBpAlq Sl hdiifed Jours
Kirivam type 1 oaner Py RESHRER RarFouslcl o 6B s AREPRISSIPRE
(e 1ot OPURNES R BRSOt R b B ler e Lo

a constant wei ght, rate orce nvecti on oven
(manuf act ured b)ét

A wei ght Wi (g) df’gyﬁlé\g E%%l? %karc%l(r%t i)tgp Bw{dr?le‘“fﬁhﬁﬁqu%@%\t%&\ém e{BéF'im's nng ai[ 8838]
a thout usi 109 Phe’ vl Er 200 s AE ERUGRRETeL BRI N BB 8P he. <ot
cubst ance vas. APt BE TR PAb THEREC e e R o Y SIS
vater - Sol ubl e S%?%Z( %)p%}{in\%e(i)igsq&e: 500 pm or 300 wm), and subjecting the
10 sieved water-absorbent resins to a particle size adjustment (500 pwm or less
and 300 um or more) were quickly poured between the center of vortex in
the beaker and the side of the beaker and dispersed therein, and the
mixture was stirred for 3 hours. The aqueous dispersion of the water-
absorbent resin after stirring for 3 hours was filtered with a standard sieve
15 (opening of sieve: 75 um), and the filtrate obtained was further subjected
to suction filtration using a Kiriyama type funnel (Filter Paper No. 6).
[0077] The amount 80 = 0.1 g of the filtrate obtained was weighed out in a
100 mL beaker dried beforehand to a constant weight, and the filtrate was
dried with a forced convection oven (manufactured by ADVANTEC) at
20 140°C until a constant weight is attained. A weight Wd (g) of the solid
content of the filtrate was determined.
[0078] On the other hand, the same procedures as the above were carried
out without using the water-absorbent resins, and a weight We (g) of the

solid content of the filtrate was determined. The amount of water-soluble

25 substance was calculated on the basis of the formula:



_[[(W - W) x (500/80)]/2] x 100. 5 [0079] (6) Mass-Average Particle Size
One- hundred grans of a water-absorbent resin was wei ghed and placed on an
upper nost sieve of 8 standard sieves conplying with JIS- Z 8801(1982)
(openings of sieves: 850 m 500 m 355 mg 300 m 250 m 180 m 106 m and
the bottom of the container being stacked in 10 order fromthe top), and
shaken with a rotating and tappi ng shaker nmachine for 10 mnutes to sieve
t he wat er - absorbent resin, and thereafter the water-absorbent resin
remai ni ng on each sieve was weighed. In accordance with the results, the
particle size of which cunulative mass is 50%was cal culated in accordance

ith the follow f ; MEi ' ' =
\[M( 50-a) ?( d?a) ]wan?c dei;;ﬂrij} ng&/{her el %&gq@gﬁﬁgég?nﬁ g.]tel }g?vglnzj]e (g) obtained

when the mass is_ [F(;WHQ'WE?L(' ?-50@%?] atgsh from t hose having coarser
e i but ron,

particle sizes in 20 di st to obtain a cunul ative val ue of which
cunul ative mass is less than 50% by nmass and nost cl osely approxi mati ng 50%
by mass; b is an opening (n) of the sieve at which the cumul ative value is

obt ai ged; d[dO?rgl)t he @cuwwsg%yahggpgmciég when the mass is sequentially

accumul at ed m t hose having coarse particle sizes in the distribution to

obialn & 28 cumil el yh Al S L. B U SIS0 Sl hRER RO DY
Be. No. vat or - RVl AR HET RLE of Bailndaho RV EB R 5 ©
Z 8801(1982) (openings of sieves: 850 wm, 500 wm, 355 um, 300 um,
250 pm, 180 pm, 106 pm and the bottom of the container being stacked in
10 order from the top), and shaken with a rotating and tapping shaker
machine for 10 minutes to sieve the water-absorbent resin, and thereafter
the water-absorbent resin remaining on each sieve was weighed. In
accordance with the results, the particle size of which cumulative mass is

50% was calculated in accordance with the following formula:

15
[Mass-Average Particle Size (um)] = [(50-a)/(d-a)] X (¢-b) + b
wherein a is the cumulative value (g) obtained when the mass is
sequentially accumulated from those having coarser particle sizes in the
20 distribution, to obtain a cumulative value of which cumulative mass is less

than 50% by mass and most closely approximating 50% by mass; b is an
opening (um) of the sieve at which the cumulative value is obtained; d is
the accumulated value obtained when the mass is sequentially accumulated
from those having coarse particle sizes in the distribution to obtain a

25 cumulative value of which cumulative mass is at least 50% by mass and



and Capacity of Under Pressure Absorption Water- Conp. Physiol ogical (g/9)
Rate Soluble Ex. No. Saline 1960 Pa 3920 Pa (sec) Substance (g/g) (% by
w.) Ex.1 47 37 23 41 16 Ex.2 44 38 25 38 15 Ex.3 48 37 22 36 20 Ex.4 43
37 24 39 17 Ex.5 46 36 23 41 18 EX.6 44,38 22 39 19 Conp. 39 31 17 47 21
Ex. 1 Conp. 46 36 23 70 35 Ex. 2 5 [008f} It can be seen fromthe results
shown in Table 1 that the water- absorbent resin obtained in each Exanpl e
has a | arge water-retaining capacity of physiological saline, a large

anount of water Iﬁ@s"‘t@l@ste'g 3pg1foxé1|ﬁﬁ?iﬁéQb%gbfﬁgafﬁaéﬂd‘@iéjéc}f]gg?rgﬁgggﬁ{)eof tfle NI gh

wat er absorption rate, mal |~ anmoun Wwater-s st'ance. 10

| NDUSTRI AL APPLIGAR! 4t Y ch 308 2hmIBivees S RRsRABERAL resin obtained by the
process for preparing a wat er-lgbsor bent resin of the present invention can
be suitably used in hygienic materials such as di sposabl e di aper,

i ncont i nencE08&d and[T%l%ni]I]ary napki n, especially in disposable diaper. 31

CLAI M5

Ex. No. Water-Retaining Amount of Water Absorption Water Amount of

and Capacity of Under Pressure Absorption Water-

Comp. Physiological (g/g) Rate Soluble

Ex. No. Saline 1960 Pa 3920 Pa (sec) Substance

(g/8) (% by wt.)

Ex. 1 47 37 23 41 16

Ex. 2 44 38 25 38 15

Ex. 3 48 37 22 36 20

Ex. 4 43 37 24 39 17

Ex. 5 46 36 23 41 18

Ex. 6 47 38 22 39 19

Comp. 39 31 17 47 21

Ex. 1

Comp. 46 36 23 70 35

Ex. 2

5 [0081] It can be seen from the results shown in Table 1 that the water-
absorbent resin obtained in each Example has a large water-retaining
capacity of physiological saline, a large amount of water absorption of
physiological saline under pressure, a high water absorption rate, and a
small amount of water-soluble substance.
10 INDUSTRIAL APPLICABILITY

[0082] The water-absorbent resin obtained by the process for preparing a
water-absorbent resin of the present invention can be suitably used in
hygienic materials such as disposable diaper, incontinence pad and

sanitary napkin, especially in disposable diaper.



[1] A process for preparing a water-absorbent resin conprising carrying out
a reversed phase suspension polynerization in nulti-steps of at |least two
steps when the water-absorbent resin is prepared by subjecting a water-

sol ubl e ethyl enically unsaturated nono to the reversed phase suspension
pol ymeri zation, said process for preparing a water-absorbent resin being
characterized by addi ng a phosphorus-contai ning conpound to at |east one
step in the second and subsequent steps w thout the presence of the

phosphor us- cont ai ni ng conpound i n thexfj step, to carry out the
pol ymeri zation reaction. [2] The pro%LAr 15r prepari ng a water-absorbent

resin accofding to | ai rel P hor us- cont ai.ni ng_conpound i s
at | east 0[113 marrberg Z#’Jepcsf%g)é\g?efpoﬁhg ﬁébag?ro%gg@g%tsﬁgsél f;nrélpgfmﬁﬁos‘ﬁ’ﬁlgr ous acid
conpounds, phosphoric acid,conpounds and hypophosphorous aci onpounds.
[3] The proces sg‘fqo%‘ referssd PRASS SSRERsin B‘g@'géﬁpny s‘?lHﬁ‘éﬂ%%%sr %’d?\tgfefgp claim1
0. 00001 o 0. 05 VRLHEIBarIeE e eEF APHEDGAEN SONEBTe! BY FDGhea vyer
unsat urated nmononer used in the polynerization reaction in the step of

addi ng a phosphislebe cstylamifaly copibiaied, menamatr o odhe pvgised i phaseon

reacti on.

suspension polymerization, said process for preparing a water-absorbent
resin being characterized by adding a phosphorus-containing compound to
at least one step in the second and subsequent steps without the presence of
the phosphorus-containing compound in the first step, to carry out the

polymerization reaction.

[2] The process for preparing a water-absorbent resin according to
claim 1, wherein the phosphorus-containing compound is at least one
member selected from the group consisting of phosphorous acid
compounds, phosphoric acid compounds and hypophosphorous acid
compounds.

[3] The process for preparing a water-absorbent resin according to
claim 1 or 2, wherein the amount of the phosphorus-tontaining compound
is from 0.00001 to 0.05 mol per 1 mol of the water-soluble ethylenically
unsaturated monomer used in the polymerization reaction in the step of
adding a phosphorus-containing compound, to carry out polymerization

reaction.





