1 DESCRI PTI ON METHOD FOR PRODUCI NG WATER- ABSCRBI NG RESIN 5 TECHNI CAL FI ELD
[0001] The present invention relates to a process for preparing a water-

absor bent resin.

process for preparing a water-absorbent

More specifically, the present invention relates to a

hygi eni c materials such as di sposabl e diaper, incontinence pad and 10
especially in disposable diaper. BACKGROUND ART [ 0002]
wat er - absor bent resins have been widely used in hygienic
material s such as disposabl e di aper and sanitary napkin, and industrial
material s such as water bl ocki ng maDESCRI®TION cabl es. As water 15 absorbent
resins, there have been known, for exanple, hydrol ysates of
starch-acrylonitrile graftcopol yners, neutralized products of starch-
acrylate graftcopol ynmers, saponified products of vinyl acetate-acrylic

sani tary napki n,
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recent years, an absorbent body in a hygienic materi al
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ester

such

as 20 di sposabl e diaper or sanitary napkin tends to be nade thinner from

the viewpoint of a confortable fit upon use.
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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
sanitary napkin, especially in disposable diaper.

BACKGROUND ART

[0002] Conventionally, water-absorbent resins have been widely used in

15

hygienic materials such as disposable diaper and sanitary napkin, and
industrial materials such as water blocking materials for cables. As water-
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

25

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.

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 is2lowered. 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
to maintain the confortable fit of the hygienic material upon a |ong-term
use, 10 a wat er Tayigsmpncachagher, iagirequize tgtal therwatapahsorbEniwgsias havk @bl e
subst ance has been desired. [0004] As processes for preparing a

wat er - absor bent laigsiamaud @fivater alispeptean endeatpsessare. ﬁome@cess oedargpi si ng
carrying out reversed phase suspension polynerization using specified
amount s of specimakedthganyenstiof Wwiepahsospitandargoundsrpressure ut isgenarally see
Patent Publication 1); a process conprising carrying out reversed phase
suspensi on pol ymecessaty enincreaseralorgssiinking demsuy of dlaswataneabsvsient (esée, Pat ent
Publication 2); a process conprising carrying out reversed phase suspension
pol yméri zat i on iwharhley cpnsegeenity baviage-dis8ivgntagrrthaiothgiwaerrataingrg absor bent
resin, and adding a 20 crosslinking agent to the water-absorbent resin to
carry out a crosspaciky oftherweatct-absorpemtareHatie howéneld| iQuatlieosth8) haed,pr ocess
conprising carrying out reversed phase suspension polynerization using a
speci fi ed anountwaér-absopkersuksinhagingra tighawateaabsonptibyretei iz aesioed imi ti at or
(see Patent Publication 4); a process conprising carrying out aqueous

sol uti on pol ynernirdert togevent2&akalge of néwelycfduidforgho §gbolmadditiondimomdicoto a sal t
thereof, to give a precursor 3 of a water-absorbent resin, and thereafter

m xi ng the precunaataimtheacavafatable fit of the hygienic material upon a long-term use,

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 3-1,3-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
Publ iscation 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 water-retaining capacity and a |arge
anount of water absorption under pressur8, but also a high water- absorption
rate or a small amount of water-sol uble substance. There are further roons
for inmprovenent. Patent Publication 1: Japanese Patent Laid-Qpen No. Hei
6- 345819 10 Patent Publication 2; Japanese Patent Laid-Open No. Hei
3-227301 Pat entofpulsRicEabEOIbeBt resipand deerpaftermmiiiag dhapresunNer ofeiw8e1:20013
Patent Publication 4: Japanese Patent Laid-Open No. Hei 6-287233 Patent
Publ i cation 5: Japarheaeresa enth a surdacgpaassiakingagant vvlellgeatiDg$staBURE OF
| NVENTI ON 15 PROBLEMS TO BE SOLVED BY THE | NVENTI ON [ 0005] An object of the
present inventi dtubligation gycandddediksrivoedsen knowpr dawever, Hewsater- absor bent
resin which can be suitably used in a hygienic naterial, the
wat er - absor bent abssibenhzesinsgobdiaingd darthesroprocesses datrot suffetiently satisfwa | ar ger
anount of water absorption under pressure, a higher 20 water absorption
rate, Sand a snalrequiredpraoperiods suaheas-oodouby @ lasgb stadercretainivigANpadiy SOLYE THE
PROBLEMS [ 0006] Specifically, the present invention relates to a process for
preparing a watlergeabsouderitwatesabsocpingr isdergpressure,ibng atsota bighevagesed phase
suspensi on polynerization in nmulti-steps of at |east two steps when the 25
wat er - absor bent abesiptionsrapr epasmadll aynaubjof statergscdublatsabstantaibTherd are
ethyl enically unsaturated nononer to the reversed phase suspension

further rooms for improvement.

Patent Publication 1: Japanese Patent Laid-Open No. Hei 6-345819

10 Patent Publication 2: Japanese Patent Laid-Open No. Hei 3-227301
Patent Publication 3: Japanese Patent Laid-Open No. Hei 8-120013
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 [ 0007] According to the process of the
present invention, a water-absorbent redin having a |arger anmount of water
retention, a |larger anount of water absorption under pressure, a higher
wat er absorption rate, and a snmaller 10 anount of water-sol ubl e substance
can be obtained. BRI EF DESCRI PTI ON OF THE DRAW NGS [0008] [Figure 1] Figure
1 is a schemati cetBysmagadkygipaiiraigd gnoRpmentOUhE fieycrsgshpRaseBHSPENSIAH i n t he
determ nation of the anpunt of water absorption of physiol ogical saline
under pressure. A%YEXPIZANAT Bid DroassvEER Paparsa\VBBlag r2apsREbn @edN bringeasur i ng
apparatus 1 bal ance 2 bottle 3 air aspiration tube 4 |ead tube 5 glass
filter 6 neasuri¢ipraderizeshby addimgruplaspdopisyeindtiogizedmpanideo atdeast one
wat er - absor bent resin

step in the second and subsequent 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



5 60 cylinder 61 nylon nmesh 62 weight BEST MODE FOR CARRYI NG OQUT THE

| NVENTION 5 [0010] In the process for preparing a water-absorbent resin of
the present invention, first, a first-step reversed phase suspension

pol ynmeri zation in a water-in-oil systemis carried out by mxing together
an aqueous solution of a water-soluble éthylenically unsaturated nononmer, a
surfactant and/or a polyneric protective colloid, a water-sol uble radi cal
pol ynmeri zation 10 initiator, and a hydrocarbon-based sol vent, and heati ng
the mxture with stirring. [0011] The water-soluble ethylenically
unsat ur at ed nononer PHcl ude¥lindgy exanple, (nmeth)acrylic acid
["(meth)acryl-" means "acryl-" or "nethacryl-;" hereinafter referred to the
sane], 2-(neth)acry|éﬁide-EYEE1ﬁ§$ yl propanesul fonic acid and an al kal

nmetal salt thereof; ngnionic, unsaturated nononers such as (neth)acryl am de,
N, N-di net hyl acryl ani 88, 2- Wedglxyet hyl (meth)acrylate, and N nethylo

(et h)acryl am de; _am no group-contai ni ng unsat urated nononers such as

di et hyl am noet hy BESHetMOAME JJQRe CARR MINGhHIE R hBE AMWENEEON acryl ate, 20
or a quaternary salt thereof; and the |ike. These can be used alone or in
admi xture of00d0]| easdn theoprecesssior prepasingad Watestahsoibent resimekidieiprassmal sal ts
includes lithium sodium potassium and the like. [0012] Anmong the

wat er - sol ubl e etiRY¢RHIE Altply adHskstap a¢edsatoplinse syspensiasr polymgrigaden ima| ude
(nmeth)acrylic acid or an alkali netal salt thereof, 25 acrylam de,

met hacryl anmi de aweteNINodi systeny issearticd piitley nfikig together an aqueous solution

of a water-soluble ethylenically 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 therecof; 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



6 viewpoint of being industrially easily available. Even nore preferred ones
include (nmeth)acrylic acid or an alkali netal salt thereof, fromthe
vi ewpoi nt of econom cal advantage. [0013] The water-sol uble ethylenically
unsat urated nmononer can be 5 usually used in the formof an aqueous
solution. It is preferable that the condentration of the water-soluble
ethyl enically unsaturated nononers in the aqueous solution of the
wat er - sol ubl e ethylenically unsaturated nonomers is from 15% by weight to a
saturated concentration. [0Q14] |In the aqueous, solution of the water-soluble
ethyl enically 10Vﬁwwﬂwr%{*¥dn&ﬁﬁhﬁm Iy ¢asHYavailalle e Fves mapreeP1efajadepnas

an _acid graqup, the acid gr be neutralized

mononer to be wused ha : oup nma
with an al kal i %ﬂ@fléd% (Sm%th?@rm%ﬁ%lﬁ%ae alkalt metad S@Bdﬁ@éogffr%dbe al i zation by
t he above- mentioned alkali nmetal is from10 to 100% by nol of the acid
group of the waYEMPOM M) corpRysdAd¥antage.unsat ur at ed nononer before the
neutralization, 15 fromthe viewoint of increasin? osnotic pressure and
i ncreasi ng WAOE}  absbiewrtsi-sphible sthylenicallisumsatyiglagemenomss 6abbat r esi n,
and not causing any_ di sadvantages in safety or the |ike due to the presence
of an ®xcess al kauallymsediin thitors fban aguaoars sphdionddé i preferabie thadtham
potassium and the like. Among them sodium and potassium are preferable,
and sodi um i s no¢@centapprPéthhwaterisobids ethydendcaltaunsataratasemoaeners ior
exanpl e, nonionic surfactants such as sorbitan fatty acid esters,
pol ygl ycerol f atthg aguicauesalation of the weterfsaluble gtiydeniealiyennsatuigtast t ol fatty
acid esters, and pol yoxyet hyl ene al kyl phenyl ethers; anionic surfactants
such as fatty acin@neglersis fapiyl Webyeneght tonsatugied cendandratips. al kyl net hyl
tauric acid salts, polyoxyethylene al kyl phenyl ether sulfate

001 In the aqueous solution of the water-soluble ethylenically

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



7 esters, and pol yoxyet hyl ene al kyl ether sulfonic acid salts; and the |ike.
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, nmaleic afhydride-nodified polyethylene,
mal ei ¢ anhydfi de-nodi fied pol ybutadi ene, nal eic anhydri de-nodified EPDM
(ethyl e ne-prop ylene- diene terpolyner), and the |ike. [0017] The anount
of the surfactant and/or the polymeric protective colloid 10 is preferably
from0.1 to 5 pastesmndyslybxyethpldneailey] pthefr snHbhic daidsalds; 2ndtthe Bkparts by
wei ght, based on 100 parts by wei ght of the aqueous solution of the

wat er - sol ubl e etAploagithein) yorbrtantfattnaed astangped yglly00b$ fatThecidetstars,swidubl e
radi cal polynerization initiator includes, for exanple, persulfates such as
pot assi um per sulfuatese fattyenidestgefasapfedieraple. 15 and sodi um persul f at e;
organi ¢ peroxides such as tert-butyl hydroperoxi de, cunmene hydroperoxide,
and benzoyl [(E6dxi de Theym mgeric pestoriidecolézd indodps fodexauple, athyl

2, 2' -azobi s(2-am di nopropane) di hydrochl oride; and the |Iike. Anong them

pot assi um per sul dediudoseaeatinyh hydnopgetyl tell dpse, podyathyleae suidegineglelzenz oy
peroxi de, and 2,2'-azobis(2 20 am di nopropane) di hydrochl ori de are

preferabl e, fromnhydrideanpdifret pofyetheleng, makeid ynlapdaideadmlodiféed excel | ent in
storage stability. The water-soluble radical polynerization initiator can
be used as a redmiybytatene, paleyerenhydridesmoidifiéd BPDM t(ethgidnerpropylena- sul fite
of the like. [00191 It is preferable that the anpbunt of the water-soluble
radi cal 25 pol yndiene tdrpolynien),tandttbe liks. usual |y from 0. 00005 to 0.01 nol, per
+ ol of [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



8 the water-soluble ethylenically unsaturated nononer, fromthe viewpoint
of shortening the tine period for the polynerization reaction and
preventing abrupt polynerization reaction. [0020] The hydrocar bon-based
sol vent includes, for exanple, aliphatic 5 hydrocarbons such as n-hexane,
and n-heptane; alicyclic hydrocarbons séch as cycl opent ane,

nmet hyl cycl opent ane, cycl ohexane, and nethyl cycl ohexane;

aromati c

hydr ocar bons such as benzene, toluene, and xylene; and the |ike. Anmong
t hem n-hexane, n-heptane, and cycl ohexane are preferable, fromthe
vi ewpoi nt of beithg Waiteuselpblgl athyleakially uagaturaipd enonpmeyt fonethevigwapinty and

i nexpensi ve. [0021] Usual ¥1
preferably fromfshortgnagn

, the amount of the hydrocarbon-based sol vent is
paee peodEpIghe poldcmgationgea¢tegmpnd from 80 to

550 parts by weight, based on 100 parts by weight of the water-soluble
et hyl eni cal |y unswening aerupbpelysrcrizafiomredndioni ewpoi nt of renovi ng heat of
15 polynerization and being likely to easily control the polynerization
t enper at ur e[0420022] [Thethydrecasbembased/slvésrinclutes, fopexdmplebhléphdit t he

above-nentioned polynerization reaction is carried out

in the presence of a

crossldi nki ng  aderdrocarhens sughsds mkiexaneagrd n-heptanejebicy¢lor hydranpibeps di ol s,
triols and 20 polyols such as (poly)ethylene glycol ["(poly)" neans both
cases where theughasicyclopehighe meihndtyddeperdant, whielobexdne, pnéfi x i s not

i ncluded; hereinafter referred to the sane], (poly)propylene glycol,

1, 4- but anedi ol , methiyhatchetieshpe;gramaticjyidyecayeertsyduches dlepeaie, toluene, and

pol yoxypropyl ene glycol, and (poly)glycerol; unsaturated pol yesters

obt ai ned by reactyleng;tand thobke. Z6noemptlicomedhdiaie, ntheptdne, end pptlpbexatiet h an

unsaturated acid such as

are preferable, from the viewpoint of being industrially easily available,

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



9 (neth)acrylic acid, maleic acid or fumaric acid; bisacrylam des such as

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

di (nmeth)acrylic acid obtained by reacting a polyisocyanate such as tolyl ene
5 diisocyanate or hexanet hyl ene diisocya®ate w th hydroxyet hyl

(nmetli)acryl ate; conpounds each having at |east two pol ynefizabl e

unsat urated groups, such as allylated starch, allylated cellul ose, diallyl
phthal ate, N,N ,N'-tfiallyl isocyanurate, and, divinylbenzene; diglycidyl

et her conpounds @&th)acsylipaci) maigie apisl @ fpamricacadyRiparrylagmiges sucipas

(pol y) propyl ene gl ycol diglycidyl ether, and (poly)glycerol diglycidyl

et her; epi hal ohylgr ﬁn@bﬁfﬁ@@g@éc@dﬁﬁﬂ% depirdr(@edngeryiate cglgrossamieddyi n, and
a- met hyl epi chl orohydri n; conpounds each having at |east two reactive
functional group$§ackng p pedyapesideariithd medhpeuiigsacadictarbamyl esterafi y| ene

di i socyanate and_hexanet hyl ene dii socyanate; oxetane 15 conpounds such as

3- net hyl - 3- oxet afiliémiiéthi&ﬁd%{lp agidobipincgd-byoscactang Awohwpesyanate such as tolylene

3- but yl - 3- oxet anenet hanol , 3-net hyl - 3- oxet aneet hanol ,

3- et hyl - 3- oxet andiésoRameAte ozmgxampiiyyencalispey anrde vitnbydroapethyhe |i ke. These
can be used alone, or in adm xture of at |east two kinds. [0023] The anount
of the crosslinkimgflagepkate; coprpenadabish having @f BESOHYO pelyn®eizebBO1 nol per 1
nol of the water-soluble ethylenically unsaturated nononer in order to
suppr ess the watw@sagghigdi groups,sfich he aﬁ&btﬂd staxghpallylatad cablplese, dpblybpri at e
crosslinking of the polyner, thereby showing a satisfactory water

absor bency. [ 002pfithaliate, NeAE IV oirialbripsrcyannmiefandibvinglbangengatiglyeidydact i on
differs 25 depending upon the radical polynerization initiator used. The
reaction ether compounds such as (poly)ethyl%ne glycol diglycidyl ether,

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



10 tenperature is preferably from20 to 110C and nore preferably from40 to
80C, .fromthe viewpoint 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¥&dm 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 ynmerization is subjected to a second- _or supsequent-ste 10 reversed
phase suspensi orfcpweydBrG sareisaably dramaOpied&fiCand apare prcleratdy fearadded
phase suspension polynmerization is carried out in nulti-steps of at |east
two steps, and it 86Tpfwmethpyiewpesmt afHapidlinpergressing hegepefign ard 3 st eps
fromthe viewpoint of increasing productivity. [0026] The greatest feature
of the present iSrlix@éﬁ@mrtgnthﬁé@ilﬂwlzzﬁlqrhﬁmeathfselnemére@émgmf@gecwsbm on
pol ynerization is carried out in the presence of a phosphorus-containing
conpound in at &8y remevare ket of pehsnerization, tww@noq@% e#rryimgtaid thecond
or subsequent step. In the present invention, it is preferable that the
rever sed phase dGa@aisi bhe prAcligatineats ewally from .28 4dours.n t he presence of
a phosphorus-contai ning conpound only in at |east 20 one step of the second
or subsequetl02X eps, Thushibetlirshetepreaspebphgsetshispensimasphlymesizating as ni ng
conpound in the first step. The process for carrying out a reversed phase
suspensi on pol yreariigdolbn in the second or subsequent steps in the presence
of a phosphorus-containing conpound is not particularly limted. One
exanpl e of the procedextohegeaqtipnrgixute ebtamed bydhe firsirstep bevsgsesihphastep
reversed phase suspension polynerization

suspension polymerization is 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



11 includes a process conprising adding an aqueous solution of a water-

sol ubl e ethylenically unsaturated nononer to the reaction m xture obtained
inthe first-step polynerization reaction with m xing, and carrying out a
second- or subsequent-step reversed phase suspension 5 polynerization in the
sanme manner as in the first step. [0027]1The phosphorus-contai ni ng conpound
may be added in a given anount to the aqueous solution of a water-sol uble
ethylenically wunsaturated nonomer which is usable for carrying out the
second- or subsequent step reversed phase suspension pal ynerization, or can
be 10 added to tiReludssatnresessicommisipgadding@nmdueppssolubipn olpseaieent st eps
after cooling. [0028] The phasphorus-containing conpound is not

particul arly [imolekie etiyenisaly yrsptysated magiomaido dbhfraghan migfuiges, for
exanpl e, phosphorus. acid caonpounds such as phosphorous acid or nornmal salts
of phosphorous 19ptaiicd 18 thiiag-sierspelyinarizabepheaciongvith mrig g anghosphi t e,

and di ammoni um phosphite, and acidic salts of phosphorous acid such as

sodi um hydr ogerg#iBapgouEa spenrs St HPRANeBYiap sy hed phasgrsyspensimi um

hydr ogenphosphi te;. phosphoric acid conpounds such as phosphoric acid or
normal> sal ts of pHBBISHEAlen i tht uhmasneoas rhphssipHen.e, pot assi um 20
phosphat e, and ammoni um phosphate, and acidic salts of phosphoric acid such
as sodi um d{M&fr ogenpHisspiespboruscroasaining elinyeinshmay hessidad &) a gavaroni um

di hydr ogenphosphat e, di sodi um hydrogenphosphate, di potassium

hydr ogenphosphatamoeridodhaaguenussohylitnmoglen plhads produtde ethylemgaldg phor ous aci d
conpounds such as hypophosphorous acid or salts 25 of hypophosphorous acid
such as sodi um hypephaisghnoromppwhsdh ismsable for carrying out the second- or

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



12 hypophosphite, and amoni um hypophosphi te; pyrophosphoric acid,

tri pol yphosphoric acid, polyphosphoric acid, and salts thereof; trinethyl
phosphate, nitril onethylene triphosphonic acid, and the |like. Each of these
phosphor us- cont ai ni ng conpounds may be used alone or in a 5 mxture of two
or more kinds. In addition, as the phosphbrus-containing conpound, a
hydrate of these conpounds nay be used. Anong the phosphorus-containing
conpounds, the phosphorous acid conpounds, the phosphoric acid conmpounds,
and t he hypophosphorous acid conmpounds _are preferable, and di sodi um
phosphite, sodi UWRIPROERIY e APAGEHRARIEM RyRPPIoSEBUE: RHIAPPOTHeESHCIE are nore
preferable, fromgthe viewoint that an effect exhibited by its addition is
hi gh. [0029] It Wpofediospbonagids palyphesphorisracidangdysits thergptl; dHawthyl
phosphorus- contai ni pg coppound. in the step of carrying out the

pol ynmeri zati on RsepRtennERFlosaeihRigne fap pRtsr ardd.ciwk e dikeg Bashptfund to the

reaction 15 mxture in the polynerization reaction of the second- or
subsequent - st ep hgse phasphorusogitainngeynpewds parbetssd planednin Q00005 t o
0.02 nol, and nore preferably from0.0001 to 0.01 nol per 1 nol of the
wat er -50l ubl e EBRYPERING 9r esakinds: da additione s Sienphasplaruscani@ning

pol yneri zation reaction. Wien the anmount of the phosphorus-containing

conpound is 20 |38PQUKK adiydouo Df teisegomppunds noFy bhusesat Amosg| thpl e

ethylenically wunsaturated nononer, the effect of adding the

phosphor us- cont KISRROTUSAPGIAE empeds; el phosphewus @ffd edrapeundsobhieai ned,
and when the anmount exceeds 0.05 nol, the polynerization rate is likely to
be del ayed, and Rhiesphameaerd empeunss, ansl ths| hypopbesehnseus acificesippunds be

| arge. 25 [0030] In the present invention, it is preferable that
post - cr ossl i nki rige preferable, and disodium phosphite, sodium dihydrogenphosphate, and

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 is

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



13 treatnment is carried out by reacting the resulting water-absorbent resin

with- a post-crosslinking agent having at |east two functional groups having

reactivity with carboxyl groups. [0031] The post-crosslinking agent nay be

any one that is reactive with a 5 carboxyl group of the water-absorbent

resin. Representative exanples of the pbtdt-crosslinking agent include

diols, triols and polyols such as (poly)ethylene glycol, (poly)propylene

glycol, 1,4-butanediol, trinethylolpropane, polyoxyethylene glycol,

pol yoxypropyl ene gl ycol _and . (poly)glycerol; diglycidyl ether conpounds such

as (poly) et hyl erf&ajmgabis cmrlé guygy &Actiagribe {esegmglwp%é@ps@wb@ngre;s@bmth

di glycidyl ether and (poly)glycerol diglycidyl ether; epihal ohydrin

conpounds such a%posé;ﬁreqiﬂl@&@pg/agqm ,ha@mgtﬂtdwh%@ ifungtimal groups having

a- met hyl epi chl orohydrin; . conpounds each having at |east two reactive

f unct i onal grouﬂ@?d§ﬂéh“@§1Gﬁg@ﬁﬂaﬁaﬂﬁiconpounds such as 2, 4-tolyl ene

dii socyanate and 15 hexanet hyl ene diisocyanate; and the |ike. These

post - cross!| {#Mdlg agdheost-grosskinkiagaganbmey de any enerthgt isreadsfveavith@ast two

kinds. [0032] The amount of the post-crosslinking agent cannot be

uncondi tional | y caje@xylgraup ob diavsisrtabsorbenuresindi Represeriaipenekamplepoh t he

kinds of the crosslinking agents. Usually, it is desired that the anount of

the post 20 crosibEiperi-agsslgdnngiagentiaatudeiiolg,itriods andpolyols sushefser abl y from

0.00005 to 0.005 nmol, nore preferably fromO0.0001 to 0.002 nol, per 1 nol

of the total anfpahtetiylanreglyaole(pay)ribpyleae giycohi Gathuyanedsels ur at ed nononer

used for the polynerization. Wen the amount of the post-crosslinking agent

used is |ess thdnngthplotpropene, pohgoxysetlerlerbhglycob polywyipropyeneglycol kedy to

25 achieve a satisfactorily high crosslink density, and when the anount
(poly)glycerol; diglycidyl ether compounds such 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



14 exceeds 0.01 nol, the anmbunt of the crosslinking agent becones excessive,
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 yneri zation reaction of the nonomer. 140033] It is preferable that the
wat er - absorbent resin and the post- crosslinking agent are m xed together in
the presence of water. The anount of water used in the mxing differs

dependi ng upon the kin rticle sizeg, and water content of the .

wat er - absor bent etxég?(#. 8§§d’é$]|?§rhe ppopat Qﬁaﬁﬁpf’%ﬁ&ﬂ%?geﬂﬁ COPBEREXSSS WAt er i s
from5 to 300 parts by wei ght, referably fro 0 to 100 parts by weight,
more preferably SPrtBPﬂ %H?W%G@dpfégﬁ m@w&ﬁ%ﬂ% méé%af%‘ﬁalibo parts by wei ght
of the total anpunt t he. ter-sol ubl e ethyl eni.cally unsaturat egqéfonomsr
used for pol yneri zat ildf.lim I AINg B ROSIOFTORSHIEANG 8PS NPhRHUSUREIL s by
wei ght, based on. 100,15 parts by weight of the total anobunt of the

wat er - sol ubl e etlH)itedhiasdPng as this pesirApesdinkiigorgsnt isadfedattes dhe mer i zat i on,

t he crossl i nki nq react.ion iﬁ less [ikely to, pr(gfgress, and when the anount
exceeds 300 par tierBpatign g the pplyanegizptiog Teaghon of 1hg TRORUBCT. ¢ her eby naki ng i t
likely to bm&inom cal ly _di sadvant ageous. The anount of water in the
present inv n medns Presrade that dhe Wagrirabsgrbaphresin pRAHICPORY i n t he

reacti on system and ,vvit er used as . occasion_denands when the

post - cr ossi i nki FEOHYBKING agead demixebiogpther i the pissengceiivgatebnThe t he

post -crosslinking, water and the hydrocarbaon-based solvent are distilled

of f fromthe wat®RQEKHSMRIRE usessinghe pyixmesdifferadepmndingepemihekiads, product

of the water-absorbent resin can be 25 gbtained. . .
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.



15 EXAMPLES [0035] The present invention will be specifically described

her ei.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 esteﬁ%( manuf act ured by M TSUBI SHI

CHEM CAL CORPORATI ON under the trade nane of S-370) were added to a 1000
m.-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. Thepiiiphgas dispersed in the flask, and the tenperature of
the dispersion was raised to dissolve the m xture, and thereafter the

o ol an 8040y e ght Bqiesut i Ay BRI iibeq hOPiBTRAY L 7
30% by wer ght acate e Cih by AR e R0 HiE s B BRHeRE RyEn® '

external, to neutthra l,.ze 75% by nmol of acrylic acid. Further, 50.2 g of
water, 0.11 g (O. 1 nol) of potassium persulfate, and 8.3 ng (0.000047

nol ) o§‘ et himsglyq&l 2q gi gl ycidyl ether were added thereto, to give an

agqueous nonor ol utd a first-step polymerization. [0038] The entire
Added to the above- mate IS uraChbEallls Pedb2 g F R M A The"
e s 0 Speg i AT, I AR ERPORRTIE <1 o
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
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



16 content m xture was raised to 70C, and the polynerization reacti on was
carri-ed 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 Wpl) was added to a separate 500 ni-
Erl enneyer flask. The anount 132.2 g of a 30% by wei ght aqueous sodium
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 nol) ofCqnderdgBiximicpEasiAiseskte AhE, and thegpglynyozatign rgachidon Wasodi um
phosphi te pentahydrate were added thereto, to give an agueous nononer
solution for a seeopdost &y bboymwhile keeping itshalhtpmpaiaturedhddes. sol uti on was
cooled in an ice_water bath. [Q040]. The_ entire anmpunt of this aqueous
monomer sol ut i onl Reatiers theorsactian nxiise i therformdta Jrrmyakasenmded toragm
reaction m xture obtai ned above. Thereafter, the internal of the system was
agai n suffici ent!ePPCERPEced wWith nitrogen gas, the tenperature of the
liquid mxture was then raised to 70C, and the second-step polynerization
react idon wald®Hri ed Separatedy fromdhe aboveilil8 kg eprm§0fa By Benighttagwsersait ure at
70C. After the termnation of the 20 polynerization, the polynerization
slurry was heat elutiomaf aenylipacid 632 medlovasaddedhe heepastie dltmbe was
subj ected to azeotropic distillation to distill off 261 g of water to
external of the Bijenmeayerihaskandenamennt ¥e2mgmifragdQfatberweight hguecaisct i on
systemat this point was 56 g. [90041 Next, 7.81 g of a 2% by wei ght aqueous
sol ution of et hyodiemdiydeoxide £6. airgoll)cmwddedtde@pwcob@@m wbily Owagﬂadded to
the flask while m xing, and a

to neutralize 75% 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



17 post-crosslinking treatnment was carried out. Water and n-heptane were
further distilled off fromthe mxture by distillation, and the residue was
dried, to give 223.1 g of a water-absorbent resin having a nmass-average
particle size of 380 m 5 [0042] Exanple 2 The sane procedures as in Exanple
1 were carried out except that the anouhf of disodi 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 ampunt 340 g of n-heptane and 0.92 g of a sucrose
fatty acid estel?oséﬁﬁf?ﬁﬁh%]tﬂﬁrté@twn S outHENRCARNGORPGANG WRIC under
the trade nanme of 5-370). were_added to a 1000 ni-five-necked _cylindrical
round bot t omed fﬁua'élrér étéfalllﬁé@cﬁf {rornthe mixturedyy digtiatipnangshe seidues vias a
dropping funnel, a therponeter and a nitrogen gas_inlet tube. The m xture
was di spersed i rdnash to gae2hh@ afewatsipbserbenbresin having @i mpwsraycaagaas
rai sed to dissolve the mxture, and thereafter the resulting solution was
cool ed to 55C. [muHale SS@p%fr%ﬁ%Mylfromthe above, 92 g of an 80% by wei ght
aqueous 20 solution of acrylic acid (1.02 nol) was added to a 500
nL- Er I%enney 8042 ask_xﬂlimi@_éo was added dropwi se 102.2 g of a 30% by wei ght
aqueous sodi um hydroxide (0.77 no]) with cooling fromexternal, to
neutralize 75% by ndheghrmecprpredurgspeiin Exampéa 1 vaoe pargiagfoutemeept thatl1 g
(0.00041 nol) of potassium persulfate, and 8.3 ng (0.000047 nol) of
ethyl ene gl ycol thsagiayinyef disodat @hospirite peidallydrhteristixampledi wes aharggdeous
nmonomer sol ution

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 1n 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



18 for a first-step polynerization. [0045] The entire anount of this aqueous
nonorer solution for a first-step polynerization was added to the
above-nentioned round bottoned flask wth stirring, and the m xture was

i spersed. After the internal of the 5 systemwas sufficiently replaced with
nitrogen gas, the tenperature of the liflid nmixture 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 nperature. 10 [0046] Separately fromthe above,
119.1 g of an 8 l%ﬁjﬁtpojﬂﬂéﬂé%no%ol ution of acrylic acid (1.32 nol) was
added to a 500 ni-Erlenneyer flask., The anmount 132.2 of a 30% by wei ght
aqueous sodl[QQﬂSr]ydroEl@eﬁm’(f@ag@uﬁbPi t%éqlﬁ‘dﬂédnw(li@% utim fei dligtistep
cooling, to neutralize 75%b nmol of acrylic acid. Further, 27.4 g of
water, 0.14 g (@@00@212%91}%&@6%@ ﬁww;m%tmrfe&tr@uad@ommdgﬂw 0036
nol ) of di sodi um phosphite pent ahydrate were added thereto, ive an
aqueous nononer WHhstirdngfand the nyx ﬁ&@t@ﬁ’%@ﬁ@/r@fmtﬁt@l léiiﬁmﬂilﬂaf g%eous
nmononer solution was cooled. in _an ice water bath. 004729 The enti re anmount
of this aqueous VisHawsrassufficically replagedswibmitrogan gasetheismprsiuzaef te was
added to the above-nentioned reaction mxture in the formof a slurry.

After the inter nquidfmixtercsyas winodes 7456i and tifefpalymerizgtion egsictiondv s t h
nitrogen gas, the tenperature of the liquid mxture was raised, and the
second- step pol yeasticd aut far I bewtwhile keepinaitsibath tempdratur@at FEEEs wi t h
keeping its bath tenperature at 70C. After the term nation of 25 the

pol yneri zati on, Thereplbery the feagtion miztuge py theformeaftaegluiry vaas eidled s tocm

temperature.

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



19 120C, and the heated m xture was subjected to azeotropic distillation to
distisll 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

et her (0.00090 nol) was added thereto whid e m xi ng, and a post-crosslinking
treatnent was carried out. Water and n-heptane were further distilled off
fromthe mxture by distillation, and the residue was dried, to give 224.5

10" 0049]  Exarpl P CTRB0 b etted 2% T MR cdobons GoBSPIEts:  ose
the & rade name. GISUI3Ph3S Gt SRR DRCHLBDBeR SRy o TREGRAIN Y1 i nr i cal
round bottomed flask equipped with a.stirrer, a.reflux 15 condenser, a
dr oppi ng funne!feHwPﬁggﬁ%ﬁg{H}&%ﬁﬁm§“H1ﬁ@gﬁ%ﬁt %pPﬁkgﬁmt_ . The nixture
o sed Lo aldilve T A LBLELT 0 b BRI eaRce R aaen bf FESIEIY N was
conl o0, 1,52, A28k TORBLh b 0o oy " o
m.- Erl ennmeyer flask. Thereto was added dropw se 102.2 of a 30% by wei ght
aqueous  sodi umW&FB%SEBf(’(“@. RS W\%ﬁ??%‘e@dﬁiti ﬁéatﬁ 6%8 Bxheaiang weico
T a7y o RhaP SRS A8 B30 Sadbali s 1 ©
et hyl ene alycol 25 i olycigy) setfler were added therpla. to give an aqueous
particle size of 370 pm.
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



20 for a first-step polynerization. [0051] The entire anmount of this aqueous
nonorer solution for a first-step polynerization was added to the
above-nentioned five-necked cylindrical round bottonmed flask with stirring,
and the m xture was di spersed. After 5 the internal of the system was
sufficiently replaced with nitrogen gas,2@he tenperature of the mxture was
rai sed, 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 s, cooled t.o room tenperature. 10 [0052] Separately
fromthe above, P fifmgsl‘&f’ PYBEEEMOhei ght aqueous  sol uti on of acrylic

acid (1.32 ded to a 500 -.Er |l enneyer flas % rrglunt 132.2 g
of a 30% by ht a cﬁi’é“%ém%ﬁfﬁ 15§gybeé)us(r@01ggn%$ “Wé% A EFtdﬁI‘ER)Wl se
thereto while cooling,.to neutr e 75% rylic ac her,
27.4 g of wat er PQYH¥Tigaiion Bad 9 thera eﬁeﬁla%%rmﬁ#f b%ﬂ%%#q%a 57
(0.000062 nol) of ethylene gly di.gl.yci dyl . ether, and (0 0025 m)l)
of di sodi um phosﬁﬁ’l‘i‘ilflg) g!ﬁdatlﬂ“}ﬁg‘r‘éﬁtb S%éfr“ég A88dhe ﬂTHéF‘EF(WaStQiSI@ﬁf@"él afftsfueous
nmononer sol ution faqr é)%cond step pol yneri zation. The aqueous nonomner

sol utidn was cootlhédmeffl*\a th%yaﬁ%}péya%g{fﬂcwzdy[rggl@g?d THE @Htog%ga%dbﬁt of

t hi s aqueous nononer solutjon for a second- ste ynmerjzation was added to
t he above- nent i o§BWPCIHYES P Werﬂl%ﬁﬂfﬁé"’i’%ﬂal&eﬁ‘ealﬂ%ﬁkﬁ mlyaleyzaﬂ@yrewlp@r t he
internal of the systemwas again sufficient]y  replaced with nltgogen gas,
the tenperature Bas EHaCHiou ilj@rel wayr vailskgepimgdts bath temapenatnrgtas j0°C

pol yneri zation reaction was carried out for 2 hours with 25 keeping its

bat h t enper at ur el Bgreakier, the gegetiom gugim Hie formgit g slurry was cooled to room

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



21 polynerization, the polynerization slurry was heated in an oil bath at
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 systen1a% this point was 54 g. 5 [0054]
Next, 7.81 g of a 2% by wei ght aqueous s Yution of et hyl ene gl ycol

di gl yci dyl ether (0.00090 nol) was added thereto while m xing, and a
post-crosslinking treatnent was carried out. Water and n-heptane were

fu_rt her di Sf[i L g@?ger{zﬁﬁmétt@\g g;ﬁﬁlglgfatﬁ% %ﬂlﬁ‘gm n a?é?j’ lnazﬁfjoﬁ Bgthrzﬁs' due was

dried, to give a nass-average 10

particle size of g glpdhﬂ@ﬁéitfﬁg@mrgﬁ%sg@e%@ao%z% ggfce&lsﬁﬁaﬁ& faml e 1

were carried out ‘excé

i sodi um phosphi éﬁgﬁéfiﬁégioit%ﬁgr%séﬂ@% P IR3SsfhngThE Bty 8520, "2 )
wat er - absor bent fe%?ammg tlg:egnthg regctgg\/%{)s qufpﬁ{%gggv?as f 385 m [0056]

Exanpl e 6 The sarre Earts e 'ut except that
pi ace 1 0. &30 oé“é%*f o) S BELon) S aHaGRnre B MR eyl
particle si zo of tShEigdl BLEHCRRRER v esdé%&ﬂﬁ?f&*‘(%@#ga RIS A odur es as
;)gntEgﬁ;rglr St é :Nﬁr S ;%H)s:gﬁfk%tstr Ce g%g%%lgleéﬁ Q}ﬂ SRty ThE Oﬁ@p@ane were
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 pm.
[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 pm.
[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 pm.

[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



22 220.9 g of a water-absorbent resin having a mass-average particle size of
380 Etm [0058] Conparative Exanple 2 The anmobunt 340 g of n-heptane and 0. 92
g of a sucrose fatty acid 5 ester (nmanufactured by M TSUBI SH CHEM CAL
CORPORATI ON  under the trade nane of S-370) were added to a 1000
mL-five-necked cylindrical round bottonmd 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 rajsed to dissolve the m.xture, and thereafter.the resulting
Sol Ut 1 on was. oot dlD e s Al GRS OIDCaL B B DB By A TaBREABSEE 8T an 80%
by wei ght aqueoui solution of acrylic acid (1.02 nol) was added to a 500
mL- Er | ennmeyer P35 KM -Ther et o was added dropwi se 102.2 g of a 30% by wei ght

noutralizo (0lny ioRPUSEOERINRed “Fur't hor. 502 o of waler, 0,11 g
01 ycol i gl yci dyl " orhiés amEHE R0 O niSROEGHTN 2 GOk SUPIMAGHGEIN Lo
BT el “step pol e manutarrocohe TS CHERHEAT CPRHIo A BN s * %7
above- ment i oned WidRs o bedanageidtd A0 wercsci DMSEMLr ¥k AGERF st i 1 ng,
O € oo el gl oo eSS0, e
was raised, and (Eor}l%e?lgér),/ g%rrcl)pzpai'h:g (%Qnrrleel?g tt}ile(?glometer 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



23 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. [0061] Separately fromthe above, 119.1 g (1.32 nol) of an 80%
by weight 5 aqueous solution of acrylic acid was added to a 500

mi- Erl enneyer flask. The anount 132.2 g23%30.99 nol) of a 30% by wei ght
aqueous sodi um hydroxide 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 Wes sairipd o fpbl hgus sdaledesping igobathdenparatens.at TRECaqueous
nmononmer solution_was cooled in an ice water bath. [0062] The entire anount
of this aqueous HkbersaEer,dhe tracHAn muxtuge s thmprmse fen slvaiyywes toeled tmroers added
to the above-nentioned reaction mxture in the formof a slurry. After the
internal of the WWpEEauias again sufficiently 15 replaced with nitrogen gas,
the tenperature of the m xture was rai sed, and the second-step

pol yneri zat i{8#6kleact iSspawdel ydsomithe abave, fldP. g Kbd2 Inel) oif anl&dépbygy¢ight bat h
tenperature at 70C. After the termnation of the polynerization, the
pol yneYi zati on skqieouswabitivaaifagrylic agid avas asided tan S0020C Ederime yier flaskt ed
m xture was subjected to azeotropic distillation to 20 distill off 257 g of
wat er to exter nalheamonat $§3L2g10.9herdholiaB0Gf by menghtriqugowasatiuin t he
reaction systemat this point was 61 g. [0063] Next, 7.81 g of a 2% by
wei ght aqueous shydrokule siutéarhyieadded gopwisathgigtoivdyile evdlarg, (@ nooRizaol )
was added thereto while mixing, and a post-crosslinking treatnent was
carried out. Wat'ér%andmel bépcryhie anit. eF@Bhdru27 Heg ofivatdr] 0.dd o000 miohe
m xture by distillation, and the residue was
of potassium persulfate were added thereto, 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



24 dried, to give 223.5 g of a water-absorbent resin having a nass-average
parti-cl e size of 380 m [0064] The water-absorbent resin obtained in each
Exanpl e and each Conparative Exanple was evaluated in accordance with the
following 5 nethods. The evaluation results for the following itens (1) to
(5) are shown in Table 1. [0065] (1) wa?@r-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 nmx length 200 mm), and pl aced

ina 10 500 nL- i @l ogj cal . salin s poured into the cotton bag
1 an anount. of o8O RVEIZH met O FariERashchE Pl Heiopar b8 S EEE not 1o
generate an unsmoller l.u faé t he wat er - absorbent resin. The upper part of
the cotton bag WA¥UES éﬂZ%B QH”& rubber band, and the cotton bag was

aIIovvedto for |cie I wel | er - absqr bent
resin. i‘ﬁ]@}ﬁot t or;l]}k?a a{}?é?% { ta% ?%ﬁﬁﬁ‘%g CSE?'F?M at or
EQSZ”Laﬁteﬁ[ it Bégf‘%?&ve X%é‘%wqul“ in BT a"ése”»?ﬁk’%q 8ot ton bag
cont ai ni ng swel | ed fter the de |on s det.erm The sane

pr ocedf{]r es were %F}%dléd ewww&tma ﬁ’dﬂée Qyingsicap @ﬁtto $%) ¥&si n, and
the enpty wei ght (V\b% g) of the cotton bag upon wetting was determ ned.
The wat er - r et ai iV EHpAePIeyL of phy5| ol ogi cal saline was calculated from

U RREATY ARt T R T TN
Amount - of Vét er Absor,lpvg(l) %?argg OF 2 vs?a{tgrl gl?slo(r:l?ént §2s|i}1 r&\(laasuvggigled 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



25 Pressure (1960 Pa) The ampunt of water absorption of physiol ogical saline
of a.water- absorbent resin under the pressure of 1960 Pa was determ ned
using a neasuring apparatus X shown in Figure 1. 5 [0067] The neasuring
apparatus X shown in Figure 1 conprises a balance 1, a bottle 2 placed on
the balance 1, an air aspiration tube 3,23 lead tube 4, a glass filter 5,
and a neasuring section 6 placed on the glass filter 5. [0068] The bal ance
1 is connected to a conputer 7 so that change in weight 10 can be recorded
in the units of geconds Sr rrigut es. The bottle 2 holds physiological saline
in the internal PHsposI(198R& he air aspiration tube 3 is inserted in an
opening on its top, and the lead tube 4 is attached tqQ the  body section.
The | ower end of the Hi%amepnt e walsT ebsapton of phxwielpgicalispline physydeogi cal
saline S. The glass filter, 5 has a dianeter of 25 mm As the 15 glass filter
5 dass Filter orherdfrepinpindgr Repicarae rE k2P0 Eo was detesmingdusing ze: 100 t o
160 m was used. [0069] The bottle 2 and_the glass filter 5 are conmuni cated
with each ot her Mgpsiribapragatus Jhshown jim Figiietli on, the glass filter 5 is
fixed to a position slightly higher than the |ower end of the air
aspirali on 1087]3. THehemepuHNg pRPraivs s shoven imEigure Jidompsises®@, a nyl on
mesh 61 adhered to the bottom part of the cylinder 60, and a weight 62

havi ng a wei ght b#lagge &, gbottierepleged aadhe balahes 1aan prgspiratiemstber3,@f 20 mm
The nylon nmesh 61 is formed to have a size of 200 nesh screen glsi ze of
openi ng: 75 pn), leaddube 4oa ghass Aiktenat and 2 megsuBng apinmbe placed oinrthe gilassevenl y
spread over the nylon 25 nesh 61. The weight 62 is placed on the

wat er - absor bent flégﬁﬁ- 9, so that a

[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 um) 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 S 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



26 1960 Pa | oad can be applied to the water-absorbent resin 9. [0070] In the
nmeaseuri ng apparatus X having the constitution as described 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 the wat er - dbsorbent resin 9 is evenly spread
over the nylon nesh 61 in the cylinder 60, and the weight 62 is placed on
the water-absorbent resin 9. The neasuring section 6 is placed on the gl ass

filt 5 t hat t t th.th t |

slect |e:‘)n ofsot heag} i@pgﬁ’” ?an‘sf)see?cﬁfél eglot‘?stf ?‘?rﬁ%‘) ma@ Vrm‘ﬁsé?ng tehecggrr{aﬁt er 7
ted t | t b 1 { d.th t

o "the phystayafi car éﬁ%‘hieaﬁw?nfaéﬁaaa&um%%q% he %&mgu PGk Do O

hysi ol ogi cal I b t.h b b 9, i

P uadsr o oot e TRt 210 EpartBh iR PR o ERcal SR Bratlveh® '

wat er - absorbent resin %gaéﬁrts absor bi n s of m nutes and

preferably in unfPeudk L agirAtH 5%'[5313({%%‘“ tg%gﬂg CohtBREHIE2EY om ¢ he
et o “Bbsor bent 4 I§egTopr NS Pé'lgé'Pﬁvhe ot Den s BRI ho

after 60-m nut csSBEL R BT 5%6'@1?16? e ik APeFn B O2dSi n © (0-1
B essure (3020 PRFCHHEN AHLRICTIR SR ?%Hié QR BR TSP G BIE BISSEA i ne of

Same 25 manner G801 E s B0y 80 AGHESGRBUA B toBts bt TEHAEL WERIBE ghi 62 v
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, i.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



27 changed from62.8 g to 125.6 g in the determ nation nethod of the above-
ment roned (2), to obtain the anbunt of water absorption of physiol ogical
saline 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 nlL beaker. A magnet#¢ stirrer bar having a size of 8
mm x 30 mMmm wi thout a ring was placed in the beaker, and the beaker was

pl aced on the top of MAGNETI C STI RRER (manufactured by |IUCH under the

product nunber of HS- {?{-\"é Q, Sub ently, the magnetic stjrrer bar was
adj usted so thathaﬂge&g 1@(:8 gi‘fi?? rg Jahe Cstedupangn B@éh‘ifi)?rﬁ[ﬁ'& OVET t her
adj usted so that thelgéﬁ@mof the vortex generated by th rotaltion of the
magnetic stirrerMpajio nkpbtajn e amount of watesabspratipn ological v v er

bar. [0074] Next, .1.0 0.Q02 of particles obtained by sieving the water-
15 absorbent resiaH&cWndgr § r%?ﬂ’d% nggbgé;’ﬁdard si eve conmplying with JIS-

Z8801 (1982 eni ng of sieve: 500 mor_300 n), and subjecting the sieved
wat er - absort)(gf?t%qresi %@ to ﬁbtéfﬁ PEPLNZRAtEd) ust nent (500 m or |ess and 300
m or nore) were qui ckly poured between the center of vortex in the beaker

and tRe side of the Hd&ianouimy £ Rk g ok phrselngacal sphvhita ponprratee @her e t he

wat er - absorbent resin was poured into the beaker to a point _where the
vortex conver gedivd® Zfelevas Medhid ontdn stldvalcieakani Armpgnetifestiradass a
wat er absorption rate. [0075] (5) Anount of Water-Sol ubl e Substance The
anount 500 0. 1 hpvéng prizsi ol eIe af 39 anmrveitheiy ageng wag phagediip thobeakesoo ni
peaker. A MRINCL .S the beaker was placed o8 the top of MAGNETIC STIRRER
(manufactured by ITUCHI 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 pm or 300 pm), and subjecting the
sieved water-absorbent resins to a particle size adjustment (500 pm 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 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



28 without a ring was placed in the beaker, and the beaker was placed on the
top of MAGNETI C STI RRER (manufactured by I UCH wunder the product nunber of
HS-30D). Subsequently, the magnetic 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 rot&tion of the magnetic stirrer bar
cane 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 um or 300 n)WltBﬁ‘é! asubg@é&&mgchw@ th9b§iﬂéﬁfeéﬂ1@v&t€e‘?ﬁa§§§wﬂ§é’mceﬁé§1 He to a
particle size adjustnment (500 um or |ess 00 umor nore) were quickly

pour ed between t éQfeM{A’é:'NEfHG(ﬁm&REIﬁ (mtaﬁéfa@élaﬁélb}’éhh:fﬂhén@@fdée@F0<ﬂlﬁé

beaker and dispersed therein, and the mixture was stirred for 3 hours. The
aqueous di sper siBHNber QfHASvRIR) -Sultsegueniht, theesiagnetie stirren barrwagadjusted hour s
was filtered with a standard sieve 15 (opening of sieve: 75 n), and the
filtrate obtai ne® hhabtlmunaml%&ibyeécbtaedotated a (0 ppan £ and; fuathieo adjustadgsoa
Kiriyama type funnel (Filter Paper No. 6). 0077] The anmount 80 0.1 g of
the fidtrate obtthrhidg t@nwef fieexbreu ganerated 0 the refetire of dhd magbetior ehand t o
a constant weight, and the filtrate was dried with a forced convecti on oven
( manuf act ur ed bthWMEaJ)neatear e uppecpontion ohtheonsgraiic shieregthtari s at t ai ned.
A weight Wi (g) of the solid content of the filtrate was determined. [0078]
On the ot he{OQ%ﬂd t INexs,aB +p0.002 @uofgmrtisles bbtaahal/ by sievmgtierw atdr- out
wi t hout using the water-absorbent resins, and a weight W (g) of the solid
content of the fabsorbenéresuss wehdweikieds offstandandwsitveofomplyeng wothullSe 25
substance was cal cul ated on the basis of the formnula:
Z8801-1982 (opening of sieve: 500 um or 300 um), and subjecting the
10 sieved water-absorbent resins to a particle size adjustment (500 um 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:



29 Amount of Water-Sol uble Substance (% by weight) _ [[(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
si eve of 8 standard sieves conplying with JIS- Z 8801(1982) (openings of
sieves: 850 m 500 m 355 m 300 m 250%% 180 m 106 mand 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 the

wat er - absorbent resin, and thereafter the water-absorbent resin renaining
on each sieve was weighed. In accordance with the results, the particle

size of which cunul atjve nas 00/ cal cul din cordance with the
fol l owi ng fornul a: 15&1[“%%0&‘@%{9 E@Séa@ez(? gmelgﬁ'ﬁwo a)/(d-a)] x (c
- b) + b wherein (g) obtained when the nmass is
sequentially accﬁm @tdeg&eﬁﬂ%(ﬁgg@?@% :iﬁocoar ser particle sizes in the 20
distribution, to obtain a cunmul ative value of which cunulative mass is |ess
t han 50% by mass and nost cI osely approxi mati ng 50% by mass; b is an
openi n ni(g the sieve vvhlchth | ative value is obtalned dis
the acturmul 89l al ué@)bta é%FW{%WgF é‘f §917% sequential |y accumul at ed
fromthose having come particle sizes in the distribution to obtain a 25
cunul ative val ue of cRuRdiedigaams of gaxater- §b5é>cfb1“étef§§m5®% W?lgrliiﬁgéménd 30
nost cl osely approximating 50% by nmass; and ¢ is_an opening (n)_ of
Sieve at which tHaCedARRRMPPETVEsEvESTghsiandid sicves complying with fis "

7 8801(1982) (openings of sieves: 850 um, 500 wm, 355 um, 300 pum,

250 pm, 180 um, 106 um 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



[ 0080] [Table 1] Ex. No.Water-Retaini ngAnount of Water Absor pti onWat er Anount
of amdCapacity of Under PressureAbsorpti onWat er -

Conp. Physi ol ogi cal (gi g) RateSol ubl e Ex. No. Sal i ne1960 Pa3920 Pa(sec) Substance
(0/9) (% by w.) Ex.14737234116 Ex.24438253815 Ex. 34837223620 Ex. 44337243917
Ex. 54636234118 Ex. 64738223919 Conp. 39313%4721 Ex. 1 Conp. 4636237035 Ex. 2
5 [0081] It can be seen fromthe results shown in Table 1 that the water-
absorbent resin obtai ned i n each Exanpl e has a large water-retaining
capacity of physio sal i ne, r anount of water absor ptlon of
physi ol ogi cal samioﬁte‘gﬂ ¥raP|BF%’§§1§‘|“é‘g SZ)qg%Q]Hn%ﬁﬁ %?‘?5%6? ppeme i oldhe a
smal | amount of water-s t‘be subst ance., 10 INDUSTRI AL APPLI CABI LI TY [ 0082]
The wat er - absor b&RY® ?te‘é[BHH’o Féiuﬁ'éﬂatb‘ﬁﬁ Y#ue gy Jtaueds or preparing a

wat er - absorbent resin of the present invention can be suitably used in

[0080] [Table 1]

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
(2/g) (% 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.



hygi enic materials such as di sposabl e diaper, incontinence pad and sanitary
napken, especially in disposable diaper. 31 CLAIMS [1] A process for
preparing a water-absorbent resin conprising carrying out a reversed phase
suspensi on polynerization in nmulti-steps of at |east two steps when the

wat er - absorbent resin is prepared by subfkcting a 5 water-sol uble

ethyl enically unsaturated nononer to the reversed phase suspension

pol ymeri zation, said process for preparing a water-absorbent resin being
characterized by addi ng a phosphorus-cgntai ning conpound to at |east one
step in the second and subsequent steﬁﬁ%ﬂﬂﬂ—carry out the polynerization
reaction. 1? [2] The process_for preparin? a wat er - absorbent, resin according
to claim1/lhaherei n4 REOGSROEPHYERAIIH PTG HRFOERSA SMB CPBIPAISIN AT Y 18e
menber selected fromthe g&ﬁgp consi sting_of phosphorous, acid _conpounds,
phosphoric aci d ¥BRSYRES SO RYSP MOF BRI zaticd IndBubbsiaps of aElepsl] The
process for preparing a water-absorbent resin according to claiml or 2,
wherei n t he ampuifo $EPS Wacp ik plabiahsetienhresihiy RISRPEARY subseqtingm 0. 00001 to
0.05 nmol per 1 nol of the water-saluble ethylenicall unsat ur at ed nononer
used i the pol yatersatubdhethylenicadly wnsatiategknmpnemer fyidierigversed phase

phosphor us- cont ai ni ng conpound, to carry out polynerization 20 reaction.
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, to carry out the
polymerization reaction.

10 [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.

15 [3] The process for preparing a water-absorbent resin according to
claim 1 or 2, wherein the amount of the phosphorus-containing 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

20 reaction.





