"1 DESCRI PTI ON PROCESS FOR THE PRODUCTI ON OF WATER- ABSORBI NG RESI NS AND 5
WATER- ABSORBI NG RESI NS OBTAI NED BY THE PROCESS TECHNI CAL FI ELD [ 0001] The
present invention relates to a nethod for producing a water- absorbent
resin and a wat er-absorbent resin obtaided by the nethod. More 10
specifically, the present invention relates to a nmethod for producing a
wat er - absorbent resin which can be preferably used in hygienic naterials
such as di sposabl e di aper, incontinence pad and sanitary napkin; and a
wat er - absor bent resin obtai ned by;DE§£H§EH&QLI15 BACKGROUND ART [ 0002]
Conventional ly, a water-absorbent resin has been widely used in hygienic
mat eri al s such as di sposabl e di aper and sanitary napkin, and industrial
materials such as water blocking materials for cables. As the
wat er - absor bent resin, PROEESSs FORMTHERRODUCTHONDE, hydrol ysates of
20 starch-acrylonitrile graftcopolynmers, neutralized products of starch-
acryl ate graftpol yners, sWATER-ABSOHRBING RESINS1WANBcet at e-acrylic ester
copolynmers, partially neutralized products of polyacrylic acid, and the
i ke5 [0003] AWATERAABSORBENG MESING: DBEFAINED B¥WeTHE ARA@GESSbent resin
used in hygienic materials is excellent in various properties such as
wat er 25 retention capacity (absorption capacity), water-absorption
capacity under 2 |oad, water-absorption rate, and particle size

di stribution. | TECHNPEAL FIRILD

[0001] The present invention relates to a method for producing a water-
absorbent resin and a water-absorbent resin obtained by the method. More
10 specifically, the present invention relates to a method for producing a
water-absorbent resin which can be preferably used in hygienic materials
such as disposable diaper, incontinence pad and sanitary napkin; and a

water-absorbent resin obtained by the method.

15 BACKGROUND ART

[0002] Conventionally, a water-absorbent resin has been widely used in
hygienic materials such as disposable diaper and sanitary napkin, and
industrial materials such as water blocking materials for cables. As the
water-absorbent resin, there has been known, for example, hydrolysates of

20 starch-acrylonitrile graftcopolymers, neutralized products of starch-
acrylate graftpolymers, saponified products of vinyl acetate-acrylic ester
copolymers, partially neutralized products of polyacrylic acid, and the like.

[0003] Among them, it has been desired that the water-absorbent resin used
in hygienic materials is excellent in various properties such as water-

25 retention capacity (absorption capacity), water-absorption capacity under



order to i nprove particularly the water-retention capacity and the water-
absorption capacity under |oad of the various properties nentioned above,
there is proposed a nethod of increasing a crosslinking density in a
surface 5 vicinity of the water-absorbefit resin (post-crosslinking nethod).
[ 0004] Al so, the water-absorbent resin used in disposable diaper, sanitary
napkin and the like is required to have reduced water-sol ubl e substance

and to be excellent in safety, besides the above-nentioned properties. For
i nstance, in tHeadasatewhbsaptibprate] sndipartuctpesiacrdisttibution.hn thetpast, 3ol ubl e 10
substance, the water-sol uble substance is eluted after |iquid absorption,
and sliny |iquiatdestoadiproee partidulbar]ys tienwatehectehtior aapacity andoths swdtee
irritation. [0005] In reply to such demands, as a nethod for inproving the
above- nenti oneabsprptioardapasity und¢elotd ofitles varidus prapertiesehentioned abapeci ty
and the water-absorption capacity under |oad) while giving consideration

to safety, 15 fthereds proposed taaethodast ihereasing ageoistihkingrdénsily iafa surfaceasi ng
a crosslinking density in a surface vicinity of the water-absorbent resin,

accorydi ng to a vienitgbfithe watirmabsofisens réin ¢posrcrodslinkrigdmethodyet ane
conmpound and a water-soluble additive (see Patent Publications 1 and 2), a

et hod i nc[0004)9 t halss, el waterrabsortsentirésin ﬁsé@hﬁdﬁsp@iﬁb@f}ldﬁp_@i‘, safitaget al 20
conpound and héat-treating the m xture (see Patent Publication 3), "a

met hod i ncl udi ngpkhiearsd MRl isTeghined W hdveredResd Wakd-sokdlekubgtan&ompound
and treating the m xture (see Patent Publication 4), or the like. However,

cren 1T e Snatesbcale s euml o oY R ley R
crosslinking agggthgcddiif tlePeRE wierk 1RS® 94 PrsE A A of eRsHwaterNotib1d
10 substance, the water-soluble substance is eluted after liquid absorption,
and slimy liquid is adhered to the skin, thereby causing a possible irritation.
[0005] In reply to such demands, as a method for improving the above-
mentioned properties (in particular, the water-retention capacity and the
water-absorption capacity under load) while giving consideration to safety,
15 for example, there has been suggested a method of increasing a
crosslinking density in a surface vicinity of the water-absorbent resin,
according to a method including the step of mixing with an oxetane
compound and a water-soluble additive (see Patent Publications 1 and 2), a
method including the steps of mixing with a ketal compound or an acetal
20 compound and heat-treating the mixture (see Patent Publication 3), a
method including the steps of mixing with a specified oxazoline
compound and treating the mixture (see Patent Publication 4), or the like.
However, even with these technologies, the above-mentioned properties

have not yet been satisfactory enough. Also, there are some disadvantages

25 that the crosslinking agents disclosed in these publications require high



terrp'eratures upon the crosslinking reaction. [0006] Therefore, there has
been desired the devel opnent of a water- absorbent resin which is excellent
in various properties such as water- retention capacity and

wat er - absor pti on capacity under |oad, add gives 5 consideration to safety,
such as having a reduced water-sol ubl e substance, wusing a crosslinking
agent reactive at a |low reaction tenperature. Patent Publication 1:
Japanese Patent Lai d-Open No. 2002-194239 Patent Publication 2: Japanese
Pat ent Lai d- Opdemperatorge apenshe erosslinking reagioneat i on 3: Japanese Pat ent
Lai d- Qpen No. Hei 08-027278 10 Patent Publication 4: Japanese Patent

Lai d- Open [M¥063000- Theefere, teschasbeen dysiredethe Merplppmenpebevais-TO BE
SOLVED BY THE | NVENTI ON [ 0007] An object of the present invention is to
provi de a net hadserbent ne&slrpwdimItISrﬂ}cailmtlarvaabgs)pmwtwwdi agtwalRr-can be
preferably used in hygienic materials, which is excellent in various
properties suche&atiantcapacityeahwater-abapeptionycapadityvanderlabdcansk gives capaci ty
under | oad, and gives consideration to safety, such as having a reduced
wat e5- sol ubl e swhbstderation tousafety, suchrasdmivingka nefurgd wateesalublesubstaace,ow
reaction tenperature; and a 20 water-absorbent resin obtained by the

met hod.  MEANS ubiagSOckdsslinkinpRgBhEidacli 0018 oM ecautiendemperapenet or s have
found that a water-absorbent resin which can be preferably used in

hygi eni ¢ mat er iRstent Publichtios 1exaphnesotPatent Iaid-@en 196. 200894235 such as
wat er-retention capacity and water-absorption capacity 4 wunder |oad, and
gi ves consi der Ratent Rublzafien 2; Japaiese Patentiliagd-OpendNoc2003-313446

Patent Publication 3: Japanese Patent Laid-Open No. Hei 08-027278
10 Patent Publication 4: Japanese Patent Laid-Open No. 2000-197818

DISCLOSURE OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0007] An object of the present invention is to provide a method for
15 producing a water-absorbent resin which can be preferably used in
hygienic materials, which is excellent in various properties such as water-
retention capacity and water-absorption capacity under load, and gives
consideration to safety, such as having a reduced water-soluble substance,
using a crosslinking agent reactive at a low reaction temperature; and a

20 water-absorbent resin obtained by the method.

MEANS TO SOLVE THE PROBLEMS

[0008] The present inventors have found that a water-absorbent resin which
can be preferably used in hygienic materials, which is excellent in various

25 properties such as water-retention capacity and water-absorption capacity



wat er - sol ubl e substance i s obtained by evenly crosslinking in a surface
vicinity of the water-absorbent resin precursor in a high crosslinking
density at a |low reaction tenperature, using a specified crosslinking agent
5 to increase a crosslinking density inda surface vicinity of the water-
absorbent resin precursor. The present invention has been perfected

t hereby. [0009] Specifically, the present invention relates to a nethod for
producing a water-absorbent resin, characterized by adding an oxetane
conpound 10 repurdesdoad] apg givies ¢asisidpration tesadetyl sualy avhaving p:redp@mhio] [ Ka
1] <\ RIR2'~ O X O[0011] wherein Rl is an al kyl group having 1 to 6
carbon atons; R®ates-salublesidastantieyis optaingd hyevenly crosslidkoeg imomsurfages; and X
is an atomc group 15 containing at |east one group selected fromthe
group consi st i ngicofitycet the wdtegabsgrbeptiresinipreqursor imphighnatosslinkamg/l  gr oup,
to a water-absorbent resin precursor obtainable by polynerizing water-

sol ubl e et hyl endesitlyyat arlowt renetictemperatrs,, usingla spdgified cragslihkingagepbnent s
to a post-crosslinking reaction while heating; and a water 20 absorbent
resi r5 obt ai ned foyintteasere chossdlinkinfgFdeaisiby Gir a Buiffatd\WVididit O [0 aferAccording to
the present invention, a surface vicinity of a water 5 absorbent resin
precursor is evabsoybent essih ipndctdsarn Ehehpgbertrinsaitionkhastheen perfected

thereby.
[0009] Specifically, the present invention relates to a method for producing
a water-absorbent resin, characterized by adding an oxetane compound

10 represented by the following general formula (1):
[0010] [Ka 1]

R1 Rg\o /X
M
o
[0011] wherein R; is an alkyl group having 1 to 6 carbon atoms; R; is an

alkanediyl group having 1 to 6 carbon atoms; and X is an atomic group
15 containing at least one group selected from the group consisting of

carbonyl group, phosphoryl group, and sulfonyl group,

to a water-absorbent resin precursor obtainable by polymerizing water-

soluble ethylenically unsaturated monomers, and subjecting the

components to a post-crosslinking reaction while heating; and a water-

20 absorbent resin obtained by the method.

EFFECTS OF THE INVENTION

[0012] According to the present invention, a surface vicinity of a water-



'den§ity at a low reaction tenperature using a specified crosslinking agent,
wher eby a wat er - absorbent resin which can be preferably used in hygienic
materials, which is excellent in properties such as water-retention
capacity 5 and wat er-absorption capacitd under |oad, and gives
consideration to safety, such as having a reduced water-sol ubl e substance
can be obtained. BRIEF DESCRI PTI ON OF THE DRAW NGS [ 0013] [Figure 1]
Figure 1 is a schematic view showing an outline 10 constitution of an
appar atus for rabaeibenhisitnpeacusses ds peandy crassheked/innbigh crosdinkang t he
wat er - absor bent resin. EXPLANATI ON OF NUVERI CAL SYMBOLS [0014] X
measur ement appignsityist 4 ow reaction temperasure using aispecified grosslinkimg agepg 12
cock 13 cock 20 14 rubber plug 2 |ead tube 3 nmeasuring board 4 neasuring
section 40 cylwheteby a5vatér-absarhemassinévhich car ibgipreferatly ersedls bygienic r esi n

materials, which is excellent in properties such as water-retention capacity
5 and water-absorption capacity under load, and gives consideration to

safety, such as having a reduced water-soluble substance can be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013] [Figure 1] Figure 1 is a schematic view showing an outline
10 constitution of an apparatus for measuring water-absorption capacity under

load of the water-absorbent resin.

EXPLANATION OF NUMERICAL SYMBOLS

[0014] X  measurement apparatus
15 1  buret section
10 buret
11 air inlet tube
12 cock
13 cock
20 14 rubber plug
2 lead tube
3 measuring board
4 measuring section
40 cylinder

25 41 nylon mesh



' BEST MODE FOR CARRYI NG OUT THE | NVENTI ON 5 [0015] In the present invention,
a nethod of polynerizing a water-soluble ethylenically unsaturated nononer
to obtain a water-absorbent resin precursor is not particularly limted,
and includes an aqueous solution polymerization nmethod, a reversed-phase
suspensi on polynerization nethod, and the |i ke, which are the
representative polynerization nmethods. 10 [0016] In the present
specification, as one exanple of the enbodi nents, the reversed-phase
suspensi on pol yreri A3t waightet hod is explained in nore detail. In the
above-nentioned net hod, a reversed-phase suspension polynerization of a
wat er - sol ubl e et hyl éni ealtéryabsostsgniredind nononer in a water-in-oil system
is carried out, for exanple, using a radical 15 polynerization initiator,
in a petrol eum hydrocarbon nmedi um containing a surfactant and/or a

pol yneric di spersion agent, with the addition of a crosslinking agent and

a chain transf BESDMOBE PORAECARREMHZRUT THE ANVENTION N t he
above-nmenti oned reversed- phase suspension polynerization nethod, the

wat ers- abso[(pd3] T esINHY HeYRhvaRbE A MetheloTpdinbiziagd Whrerablubl@ddi ng
the water-soluble ethylenically unsaturated nononmer to the water-absorbent

resin precur SOfetl‘P}%ﬂicﬁH uA¥atub4t8d MRG0 RIMASA aSWIREABSGBeROICKTET | Zat i on
and carrying out a polynmerization in nulti-steps of two or nore steps.

0017] Th t &fre ' : ; [ , f

25 oxtpl o, (o Ey ey Rari i A0 FACTh G PRI SORKMACSL 1 oni o
7 id d al ' ' Wolall h
s (ot m acr y KL BERARQE Ao, 3 Qorg BRALCUspgHIBg pITHERARROT™" © 1

method, and the like, which are the representative polymerization methods.

10 [0016] In the present specification, as one example of the embodiments, the
reversed-phase suspension polymerization method is explained in more
detail. In the above-mentioned method, a reversed-phase suspension
polymerization of a water-soluble ethylenically unsaturated monomer in a
water-in-oil system is carried out, for example, using a radical

15 polymerization initiator, in a petroleum hydrocarbon medium containing a
surfactant and/or a polymeric dispersion agent, with the addition of a
crosslinking agent and a chain transfer agent as occasion demands.
Incidentally, in the above-mentioned reversed-phase suspension
polymerization method, the water-absorbent resin precursor can be

20 obtained by additionally adding the water-soluble ethylenically
unsaturated monomer to the water-absorbent resin precursor obtained by
the reversed-phase suspension polymerization and carrying out a
polymerization in multi-steps of two or more steps.

[0017] The water-soluble ethylenically unsaturated monomer includes, for

25 example, (meth)acrylic acid, 2-(meth)acrylamide-2-methylpropanesulfonic



"(meth)acrylate, and N-nethyl ol (nmeth)acryl am de; am no group-contai ni ng
unsat urated nononers such as diethylam noethyl (nmeth)acrylate and 5

di et hyl am nopropyl (meth)acrylate, and quaternary conpounds thereof; and
the Iike. These may be used al one or in7conbination of two or nore Kinds.
Here, "(meth)acryl-" herein means "acryl-" and "nethacryl-." [0018] Anong

t he above-nenti oned wat er-sol uble ethylenically unsaturated nononers,
(meth)acrylic acid and al kali nmetal salts thereof, 10 (meth)acryl am de, and
N, N- di met hyl ( metcid and ylkaliimetabhsatsphefeof abtdnionisamsatutatodmdreomés\spoh ag  of
being industrially easily available. Further, (neth)acrylic acid and

al kal i et al sa(hﬁah)abgrlmidearl\el\hﬂ'meth%l(ﬁﬁtl@btmlmm, 2-liyctmxydth%lvi ewpoi nt  of
hi gh wat er - absorption properties of the resulting water-absorbent resin.
15 [0019] The waieth)aspilate] endNajethylokineyh)aastimidet amin® geswy-comni

usually used in the formof an aqueous solution. It is preferable that the

concentration ainshfugaté@n€SndinérsBuch & didtkeylamandeth Pin@adtt)ar@dte@mppners in
t he agqueous solution of the water-soluble ethylenically unsaturated

nonoers i s fraiiethoinkivopRspy] (Meth)aérylitel 8l Quateranty smpoundXhERHZ0] I n the

aqueous solution of the watér-solublé ethylenically unsaturated nononer,

when the vat er -gdltHbliRe tTHSE HaGHd WsedncidlbAinS b mBRAAGE of %8 Gr ¢RdYeal ns an
acid group, the acid group nay be neutralized wth an al kaline neutralizer

whi ch cont ai ns |gad| Hédel “(MRéM)acryl-” herdih ﬂi&h@bh@rgli”*ﬁfd “hethdeglee of
neutralization by the above-nméntfoned al kaline 25 neutralizer"is from10 to

100 b TIpmS e SEp RS AR s <1
unsaturated monomers, (meth)acrylic acid and alkali metal salts thereof,

10 (meth)acrylamide, and N,N-dimethyl(meth)acrylamide are preferably used,
from the viewpoint of being industrially easily available. Further,
(meth)acrylic acid and alkali metal salts thereof are more preferably used,
from the viewpoint of high water-absorption properties of the resulting
water-absorbent resin.

15 [0019] The water-soluble ethylenically unsaturated monomer can be
usually used in the form of an aqueous solution. It is preferable that the
concentration of the water-soluble ethylenically unsaturated monomers in
the aqueous solution of the water-soluble ethylenically unsaturated
monomers is from 15% by mass to a saturated concentration.

20 [0020] In the aqueous solution of the water-soluble ethylenically
unsaturated monomer, when the water-soluble ethylenically unsaturated
monomer used contains an acid group, the acid group may be neutralized
with an alkaline neutralizer which contains an alkali metal. It is preferable

that the degree of neutralization by the above-mentioned alkaline

25 neutralizer is from 10 to 100% by mol of the acid group of the water-



"the viewpoint of increasing an osnotic pressure of the resulting water-
absorbent resin and not causing any di sadvantages in safety or the |ike due
to the presence of an excess al kaline neutralizer. The al kali netal
includes 5 lithium sodium potassium &nd the like. Anmbng them sodi um and
potassium are preferably used, and sodiumis nore preferably used. [0021]
The radical polynerization initiator includes, for exanple, persulfates
such as potassi um persul fate, amoni um persul fate, and sodi um persulfate;
per oxi des such sdubletetlyylewichlly unsatorated sranomes befieterthe neaalizasion; filonket one
peroxi de, di-tert-butyl peroxide, tert-butyl cunyl peroxide, tert-butyl

per oxyacet at e, theriewpoint op encreasing ambymatie pressnte biithelrepdting weteral at e, and
hydr ogen peroxi de; azo conpounds such as 2, 2'-

azobi s(2- am di rasodpan e¢sin lapd mot bhwsingleny disadvartagesinZsaféty or the like due

phenyl am di no) pr opane] di hydrochl ori de, 2,2'-azobis[2-(N 15

al I 'yl am di no) prtopthepkelchye obahlegcésialkalin? neutrabizer, ZThd alkalihyetabinchideg! ) -
2-im dazolin-2-yl]propane}di hydrochl oride, 2,2'-azobis{2-nmethyl-N][1, 1-

bi s(Igydr oxymet hiythjurd; sodinm petasyiuhgraadithe dike d@§morg themzsdiwh2ndet hy! -
N (2- hydr oxyet hyl ) - propi onam de], and 4, 4' - azobi s(4-cyanoval eric acid);

and the |ike. Thaassiumdirepreferdblyraséd; andaadium tis aiod¢ prefepabbeustsled al one or
20 in conbination of two or nore kinds. Anmong them potassium persulfate,

ammoni um peeeR1]f at e Theaddioal pelyabriAtion ialfater iAchdedHos eRample, _
am di nopr opane) di hydrochl ori de"are preferably used, fromthe viewoint of

bei ng i ndust ri Gpdryuleass buctraphdabliemaasaras) dffonitin Pepffige, shabi | i ty.
[0022] Usual ly, the radical polynerization initiator i's used in each

LﬁatCtr]i(aog 25 st@plinm persAfme Perokides Sh& aPmetHyl @b 1A d feréibdey nidthyl based

10 isobutyl ketone peroxide, di-tert-butyl peroxide, tert-butyl cumyl peroxide,
tert-butyl peroxyacetate, tert-butyl peroxyisobutyrate, tert-butyl
peroxypivalate, and hydrogen peroxide; azo compounds such as 2,2°-
azobis(2-amidinopropane)dihydrochloride, 2,2’-azobis[2-(N-
phenylamidino)propane]dihydrochloride, 2,2’-azobis[2-(N-

15 allylamidino)propane]dihydrochloride, 2,2’-azobis{2-[1-(2-hydroxyethyl)-
2-imidazolin-2-yl]propane }dihydrochloride, 2,2’-azobis{2-methyl-N-[1,1-
bis(hydroxymethyl)-2-hydroxyethyl]propionamide}, 2,2’-azobis[2-methyl-
N-(2-hydroxyethyl)-propionamide], and 4,4’-azobis(4-cyanovaleric acid);
and the like. These radical polymerization initiators may be used alone or

20 in combination of two or more kinds. Among them, potassium persulfate,
ammonium persulfate, sodium persulfate, and 2,2’-azobis(2-
amidinopropane)dihydrochloride are preferably used, from the viewpoint
of being industrially easily available and excellent in storage stability.

[0022] Usually, the radical polymerization initiator is used in each reaction

25 step in an amount of preferably from 0.005 to 1% by mol, based on the



anount of the water-soluble ethylenically unsaturated nononer used in each
reaction step, fromthe viewpoint of shortening the tinme period of the
pol ymeri zation reaction and preventing a rapid polynerization reaction.
[ 0023] The above-nentioned radical polyferization initiator can be used as
5 a redox polynerization initiator together wth a reduci ng agent such as
sodiumsul fite, sodium hydrogen sulfite, ferrous sulfite, or L-ascorbic
acid. [0024] The petraol eum hydrocar bon nmedi um i ncl udes, for exanple,
aliphatic hydraseeBeidhe waterssplublgethiylenically apsateated, momommes usgddn | i gr oi n;
alicyclic hydrocarbons such as cycl opentane, nethyl cycl opent ane,
cycl ohexane, 1cﬁa§haeaﬁémﬁtmér@néﬁgmwmmmﬁslwrtwmg) ribpe pesod iof ke
benzene, toluene, and xylene; and the |ike. Among them n-hexane,
n- hept ane, and pAyweoAiemEcagtion gndfpseenting asragid pelymarkzationgopasion. of
being industrially easily available, stable in quality, and inexpensive.
These petr #1083 hydhochoveomensiingduadicgl pelymesization ieitiatorraan eauseded i n
conbination 15 of two or nore kinds. [0025] Usually, the petrol eum
hydr dcar bon nedi wdok potymenzatinh initiator tagethextwith a pediiaing bpgntfsuomaso t o 600
parts by mass, and nore preferably from 80 to 550 parts by nass, based on
100 parts by nesodiuh sulfigeasodinm hyfdrogdresulfites fersoisdilfites toln\l-asdochbiclagid.
unsat urated nononers used in each 20 reaction step, fromthe viewpoint of
renovi ng hf#0244f poMhwpetmoitune hydrotarbakinediunh énqlodesyor examplo, dléphaticat ur e
easier to control. [0026] The surfactant includes, for exanple,
pol ygl ycerol f diydroemrbonssitchras, n-hexmre) achdpidrtey nawitane andrigromgalicyelic f at ty
acid esters, polyoxyethylene sorbitan fatty acid esters, polyoxyethyl ene
glycerol fatty laerdcebémy suchZfs seldpentdnef aietlylagildpemtane scychsliexany,et hyl ene

sorbitol fatty acid esters,

10 and methylcyclohexane; aromatic hydrocarbons such as benzene, toluene,
and xylene; and the like. Among them, n-hexane, n-heptane, and
cyclohexane are preferably used, from the viewpoint of being industrially
easily available, stable in quality, and inexpensive. These petroleum
hydrocarbon mediums may be used alone or may be used in combination

15 of two or more kinds.

[0025] Usually, the petroleum hydrocarbon medium is contained in an
amount of preferably from 50 to 600 parts by mass, and more preferably
from 80 to 550 parts by mass, based on 100 parts by mass of the amount of
the water-soluble ethylenically unsaturated monomers used in each

20 reaction step, from the viewpoint of removing heat of polymerization and
making the polymerization temperature easier to control.

[0026] The surfactant includes, for example, polyglycerol fatty acid esters,
sucrose fatty acid esters, sorbitan fatty acid esters, polyoxyethylene

sorbitan fatty acid esters, polyoxyethylene glycerol fatty acid esters,

25 sorbitol fatty acid esters, polyoxyethylene sorbitol fatty acid esters,



"10 pol yoxyet hyl ene al kyl ethers, pol yoxyethyl ene al kyl phenyl ethers,

pol yoxyet hyl ene castor oil, polyoxyethyl ene hydrogenated castor oil,

al kyl al I yl for mal dehyde condensed pol yoxyet hyl ene ethers, pol yoxyethyl ene
pol yoxypropyl ene bl ock copol yner, pol yodyet hyl ene 5 pol yoxypropyl al kyl

et hers, polyethylene glycol fatty acid esters, polyoxyethylene

al kyl am nes, phosphoric esters of polyoxyethylene alkyl ethers, and
phosphoric esters of pol yoxyethylene alkylallyl ethers. Arong them

sorbi tan fatty patyakyeshydesc alkyl gtlieys; pobyoxyathtylemcalitypdteaybethars, sucr ose
fatty acid esters are preferably used. These surfactants may be used al one
10 or in conbi rpalyexyediylene castonoil epdliyoxirethylene iy didpenpredyoastor oildi sper si on
agent includes, for exanple, maleic anhydride-nodified polyethylene,

mal ei ¢ anhydri dxekymllylﬁmﬂaldpbydﬁocmmheerbﬁollyakwthymmhwmme modi fi ed

et hyl ene- propyl ene copol yner mal ei ¢ anhydri de-nodi fi ed EPDM

(ethyl ene-pr omﬁoeytﬁcy@tlgrlené polyoixyj g)ylenba)lﬁblk eopolgntey dpolgexyatylened

pol ybut adi ene, et hyl ene-nul ei ¢ anhydri de copol yner,

et hylsene- pr opy Ipaioxyprepyl am%n ahm@;ep@kyeﬂiyyemrglyb@ntt&wymﬁ} edteisgi ¢ anhydri de

copol ynmer, oxidi zed polyet hyl ene, ethylene-acrylic acid copoiyner et hyl

cellulose, eth ol%ﬁ@l’ enéxlkytthines Ostfosp ﬁ@ﬁc%ﬁt@rdw lyoxyeihglehOalRyl mal ei c
anhydri de- nodi fi ed polqiyelt hyl ene, nmal g?? anhydri de 2 ] f?@l Gleh y

pol ypr opyl ene, emmérglaﬁldaﬂms@hbﬁeem bf pslyskipthgRae ra!ueﬂmﬁrahe@omwﬁgr

oxi di zed polyethylene and ethyl ene-acrylic acid copol’ymer are preferably

used, from the tNé@WRRbREN (fﬁttjd h&iAeSshrs, "po‘-l?%?béx‘o‘l Ifat%f aéﬁl@‘:sﬁe‘il".eJ 8RdSucrose ution
of the nonomer. These pol ymeTic di spersion agents ‘may be used alone or in

combi nation of 4 aBid d¥RS akd Priferably used. These surfactants may be used alone

10 or in combination of two or more kinds.

[0027] The polymeric dispersion agent includes, for example, maleic
anhydride-modified polyethylene, maleic anhydride-modified
polypropylene, maleic anhydride-modified ethylene-propylene copolymer,
maleic anhydride-modified EPDM (ethylene-propylene-diene terpolymer),

15 maleic anhydride-modified polybutadiene, ethylene-maleic anhydride
copolymer, ethylene-propylene-maleic anhydride copolymer, butadiene-
maleic anhydride copolymer, oxidized polyethylene, ethylene-acrylic acid
copolymer, ethyl cellulose, ethyl hydroxyethyl cellulose, and the like.
Among them, maleic anhydride-modified polyethylene, maleic anhydride-

20 modified polypropylene, maleic anhydride-modified ethylene-propylene
copolymer, oxidized polyethylene and ethylene-acrylic acid copolymer are
preferably used, from the viewpoint of dispersion stability of the aqueous
solution of the monomer. These polymeric dispersion agents may be used
alone or in combination of two or more kinds.

25 [0028] Each of the surfactant and/or the polymeric dispersion agent is used



'25 [0028] Each of the surfactant and/or the polyneric dispersion agent is
used 11 in an anount of preferably fromO0.1 to 5 parts by mass, and nore
preferably from0.2 to 3 parts by mass, based on 100 parts by nass of the
total anmount of the aqueous solution ofifthe water-soluble ethylenically
unsaturated nononers in each reaction step, in order to keep an excellent 5
di spersion state of the aqueous solution of the nononer in the petrol eum
hydr ocarbon nmedium and to obtain dispersion effects accounting to the
anount used. [ (fi28]anhouritiof ppefesably fiom Ol tof patthbypnassirend argreon reaction
can be carried by adding, as an internal crosslinking agent, a conpound

having a pl uralgréferatl fesm 002 3078 pazts blyemaisss Basedadre i0Q paitp by naaxd dffike | i ke,
to the water-sol uble ethylenically unsaturated nonomer. The internal

crosslinking agefal amtit bp fiRaqueeUs sdlitibH & she Mtcr@@ﬁmb%thyléxﬁaﬁll? at ed
(poly)esters obtained by reacting polyols such as diols and triols, such

as (poly)ethyl aigathse@morothérstif eBth fd¥etivh stofE al6rder 36 ket @h xédlfenr ef i X
"poly" is included and 15 where the prefix is not included. In other words,

" (polsy) " neans dspeRéibii SRite 6P MROAHE oA doRutiBRVTTRE nfcﬁim‘i’éﬂﬁ-thé‘iﬁél‘?bl@ﬁﬁi er
referred to the “sane], (poly)propylene glycol, 1,4-butanediol,

trimethyl ol pr Oﬂ%a?@carl%ﬁ ﬁ@ﬂﬁﬁhb%ﬁ&f@o&bﬁﬁ@ﬂsge@iﬁrﬁéﬁé’&é Q@éﬂlﬁﬁﬁg%ﬁ@' » Of

(poly)glycerol with an unsaturated acid such as (nmeth)acryli ¢ acid, maleic
acid or fumari GiA%sed. bi sacryl am des such as
N, N - et hyl eneg'll sacrylamde; di- or tri(nmeth)acrylate esters obtained by

react i ng aigpley eOXiiclirkliony ATAHGACTIN belyRfertins6A TOAM SRR Gefibd

di (nmeth)acrylic acid obtaine a polylsocyanate suc

tolylene diisoquanfife Ofs MAGHATRIINb& M king agent, a compound having a plurality

10 of polymerizable unsaturated groups, and the like, to the water-soluble
ethylenically unsaturated monomer. The internal crosslinking agent
mentioned above includes, for example, unsaturated (poly)esters obtained
by reacting polyols such as diols and triols, such as (poly)ethylene glycol
[The term “(poly)” means cases where the prefix “poly” is included and

15 where the prefix is not included. In other words, “(poly)” means a
polymer compound and a monomer compound. Hereinafter referred to the
same], (poly)propylene glycol, 1,4-butanediol, trimethylolpropane,
polyoxyethylene glycol, polyoxypropylene glycol, or (poly)glycerol with
an unsaturated acid such as (meth)acrylic acid, maleic acid or fumaric

20 acid; bisacrylamides such as N,N’-methylenebisacrylamide; di- or
tri(meth)acrylate esters obtained by reacting a polyepoxide with
(meth)acrylic acid; carbamyl esters of di(meth)acrylic acid obtained by
reacting a polyisocyanate such as tolylene diisocyanate or hexamethylene
diisocyanate with hydroxyethyl (meth)acrylate; allylated starch, allylated

25 cellulose, diallyl phthalate, N,N’,N”-triallyl isocyanurate, divinylbenzene,



"diisocyanate with hydroxyethyl (meth)acrylate; allylated starch, allylated
25 cellulose, diallyl phthalate, N,N ,N'-triallyl isocyanurate,

di vi nyl benzene, 12 and the like. [0030] In addition, as the other internal
crosslinking agents, a conpound havingl?a reactive functional group capable
of reacting with a carboxyl group can be used. The conpound having a
reactive functional group 5 capable of reacting wth a carboxyl group

i ncludes, for exanple, hydroxyal kyl (neth)acrylates such as hydroxynet hyl
(et h) acryl at e aaddhe fifker oxyet hyl (et h)acryl at e:

N- hydr oxyal kyl ( met h%tgcr 'l am des such as N-hydroxynet hyl (meth)acryl am de
and N-hydr hy! ( adallaonyasﬂhedﬁher inteanalrerosslinking aggros)ugompesl i nt er nal
crosslinking agents may be used in conbination of two or nore Kkinds.

[ 0032] The i nt draviig areastive functipradggroup capabkedof icactingwithra carbopylef er abl y
1% by nmol or less, and nore preferably 0.5%by nol or |ess, based on the
anount of the vgbep cawmbelksed.eThylcomipoaht having reaative fumotomal groapd i n 15
each reaction step, fromthe viewpoint of appropriately crosslinking the
resulsti ng wat ercapbblerdfeedctingswith at daebebyl gyopp ircdwdesg farrexangiler sol ubility
of the water-absorbent resin and sufficiently enhanci ng water-absorption
capacity of thehydesxyalkylqmeth)acrylpe®38¢h hs hadidxynmthyli (methyherylate andnt r ol
wat er - absor pti on properties of the 20 water-absorbent resin, a chain

th ransfer agent hydyoethyldasttherylae; hbhy@roxlyalktylﬁmﬂ)achﬁhmidémheis agent,
ypophosphi tes, phosphites, thiols, secondary alcohols, am nes and the
li ke can be exe¥qhydié@nethyl(meth)acrylamide and N-hydroxyethyl(meth)acrylamide;
and the like.
10 [0031] These internal crosslinking agents may be used in combination of
two or more kinds.
[0032] The internal crosslinking agent is used in an amount of preferably
1% by mol or less, and more preferably 0.5% by mol or less, based on the
amount of the water-soluble ethylenically unsaturated monomer used in
15 each reaction step, from the viewpoint of appropriately crosslinking the
resulting water-absorbent resin, thereby suppressing the water solubility of
the water-absorbent resin and sufficiently enhancing water-absorption
capacity of the resulting resin.
[0033] In addition, in order to control water-absorption properties of the
20 water-absorbent resin, a chain transfer agent may be added. As the above-
mentioned chain transfer agent, hypophosphites, phosphites, thiols,
secondary alcohols, amines and the like can be exemplified.
[0034] The reaction temperature upon the polymerization reaction differs

depending upon the radical polymerization initiator used. The reaction

25 temperature is preferably from 20° to 110°C and more preferably from 40°



'[0034] The reaction tenperature upon the polymerization reaction differs
dependi ng upon the radical polynerization initiator used. The reaction 25
tenperature is preferably from20 to 110C and nore preferably from40 13
to 90C, fromthe viewpoint of rapid pradgress of the polynerization and
shortening the polynerization tine, thereby increasing productivity and
easily renoving heat of polynerization, to snoothly carry out the reaction.
The reaction tine is usually from0.1 to 4 hours. 5 [0035] Water and the
pet r ol eum hydr do &08Cpfradthenviewpobn of eapidgutogfess of theepoliyntenizatiaf tand t he

pol ynmeri zation reaction, for exanple, by heating the mxture at a

t enper at ure of shontemid@ the pphyficrifORMGImésthdesbyr inbrdsmiggweductindty and
rever sed- phase suspension polynerization is carried out, to give a

wat er - absor benteas@g rempvmguiecao of palynmdafipn fvesmoethéntarry vantheasaction.
characterized by addi ng an oxetane conpound as a post-crosslinking agent
represent ed by ThHeerchotidmtingis ugeakky &lont Orimael 4hédss: [ 0038] [Ka 2] R <\ /R2~
O/X ;x/\J O 15 [0039] to the above-nentioned water-absorbent resin

precyrsor, [0038] subMegti med tﬂtﬁpétfvmﬁﬁﬂi%fdﬁoé@bén PRslin@rAay be fkmbYed eact i on
while heating. [0040] In the formula (1), R is an alkyl group having 1 to

6 carbon at ons.fromhhRe alikdire after theFolyR@rization feactibROforasxafiple, 5 skeimg for
exanpl e, methyl group, ethyl group, n-propyl group, isopropyl “group,
n-butyl group, the Bkitlre at a temperature of from 80° to 200°C.
[0036] As described above, the reversed-phase suspension polymerization
is carried out, to give a water-absorbent resin precursor.
10 [0037] The present invention is characterized by adding an oxetane
compound as a post-crosslinking agent represented by the following

general formula (1):

[0038]  [Ka2]

Ry RZ\O _X
(1)
0]
15 [0039] to the above-mentioned water-absorbent resin precursor, and

subjecting the components to a post-crosslinking reaction while heating.
[0040] In the formula (1), R; is an alkyl group having 1 to 6 carbon atoms.
The alkyl group having 1 to 6 carbon atoms includes, for example, methyl
group, ethyl group, n-propyl group, isopropyl group, n-butyl group, t-butyl
20 group, n-pentyl group, n-hexyl group, and the like.
[0041] In the formula (1), R, is an alkanediyl group having 1 to 6 carbon
atoms, and includes, for example, methylene group, ethylene group, n-

propylene group, isopropylene group, n-butylene group, n-isobutylene



‘20 droup, n-pentyl group, n-hexyl group, and the like. [0041] In the
formula (1), R2 is an al kanediyl group having 1 to 6 carbon atons, and
i ncl udes, for exanple, nethylene group, ethylene group, n- propyl ene group,
i sopropyl ene group, n-butyl ene group, nrki sobutylene 14 group, n-pentylene
group, n-hexylene group, and the like. [0042] In the fornula (1), X is an
atom c group containing at |east one group selected fromthe group
consi sting of carbonyl group, phosphoryl group, and sul fonyl group.
Speci fi ¢ exanplgreumfn-péretykinergroupy mhpx flene graipyiand thalikenyl group i ncl ude,
for exanple, acetyl group, propionyl group, and the like. Specific
exanpl es of0042¢ at on thedoemplac@)f Xiisiangtomitvogohprephtainingmat lewst ode, f or
exanpl e, di met hyl phosphono group, diethyl phosphono group, and the |ike.
Speci fi c exanplgeuptelttted Ftomithe geryupugbmsistingioficaghasiyl gesug, phosphoriyhel ude,
for exanpl e, nethanesul fonyl 10 group, ethanesul fonyl group,

1- propanesul f O!thumr@dmulfdﬁ?l groupet Spueeficitxanples of ohpatoatid gidgp | | ke. Among

them the atomic 'group contalning the phosphoryl group or the sulfonyl

groug is pref erdoathiningrdriidigl ) inclidy) forcORing 18] atylNgotp, propidnydroup is
nore preferred, from gt he d\}?e%;%iiglt of reacti%y. 15)‘{%04 ]ﬁsgeciy?i C

exanpl es of t hgrewsiznaehe PO S cIfRPEQNPIESEf thé dtbRiic éﬁfdﬁ&(ﬂltiiﬁing ncl ude,
for exanpl e, oXetane conpounds contai ning carbonyl group, such as

((3-met hyl oxet gmodphd »g{dgﬁ ihcRR! %r%xaﬁ(ﬁe,%iﬂﬂéﬂ@l?%@#_%no)@r&ﬁﬁt hyl)

I
acetate, ((3-n-propylo 3-yl) et hyl) "acet at e,

R L O T T T
group containing sulfonyl group include, for example, methanesulfonyl

10 group, ethanesulfonyl group, 1-propanesulfonyl group,
chloromethanesulfonyl group, and the like. Among them, the atomic
group containing the phosphoryl group or the sulfonyl group is preferred,
and the atomic group containing the sulfonyl group is more preferred, from
the viewpoint of reactivity.

15 [0043] Specific examples of the oxetane compound represented by the
formula (1) include, for example, oxetane compounds containing carbonyl
group, such as ((3-methyloxetan-3-yl)methyl) acetate, ((3-ethyloxetan-3-
yl)methyl) acetate, ((3-n-propyloxetan-3-yl)methyl) acetate, ((3-n-
hexyloxetan-3-yl)methyl) acetate, ((3-methyloxetan-3-yl)methyl)

20 propionate, ((3-ethyloxetan-3-yl)methyl) propionate, (2-(3-methyloxetan-
3-yl)ethyl) acetate, and (2-(3-ethyloxetan-3-yl)ethyl) acetate; oxetane
compounds containing phosphoryl group, such as ((3-methyloxetan-3-
yl)methyl) dimethylphosphate, ((3-methyloxetan-3-yl)methyl)
diethylphosphate, ((3-ethyloxetan-3-yl)methyl) dimethylphosphate, ((3-

25 ethyloxetan-3-yl)methyl) diethylphosphate, (2-(3-methyloxetan-3-yl)ethyl)



3-yl')ethyl) acetate, and (2-(3-ethyl oxetan-3-yl)ethyl) acetate; oxetane
conpounds cont ai ni ng phosphoryl group, such as ((3-nethyl oxetan-3-

yl ) met hyl ) di net hyl phosphate, ((3-nethyl oxetan-3-yl)nethyl)

di et hyl phosphat e, ((3-ethyl oxetan-3-yl)iget hyl) di nmet hyl phosphate, ((3- 25
et hyl oxet an- 3-yl ) nmet hyl ) di et hyl phosphate, (2-(3-nethyl oxetan-3-yl)ethyl)
15 di net hyl phosphate, and (2-(3-ethyl oxetan-3-yl)ethyl) diethyl phosphat e;
oxet ane conpounds cont ai ni ng sul fonyl group, such as ((3-nethyl oxetan-
3-yl)met hyl) Wﬂhh dsphateeand (B3 ethyloxeta3-ghsthylrdibthylphosphate;

met hanesul f onat e, - n- propyl oxet an- 3-yl ) net hy met hanesul fonate, ((3 5

n- hexyl oxet an- %x&ﬂah%bﬂtﬂcﬁmﬁ%bﬁﬁﬁﬁﬂ%fsﬁlf@ﬁﬁ gr04B; ST ek Ryt ot Ny )

et hanesul fonate, ((3-ethyl oxetan-3-yl) nethyl hanesul Tonat e

2- (3- net hyl L I t 3-
Vi) sthyn) ﬁe?ﬁS*’n%‘?a‘ﬁ‘%ﬂ%?%“*%“%%“ﬁ%‘fhﬁ?qﬁi”sﬁ‘?’%@%%n@yﬁﬁ“ﬂ““y etan

chl or onet hanes ﬁé‘tﬂi}%sﬁlfoﬂ% g(@rhg oxet gl?l fethankSulfonate, §g3-

chl or omret hanesul f onat e. Anoh ounds cont ai ni

phosghor vl r O4nlIGHURU S afeﬁla%g.h%mé (¥aRdnyRAG LS. Oxetane

conmpounds cont ai ni g su are nor e pref rably’used. Amobng the

conpounds cont 3 a?%aﬂ Ona@&‘ﬂ{%&q yI i k&h 33-V§)ﬁ%1@ Eﬁ{fgéﬁﬂf’dha?e

yl)methyl) metRanesul an- =y

and (3 et hyl of %%fi@hgﬁ’%ﬁé%ﬁlféﬁf’zﬁ%‘mﬂﬁe%%ééﬂ?@bﬁ%ﬁ@ ’B@&% & anly

or mor e ki nds. VB0 HEREES TRt AR B BE) L e orr 2 (1)

can be

chloromethanesulfonate, and ((3-ethyloxetan-3-yl)methyl)

10 chloromethanesulfonate. Among them, the oxetane compounds containing
phosphoryl group or sulfonyl group are preferably used, and the oxetane
compounds containing sulfonyl group are more preferably used. Among
the compounds containing sulfonyl group, especially, ((3-methyloxetan-3-
yl)methyl) methanesulfonate, ((3-ethyloxetan-3-yl)methyl)

15 methanesulfonate, ((3-methyloxetan-3-yl)methyl) chloromethanesulfonate,
and ((3-ethyloxetan-3-yl)methyl) chloromethanesulfonate are preferably
used. These oxetane compounds may be used alone or in combination of
two or more kinds.

[0044] The oxetane compound represented by the formula (1) can be
20 produced by, for example, a method including the step of reacting 3-ethyl-
3-hydroxymethyloxetane and methanesulfonyl chloride in the presence of

a base (Japanese Patent Laid-Open No. 2000-319577), and the like.

[0045] The amount of the oxetane compound used cannot be

unconditionally determined since the amount varies depending upon the

25 kinds of the compound used. The oxetane compound is usually used in an



20 produced by, for exanple, a nethod including the step of reacting

3-et hyl - 3-hydroxynet hyl oxet ane and net hanesul fonyl chloride in the
presence of a base (Japanese Patent Lai d-Open No. 2000-319577), and the

| i ke. [0045] The anount of the oxetane jgonpound used cannot be
unconditionally determ ned since the anount varies dependi ng upon the 25
ki nds of the conpound used. The oxetane conpound is usually used in an 16
anount of preferably fromO0.001 to 5% by nol, nore preferably from0.01 to

3% by mol, and agidunt ofpecfeRIbdy GoaP 0)000rH% | b?/ 1h6l, AderepreferablpFesad 0001 a
t ot al armunt of the water-soluble ethylenically unsaturat ed nononmers used

for obtaining QB@%"B}'%OIaHﬁd’BGH@ﬁor% : c‘érﬂﬂgfﬂﬁrﬁ@rl td 29® jﬁﬁ)l%ﬁéﬂ@nrﬁ of 5
sufficiently increasfng the crosslinking density in a surface vicinity of

the water- abs%l*ﬂ?ﬂﬁnohﬁ?bf‘thet\%%ﬁ?éﬂ gﬂ!‘&ﬂglc'ﬂgca NifRdfurble@RfbhOMErsEq as

wat er - absorption capacity under prevénting excess crosslinking

reactions, therfgpgbt%{}ﬁ{’:}gﬂ%é;gg}’%ta?%fb%h?f@shpgrﬁ%ﬁ%?':[trbfn thg%&’]’gp(g]%b&agent -

pr esent i nvention to mx a own CI’OSS i nkin

post 2o oss | nki R PERL T AREHRATHEIRARATIANTS o lfhck Vioi ol the
of tha ol vent hel Be ol deit, MR Hhy ik nE R Ve lpPerRla KT as -
and mothyl ot mipSBRRR ap%ﬁﬁf bRg .8%'aﬂ?@?ﬂé’fk&&%&%%??@?“%@ﬂﬁéeﬁcﬁf one o

in conmbinati on _of .two re.kinds e %Itlherrb water and al cohols are
phEgnl

preferably useaeac[t’(%‘ﬁ’? e é"”d‘d‘&%‘“ﬁe"ﬁ? %I?ﬂCIliys used in an anount of

preferabl y[0046] In the present invention, it is possible to mix a known crosslinking

10 agent in addition to the above-mentioned oxetane compound during the
post-crosslinking reaction. The post-crosslinking agent including the
oxetane compound is preferably used by dissolving in a solvent. The
kinds of the solvent include water; alcohols such as methyl alcohol, ethyl
alcohol, propyl alcohol, and isopropyl alcohol; ketones such as acetone

15 and methyl ethyl ketone; and the like. These solvents may be used alone
or in combination of two or more kinds. Among them, water and alcohols
are preferably used.

[0047] The above-mentioned solvent is used in an amount of preferably
from 1 to 50 parts by mass, more preferably from 1 to 40 parts by mass,

20 and still more preferably from 5 to 40 parts by mass, based on 100 parts by
mass of the water-absorbent resin precursor.

[0048] The timing for adding the post-crosslinking agent containing the
oxetane compound is not particularly limited, as long as the timing is after
obtaining the water-absorbent resin precursor by polymerizing the water-

25 soluble ethylenically unsaturated monomers. The method includes, for



"from1 to 50 parts by nass, nore preferably from1 to 40 parts by mass, 20
and still nore preferably from5 to 40 parts by mass, based on 100 parts by
mass of the water-absorbent resin precursor. [0048] The tim ng for adding

t he post-crosslinking agent containing ltZ/he oxetane conpound is not
particularly limted, as long as the timng is after obtaining the

wat er - absorbent resin precursor by polynerizing the water 25 sol uble

et hyl enical ly unsaturated nononers. The nethod includes, for 17 exanple, a
met hod i ncl udi egampke, atmethotl incldding theestepost adding thd pdstrgosshiaking dgend

wat er - cont ai ni ng gel of the water-absorbent resin precursor after

pol ymeri zat i onto a watéheshtaindhg dehof theevaitealssorbe@tdisintprogursait sfteri n t he
wat er - absor bent resin precursor by dehydrating and drying a water 5

cont ai ni ng gel pafyeériAtionTamethbi dcluding theetepsof adjradpReatbhin thest -
crosslinking agent thereto, a nethod including the step of adding the post-

crosslinki ng agaiér-dsotbentwedift prédirsetipndciRizatind i df A adRief-ned: by
dehydrating and drying a water-containi'ng gel of a wat'er-absorbent resin

precygrsor afte'&:oﬁﬁir}iﬁgrgbllﬁftépﬁalgrhf&&hﬁéﬁ, aﬁdﬂﬂeﬁé&fﬁpﬁﬂﬁﬁ@tﬁé?owum of 10
wat er (here, the water-absorbent resin precursor may be used in a state of

di spersing in %rd%@fiﬁﬂh%‘#@eﬁt’ﬂfe?&é[ P%tﬁ&ijiﬂﬂ%diﬂg tﬁ’é"jﬁﬁio(f%dﬁﬂgﬂgg?gst- and

the like. The post-croSslinking agent is added To the water- ent

resin precur So'brcfsﬁpﬁléihgﬁg%ﬂf f&{hctvbﬁff’-%édrﬁéﬂ%Fi?ﬂ&?nkﬁgrgéﬁéﬁﬂagféa Bn}é dcar ried

out while disti water and/or a petro rocarbon medi um by 15
IR B o N T R
precursor after polymerization, together with an appropriate amount of
10 water (here, the water-absorbent resin precursor may be used in a state of
dispersing in a petroleum hydrocarbon medium, as occasion demands),
and the like. The post-crosslinking agent is added to the water-absorbent
resin precursor, and thereafter the post-crosslinking reaction is carried out
while distilling off water and/or a petroleum hydrocarbon medium by
15 heating, whereby the water-absorbent resin of the present invention can be
obtained.
[0049] The water content of the water-absorbent resin precursor
immediately prior to adding the post-crosslinking agent is preferably 65%
by mass or less, more preferably from 1 to 50% by mass or less, still more
20 preferably from 5 to 50% by mass or less, and still more preferably from 5
to 33% by mass or less. Here, the “water content™ is a value as measured
by the measurement method described below.
[0050] By adding a post-crosslinking agent including the oxetane
compound to the water-absorbent resin precursor, mixing them and

25 thereafter heating, a surface vicinity of the water-absorbent resin precursor



"imediately prior to adding the post-crosslinking agent is preferably 65%
by mass or less, nore preferably from1 to 50% by mass or |ess, still nore
20 preferably from5 to 50% by nass or less, and still nore preferably from
5 to 33%by nmass or less. Here, the "vi®er content” is a value as neasured
by the neasurenent nethod described bel ow. [0050] By adding a

post -crosslinking agent including the oxetane conpound to the

wat er - absorbent resin precursor, mxing themand 25 thereafter heating, a

surface vi ci ni tegn bk drosslinktdr Thbsempenturedst thepatevermeontidited loemtingds
crosslinked. The tenperature for the above-nentioned heating is preferably

from 50 to 170@refepatdy Bicrh S02k 170TC8ke preferably, fremdBe™ ol 160°@pakd still
preferably from90 to 150C, fromt he vi ewpoint of rapidly and evenly

crosslinki ng i Angreptefersily \ﬁ&h@m}toquO?dJefrbﬂimEﬁNEMmafrd dlyarid
precursor, thereby enhancing various properties such as water-retention

capacity and waekehtyadtoslikidd irtaadhde/vieidss of thadvatanabsvrbamitesing t he
deconposition or dégradation of the water-absorbent resin. In addition,

the meaction tlpir@curmgﬂ@fr Ogbﬁr{aﬁchfgwldustaoﬁeﬁ&ursﬁch ageh K R dHtRker abl

from0.5 to 5 hours 1] An additive such as a lubricant, a

deodori zi ng ag%ﬁ?a&f frﬁw%fﬁrldﬁsﬁxgﬁinadaipﬁ%ﬂhnﬂﬁﬂoﬁﬁ il %ﬂ%@én %’gﬁfé to the

wat er - absor bent tesi'n of the present tion accordihg to S purpose.

[0052] The wat %fec@ﬁ@ﬁ§1'?i%ﬂtorrd%§kiha%h%friﬁgw@(ertJlﬁopéé?ﬁﬁéélhOF%QI CG] g, of the

present invention has a water-retention capacit physi o 5aline of
R e e R T
from 0.5 to 5 hours.
10 [0051] An additive such as a lubricant, a deodorizing agent or an
antimicrobial agent may be further added to the water-absorbent resin of
the present invention according to its purpose.
[0052] The water-absorbent resin obtained by the production method of the
present invention has a water-retention capacity of physiological saline of
15 30 g/g or more, a water-absorption capacity of physiological saline under
load of 2.07 kPa of 28 mL/g or more, and contains a water-soluble
substance of 20% by mass or less. Since the water-absorbent resin
obtained by the method of the present invention is excellent in various
properties such as water-retention capacity, and water-absorption capacity
20 under load, and also gives consideration to safety such as having a reduced
water-soluble substance, the water-absorbent resin can be preferably used
in hygienic materials.
[0053] Here, water-retention capacity of physiological saline, water-
absorption capacity of physiological saline under load of 2.07 kPa, and

25 water-soluble substance are the values measured according to the



" substance of 20% by mass or |ess. Since the water-absorbent resin obtained
by the nethod of the present invention is excellent in various properties
such as water-retention capacity, and water-absorption capacity 20 under

| oad, and al so gives consideration to sifety such as having a reduced

wat er - sol ubl e substance, the water-absorbent resin can be preferably used
in hygienic materials. [0053] Here, water-retention capacity of
physi ol ogi cal saline, water- absorption capacity of physiological saline
under | oad of 2néaukementancthod@sset forthsbtlobl.e subst ance are the val ues
measured according to the 19 neasurenent nethod as set forth bel ow. [0054]
The wat er - Hii5dd] bent The svatemabsonbentresiaraf thepmsenicinvhatom hasa avater-et ent i on
capacity of physiol ogical saline of preferably 30 g/g or nore, nore

preferably 35 gétpntionmwapacityeefphysiolegmatsaimedfypréferghbly 3 gfgooremormd 5 even
nore preferably from40 to 70 g/g, fromthe viewpoint of, upon being used
in a hygi eni c maoerpraferablydSeg/gi oromosd, evelrue préforabip d0q/g wr arate, amiver i ng
t he amount of re-wet of liquid. [0055] In addition, the water-absorbent
resi s of the pressamiorepreferabiy fhem 40 toE) gfg; ﬂbaotlw¢iechﬁnaﬁj tiporobeing
physi ol ogi cal saline under |oad of 2.07 kPa of 10 preferably 28 nL/g or

nore, nore prefiged ¥ h3Bighic¢ thaddridipireBughwari-abpoptonadapycidPand/ g or
nore, and even nore preterably from30 to 45 ni/g, fromthe viewpoint of,

upon bei ng usedoweriaghi@hmidufit oBfevicabf lij@ier i ng the anount of re-wet of
liquid in a case where pressure is applied to the hygienic material after

! Insgln? i gﬁs mo\r/}\ht le{?:_:lﬂ&géﬁ] thERPateRbBSorBERORIANST the Prékefl ifveatiBh Aasat
water-absorption capacity of physiological saline under load of 2.07 kPa of

10 preferably 28 mL/g or more, more preferably 29 mL/g or more, even more
preferably 30 mL/g or more, and even more preferably from 30 to 45 mL/g,
from the viewpoint of, upon being used in a hygienic material, lowering
the amount of re-wet of liquid in a case where pressure is applied to the
hygienic material after liquid absorption.

15 [0056] The water-absorbent resin of the present invention has a water-
soluble substance of preferably 20% by mass or less, more preferably 18%
by mass or less, and even more preferably 16% by mass or less, from the
viewpoint of upon being used in a hygienic material, preventing adhesion
of the slimy liquid to the skin.

20 [0057] As above-mentioned, a water-absorbent resin precursor is obtained
by polymerizing a water-soluble ethylenically unsaturated monomer, and
thereafter an oxetane compound is added thereto as a crosslinking agent, to
carry out a post-crosslinking reaction, whereby a water-absorbent resin

which is excellent in various properties such as water-retention capacity,

25 and water-absorption capacity under load can be obtained.



" sol ubl e substance of preferably 20% by mass or less, nore preferably 18%
by mass or less, and even nore preferably 16% by nass or |less, fromthe

vi ewpoi nt of upon being used in a hygienic nmaterial, preventing adhesion

of the sliny liquid to the skin. 20 [00¥¥] As above-nentioned, a

wat er - absorbent resin precursor is obtained by polynerizing a

wat er - sol ubl e et hyl eni cally unsaturated nononer, and thereafter an oxetane
conpound is added thereto as a crosslinking agent, to carry out a

post - cr oss[0088]ng r ddetreason why thbhoxetana cempabed apentdingstoi the pigseoh i s
excellent in various properties such as water-retention capacity, 25 and
wat er - absor pt i dnvestparcistusefuldsra pashdrasshinkingageat isenbt céar. [I0B58¢sukhed r eason
why t he oxetane conpound according to the present invention is useful as a
post - cr ossl i nkiasfoligenst Specifidally| & avater-absosbgnt essimpdecuasorfis réanted with
Specifically, a water-absorbent resin precursor is reacted wwth the

oxet ane conpourttie oiketane congmamd dfithe ptesent mventipwas apostelasslinkigg agemt,, 5
whereby as a first step of the reaction, for exanple, the carbonyl group

cont & ned i n t hehsyebyras alfist Ssteptof tixsicactionclor eramply] thdiearbongl roapon t he
R2 site of the oxetane conpound cause a nucl eophilic substitution reaction,

t hereby gener atdonghindd af it Weterabsorbepmeksiieprécaisbe and tife haaybadogtip. This
generated acid exists in the vicinity of the oxetane ring on a 10 nol ecul ar

level , and act sRasiteofmeaétdnef @mpund@use & nucl@dphflensut@tibarst ie@btion,n t he
subsequent step, so that the crosslinking reaction progresses efficiently.

Therefore, espahtRbly)eenBratingafifadideflved fpntheX MifieCasd REPingCRBHFI Ni NG
sul fonyl group, it s presuned that the effects of the acid as a |eaving
group and a catpyi¥ $enéfafeati@RKRL infhe ViEIRTS Y thd6xSmAS Fink i 419
10 molecular level, and acts as a catalyst for an oxetane ring-opening reaction
in the subsequent step, so that the crosslinking reaction progresses
efficiently. Therefore, especially in a case where X is an atomic group
containing sulfonyl group, it is presumed that the effects of the acid as a
leaving group and a catalyst are enhanced, and thereby the crosslinking
15 reaction efficiently progresses.
[0059] The present invention will be further specifically described
hereinbelow by means of Synthesis Examples, Production Examples,
Examples and Comparative Examples, without intending to limit the scope
of the present invention to these Synthesis Examples, Production
20 Examples and Examples.
[0060] The evaluations of the water-absorbent resin obtained in each of
Examples and Comparative Examples were made in accordance with the
following procedures.
[0061] @) Water-Retention Capacity of Physiological Saline

25 The amount 2.0 g of water-absorbent resin was weighed in a cotton



"15 reaction efficiently progresses. [0059] The present invention will be
further specifically described hereinbelow by neans of Synthesis Exanpl es,
Producti on Exanples, Exanples and Conparative Exanples, w thout intending
tolimt the scope of the present invaition to these Synthesis Exanpl es,
Production 20 Exanpl es and Exanpl es. [0060] The eval uations of the

wat er - absorbent resin obtained in each of Exanples and Conparative

Exanpl es were made in accordance with the follow ng procedures. [0061] (1)
Wt er - Ret ent i obag{fattonlroatl NRinya(, svidgi t00 nSalx leaghE20hmmyyandiplated ig of

wat er - absorbent resin was weighed in a cotton 21 bag (Cottonbroad No. 60,

wi dth 100 mm x al5ghh-2ékermPhysiolbgita seline (0.9% by thask aeedusrsolution of
Physi ol ogi cal saline (0.9% by mass aqueous sol ution of sodium chl ori de,

her ei naf t er r etediugtlchloridechareimftenasfepedrte the seme) was powtetiantoxhg i n an
anount of 500 g at one tine, and the physiological saline 5 was di spersed

SO as not to geaﬁbﬁiba%alm adRaYsunt ©f 500 PatUnetthfic Vaidethe physivldeiosl satiaen. The
upper part of the cotton bag was tied up with a rubber "band, and the

cotton bag was valsldiywasédscaghnst th enérdi@dﬁunﬁWoHéﬁiﬂﬁ?@ﬁ&tha%ﬁ'| t he
wat er - absorbent resin. The cotton bag was dehydrated Tor 1 mnute with a

dehydrat or (MagyGHERT RYnDYTOH, 'ba@ﬁf‘ﬂh@‘@ott@ﬁ-ba%hﬁﬁﬁed& vaftog uibepurber :
H 122) set to have a centrifugal force of 167G The mass (g) of the

CoL LD, 220, onbiha 1 ookt gyt s shier asmmanyr ot e
the enpty mass WR]I(tHe witerl db3oftdt 2EsiRATHERYon bag was dehydrated for
1 minute with a dehydrator (manufactured by Kokusan Enshinki Co., Ltd.,
10 product number: H-122) set to have a centrifugal force of 167G. The mass
Wa (g) of the cotton bag containing swollen gels after the dehydration was
measured. The same procedures were carried out without adding water-
absorbent resin, and the empty mass Wb (g) of the cotton bag upon
wetting was measured. The water-retention capacity was calculated from
15 the following formula.
Water-Retention Capacity of Physiological Saline (g/g)
= [Wa - Wb] (g)/Mass of Water-Absorbent Resin (g)
[0062] (2) Water-Absorption Capacity of Physiological Saline Under
Load of 2.07 kPa
20 The water-absorption capacity of physiological saline of water-
absorbent resin under load of 2.07 kPa was measured using a measurement
apparatus X of which outline constitution was shown in Figure 1.
[0063] The measurement apparatus X shown in Figure 1 comprises a buret

section 1, a lead tube 2, a measuring board 3, and a measuring section 4

25 placed on the measuring board 3. To the buret section 1 are connected a



"wetting was nmeasured. The water-retention capacity was cal culated from 15
the following fornula. Water-Retention Capacity of Physiological Saline
(g/g) =[Wa - W] (g)/Mass of Water-Absorbent Resin (g) [0062] (2)

Wat er - Absor ption Capacity of Physiol ogiZal Saline Under Load of 2.07 kPa
20 The wat er-absorption capacity of physiological saline of water-
absorbent resin under |oad of 2.07 kPa was neasured using a measurenent
apparatus X of which outline constitution was shown in Figure 1. [0063] The
measur enent appabkarug14iheitap pf gdset1l( ongd ansdsindetdybedl apda ion 1, a

| ead tube 2, a neasuring board 3, and a neasuring section 4 25 placed on
the measuring lsoekd2a3t theobetiemipartion o€ thd buret 18y andcnthss; the air infet r ubber
plug 14 on the top of a buret 10, and an air inlet tube 11 and a cock 12
at the bottom pube 1bhava cobk 18.at ¢éhe ain]. Fhelldadrtube?, is attachdd bétwieen tha ube 11
has a cock 13 at the end. The lead tube 2 is attached between the buret
section 1 and thueetrsection il rapddtbemetaBuriigbohrbdl Thoded] hibe Zahati adiatwaters of 6
mm A hole of a dianeter of 2 mmis nmade at the central section of the
meastri ng boar of® mandAthude lof adliambter #f 2anoois meadeeat thheertral se€tien offeasur i ng
section 4 has a cylinder 40, a nylon nesh 41 adhered to the bottom part of
the cylinder 4Qhe ardswringbgind 3}2andThe leag tubelris ¢0nhexteditheretonefhedi anet er  of
2.0 cm The nylon nesh 41 has an openi ng of 200 mesh 10 (sieve opening: 75

m, and is confmgusudtgSectéen 4 has adsliader 48,k rytonmheshi 41 dieeredtetheabsor bent
resin 5 to be evenly spread over the nylon nesh 41. The weight 42 has a
di aneter of 1. $otanppstt of tesoylaiderA08amd a Wiight 42. The cylinder 40 has an
inner diameter of 2.0 cm. The nylon mesh 41 has an opening of 200 mesh
10 (sieve opening: 75 um), and is configured so as a predetermined amount of
the water-absorbent resin 5 to be evenly spread over the nylon mesh 41.
The weight 42 has a diameter of 1.9 cm and a mass of 59.8 g. This
weight 42 is placed on the water-absorbent resin 5, so that load of 2.07 kPa
can be evenly applied to the water-absorbent resin 5.
15 [0064] In the measurement apparatus X having the configuration above-
mentioned, first, the cock 12 and the cock 13 at the buret section 1 are
closed, and a physiological saline adjusted to 25°C is poured from the top
of the buret 10 and the top of the buret is plugged with the rubber plug 14.
Thereafter, the cock 12 and the cock 13 at the buret section 1 are opened.
20 Next, the height of the measuring board 3 is adjusted so that the end of the
lead tube 2 in the central section of the measuring board 3 and an air
introduction port of the air inlet tube 11 are at the same height.
[0065] On the other hand, 0.10 g of the water-absorbent resin 5 is evenly
spread over the nylon mesh 41 in the cylinder 40, and the weight 42 is

25 placed on the water-absorbent resin 5. The measuring section 4 is placed



"weight 42 is placed on the water-absorbent resin 5, so that |oad of 2.07
kPa can be evenly applied to the water-absorbent resin 5. 15 [0064] In the
measur enent apparatus X having the configuration above- nentioned, first,
the cock 12 and the cock 13 at the buré3 section 1 are closed, and a

physi ol ogi cal saline adjusted to 25C is poured fromthe top of the buret
10 and the top of the buret is plugged with the rubber plug 14.

Thereafter, the cock 12 and the cock 13 at the buret section 1 are opened.
20 Next, the heodhat itsfcenber isdmsligimgnbwithc Bad subgopars iretheseentrahseation end of
the lead tube 2 in the central section of the measuring board 3 and an air
i ntroduction poftheomeasiming boardl3et tube 11 are at the sane height. [0065]
On the other hand, 0.10 g of the water-absorbent resin 5 is evenly spread
over the r@066] nesThelvolomehredugtiomdEthedghysioldgichbsalirieghtthd Buret 1025epl aced
on the water-absorbent resin 5. The neasuring section 4 is placed 23 so
that its centethé solumedf therphysiologibalsalinadbsorbed ixyrthe iwatétgbsoebdntal
section of the neasuring board 3. [0066] The vol unme reduction of the
physbol ogi cal sedin ﬁeWm(mh.g, iswoatindéusly read offf fremvatinmeepaifit where the

physi ol ogi cal saline absorbed by the water-absorbent 5 resin 5 W (nL), is

conti nuously r eadecibsorbémresinty sterted absorbhigr watehe Theataér-aisopptiemt resin 5
started absorbing water. The water-absorption capacity of physiol ogical

sal i ne under | eapacify éfyshysedlogicabsdlideanider ¢sddlobtheaviter-aborbeitesia passed
froma tinme point of starting water absorption was obtained by the

Lﬁlj'e?W' Ega](cjoz %/ft§§ 62%@%%{%6?15&%& b/ staftifgWwatepaB&rpibn Sals ne
obtained by the following formula.

10 Water-Absorption Capacity of Physiological Saline Under
Load (mL/g) = Wc (mL)/0.10 (g)

[0067] 3) Water-Soluble Substance
The amount 500+0.1 g of physiological saline was weighed out in a
500 mL-beaker. A magnetic stirrer bar (8 mm ¢ x 30 mm, ringless) was

15 placed therein, and the beaker was placed on a magnetic stirrer (HS-30D,
manufactured by iuchi). Subsequently, the magnetic stirrer bar was
adjusted so as to rotate at a rate of 600 r/min. In addition, a bottom of a
vortex generated by rotation of the magnetic stirrer bar was adjusted so as
to be near an upper portion of the magnetic stirrer bar.

20 [0068] Next, 2.0+0.002 g of a water-absorbent resin was 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 (opening of sieve: 75 pm), and the resulting

25 filtrate was further subjected to suction filtration using a Kiriyama type



' [0067] (3) Water-Sol ubl e Substance The anobunt 5000.1 g of physi ol ogi cal
saline was weighed out in a 500 nL-beaker. A nagnetic stirrer bar (8 nmO
x 30 mm ringless) was 15 placed therein, and the beaker was placed on a
magnetic stirrer (HS-30D, manufactured 3y iuchi). Subsequently, the
magnetic stirrer bar was adjusted so as to rotate at a rate of 600 r/mn.
In addition, a bottomof a vortex generated by rotation of the magnetic
stirrer bar was adjusted so as to be near an upper portion of the nmagnetic
stirrer bar. 2dupmddBiltexdaper Nap6).002 g of a water-absorbent resin was
qui ckly poured between the center of vortex in the beaker and the side of
t he beaker[0968] di sPhe smpunh8Pei 0.008h¢ afttbe mesultime filaate svasrweighedoud hours.
The aqueous dispersion of the water-absorbent resin after stirring for 3
hours was fil tieaddOunLibeaker adjlisted toiacsanstamp aveighf. oFhesfibrate was drjed and t he
resulting 25 filtrate was further subjected to suction filtration using a
Kiriyama type 2dith & onced coRvection Geane(FW3205manifeeakd tyeARVANIHEC) 0. 0005
g of the resulting filtrate was weighed out in a 100 nl-beaker adjusted to
a coflstant wei ght at aihiatdrnal teatperavase of 140°C uatiha eofdstamtesicighh was titamedy en
(FV-320, manufactured by ADVANTEC) 5 set at an internal tenperature of 140C
until a const anndwbé glass Wid (g} ofiheasdlid contbrit loé thefiltratd wag)detdrndihed.sol i d
content of the filtrate was determ ned. [0070] On the other hand, the sane

procedur es[(F0] he aOavhe oelicr aady thedsaoiy dpwcédim*es ag shegbdvieewert @iriedsor bent
resin, and the mass W (g) of the solid content of the filtrate was

][rg?fnljlr Zd The \yat rithoat ubing the baitenassorBéht wesin CalCtheahast Wieq(g) oliehd ol | owi ng
solid content of the filtrate was measured. The water-soluble substance
10 was calculated from the following formula.
Water-Soluble Substance (% by mass)
= [[(Wd - We) x (500/80)]/2] x 100
[0071] 4) Average Particle Diameter
JIS standard sieves, a sieve having an opening of 850 um, a sieve
15 having an opening of 600 um, a sieve having an opening of 425 pum, a
sieve having an opening of 300 um, a sieve having an opening of 150 pum,
a sieve having an opening of 75 um, and a receiving tray were combined
in order from the top. About 100 g of the water-absorbent resin was
placed on an uppermost sieve, and shaken for 20 minutes with a rotating
20 and tapping shaker machine.
[0072] Next, the relationships between the opening of the sieve and an
integral of a mass percentage remaining on the sieve were plotted on a
logarithmic probability paper by calculating the mass of the water-

absorbent resin particles remaining on each sieve as a mass percentage to

25 an entire amount, and accumulating the mass percentages in order, starting



Wat er - Sol ubl e Substance (% by mass) [[(Wl - W) x (500/80)]/2] x 100
[0071] (4) Average Particle Dianeter JIS standard sieves, a sieve having an
opening of 850 m a sieve 15 having an opening of 600 m a sieve having an
opening of 425 m a sieve having an of8ning of 300 m a sieve having an
opening of 150 m a sieve having an opening of 75 m and a receiving tray
were conbined in order fromthe top. About 100 g of the water-absorbent
resin was placed on an uppernost sieve, and shaken for 20 mnutes with a
rotating 20 adwbmipgrerhpvinmlasgenrpeaticlealiamo®r] ANgarticletdiametsrat i onshi ps

bet ween the opening of the sieve and an integral of a nmass percentage
remai ni ng on t kkerrespaaling teSP%oby sxhssin the cuwative mass pendsatageiisy paper by
calculating the nass of the water- absorbent resin particles remining on
each sieve as daecfinsd apanayntaggarticl2 diametenby jeinammthet plotsrah thecunul at i ng
the mass percentages in order, starting 25 fromthose having |arger
particl e di anetpeolsabilityppaper ih @ sthaightiiae. corresponding to 50% by nass in
the cunul ative nmass percentage is defined as an average particle dianeter
by j 6i ni ng[00M8] p! ot &)on t DeyingriaissliWateyCpnteat) dfrWatest Absogbént| Revén ahd [ 0073]
(5) Drying Loss (Water Content) of \Wter-Absorbent Resin and

Wat er - Absor bentWhkesi Abdotieait Rasin Preeusgopunt 2. 0 g of the wat er-absor bent
resin (water-absorbent resin precursor) was precisely weighed out (W (g))

in an al um num foi | TheafUNN2.0 Bbf dic whictabsomeherdsinighabi-abdtbémt) ) was
previ ously attai ned.
resin precursor) was precisely weighed out (Wg (g)) in an aluminum foil
case (No. 8) of which constant weight (Wf (g)) was previously attained.
10 The above sample was dried for 2 hours with a forced convection oven
(manufactured by ADVANTEC) set at an internal temperature of 105°C.
Thereafter, the dried sample was allowed to be cooled in a desiccator, and
the mass Wh (g) after drying was measured. The drying loss (water
content) of the water-absorbent resin (water-absorbent resin precursor) was
15 calculated from the following formula.
Drying Loss (Water Content) (% by Mass)
= [(Wg - WE) - (Wh - WE)J/(Wg - WD) x 100
[0074] [Synthesis Example 1 of Crosslinking Agent] (Synthesis of ((3-
Ethyloxetan-3-yl)methyl) Methanesulfonate (compound of the formula (1),
20 wherein R; = ethyl group, R, = methylene group, and X = methanesulfonyl
group)
A 1-liter four-neck flask equipped with a thermometer, a stirrer, a
reflux condenser, a dropping funnel and a nitrogen gas inlet tube was

charged with 44.1 g (0.38 mol) of 3-ethyl-3-hydroxymethyloxetane, 44.6 g

25 (0.44 mol) of triethylamine and 220 g of toluene. The contents were



"10 The above sanple was dried for 2 hours with a forced convection oven
(manuf actured by ADVANTEC) set at an internal tenperature of 105C
Thereafter, the dried sanple was allowed to be cooled in a desiccator, and
the mass Wh (g) after drying was neasur2éd. The drying | oss (water content)
of the water-absorbent resin (water-absorbent resin precursor) was 15
calculated fromthe following fornula. Drying Loss (Water Content) (% by
Mass) = [(W - W) - (Wh - W)]/ (W - W) x 100 [0074] [Synthesis Exanple 1
of Crosslinki ngxtegrally c¢dgdtihaniise-wfatr(tith Entil thexiateanalIeylperattite s

Met hanesul fonate (conpound of the formula (1), 20 wherein R = ethyl
group, R2 = net¥ighander gmitrpgermpas anrosphetearNext], 45:8yd (0.4meolppfA 1-1iter
four-neck flask equipped with a thernonmeter, a stirrer, a reflux

condenser, a dmagthamgsulfonpbthloride avasi dddedehopwiseisol stthe iternahs char ged
with 44.1 g (0.38 nol) of 3-ethyl-3-hydroxynet hyl oxetane, 44.6 g 25 (0.44

nol) of triethyémpenturendt 22 exceedf 10°0. UERereaftérs tieotehgitrsturewas alowed
externally cooled in an ice-water bath until the internal tenperature was

5C ugder a ni t ne@gerdasrodnieaRperatureNard thedontends Werdrdieted fok additional
met hanesul fonyl chl ori de was added dropW| se so as the internal tenperature

not 10 exceed MiourZhATRARifing. Akt AERGICHOH! ho'iedablRIh aking et UM N to
e

roomtenperature, and the contents were reacted for additional 2 hours

whi I e stirringhyftd@ofidewas #fer@doffl Rd RaQRMPREthid iRhN ¥hlind 8f toluene,
hydrochl ori de was filtered off, and washed with a snall anount of tol’uene,

|t gngl ve a reacihoje 4 tdacibh fllf'fﬁtet TS tHi€ 8&dction filirhie' whEad@®sl PAASGf It 9 Of

exchanged water, and the mixture was stirred for 30 minutes. The reaction

10 mixture was transferred to a separatory funnel to allow separation into
layers, and the organic layer obtained was concentrated at a water bath
temperature of 85°C and a degree of reduced pressure of 75 mmHg, to
give 66.4 g of a desired ((3-ethyloxetan-3-yl)methyl) methanesulfonate
(0.34 mol, yield: 90%, purity 85%). Here, the purity was obtained from an

15 areal ratio of the peaks in the chart obtained by gas chromatography.

[0075] [Synthesis Example 2 of Crosslinking Agent] (Synthesis of ((3-

Ethyloxetan-3-yl)methyl) Chloromethanesulfonate (compound of the
formula (1), wherein R; = ethyl group, R, = methylene group, and X
= chloromethanesulfonyl group)

20 A 1-liter four-neck flask equipped with a thermometer, a stirrer, a
reflux condenser, a dropping funnel and a nitrogen gas inlet tube was
charged with 44.1 g (0.38 mol) of 3-ethyl-3-hydroxymethyloxetane, 44.6 g
(0.44 mol) of triethylamine and 220 g of toluene. The contents were

externally cooled in an ice-water bath until the internal temperature was

25 5°C under a nitrogen gas atmosphere. Next, 59.6 g (0.4 mol) of



"exchanged water, and the mixture was stirred for 30 minutes. The reaction
10 m xture was transferred to a reparatory funnel to allow separation into
| ayers, and the organic | ayer obtained was concentrated at a water bath

t enperature of 85C and a degree of red@Jed pressure of 75 nmHg, to give
66.4 g of a desired ((3-ethyl oxetan-3-yl)nethyl) nethanesul fonate (0.34
nol, yield: 90% purity 85%. Here, the purity was obtained froman 15
areal ratio of the peaks in the chart obtained by gas chronmatography.

[ 0075] [ Synt heshioremetipilsulfony] chlarsdd wak addedrdropwisq Sy as thesinteradl (( 3-

Et hyl oxet an- 3-yl ) met hyl ) Chl or onet hanesul fonate (conpound of the fornula
(1), wherein Ritempetahyi npt doipxcded H)°Get Hydreaftergtheuempenature was allowed

chl or omet hanesul fonyl group) 20 A 1-liter four-neck flask equipped with a
t her nonet er, atetrétnreto romm tefiperatureyahelthe conentl weps regcfedrfoe hdditignal
nitrogen gas inlet tube was charged with 44.1 g (0.38 nol) of

3- et hyl - 3- hydr @dyows wHilexstireing, Affer@hgreactioddtheyirpdoced trieth figiamé ne and 220
g of toluene. The contents were externally cooled in an ice-water bath
until5 t he i nt ethydtodhbonide eas fitened offparkdowasltsel withra $maly amoyas ofitotoaher e.
Next, 59.6 g (0.4 nol) of 27 «chloronethylsul fonyl chloride was added
dropwi se so as td géve ateakctioh filtratepeF@this feantion fidtrecoeasaddéd 1 g obéidd-er, the
tenperature was allowed to return to roomtenperature, and the contents
were reacted f chﬁedf%eﬁi\ﬂﬂaf, and thewiiktuseiwas stittedrfoR G0 ni¥nfuges. tTige feaatidn on,

t he produced triethylam ne 5 hydrochloride was filtered off, and washed
with a small anmisfireGFas @Anigaged ¢ @ sepatstory faR@l i@allbwl sepatation Thtdt hi s
reaction filtrate was added 114 g of i on- ‘exchanged water, and the m xture

was stirred fonayds Hnduthedrgai€ 14yR2ebided was concentrated at a water bath
10 temperature of 85°C and a degree of reduced pressure of 75 mmHg, to
give 68.0 g of a desired ((3-ethyloxetan-3-yl)methyl)
chloromethanesulfonate (0.30 mol, yield: 78%, purity 74%). Here, the
purity was obtained from an areal ratio of the peaks in the chart obtained
by gas chromatography.
15 [0076] Production Example 1

A 2-L cylindrical round bottomed separable flask having an internal
diameter of 110 mm, equipped with a reflux condenser, a dropping funnel,
a nitrogen gas inlet tube, a stirrer, and a stirring blade was prepared. This
flask was charged with 340 g of n-heptane, and 0.92 g of a sucrose stearate

20 having an HLB of 3 (manufactured by Mitsubishi-Kagaku Foods

Corporation, Ryoto sugar ester S-370) and 0.92 g of a maleic anhydride-
modified ethylene-propylene copolymer (manufactured by Mitsui
Chemicals, Inc., Hi-wax 1105A) were added thereto. The temperature was
raised to 80°C while stirring, to dissolve the surfactant, and thereafter the

25 solution was cooled to 50°C.



"mxture was transferred to a separatory funnel to allow separation into

| ayers, and the organic |ayer obtained was concentrated at a water bath 10
tenperature of 85C and a degree of reduced pressure of 75 mmHg, to give
68.0 g of a desired ((3-ethyl oxetan-3-y nethyl) chloromet hanesul fonate
(0.30 nol, yield: 78% purity 74% . Here, the purity was obtained from an
areal ratio of the peaks in the chart obtained by gas chromatography. 15
[ 0076] Production Exanple 1 A 2-L cylindrical round bottoned separable

e otkgr b

flask havil997Zh i nt Ond dwader SO mbErlepmeyeriflask avag eharged withyx
condenser, a droppi n8 funnel, a nitrogen gas inlet tube, a stirrer, and a
stirring bl ade Re&s (02 prolef arrB0% by maass agasowssalutéon of aeryBsaciyd, and
n-heptane, and 0.92 g of a sucrose stearate 20 having an HLB of 3
(manuf act ur ed HB¢6N g ofibi 1% bigamgassiaqusous sabinpohydrozide Wyoaddesudrapwase: er
S-370) and 0.92 g of a maleic anhydride- nodified etdrll\)/l ene- propyl ene
copol yrmer ( mandheretauwith doplingtfsam ex@raal toaiesitraliae 75%-by weod. Tesegftoner e
added thereto. The tenperature was raised to 80C while stirring, to
di ss6l ve the sixihgt(@dil mmud) ofpotassiumr parbulfatl s achdicabpolyasrizatibrd t o 50C.
28 [0077] On the other hand, a 500 ni-Erlenneyer flask was charged with 92
g (1.02 nol) ofinidiat@Catds)2 mg ¢0.86 memod) cfoN|N'i-nretinflemehisdcrylasndelas and  146. 0
g of a 21% by nass aqueous sodi um hydroxi de was added dropwi se thereto
wi th cooling frinteretceosstinking apent weiré addetbtielstonoldisséive; emptepare &n 0. 11 g
(0.41 mmol ) of potassium persulfate as a radical polynerization initiator
and 9.2 ng (0. Qquso®s moadbmdr Nolutidn vt echiiss aepy| am de as an
[0078] The entire amount of this aqueous monomer solution for the first
10 step was added to the above separable flask, and the internal of the system
was sufficiently replaced with nitrogen. Thereafter, the flask was
immersed in a water bath at 70°C to raise the temperature, and the first-
step polymerization was carried out and then cooled to room temperature,
to give a polymerization slurry of the first step.
15 [0079] On the other hand, another 500 mL-Erlenmeyer flask was charged
with 128.8 g (1.43 mol) of an 80% by mass aqueous solution of acrylic
acid, and 159.0 g of a 27% by mass aqueous sodium hydroxide was added
dropwise thereto with cooling from external to neutralize 75% by mol.
Thereafter, 0.16 g (0.59 mmol) of potassium persulfate as a radical
20 polymerization initiator and 12.9 mg (0.08 mmol) of N,N’-
methylenebisacrylamide as an internal crosslinking agent were added
thereto to dissolve, to prepare an aqueous monomer solution for the second
step.
[0080] The entire amount of this aqueous monomer solution for the second

25 step was added to the above polymerization slurry of the first step, and the



“intérnal crosslinking agent were added thereto to dissolve, to prepare an
aqueous nononer solution for the first step. [0078] The entire anount of

t hi s aqueous nononer solution for the first 10 step was added to the above
separabl e flask, and the internal of th%9system was sufficiently repl aced
with nitrogen. Thereafter, the flask was imersed in a water bath at 70C
to raise the tenperature, and the first- step polynerization was carried
out and then cooled to roomtenperatyre, .to give a polynerization slurry
of the first st@&rnalwq@eﬁgftemweﬁéuﬁlm@tlm ced it h apregss. rfh@fsaf&meyer
flask was charged wth 128.8 g (1.43 nol) of an 80% by nass_aqueous

sol uti on of acripeiftaskacascagaimimueosed i aowatgr bath dy/(rést® rahgdbes sodi um
hydr oxi de was added dropw se thereto with cooling fromexternal to

neutral i ze 75% lempesature, andike second-siep polymeayizabiommas casried ®uhssi um

persul fate as a radical 20 polynerization initiator and 12.9 ng (0.08 nmol)
of N, N - m{0081]enebiAfterrthe secatsl-step polymemszaiion, theorartiok migtugavas wer e
added thereto to dissolve, to prepare an aqueous nononer solution for the
second step. [l&sd] witheaneoil bath atrdAIRC, afid 260 g afguater wasvemored §xwinut i on f or
the second 25 step was added to the above polynerization slurry of the
first step, andthelsgst2m by azeotrapic distillation wf meleptase and Hiatérembily r epl aced
with nitrogen. Thereafter, the flask was again imersed in a water bath at
70C to raise thefluxargoeheptane, Fusther,reheptanaih Stecintqrahlyofethe zgstconwass
carried out. [0081] After the second-step polynerization, the reaction

m xture was 5 heaicdvddwyt distilatdon, togive 237.3 2561 tharwatetabprbéntwesiar was

renmoved from
precursor (A1), which is an aggregate of spherical particles and has an
10 average particle diameter of 359 um. The water-absorbent resin precursor
at this point had a drying loss (water content) of 7.1% by mass.
[0082] Example 1
A 2-L cylindrical round bottomed separable flask having an internal
diameter of 110 mm, equipped with a reflux condenser, a dropping funnel,
15 a nitrogen gas inlet tube, a stirrer, and a stirring blade was charged with
50 g of the water-absorbent resin precursor (A1) obtained in Production
Example 1 (Theoretical amount of the water-soluble ethylenically
unsaturated monomer used to obtain the precursor: 0.52 mol) and 80 g of
n-heptane. The internal temperature was raised to 80°C. Thereafter, 8.0 g
20 of water was added thereto, and the mixture was kept at the same
temperature for 10 minutes (the water content of the water-absorbent resin
precursor: 19.9% by mass).
[0083] Thereafter, 5.0 g of a 10% by mass aqueous solution of ((3-

ethyloxetan-3-yl)methyl) methanesulfonate (2.6 mmol) obtained in

25 Synthesis Example 1 was added thereto as a post-crosslinking agent, and



"the 'system by azeotropic distillation of n-heptane and water while

refl uxi ng n-heptane. Further, n-heptane in the internal of the system was
renoved by distillation, to give 237.5 g of the water-absorbent resin
precursor (Al), which is an aggregate d0 spherical particles and has an 10
average particle diameter of 359 m The water-absorbent resin precursor at
this point had a drying |loss (water content) of 7.1% by nass. [0082]
Exanple 1 A 2-L cylindrical round bottomed separabl e flask having an

i nternal di amahiedofThElfiixtore alainedevasmdatedawithfanuodl bathde 18P C, andir oppi ng
funnel, 15 a nitrogen gas inlet tube, a stirrer, and a stirring bl ade was
charged with 5Gubjected toca posteresshmbiinzereiaction for Phegusrwehile diti)limgpawayed in
Production Exanple 1 (Theoretical anount of the water-sol uble

et hyl enical |y watspind ailegptanerfoomrthe seisttire obbdincdand dryingctorgioga 0. 52 nol )
and 80 g of n-heptane. The internal tenperature was raised to 80C

Thereafter, 8.Gvgiez@bsrbemiresinyEheadigil 103e (whter canknt)wadt 3% be m@s. kept
at the same tenperature for 10 m nutes (the water content of the

wat ers- absor bentTHegshyvical pesperties of 4 Witebvbsarbent rebR08ele mbayueed bgithe 5. 0 ¢
of a 10% by mass aqueous solution of ((3- ethyloxetan-3-yl)nethyl

met hanesul T onatifethad§ desEaibedabbei el 1he réfulENvélRahoRmERaTale 11 vas added

thereto as a post-crosslinking agent, and 30 m xed. The m xture obtai ned

was heat edjogggp an Eixh%%{ség at 125C, and subjected to a post-crosslinking
reaction for 4 hours e distilling anay water and n-heptane fromthe

Imo)s(; UE \(/ava? gﬁ aicgﬁ?eﬁ?g& %&g%%%%%/ Héndgf;cisl?ottdiﬁé& SepitaIe TRRk Habfighan iHiGmdl Yi N9

diameter of 110 mm, equipped with a reflux condenser, a dropping funnel,

10 a nitrogen gas inlet tube, a stirrer, and a stirring blade was charged with
50 g of the water-absorbent resin precursor (A1) obtained in Production
Example 1 (Theoretical amount of the water-soluble ethylenically
unsaturated monomer used to obtain the precursor: 0.52 mol) and 80 g of
n-heptane. The internal temperature was raised to 80°C. Thereafter, 8.0 g

15 of water was added thereto, and the mixture was kept at the same
temperature for 10 minutes (the water content of the water-absorbent resin
precursor: 19.9% by mass).

[0085] Thereafter, 5.0 g of a 10% by mass aqueous solution of ((3-

ethyloxetan-3-yl)methyl) chloromethanesulfonate (2.2 mmol) obtained in

20 Synthesis Example 2 was added thereto as a post-crosslinking agent, and
mixed. This mixture was heated with an oil bath at 125°C, and subjected
to a post-crosslinking reaction for 4 hours while distilling away water and
n-heptane from the mixture obtained and drying, to give a water-absorbent

resin. The drying loss (water content) was 4.0% by mass. The physical

25 properties of the water-absorbent resin were measured by the methods



"5 The physical properties of the water-absorbent resin were measured by the
nmet hods descri bed above, and the results were shown in Table 1. [0084]
Exanple 2 A 2-L cylindrical round bottomed separabl e flask having an
internal diameter of 110 mm equipped3dth a reflux condenser, a dropping
funnel, 10 a nitrogen gas inlet tube, a stirrer, and a stirring bl ade was
charged with 50 g of the water-absorbent resin precursor (Al) obtained in
Production Exanple 1 (Theoretical anmount of the water-sol uble

et hyl eni cal | y descrithad aioyed, amd treeresulbeweroslmwmimTable hr ecur sor: 0. 52 nol)
and 80 g of n-heptane. The internal tenperature was raised to 80C

Thereaf t er [0086) g 1ExafpleBer was added thereto, and the m xture was kept
at the same tenperature for 10 m nutes (the water content of the

wat er - absor bent resAR-Ipeydindrivatl roulfd BStdmedeepmrable #1d8k haviegy &nintemal 5. 0 g
of a 10% by mass aqueous solution of ((3- ethyl oxetan-3-yl)nethyl)

chl or omet hanesulidmmeret of ( 20 nmyequipped atitted réflux ééhdeyséh) asiroppingfnheel? was
added thereto as a post-crosslinking agent, and m xed. This m xture was

heategd with an aQiitro@@ﬁmEas?linléi?ﬁBc, askren)ahd atstidring 6lalePRad cledrgséd Wittki ng
reaction for 4 hours ile distilling away water and n-heptane fromthe

m xture obtai ne) @pfithdrwates-absGrbehvRsi E@fsoﬂPAP)” &bfained iaProdudiién dryi ng
| oss (water content) was 4.0% by nass. The physical 25 properties of the

4oLt sheor bl NSRRI 86py 0 P o shove. and
round bottoned \$@RAFALA trdrloatér (3_4HHSbdin thY Frelatsor: 0.52 mol) and 80 g of
n-heptane. The internal temperature was raised to 80°C. Thereafter, 3.5 g
10 of water was added thereto, and the mixture was kept at the same
temperature for 10 minutes (the water content of the water-absorbent resin
precursor: 13.2% by mass).
[0087] Thereafter, 5.0 g of a 10% by mass aqueous solution of ((3-
ethyloxetane-3-yl)methyl) methanesulfonate (2.6 mmol) obtained in
15 Synthesis Example 1 was added thereto as a post-crosslinking agent and
mixed. This mixture was heated with an oil bath at 140°C, and subjected
to a bost-crosslinking reaction for 1 hour, while distilling away water and
n-heptane from the mixture obtained and drying, to give a water-absorbent
resin. The drying loss (water content) was 5.2% by mass. The physical
20 properties of the water-absorbent resin were measured by the methods
described above, and the results were shown in Table 1.
[0088] Example 4
A 2-L cylindrical round bottomed separable flask having an internal

diameter of 110 mm, equipped with a reflux condenser, a dropping funnel,

25 a nitrogen gas inlet tube, a stirrer, and a stirring blade was prepared. This



" dianeter of 110 nm equi pped with a reflux condenser, a dropping funnel, 5
a nitrogen gas inlet tube, a stirrer, and a stirring blade was charged with
50 g of the water-absorbent resin precursor (Al) obtained in Production
Exanpl e 1 (Theoretical anount of the we¥%er-sol uble ethylenically

unsat urated nononer used to obtain the precursor: 0.52 nol) and 80 g of

n- heptane. The internal tenperature was raised to 80C. Thereafter, 3.5 g 10
of water was added thereto, and the njxture was kept at the sane

tenperat ure forlask wasthesged WHh 348iept Rdiptane, éﬂ 9’(98 gaf 8 suense stsarte r esi n
precursor: 13.2% by mass)& L0087 Thereafter g.of a 10% by nmass
aqueous sol uti (hﬁVtﬂg gy HLB:o 9I(6b’(1§tlﬁ'é¢€1f3 me)Mﬁshlylsm-IﬁaghlahE%ds onate (2.6
mol ) obtained in 15 Synt hesis Exanp was added thereto as a

post - cr ossl i nkiGaipexséion, Ryato wgaé@stelrﬁr%m)l and (.82 geof avaaledeianphydiiden o |
bath at 140C, and subjected to a post-crosslinking reaction for 1 hour,
whi | e distillimaodifiag citlenc-prapylencnequadymmer (roanufactusedbyiMiteilit ai ned and
drying, to give a water-absorbent resin. The drying |oss (water content)
was 5. 2% by ma$shentinelspings,i Biawazd 196éyavercadded tﬁ/ etonalhe teaipesatoesiwas esi n
were neasured by the nmethods described above, and the results were shown
in Table 1. [060&8¢d Ex801C svhdlesstizringctpl dissblve the suwfavthribpandotirereaftep theabl e
flask having an internal dianmeter of 110 mm equi pped with a refl ux
condenser, a drsohpiongwhsicowled to 36°@. nitrogen gas inlet tube, a stirrer, and
a stirring blade was prepared. This 32 flask was charged with 340 g of
n- hept ane, [0888] 0. 920 th¢ otheytrmndse 560 eal Hrtennhewer fiask wdsldhaoged3with

(manuf actured by M tsubi shi-Kagaku Foods
92 g (1.02 mol) of an 80% by mass aqueous solution of acrylic acid, and
10 146.0 g of a 21% by mass aqueous sodium hydroxide was added dropwise
thereto with cooling from external to neutralize 75% by mol. Thereafter,
0.11 g (0.41 mmol) of potassium persulfate as a radical polymerization
initiator and 9.2 mg (0.06 mmol) of N,N’-methylenebisacrylamide as an
internal-crosslinking agent were added thereto to dissolve, to prepare an
15 aqueous monomer solution for the first step.

[0090] The entire amount of this aqueous monomer solution for the first
step was added to the above separable flask, and the internal of the system
was sufficiently replaced with nitrogen. Thereafter, the flask was
immersed in a water bath at 70°C to raise the temperature, and the first-

20 step polymerization was carried out and then cooled to a room temperature,
to give a polymerization slurry of the first step.

[0091] On the other hand, another 500 mL-Erlenmeyer flask was charged
with 128.8 g (1.43 mol) of an 80% by mass aqueous solution of acrylic
acid, and 159.0 g of a 27% by mass aqueous sodium hydroxide was added

25 dropwise thereto with cooling from external to neutralize 75% by mol.



' Corporation, Ryoto sugar ester S-370) and 0.92 g of a mal eic anhydri de-
nodi fi ed et hyl ene- propyl ene copol yner (manufactured by Mtsui 5 Chem cal s,
Inc., H -wax 1105A) were added thereto. The tenperature was raised to 80C
while stirring, to dissolve the surfact®nt, and thereafter the solution
was cooled to 50C. [0089] On the other hand, a 500 ni-Erlenneyer flask was
charged with 92 g (1.02 nol) of an 80% by nmass aqueous solution of acrylic
acid, and 10 146.0 g of a 21% by nass aqueous sodi um hydr oxi de was added
dr opwi se t her etlherdafterc@abigh@.59 ormeh)tof potdssium pexsuifate asea raticddy nol .
Thereafter, 0.11 g (0.41 mml) of potassium persulfate as a radi cal

pol ymeri zat i on polymerization mitiator 2ndd2©0m@q0:08amald) of N,N’-

N, N - met hyl enebi sacryl ami de as an internal-crosslinking agent were added
thereto to di sand¢thglentbispcrybmnideas anlintanalecrosslinkingagestoverei addedor t he
first step. [0090] The entire anpbunt of this aqueous nononer solution for
the first stephsret adiissblve, thipeepdre\aa aympaunsivonofieasklutmdor tite setoadnal of
the system was sufficiently replaced with nitrogen. Thereafter, the flask
was 5i nmersed iskepa Water bath at 70C to raise the tenperature, and the
first 20 step polynerization was carried out and then cooled to a room

tenperat ur ?092!] 0 gi Yhe @nfifd afiBihZE thadiledns moonidisoluticit fortth® seddad91l] On
t he ot her hand, another 500 ni-Erlennmeyer flask was charged wth 128.8 ¢

(1.43 mol) of afepSRis Kiddir®Sthe b8P pobdhetiZzadidndlu@y of the fird Gidp, afdthel 59. 0 g
of a 27% by mass aqueous sodi um hydr oXi de was added 25 dropw se thereto

g 7, TRV VS e A Bp ik i gt it .16 9
the flask was again immersed in a water bath at 70°C to raise the
10 temperature, and the second-step polymerization was carried out.

[0093] After the second-step polymerization, the temperature of the
reaction solution was raised in an oil bath at 125°C, and 260 g of water
was removed outside the system while refluxing n-heptane by azeotropic
distillation of n-heptane and water, to give 266 g of a water-absorbent

15 resin precursor (A2) (water content: 18.3% by mass.). To the resulting
water-absorbent resin precursor (A2) (Theoretical amount of the water-
soluble ethylenically unsaturated monomer used to obtain the precursor:
2.45 mol), 23.6 g of a 10% by mass aqueous solution of ((3-ethyloxetan-3-
yl)methyl) chloromethanesulfonate (10.3 mmol) obtained in Synthesis

20 Example 2 as a post-crosslinking agent was added thereto. This reaction
solution was heated with an oil bath at 140°C, and subjected to a post-
crosslinking reaction for 1 hour while distilling away water and n-heptane
from the mixture obtained and drying, to give 238 g of a water-absorbent

resin. The drying loss (water content) was 5.4% by mass. The physical

25 properties of the water-absorbent resin were measured by the methods



" pol ;/merization initiator and 12.9 ng (0.08 mmol) of N N -
nmet hyl enebi sacryl am de as an internal -crosslinking agent were added
thereto to dissolve, to prepare an aqueous nononer solution for the second
5 step. [0092] The entire anount of thiX aqueous nonomer solution for the
second step was added to the above polynerization slurry of the first
step, and the internal of the systemwas sufficiently replaced with
nitrogen. Thereafter, the flask was again imersed in a water bath at 70C
to rai se the 10lesenbrd shaveeand the resulis weshshayyr g pablgnker i zati on was carried
out. [0093] After the second-step polynerization, the tenperature of the
reacti on sH094]on weemparative Examplecl | bath at 125C, and 260 g of water
was renoved outside the systemwhile refluxing n-heptane by azeotropic
distillation of n-hEprtheewatet-ahsarbent resingpreeursens(4yl pobtaingdtiaPradedsiarent 15
resin precursor (A2) (water content: 18.3% by nmass.). To the resulting
wat er - absor bentExamspla 1p thecphysical paaper(ids thereafi were measuntd by thehmethadsr -
sol ubl e ethylenically unsaturated nononer used to obtain the precursor:
2.455mol ), 23. glegcbednatidss, byd thesseesalisivens slovwin dablefl.( ( 3- et hyl oxet an- 3-
yl)met hyl ) chl oronet hanesul fonate (10.3 mml ) obtained in Synthesis 20
Exanmpl e 2 098] post CompasativikExamplpehit was added thereto. This reaction
solution was heated with an oil bath at 140C, and subjected to a post-
crosslinking reacti an2flocylindrivat rovrid leottbmed séparableiiagk Wavmg anohternhkept ane
fromthe m xture obtained and drying, to give 238 g of a water-absorbent
resin. The dryidigmetes of (168nem, equipped Wwittes rflvidcdndensss a dttgpingenea| 25
properties of the water-absorbent resin were nmeasured by the nethods 34

a nitrogen gas inlet tube, a stirrer, and a stirring blade was charged with

10 50 g of the water-absorbent resin precursor (A1) obtained in Production
Example 1 (Theoretical amount of the water-soluble ethylenically
unsaturated monomer used to obtain the precursor: 0.52 mol) and 80 g of
n-heptane.

[0096] The internal temperature was raised to 80°C. Thereafter, 5.0 gof a

15 10% by mass aqueous solution of 1,4-butanediol (5.5 mmol) was added
thereto as a post-crosslinking agent, and mixed. This mixture was heated
with an oil bath at 180°C, and subjected to a post-crosslinking reaction for
2 hours while distilling away water and n-heptane from the mixture
obtained and drying, to give a water-absorbent resin. The drying loss

20 (water content) was 2.0% by mass. The physical properties of the water-
absorbent resin were measured by the methods described above, and the
results were shown in Table 1.

[0097] Comparative Example 3

A 2-L cylindrical round bottomed separable flask having an internal

25 diameter of 110 mm, equipped with a reflux condenser, a dropping funnel,



" descCri bed above, and the results were shown in Table 1. [0094] Conparative
Exanple 1 For the water-absorbent resin precursor (Al) obtained in
Production Exanple 1, the physical properties thereof were neasured by the
met hods 5 described above, and the res3fits were shown in Table 1. [0095]
Conparative Exanple 2 A 2-L cylindrical round bottoned separable flask
having an internal dianmeter of 110 nm equipped with a reflux condenser, a
dropping funnel, a nitrogen gas inlet tube, a stirrer, and a stirring

bl ade was char geatitrogel gd9irfét tybef a stiwenand ra-stivsng béade wes clargeé swittsor (Al )
obtained in Production Exanple 1 (Theoretical anount of the water-sol uble
et hyl eni cal |y SOnsef theavadr-absorbent tesaopreoursbt Ab) dbrinedeiaPreductiéh 52 nol )
and 80 g of n-heptane. [0096] The internal tenperature was raised to 80C
Thereafter, 5. Exangiled (Theoidicabymvaasofheanatsr-soluble ethytenidally- but anedi ol
(5.5 mmol ) was added thereto as a post-crosslinking agent, and m xed. This
m xture was heainegturated n@ivonér useditd obtaid S preeirbosLBS52Gh61) ahd 88 g of
post-crosslinking reaction for 2 hours while distilling away water and

n- hegt ane frompg-héptehest ure obtai ned and drying, to give a water-absorbent
resin. The drying loss 20 (water content) was 2.0% by mass. The physi cal
properti eSgIﬂbSlhe Wgrh€ inte AR QAP ature W4k MBed t588sar eﬂle@é’aﬁé}ei'@%gpgs ,
descri bed above, and the results were shown in Table 1. [00397] nparative

Exanple 3 A 2- 0oy bg@ﬂiésca%lgbﬁyWuﬁeﬁb?Beﬂe L@fﬂt@néh@&%nﬂl@@.@&xﬁ@l

internal 25 dianetéer of mm equi pped wth a reflux con ser, a
droppi ng funnelyas added thereto as a post-crosslinking agent, and mixed. This mixture
was heated with an oil bath at 180°C, and subjected to a post-crosslinking
10 reaction for 2 hours while distilling away water and n-heptane from the
mixture obtained and drying, to give a water-absorbent resin. The drying
loss (water content) was 3.2% by mass. The physical properties of the
water-absorbent resin were measured by the methods described above, and

the results were shown in Table 1.

15 [0099] Comparative Example 4

A 2-L cylindrical round bottomed separable flask having an internal
diameter of 110 mm, equipped with a reflux condenser, a dropping funnel,
a nitrogen gas inlet tube, a stirrer, and a stirring blade was charged with
50 g of the water-absorbent resin precursor (A1) obtained in Production
20 Example 1 (Theoretical amount of the water-soluble ethylenically

unsaturated monomer used to obtain the precursor: 0.52 mol) and 80 g of
n-heptane.

[0100] The internal temperature was raised to 80°C. Thereafter, 5.0 gof a
10% by mass aqueous solution of ethylene carbonate (5.7 mmol) was

25 added thereto as a post-crosslinking agent, and mixed. This mixture was



35 ‘a nitrogen gas inlet tube, a stirrer, and a stirring bl ade was charged
with 50 g of the water-absorbent resin precursor (Al) obtained in
Production Exanple 1 (Theoretical anmount of the water-sol uble
ethylenically unsaturated nononer used6to obtain the precursor: 0.52 nol)
and 80 g of 5 n-heptane. [0098] The internal tenperature was raised to
80C. Thereafter, 5.0 g of a 10% by mass aqueous sol uti on of
3- et hyl - 3- oxet anenet hanol (4.9 mmlgm was added thereto as a
post - crossl i nkihegtedgeith an axlcbath at 480 (i andrubjastad tompostectosslinking: an oi |
bath at 180C, and subjected to a post-crosslinking 10 reaction for 2 hours
whil e distilli mepctiomytondthaurawlile-digiliagawfayoratehend niheptane omatheed and
drying, to give a water-absorbent resin. The drying |oss (water content)
was 3. 2% by nassixtufbebpdined and dpyinggtot giee aofatehebsosbemtrresins dlteadryingesi n
wer e neasured by the nmethods descri bed above, and the results were shown
in Table 1. 15I1¢B3qS@ker@umpeanrtpiviasd. Fbdypasst ’Bhé?phymyallprdpemas of thend
bottoned separable flask having an internal dianmeter of 110 mm equi pped
wi th5a refl ux ewateleatsserber resinwérognéasored by the methodgdesgited abost andbe, a
stirrer, and a stirring blade was charged with 50 g of the water-absorbent
resi n precur sotthd fsnultobica¢ skesiwh in Pabldutt i on 20 Exanple 1 (Theoreti cal
anount of the water-soluble ethylenically unsaturated nonomer used to
obtain th [ecurso nol) and 80 g of n-heptane. [0100] The internal
t enper at uremg rai @@?‘? if80C. Thereafter, 5.0 g of a 10% by nmass aqueous
sol ution of ethy (57 ol was
Temperature Time Water- Water- Water-

Retention Absorption  Soluble

Capacity of Capacity of Substance

Physiolog-  Physiolog-

ical Saline  ical Saline

under Load
of 2.07 kPa
[°C] [hr] [&/8] [mL/g] [% by
mass]
Ex. 1 125 4 39 30 10
Ex. 2 125 4 43 33 13
Ex. 3 140 1 40 31 8
Ex. 4 140 1 43 32 14
Comp. - - 66 6 27
Ex. 1
Comp. 180 2 44 22 22
Ex. 2
Comp. 180 2 42 24 24
Ex.3
Comp. 180 2 44 26 16
Ex. 4

[0102] It can be seen from the results shown in Table 1 that the crosslinking



25 added thereto as a post-crosslinking agent, and m xed. This m xture was
36 heated with an oil bath at 180C, and subjected to a post-crosslinking
reaction for 2 hours while distilling away water and n-heptane fromthe

m xture obtained and drying, to give a3ater-absorbent resin. The drying

| oss (water content) was 1.1% by mass. The physical properties of the 5

wat er - absorbent resin were neasured by the nethods descri bed above and the
results were shown in Table 1. [10101] [ Tabl e 1] Tenperature Tinme Water-
Water- Water- FeactioniipgaphExampleopregsessss at 1aaer lowers awh phat iths witer-

Subst ance Physj ol og- Physiolog ical Saline_ ical Saline under Load of
2.07 kPa [C] [ BbsorpgnigesimalfpinedsingachEzamplets exceentan3arpgs popertie® 125 4
43 33 13 Ex. 3 140 1 40 31 8 Ex.4 140 1 43 32 14 Conp. - - 66 6 27 Ex.
1 Conp. 180 2 suclpas water-retention capacity and water-absorption capacity under load,

and a low water-soluble substance.

5
INDUSTRIAL APPLICABILITY
[0103] The water-absorbent resin obtained by the method of the present
invention is excellent in various properties such as water-retention
capacity and water-absorption capacity under load, and also gives
10 consideration to safety such as having a reduced water-soluble substance.

Therefore, the water-absorbent resin of the present invention can be
preferably used, for example, in hygienic materials such as disposable
diaper, incontinence pad and sanitary napkin, in particular, in disposable

diaper.



Ex." 2 Conp. 180 2 42 24 24 Ex. 3 Conp. 180 2 44 26 16 Ex. 4 [0102] It can
be seen fromthe results shown in Table 1 that the crosslinking 37

reaction in each Exanpl e progresses at 160C or |ower, and that the water-
absorbent resin obtained in each Exanpl3 is excellent in various properties
such as water-retention capacity and water-absorption capacity under | oad,
and a | ow wat er-sol ubl e substance. 5 | NDUSTRI AL APPLI CABI LI TY [0103] The
wat er - absor bent resin obtained by the nmethod of the present invention is
excel lent in various properties suchChAlMS$Ser-retention capacity and

wat er - absor pti on capacity under | oad, and al so gives 10 consideration to
safety such as having a reduced water-sol ubl e substance. Therefore, the
wat er - absorbent resin of the present invention can be preferably used, for
exanpl e, if]hygi eni A methed fok preducings witepatsabbent resiapeharadtedzed byence pad
and sanitary napkin, in particular, in disposable diaper. 38 CLAIM5S [1] A
met hod for proaddingamoxethne cainpouind répressted by tiay fudlosving @enéml fameilag an
oxet ane conpound represented by the followi ng general formula

5 (1):

Ry R, X

\O/

o)

wherein R; is an alkyl group having 1 to 6 carbon atoms; R; is an
alkanediyl group having 1 to 6 carbon atoms; and X is an atomic group
containing at least one group selected from the group consisting of

10 carbonyl group, phosphoryl group, and sulfonyl group,
to a water-absorbent resin precursor obtainable by polymerizing water-
soluble ethylenically unsaturated monomers, and subjecting the

components to a post-crosslinking reaction while heating.

[2] The method for producing a water-absorbent resin according to
15 claim 1, wherein X is an atomic group containing sulfonyl group.
[3] The method for producing a water-absorbent resin according to

claim 1 or 2, wherein the amount of the oxetane compound is from 0.001
to 5% by mol, based on a total amount of the water-soluble ethylenically
unsaturated monomers used for obtaining the water-absorbent resin
20 precursor.
[4] A water-absorbent resin obtainable by the method as defined in any
one of claims 1 to 3, characterized in that the water-absorbent resin has a

water-retention capacity of physiological saline of 30 g/g or more, a water-



5(1): R RZ\ 0/X 6 O wherein R is an alkyl group having 1 to 6 carbon
atons; R2 is an al kanediyl group having 1 to 6 carbon atons; and X is an
atom c group containing at |east one group selected fromthe group

consi sting of 10 carbonyl group, phosph3$%yl group, and sul fonyl group, to a
wat er - absor bent resin precursor obtainable by polynerizing water- sol uble
et hyl enically unsaturated nononers, and subjecting the conponents to a
post-crosslinking reaction while heating. [2] The nmethod for producing a
wat er - absor bentabsexitionasapacitly nfj physiologicdl sakime ynddrdoad of X.07kRBmoht oni ¢
group contai ning sul fonyl group. [3] The nethod for producing a

wat er - absor bent2& mii/g onomye gimba waterescdulvte kubstaice oh20%i by tiass entessit of t he
oxet ane conpound is from0.001 to 5%by nol, based on a total anmount of
the water-soluble ethylenically unsaturated nonomers used for obtaining

t he water-absorbent resin 20 precursor. [4] A water-absorbent resin

obt ai nabl e by the nethod as defined in any one of clains 1 to 3,
characterized in that the water-absorbent resin has a water-retention
capacity of physiological saline of 30 g/g or nore, a water 39 absorption
capacity of physiol ogical saline under |oad of 2.07 kPa of 28 nL/g or nore,
and a wat er-sol ubl e substance of 20% by mass or |ess.





