1" DESCRI PTI ON METHOD FOR PRODUCTI ON OF WATER- ABSORBABLE RESIN, AND

WATER- ABSORBABLE RESI N PRODUCED BY THE METHOD 5 TECHNI CAL FI ELD [ 0001] The
present invention relates to a nethod for producing a water- absorbent resin
and a wat er-absorbent resin obtained by the nethod. Mre specifically, the
present invention relates to a nethod for producing a 10 water-absorbent
resin which can be preferably used in hyglenlc materials such as disposable
di aper, incontinence pad and sanita nd a water-absorbent resin
obt ai ned by the nethod. BACKGROUND AR JAL)\onventlonally, a

wat er - absorbent resin has been widely used in 15 hygienic materials such as
di sposabl e di aper and sanitary napkln and industrial materials such as
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neutralized products of po Iyacryl i c aci d and the like. [0003] Am)ng t hem
it hasdbeen desired that the water-absorbent resin used in hygi eni c
materials is excellent in pré:) rties such as water-retention capacity
(absorption capaMa—l&E&r ption capaci ty under | oad,
vvater-absorptlon rate, and particle size distribut the past, in order
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absorbent resin and a water-absorbent resin obtained by the method. More

specifically, the present invention relates to a method for producing a

10 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.

BACKGROUND ART

[0002] Conventionally, a water-absorbent resin has been widely used in
15 hygienic materials such as disposable diaper and sanitary napkin, and
industrial materials such as water blocking materials for cables. As the
water-absorbent resin, there has been known, for example, hydrolysates of
starch-acrylonitrile graftpolymers, neutralized products of starch-acrylate
graftpolymers, saponified products of vinyl acetate-acrylic ester
20 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 properties such as water-retention
capacity (absorption capacity), water-absorption capacity under load,
water-absorption rate, and particle size distribution. In the past, in order to

25 improve particularly the water-retention capacity and the water-absorption



capaci'ty under |oad of the above-nentioned properties, there is proposed a
nmet hod of increasing a crosslinking density on a surface vicinity of the
wat er - absor bent resin (post-crosslinking _nmethod). [0004] Also, the

wat er - absorbent resin used in disposablezdiaper, sanitary 5 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 instance,

in the case where there is £ Iargl;%algoount o{. t he water-sgluble substance,
the wat er - sol ubl €@P2ghs iafekload of it apvermep IPP%fﬁPH’PSB%% ﬁl‘ir‘c‘)r‘ﬁ PRRRGSET Ry
liquid is adhered fo t skin, thereby. cauging a possible irrjtatjion. 10
[0005] 1 reply Pemodiel aiane s GoStihkinhduor Ryt dhitde.
menti oned properties (in particujar, the.water-retention capacity and the
wat er - absor pt i on""&‘&ﬁ'ﬁ%ﬁ?f}?e{){ﬁém 4p8§ti?r%ﬁill\?,@n§i‘%tﬁﬁ§)consi deration to safety,
for exanpl e, e has been suggested a net hod, of jncreasing a crosslinking
density on 0bliF} oo Rise the i asoeb ot revin A6 M isposable HIAbes SaBERRGI ng t o
a met hod including the step.of.mxing wih an oxetane c ound and a
wat er -3ol ubl e admlql%n@ sl isdeupes o bays Bagcad a/ﬁaer#,?@e SH&%%F
i ncludi ng the st epgf of m x"lung 1\(,11“9%92 a ket IsFiEO ound or, an acetal, clgrrpound
and heat -t reat i nifid DNFIGEHER! insdéetpaberidessipape e metipned proptigyglor
i ncludi ng the steps of .m ﬁi ng w hh a, speci fied oxazol i nﬁ 20 conpound and
treating the nixnSiace.dBdnpsa%nyheigdheica adareg)ameyntigid ¢ Water-salghlever, even
wi th these technol ogi es, .the above-penti oned, properties. have not, yet been
satisfactory encﬁ]’(ﬁ’ﬁ.aWWG]Wﬁ%ﬁ@PB@“%ﬁWBF%19{'Fd§PQS‘eQ§FPrdEB§1$éBSQTHBOH’
devel opnment of a water- absorbent resin which is excellent in_the properties
such as the wat e#d signy diqupd 1soadhergshior the skiy therebyspesing gpaspbionTigaingci t v
under load, while 3 ) )
[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,

for example, there has been suggested a method of increasing a

crosslinking density on a surface vicinity of the water-absorbent resin,

15 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

compound and heat-treating the mixture (see Patent Publication 3), a

method including the steps of mixing with a specified oxazoline

20 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.
[0006] Therefore, there has been desired the development of a water-

absorbent resin which is excellent in the properties such as the water-

25 retention capacity and the water-absorption capacity under load, while



gi ving consideration to safety, such as having a reduced water-sol ubl e
subst ance. Patent Publication 1: Japanese Patent Lai d-Open No. 2002-194239
Pat ent Publication 2: Japanese Patent Laid-COpen No. 2003-313446 5 Patent
Publ i cation 3: Japanese Patent Lai d- q)en3No. Hei 08-027278 Pat ent

Publ i cation 4: Japanese Patent Laid-Open No. 2000-197818 DI SCLOSURE OF

| NVENTI ON PROBLEMS TO BE SOLVED BY THE | NVENTI ON [ 0007] An obj ect of the

present invention is to provide a nethod,for. 10 produci,ng .a water-absorbent
Pesin whi ch can Bungconsidsiation todeTety, Syehasdare ekl vatrpaibleg
excellent in pro;l)lgrti es such as the water- retention capacity and the

wat er - absor pt i ortU@ARESty under 1o0ad, while giving consideration to safety,
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speci fied crossl a crosslinking density on a
surface vicinit esin precursor. 25 MEANS TO SOLVE

THE PROBLENS 4 [ 00091 Se {iical Ly il pUesel (RSULLGR T ates to

[0007] An object of the present invention is to provide a method for

10 producing a water-absorbent resin which can be preferably used in
hygienic materials, which is excellent in properties such as the water-
retention capacity and the water-absorption capacity under load, while
giving consideration to safety, such as having a reduced water-soluble
substance; and a water-absorbent resin obtained by the method.

15 [0008] The present inventors have found that a water-absorbent resin which
can be preferably used in hygienic materials, which is excellent in
properties such as the water-retention capacity and the water-absorption
capacity under load, while giving consideration to safety, such as having a
reduced water-soluble substance is obtained by evenly crosslinking a

20 surface vicinity of the water-absorbent resin precursor in a high
crosslinking density, using a specified crosslinking agent to increase a
crosslinking density on a surface vicinity of the water-absorbent resin

precursor.

25 MEANS TO SOLVE THE PROBLEMS




[1] a method for producing a water-absorbent resin, characterized by adding
a bi soxet ane conpound represented by the follow ng general formula (1): 5
[0010] [Ka 1] RR O0O-(C2H40 ~ CZHa O (1) O O [0011] wherein R is an alkyl
group having 1 to 6 carbon atons; and n #s an 10 integer of fromO to 6, to
a wat er-absorbent resin precursor obtainable by polynerizing water- sol uble
et hyl enically unsaturated nononers, and subj ecti ng the conponents to a
post-crosslinking reaction while heat i ng; and 21 a wat er-absorbent resin
obt ai nabl e 690Q%e ab&écmﬂﬁdth[éﬂfese%IWfIQQtf@ta ¢d@8:in that the

wat er - absorbent resin has a retention capacity of physiological saline of
30 g/ g or nore, [Ad aBgvethoddar prysticinga waterpbsarhsnb grsem chasaGterazaddder a | oad
of 2.07 kPa of 15 ml/g or nore, and a  water-sol uble substance of 20% by
mass or |ess. 2m@r&@50@eta‘nﬁgmﬂa@|renrqsemé]byxibééeliowwgg»enerliél pr esent
invention, there is provided a nethod for producing a water-absorbent resin
whi ch can be pr efosing @)used in hygienic materials, which is excellent in
properties such as the water- retention capacity and the water- absorption
capacity un{@@1QJoad, [Kaille 25 giving consideration to safety, such as having
a reduced wat er -sol ubI e 5 substance; and a water-absorbent reS| n obt ai ned

by the nethod.
—(GH4O h—CoHs— "

[0011] wherein R is an alkyl group having 1 to 6 carbon atoms; and n is an
10 integer of from 0 to 6,
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
[2] a water-absorbent resin obtainable by the above method [1],
15 characterized in that the water-absorbent resin has a retention capacity of
physiological saline of 30 g/g or more, an absorption capacity of
physiological saline under a load of 2.07 kPa of 15 ml/g or more, and a

water-soluble substance of 20% by mass or less.

20 EFFECTS OF THE INVENTION

[0012] According to the present invention, there is provided a method for
producing a water-absorbent resin which can be preferably used in
hygienic materials, which is excellent in properties such as the water-
retention capacity and the water-absorption capacity under load, while

25 giving consideration to safety, such as having a reduced water-soluble



BRI EF DESCRI PTI ON OF THE DRAW NGS [0013] [Figure 1] Figure 1 is a schematic
view of an apparatus for 5 determ ning absorption capacity of physiol ogi cal
saline under |oad of the water-absorbent resin. EXPLANATI ON OF NUMERI CAL
SYMBOLS [0014] X determination apparatu$ 10 1 buret section 10 buret 11
air introduction tube 12 cock 13 cock 15 14 rubber plug 2 |ead tube 3
measuring board 4 neasuring section 40 cylinder 20 41 nylon nmesh 42

wei ght 5 wat er-absorbent resin BEST MODE FOR CARRYI NG OUT THE | NVENTI ON
[0015] In the pradsiRnce s Water-abspEtenb st opwisadly theqgethodat er - sol ubl e
25 ethylenically unsaturated nonomer to obtain a water-absorbent resin 6
precursor is not particularly limted, and includes an aqueous sol ution

pol ymeri zati on meth

od, a reversed-phase suspension pol ynerization nethod,
and’the | i ke, whEBIEE DESERIERON cOF THE IRAJMENGSat | on et hods.

[0013] [Figure 1] Figure 1 is a schematic view of an apparatus for

5 determining absorption capacity of physiological saline under load of the

water-absorbent resin.

EXPLANATION OF NUMERICAL SYMBOLS

[0014] X  determination apparatus
10 1 buret section
10 buret
11 air introduction tube
12 cock
13 cock
15 14 rubber plug
2 lead tube
3 measuring board
4  measuring section
40 cylinder
20 41 nylon mesh
42 weight
5 water-absorbent resin

BEST MODE FOR CARRYING OUT THE INVENTION

[0015] In the present invention, a method of polymerizing a water-soluble

25 ethylenically unsaturated monomer to obtain a water-absorbent resin



[0016] I n the present specification, as one exanple of the enbodinents, the
5 reversed- phase suspensi on pol ynerization nethod is explained in nore
detail. In the above-nentioned nmethod, a reversed-phase suspension

pol ymeri zation of a water-soluble ethylefically unsaturated mononer in a
water-in-oil systemis carried out, for exanple, using a radical

pol yneri zation initiator, in a petrol eum hydrocarbon nmedi um containing a 10
surfactant and/or a olgneric diﬁgﬁrijan geat, wi,ith the addition of a
crossl i nki ng agaeCuRar & nataarie A fismited and imcufes an RgHHS sahion

I ncidental ly, in the above-nenéigned revgrigd-ghase.sus nsian .

pol ymeri zati on rRRIKBEIIZaten Mathed, Ay pIseAPhass sUSPSRIION ROLYMEHZARN  opt ai ned
by additionally adding the ter-so|l uble ethylenically 15 uynsaturate
mononer to the WBE ﬁamfgﬁ €, Velic aﬁ?ﬁ@dﬁﬁ@ﬁe@ml&m@b’%?lz%t% methods.
rever sed- phase suspensi on pol ynerization and carrying out a_  polynerization
in multi-st i@@léf t wan dhe prsseitsipepa1cation as onerexampleof dhe ambedungiiscthecal | y
unsat ur at ed nononer includes, for, exanple, (nethza%g%lic acuf.

2- (meth) acr yl ani GECsedPhATE pespsaHO8 RO pREEZatn methpdisexplaingd B0 salts

t hereof ; nonioni ¢ unsatuyrated nononers such as (meth)acryl am de,

N, N- di met hyl ( net%t@zé-r {n the ehovesmgplaensd methpd, a peyarsed-phass wispargon

N- net hyl ol (net h) acryl am de; am no group-containing unsaturated nononers
such as di et hyl apRlyBetiggton ﬁéﬁmﬁéx—wlagte hplentrally fipsatirais g mbpRemer n a
(meth)acrylate, and quaternary conpounds thereof; 25 and the |like. These may
be used al one orWRIETERPHl §¥ataTBAS eAITiEd® UbrfoRBXample, Rpingsa radigal
"(meth)acryl-" herein neans "acryl-" and "methacryl-." [0018] Anong the
above- ment i oned RRlyBYEriZalion rtiatoiyinshpetsoleym hirsaearban aaedisAbeaining a

(et h} acrylic acid and al kali netal salts thereof, .
0 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
obtained by additionally adding the water-soluble ethylenically

15 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

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

20 acid and alkali metal salts thereof; nonionic unsaturated monomers such as
(meth)acrylamide, N,N-dimethyl(meth)acrylamide, 2-hydroxyethyl
(meth)acrylate, and N-methylol(meth)acrylamide; amino group-containing
unsaturated monomers such as diethylaminoethyl (meth)acrylate and
diethylaminopropyl (meth)acrylate, and quaternary compounds thereof;

25 and the like. These may be used alone or in combination of two or more



(‘met h)acryl am de, N, N-di methyl (neth)acrylam de and the like are 5 preferably
used, fromthe viewpoint of being industrially easily avail able. Further,
(meth)acrylic acid and alkali nmetal salts thereof are nore preferably used,
fromthe viewoint of high water-absorpt7on properties of the resulting

wat er - absorbent resin. [0019] The water-sol uble ethylenically unsaturated
nononmer can be 10 usually used in the formof an aqueous solution. It is

preferably used that the concentragion of the water-soluble ethy|enically
unsat ur at ed rmnckh’t‘fss HFWt(CT@e‘géﬁféﬁhg hersin megRs opcry [e‘WQt @Petgwa ile

et hyl eni cal | nsaturated nononers is from 15% by mass to a saturated
concentrat i B%lgl 0020Amaeng He %M@ﬂﬁ@ltmedtwfﬁﬁr'é‘?lug}?eetaéil(eéi@i]dl ubl e

et hyl enically 15 unsaturated nonomrer, when the water-soluble ethylenically
unsaturated ~noN@seuraled Mo aneth)asEylic apid apd allall metal saitothsTenty be
neutralized wth an alkaline neutralizer which conprises an al kali netal
salt. It is prémsibpriylamide, Nibrdimethplégetaeyl ragydi thedikeroy t he
above-nentioned alkaline neutralizer is from10 to 100% by nol of the acid
groupSof the 20 preficeably ased feomtthy viavpaint 9f beisadndusteal hersolyeavalablsr e t he

neutralization, fromthe viewpoint of increasing osnotic pressure and not
causi ng any di Sadathent(@psb)acryliaicid pnd alkalemetat saliytherepftaie mresence of an
excess al kaline neutralizer. The alkali metal salt includes |ithium
sodi um pot assi pigfeaatdy used fromdhe mimyrpinhehhighowtermbsadphon asepenticsek
preferably used, and 25 sodiumis nore preferably used. 8 [0021] The
radi cal pol yner ithardsoHingwatestabsotbent 1eses, for exanpl e, persul fates such as
pot assi um persul fate, amoni um persul fate, and sodium persul fate; peroxides
such as met[0P9¢t hyl Thetater-gdnblei edkeylenisaHy lunsaturated monomer can be
10 usually used in the form of an aqueous solution. It is preferably used 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.
[0020] In the aqueous solution of the water-soluble ethylenically
15 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 comprises an alkali metal salt. It is
preferably used that the degree of neutralization by the above-mentioned
alkaline neutralizer is from 10 to 100% by mol of the acid group of the
20 water-soluble ethylenically unsaturated monomer before the neutralization,
from the viewpoint of increasing osmotic pressure and not causing any
disadvantages in safety or the like due to the presence of an excess alkaline
neutralizer. The alkali metal salt includes lithium, sodium, potassium, and

the like. Among them, sodium and potassium are preferably used, and

25 sodium is more preferably used.



i'sobutyl ketone peroxide, di-tert-butyl peroxide, tert-butyl cunyl peroxide,
5 tert-butyl peroxyacetate, tert-butyl peroxyisobutyrate, tert-butyl

per oxypi val ate, and hydrogen peroxi de; azo conpounds such as 2,2'-

azobi s(2-am di nopr opane) di hydr ochl ori de,8 2, 2' -azobi s[ 2- (N

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

al | yl am di no) propane] di hydrochl ori de, 2,2'-azobis{2-[1-(2-hydroxyethyl) 10
2-imdazolin-2- I ] pr opane di hydr ochl ori de 2,2 -azobis{2-nmethyl -N-[1, 1-

bi s( hydr oxy[ﬂezla 1) - Z2Thgy hymepzasisnondiatarinchules; foreapmple- net hyl -

N ( 2- hydr oxyet hyl ) - Fr opi onam de and 4, 4' -azobi s(4-cyanovaleric acid); and
the |ike. TheseDewulfates spelh 9$rpata§aunbper|snlfaﬁeaamnmnmm peaswiade, aidone or  in
conbi nati on of two or nore kinds. Anong them potassium persulfate, 15
ammoni um per sul sedigm peraulfiate pperosidestsach apanczhyt ethyloksiteneperoxide, methyl

an di nopr opane) di hydrochl oride are preferably used, fromthe viewpoint of
bei ng i ndust ri alisoputsdictoneapeapkislo) di- @mtﬂb@tybptnoetme,|t¢rt@mbylagm13dtmmmdcy

[ 0022] The radical polynerization initiator is usually used in each reaction
step Pn an anoukart-biityhpefaxyabetatd, tennbot ) gBrexyischutyratmitertfadyd on the 20
anount of the water-soluble ethylenically unsaturated nononer used in each
reaction step, pewxyphalatecansohydrogén phm‘xu@;laﬂg CDnEpOtulnde sper 808,20f t he

pol yneri zation reaction and preventing a rapid polynerization reaction.

[ 0023] The abovezmhas(ﬂa-maﬂnmm@paa¢)dm¢m10mdc,l£a -apohis[@+-@X- can be used as
a redox polynerization initiator together wwth a reduci ng agent such as 25
sodi um sul fi t e, phemylamidindjmgpmeddibydrachlérde, &2’ -sadbis[e(N-and L-ascorbic 9
acid. [0024] The petrol eum hydrocarbon nmedi um i ncl udes, for exanple

al i phatic hydr eliplbtidnogpopans]dihydreeieride; hébaawtw{h—[b{ﬂa‘mdmwwhy])gr oi n;
o C>{8| ° 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
in combination of two or more kinds. Among them, potassium persulfate,
15 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] The radical polymerization initiator is usually used in each reaction
step in an amount of preferably from 0.005 to 1% by mol, based on the
20 amount of the water-soluble ethylenically unsaturated monomer used in
each reaction step, from the viewpoint of shortening the time period of the
polymerization reaction and preventing a rapid polymerization reaction.
[0023] The above-mentioned radical polymerization initiator can be used as

a redox polymerization initiator together with a reducing agent such as

25 sodium sulfite, sodium hydrogen sulfite, ferrous sulfite, and L-ascorbic



hydr ocar bons such as cycl opent ane, nethyl cycl opentane, cycl ohexane, 5 and
nmet hyl cycl ohexane; aromatic hydrocarbons such as benzene, toluene, and

xyl ene; and the like. Anong them n-hexane, n-heptane, and cycl ohexane are
preferably used, fromthe viewpoint of being industrially easily avail able,
stable in quality, and inexpensive. These petrol eum hydrocarbon nedi unms may
be used al one or may be used in conbination 10 of two or nore kinds. [0025]
The petrol eum hydrocarbon nediumis usually contained in an anount of
preferably fromgbfd.to 600 parts by mass, and nore preferably from 80 to 550
parts by mass, based on the total anmount of 100 parts by nass of the

wat er - sol UbﬂOﬂZQ} hyl eThé pttryl Uit Ry dtoai®dn TREHIRY includesclor kﬁaﬂh@?&hh?ﬂat&i ep,
fromthe viewpoint of removing heat of polynerization and making the

pol yneri zation h?HR%h?dstESu@B%‘s %ﬂhé)&néoxﬂihéﬁﬂane[rﬂ%ﬁihe'mﬂi RgrdiRcilasiiclic
i ncl udes, for exanple, polyglycerol fatty acid esters, SUGrose fatty acid

esters, sorbi taﬂgfﬂﬁichbb&ﬁ's%cﬁ%b%&él P@@ﬂaww%@ydy%nﬂaenwebb%@iehéﬁéﬂe aci d

esters, pol yoxyethyl ene glycerol ty acid eSters, 20 sorbitol fatty acid

esters, polyoxygh@yd&Relc Zerol%&éﬁe a%ﬁﬁftl@ﬁgﬂiro%&t%h?, suclP@$ heneakdigdfe, al kyl
et hers, pol yoxyet hyl ene al kyl phenyl et her pol yoxyet hyl ene castor 0il

pol yoxyet hyl eneaﬁa%g%%ngﬁ@ﬁlé:%é ﬁ"fﬂdﬁthﬁﬁﬁ Kyﬂéﬂawlﬁ[‘ﬂ%ﬁﬁhg (Ee condensed

pol yoxyet hyl ene et yoxyet yoxypropyl e copolyner

pol yoxyet hy!| ene §aop %(f%%&ﬁ ﬁqepé&anﬁy%d %}&ﬁgﬁevﬁ%sﬁéﬁﬁthé@ﬁé?ﬁ%%di& jalf Pt ty

acid esters, ene af kyl'dm ne oric esfers o

2o o el G ORI e SR 7
fatty acid est e@l?d?&%ff‘d’bcﬁl%ﬁﬁxms may be used alone or may be used in combmatlon

10 of two or more kinds.

[0025] The petroleum hydrocarbon medium is usually 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 the total amount of 100 parts by
mass of the water-soluble ethylenically unsaturated monomer in each

15 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,

20 sorbitol fatty acid esters, polyoxyethylene sorbitol fatty acid esters,
polyoxyethylene alkyl ethers, polyoxyethylene alkylphenyl ethers,
polyoxyethylene castor oil, polyoxyethylene hydrogenated castor oil,
alkylallylformaldehyde condensed polyoxyethylene ethers,
polyoxyethylene polyoxypropylene block copolymer, polyoxyethylene

25 polyoxypropyl alkyl ethers, polyethylene glycol fatty acid esters,



fatty ‘acid esters are preferably used. These surfactants may be used al one 5
or in conbination of two or nore kinds. [0027] The pol yneric di spersion

agent incl

udes,

for exanple, maleic anhydride-nodified polyethyl ene,

anhydri de-nodi fi ed pol ypropyl ene, nal eiyg anhydri de-nodified
et hyl ene- propyl ene copol yner, maleic anhydri de-nodified EPDM
(et hyl ene- propyl ene-di ene terpolyner), 10 mal ei ¢ anhydri de-nodified

pol ybut adi
et hyl ene-p
copol yrer,

ene,

ropyl
oxi d

et hyl ene-mal ei ¢ anhydri de copol yner,

mal ei c

?ggyad%ﬁ{ﬂe@mkﬁrahﬁﬁeﬁﬁh%m{o edetisatipRsox Yo ke ARGy dr i de

I'yet hyl ene, eth

Oyt e oY YT ROhofEL LA ol KL chfifché lfkylalATRINEr Mo

mal ei ¢ anhydrid

pol yet hyl e

ne an

gieéﬂt?,géﬁﬂéﬁﬁe]l} gz%:t% +c§3 esftO %?g%?cerﬁpﬁ‘i’ﬂ VA% est?fésirégﬁzﬁférose

ic acid yner are pre y used,

the viewpoint off, gl §88.re§{e8§1al%t férhlr)lé/ Red! %e@gglﬁ%@alﬁ?%w bORs&f albie

mononmer. These polyneric

conbi gation of (i B5mBRLfioh! did%o &%n

I Spersi on agents may be use one or 1In

ene-acrylic aci copol yner, “et hyl

| eic
yl ene,

from

%ﬁhsﬁach of the surfactant and/or

t he pol yneric dispersion agent is useé I'n an anount of preferably fromO.1

to 5 parts
on the ano
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25

ican %/8%1'(18—%5 1?'1%5I]ﬂﬂ)ﬁ?&t}?ﬁeggi);(l)peyqene-diene terpolymer),

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-
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.

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

in an amount of preferably from 0.1 to 5 parts by mass, and more
preferably from 0.2 to 3 parts by mass, based on the amount of 100 parts
by mass of the aqueous solution of the water-soluble ethylenically
unsaturated monomer used in each reaction step, in order to keep an

excellent dispersion state of the aqueous solution of the monomer in the



by addi ng, as an internal crosslinking agent, a conpound having a plurality
5 of polynerizable unsaturated groups, and the |like, to the water-soluble

et hyl eni cal ly unsaturated nononmer. The internal crosslinking agent

menti oned above includes, for exanple, umsaturated (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 10
where the prefix is not included. In other words, "(poly)" neans a polyner

conpound and a fefiel¥am kydieesibdn tediaid)aht es obaﬁlearcﬁsbetrgoh Reabils@me] ,
(poly) propyl ene glycol, 1,4-butanediol, trimethylol propane, polyoxyethylene

gl ycol, pol yoxygemlg@qoghygﬁﬂounpﬁsgdpol y)glycerol with an unsaturated acid
such as (nmeth)acrylic acid, maleic acid or fumaric 15 acid; bisacrylam des

such as N, Noo29] hy! emerhe?w;e et afveﬂﬁondﬂhe pfé'lyméﬂitz(tf&ltﬂéhé‘t%ﬂ/bﬁi Be @ﬁltrﬂ:rds

obt ai ned by reactl ng a pol yepoxide with th)acrylic acid; carbanyl esters

of di (meth) acryg)g%daﬁigd aQEh%t’éﬁ?alQXosshﬁEﬁl@ %‘énﬁ aRnfp cﬁﬁﬁi\/l?dﬁﬁ 33%‘1‘2

tol yl ene diisocyanate or hexamet hyl ene cyanate w th hy

(met hxacryl at e; OPFBIE?n?ér%b?é ﬁ‘ﬁ&algllar\a}l?én ygﬂoaggdanaqheﬁké Udo%e 1wﬂbla§<%lgble°ht hal at e,

N,N,N-triallyl cyanur at e Zene and’ 030] In

addi tion, as theygifigtali PhALAR T ABRbKI e HE aicr&sﬁ@g@gte&% (having a

reactive functi group capa reacting wth a car group can be

used. The conpoyng gy Ao ¢ e ésvﬁ)r e%‘ﬁﬁfdlé”l%aﬁ%ﬂg& éé&gﬁis?fl?'o%tﬁﬁeé eacting

wi th a carboxyl "group I ncludes, exa

(methacryl at es baqg&élwyégé?%agwkolg @grg}ﬂcﬁtaﬁ (gafy)e{wn%xgﬁ%&y'

(meth)acryl at e; net h)acr es suc

N-hydroxymet hyl T’f‘ﬁé @r&c‘rﬁ%w %ea%@%ag\é—swgérg){ﬂg bp:\f A f?&l?) ?scirl%hﬁf@ddﬁd

10 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

15 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

20 cellulose, diallyl phthalate, N,N’,N-triallyl isocyanurate, divinylbenzene,
and the like.

[0030] In addition, as the other internal crosslinking agents, a compound

having a reactive functional group capable of reacting with a carboxyl
group can be used. The compound having a reactive functional group

25 capable of reacting with a carboxyl group includes, for example,



and the like. 5 [0031] These internal crosslinking agents may be used in
conbi nation of two or nore kinds. [0032] The internal crosslinking agent is
used in an amount of preferably 1%by nol or less, and nore preferably 0.5%
by nmol or |ess, based on the anount of jphe water-soluble ethylenically

unsat urated nmononer used in 10 each reaction step, fromthe vi ewdoint of
appropriately crosslinking the resulting water-absorbent resin, thereby
suppressing the water solubility of the water-absorbent resin and

sufficiently enhyamxtyglmgﬁreﬂe)bsqﬂms such aalpatrok ymethyl (wettosedyldtogndesi n.
[0033] In addition, in order to control water-absorption properties of the

15 wat er - absor bapdroxgsthyl (medt)aciyldte pNsh riroagdRY](fRYh)aerydsdrids sich hre above-

menti oned chain transfer agent, hypophosphites, phosphites, thiols,
secondary al cohd-Ryd@Xyhpfsh (rﬂketlf)@cﬂyldfﬁide@@db@l@ﬂ%@&f?lﬁﬂetﬂ)&ﬁ%}niﬁhg
reaction tenperature upon the polynerization reaction differs dependi ng
upon the radi cahn@@heynig.i zation initiator used. The reaction 20 tenperature
is preferably from20 to 110C and nore preferably from40 to 90C, fromthe

vi ewpgi nt qpoB3epi d PTRGEARIRA bR IRRINGBInteiagbealRdd it BBhibeMtHG dthe
pol ynmeri zation time, thereby increasing productivity and easily renoving

heat of pol ynmer wwabk dhbretk@ngdroot hly carry out the reaction. The reaction
time is usually from0.1 to 4 hours. 25 [0035] Water and the petrol eum

hyd b 1 : f ; '
ydrocar oqoggﬁlr um npye ﬁﬁefn%rel\b%gmﬁé?ggg&w i Rgedikad afofht 6F gltegfragw

pol ymeri zat'i eaction, for exanple heating the m xtur

t enper at ure of fl%ng%%] drle0fd d&@?y?%fg%l%%iﬂ%ﬁﬂo%ﬂé%s, B€d on the

rever sed- phase suspension polyneri za
amount of the water-soluble ethylenically unsaturated monomer used in

10 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

15 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

20 temperature is preferably from 20° to 110°C and more preferably from 40°
to 90°C, from the viewpoint of rapid progress of the polymerization and
shortening the polymerization time, thereby increasing productivity and
easily removing heat of polymerization, to smoothly carry out the reaction.
The reaction time is usually from 0.1 to 4 hours.

25 [0035] Water and the petroleum hydrocarbon medium may be removed



is carried out, to give a water-absorbent resin precursor. 5 [0037] The
present invention is characterized by adding a bi soxetane conpound as a
post-crosslinking agent represented by the following general forrmula (1):
[0038] [Ka 2] RR OC2H40~-_C2Ha O _~~6 38 (1) O O [0039] to the
above-nmenti oned wat er - absorbent resin precursor, and subjecting the
conponents to a post-crosslinking reaction while heating. [0040] In the
formula (1), Ris an alkyl group having 1 to 6 carbon atonms. 15 The al kyl

group having 1 b tikambairasfenthe polyeedzation reau@om) for ex@npld, by deatipg et hyl
group, n-propyl group, isopropyl group, n-butyl group, t-butyl group,

n-pentyl group, the hgxtike Qtranteﬁhope&aﬂné Be flonk80° {PPAFIC.I n the formula (1), nis
an integer of fromO to 6. [0042] Specific exanples of the bisoxetane

conpound r e@O8ERNt edABMetditbed?bolve! el Bvérkdd-phedeslRpendion polafiBtifation

1, 6- bi s(3- net hyl oxet ane-3-yl)-2,5- di oxahexane,

1, 6- bi s(3-et hyl exeirdie@odt b)give & veHtOX MO¥BER resin Prédugsot: N-
propyl oxet ane-3-yl ) -2, 5-di oxahexane, 1, 6-bi s(3-i sopropyl oxet ane-3-yl)-

2, 5- disoxah Bﬂ 1, 6Thé §£e§eﬂrila%ﬂﬂi@m@m@ac3eﬂia¢ 5@%@%@6@1% 1,9-
bi s(3- nmet hyl oxetane-3-yl)-2,5, 8-tri oxanonane, 1, 9-bi s(3-ethyl oxetane-3- 25

yl)-2,5,8-tri oxapRimigad ad agfoﬁi-éf&sﬁnﬁhg%Eﬁ%ﬁ%%&%m%ﬂ%ﬁth%féllgwlﬁ’g
tri oxanonane, 1, 9-Dbis(3-1sopropyl oxetane-3-yl)-2,5,8-trioxanonane, 1, 9-

bi s(3-n-butyl Oxgkﬁ&%l ?tir)ﬂ&lagl >, 8-tri oxanonane, 1, 12-bis(3-nethyl oxetane-
3-yl)-2,5, 8, 11- et r aoxadodecdne, 1, 12-bi s(3-ethyl oxetane-3-yl)-2,5,8, 11-

[0038]  [Ka2]

R R
Zg\o——( GH40 )~ 02H4—o/?§
10 (1)
) 0

[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.
15 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
group, n-pentyl group, n-hexyl group, and the like.
[0041] In the formula (1), n is an integer of from 0 to 6.
[0042] Specific examples of the bisoxetane compound represented by the
20 formula (1) includes, for example, 1,6-bis(3-methyloxetane-3-yl)-2,5-
dioxahexane, 1,6-bis(3-ethyloxetane-3-yl)-2,5-dioxahexane, 1,6-bis(3-n-
propyloxetane-3-yl)-2,5-dioxahexane, 1,6-bis(3-isopropyloxetane-3-yl)-
2,5-dioxahexane, 1,6-bis(3-n-butyloxetane-3-yl)-2,5-dioxahexane, 1,9-
bis(3-methyloxetane-3-yl)-2,5,8-trioxanonane, 1,9-bis(3-ethyloxetane-3-

25 y1)-2,5,8-trioxanonane, 1,9-bis(3-n-propyloxetane-3-yl)-2,5,8-



t et raoxadodecane, 1, 12-bi s(3-n-propyl oxetane-3-yl)-2,5,8,11 5

t et raoxadodecane, 1, 12-bi s(3-isopropyl oxetane-3-yl)-2,5,8,11-

t et raoxadodecane, 1, 12-bi s(3-n-butyl oxetane-3-yl)-2,5,8, 11-

t et raoxadodecane, 1, 15-bi s(3-net hyl oxet anae-3-yl)-2,5, 8,11, 14-

pent aoxapent adecane, 1, 15-bi s(3-ethyl oxetane-3-yl)-2,5,8, 11, 14-

pent aoxapent adecane, 1, 15-bi s(3-n-propyl oxetane-3-yl)-2,5,8,11,14 10

pent aoxapent adecane, 1, 15-bi s(3-isopropyl oxetane-3-yl)-2,5,8,11, 14-

pent aoxapent adeadoganchahb; bosisGaisbptopydosastaiee3 34 L )5, @150 Banbhand,-1,9-

pent aoxapent adecane, 1, 18-bi s(3-net hyl oxetane-3-yl)-2,5,8,11, 14, 17-
hexaoxaoct adecargs(3n-bBtydosdtansBhyl)-AxE 8 ariexaronlahe 21,32 &id(B-héthlToxetane-
hexaoxaoct adecane, 1, 18-bi s(3-n-propyl oxetane-3-yl)-2,5,8,11, 14,17 15
hexaoxaoct adec afBGyl)-JZ,i&Ili-ﬁe(tx'iroiXS@M&ﬁMé,ODSQI-MB{?)%tNﬂbetaﬁe&ﬂLl%ZLﬂ,&Lﬂ-
hexaoxaoct adecane, 1, 18- bi s(3-n-butyl oxetane-3-yl)-2,5,8, 11, 14, 17-
hexaoxaoct adecaneraddadotibarle] ng-wﬁﬁaiﬁ-ﬁrbpﬂbxéxaﬁc@-ﬁlg&,mgnyl oxet ane-
3-yl)-2, 5-di oxahexane, 1, 6-bi s(3-ethyl oxetane-3-yl)-2,5-di oxahexane, 1, 9-
bi s(3snet hyl OXetté’tﬁﬁ)x?ad)zsﬂéca?ﬁe?;1fiitbiis@ﬂﬁs@pﬂﬁf}@oxda&-91ﬂ§-3;5?8,|ﬂ1 oxet ane-3 20
yl)-2,5, 8-trioxanonane, 1,12-bis(3-nethyl oxetane-3-yl)-2,5,8,11-

t et r aoxadodecanqetrasiddbddamel $(13-iks(RhDueyloneradcB-yH2, 5,881 1L1-

t et raoxadodecane are prefer abl y used. These bi soxet ane conmpounds may be

used al one or i RetegXAdBaétanR Qflim(ﬁmemﬂéx&hﬂéigéylﬁ%@hﬂ'ﬁﬁ bi soxet ane
conpound represented by the fornmul a (1) can be 25 prepared by, for exanple,

a nethod of reagehf@xapsithdciane, RA6ohi tﬁhylbfxet?an@%—yl)—Z,S,S,l1,14-
al kyl - 3- hydr oxyrmet hyl oxet ane and a di ol conpound in"t'he presence of a base

(Japanese Pat enthehfiiodtapBtRdd¥ane 2049-83 i proNextaraness-2ngant14-Lai d- Open
No. 2000-319577), a nethod of reacting 3-al Kyl - 3-

10 pentaoxapentadecane, 1,15-bis(3-isopropyloxetane-3-yl)-2,5,8,11,14-
pentaoxapentadecane, 1,15-bis(3-n-butyloxetane-3-yl)-2,5,8,11,14-
pentaoxapentadecane, 1,18-bis(3-methyloxetane-3-yl)-2,5,8,11,14,17-
hexaoxaoctadecane, 1,18-bis(3-ethyloxetane-3-yl)-2,5,8,11,14,17-
hexaoxaoctadecane, 1,18-bis(3-n-propyloxetane-3-yl)-2,5,8,11,14,17-

15 hexaoxaoctadecane, 1,18-bis(3-isopropyloxetane-3-yl)-2,5,8,11,14,17-
hexaoxaoctadecane, 1,18-bis(3-n-butyloxetane-3-yl)-2,5,8,11,14,17-

hexaoxaoctadecane, and the like. Among them, 1,6-bis(3-methyloxetane-

3-yl)-2,5-dioxahexane, 1,6-bis(3-ethyloxetane-3-yl)-2,5-dioxahexane, 1,9
bis(3-methyloxetane-3-yl)-2,5,8-trioxanonane, 1,9-bis(3-ethyloxetane-3-
20 yl)-2,5,8-trioxanonane, 1,12-bis(3-methyloxetane-3-yl)-2,5,8,11-
tetraoxadodecane, and 1,12-bis(3-ethyloxetane-3-yl)-2,5,8,11-
tetraoxadodecane are preferably used. These bisoxetane compounds may
be used alone or in combination of two or more kinds.
[0043] The bisoxetane compound represented by the formula (1) can be

25 prepared by, for example, a method of reacting a sulfonic acid ester of 3-



hydr oxynet hyl oxet ane and an a, w-di hal oal kane in the presence of an 5

al kal i ne solution using a phase-transfer catalyst (Pure Appl. Chem, A30
(2&3), pp.189 (1993); and Bull. Chem Soc. Jpn., 61 1653-1659 (1988)), and
the like. [0044] The anmount of the bi soxgtane conpound used cannot be
absolutely determned since the anount varies with the kind of the conpound
used. 10 The bi soxetane conmpound is usually used in an anmount of preferably
fromO0.001 to 3% by nol, nore preferably fromO0.01 to 2% by nol, and stil

nmore preferably alkydB-Bydroxynicth Plpxenhe ahdsatiobcompeuridimihegprossnce of at he
wat er - sol ubl e et hyl eni cal ly unsaturated nononer used to obtain the water-

absorbent resin baseapanese Fatamidié-OpamNoi DO0®BB02TT4,iandedaphyeseRat&asi ng t he
15 crosslinking density in a surface vicinity of the water-absorbent resin

t her eby enhanci dgaidiqmanrdp.emomswim?, asndthed vAt@kctiapSodlky1-8n capacity
under |oad, and fromthe viewpoint of preventing excess crosslinking

reactions therelhydeshanethplbxetimevimdedr ¢ 24-ditialdlksdpicthepreded@d of ahn t he
present invention, it is possible to mx a known crosslinking 20 agent in

addi tison to the afledine-sshitidronsiflg hiphayetansfee eapdso(PelierApgl. Chem., A30
post -crosslinking reaction. The post-crosslinking agent i1ncluding the

bi soxet ane conpqagd), 5p.P8S{EITR)| andiBell. bhesi. Soel Jimg61 1653-9659¢1988)The type
of solvent includes water; al cohols such as met hyl al cohol, ethyl “al cohol,

propyl al cohol, saddhé sger opyl al cohol; ketones such as acetone, 25 and
met hyl ethyl ketone; and the |ike. These solvents may be used alone 16 or

Skl C R i G
preferably determined since the amount varies with the kind of the compound used.
10 The bisoxetane compound is usually used in an amount of preferably from
0.001 to 3% by mol, more preferably from 0.01 to 2% by mol, and still
more preferably from 0.1 to 1% by mol, based on the total amount of the
water-soluble ethylenically unsaturated monomer used to obtain the water-
absorbent resin precursor, from the viewpoint of sufficiently increasing the
15 crosslinking density in a surface vicinity of the water-absorbent resin
thereby enhancing the properties such as the water-absorption capacity
under load, and from the viewpoint of preventing excess crosslinking
reactions thereby enhancing the water-retention capacity.
[0045] In the present invention, it is possible to mix a known crosslinking
20 agent in addition to the above-mentioned bisoxetane compound during the
post-crosslinking reaction. The post-crosslinking agent including the
bisoxetane compound is preferably used by dissolving in a solvent. The
type of solvent includes water; alcohols such as methyl alcohol, ethyl
alcohol, propyl alcohol, and isopropyl alcohol; ketones such as acetone,

25 and methyl ethyl ketone; and the like. These solvents may be used alone



from1l to 50 parts by mass, nore preferably from1l to 40 parts by nmass, 5
and still nore preferably from5 to 40 parts by mass, based on 100 parts by
mass of the water-absorbent resin precursor. [0047] The tim ng for adding

t he post-crosslinking agent including thg bisoxetane conpound is not
particularly limted, as long as the timng is after the water-absorbent
resin precursor is obtained by polynerizing the 10 water-sol uble

et hyl eni cal |y unsaturated nononer. For exanple, a nethod including the step
of addi ng t he pastiaconbéhdtiva ofjtvagenmore kmdsatianeng thenaj watey agé lalavhotshe

wat er - absorbent resin precursor after polynerization, a nethod including
the steps of adjamsprafgrablit esed.n t he t he wat er-absorbent resin precursor by
dehydrating and drying a water-containing gel after 15 polynerization, and

t hereafter §d046lg t h&#hpabbvenuagionslisolyeatsniset enrtamount ofiprdferhblycl udi ng
the step of adding the post-crosslinking agent to the water-absorbent resin

precursor obt ai rfesinldytodsthyaitsaby ngasswloct piefigrably fnamel tacddpaitsibpgnays] after
pol ymeri zation, together with an appropriate anount of water (here, the

wat er sabsor bent andsstifl moecpreserabhweftoes ts40d pans B neass] bisedain HiGpatsbyng in a
pet rol eum hydrocar bon medi um as occasion denmands), and the like are

i ncl uded. The pafisswfahs kiandd-atgodlgantredis pastdesbr. t o t he wat er - absor bent resin
precursor, and thereafter, for exanple, the post-crosslinking reaction is
carried out[0g47)e di Theltiming fof hddiagahe postt@bsslinkiret agde uncloyihipahar bon

medi um by heating, whereby the water-absorbent 25 resin of the present

invention can béisidetdneatbmpound BGd8 partivalavdy BEmitedpaelingafs thB€iming is
wat er - absorbent resin precursor inmediately prior to adding the

post - cr ossl i nki n@tedifivaics-abseftenabdsin fiurdoy igeistained Hyepslymeeizngttef er abl y
from1l to 50% by mass or less, still nore
10 water-soluble ethylenically unsaturated monomer. For example, a method
including the step of adding the post-crosslinking agent to a water-
containing gel of the water-absorbent resin precursor after polymerization,
a method including the steps of adjusting water in the the water-absorbent
resin precursor by dehydrating and drying a water-containing gel after
15 polymerization, and thereafter adding the post-crosslinking agent thereto, a
method including the step of adding the post-crosslinking agent to the
water-absorbent resin precursor obtained by dehydrating and drying a
water-containing gel after polymerization, together with an appropriate
amount of water (here, the water-absorbent resin precursor may be used in
20 a state of dispersing in a petroleum hydrocarbon medium, as occasion
demands), and the like are included. The post-crosslinking agent is added
to the water-absorbent resin precursor, and thereafter, for example, the
post-crosslinking reaction is carried out while distilling off water and/or a
petroleum hydrocarbon medium by heating, whereby the water-absorbent

25 resin of the present invention can be obtained.



preferably from5 to 50% by nmass or less, and still nore preferably from5 5
to 33% by mass or less. Here, in the present invention, the "water content”
is the value determined by the determ nation nmethod descri bed bel ow. [0049]
By addi ng a post-crosslinking agent incligding the bi soxetane conpound to the
wat er - absorbent resin precursor, mxing themand thereafter heating, a
surface vicinity of the water-absorbent resin precursor 10 can be
crosslinked. The tenperature for the above-nentioned heating is preferably
from50 to 048] andThematqrafmemtilfyhé mater8bsbrbeh8dSin pteamrsdrhe vi ewpoi nt  of
rapidly and evenly crosslinking a surface vicinity of the water-absorbent
resin thereby erinangalinglyt pidoproopkiing g sostderasslinkimg ageheis- prefexrablyctd %apaci ty
and the water-absorption capacity under |oad, and 15 fromthe vi ewpoi nt of
preventing decomgaaads @riesy, ni@grpaeferabdn fofmtlhe S0%abgrmadssmrlbsy)stillesore. | n
addition, the reaction tine is preferably 0.1 to 5 hours, and preferably

0.5 to 4 hours. préferdhly ftosn .S tbt50% byreissraless, usédtillame@ddrafergsgtfran Sai d in
order to keep the reaction tenperature |ow and shortening the reaction tine
during the post to38%bpasdss kilesg. Hae] indthe pfssehhimvieadon) the “arader gondémth aci d
and Lewis acid are preferably used. For exanple, inorganic acids such as

sul furic acid, ipthesphes deteamintdindiirydbtantiinatiot nethed dedogidedbebsi ds such as
citric acid, glyoxylic acid, glycolic acid, glutaric acid, cinnam c acid,

succi ni ¢ acj949] and Baciddéngs pdst-aosslidking afentanelufdigf eduokeused. Among
t hem phosphoric 25 acid and lactic acid are nore preferably used. 18

[0051] The ampurbnffounliQo tRaGiateirab3bbens ehie provatsdremibinglthémlanddet er m ned
since the anmount varies with the kind of the conpound used, reaction
conditions and %hé&ehft&chealin®, h SaghtORichity bEtHéasateRabyorBeROR4int freBursor
10 can be crosslinked. The temperature for the above-mentioned heating is
preferably from 50° to 200°C, and more preferably from 80° to 180°C,
from the viewpoint of rapidly and evenly crosslinking a surface vicinity of
the water-absorbent resin thereby enhancing the properties such as the
water-retention capacity and the water-absorption capacity under load, and
15 from the viewpoint of preventing decomposition or degradation of the
water-absorbent resin. In addition, the reaction time is preferably 0.1 to 5
hours, and preferably 0.5 to 4 hours.
[0050] Also, it is preferably used to add a reaction aid in order to keep the
reaction temperature low and shortening the reaction time during the post-
20 crosslinking reaction. As the reaction aid, proton acid and Lewis acid are
preferably used. For example, inorganic acids such as sulfuric acid,
phosphoric acid and hydrochloric acid; organic acids such as citric acid,
glyoxylic acid, glycolic acid, glutaric acid, cinnamic acid, succinic acid,
and lactic acid; and the like are preferably used. Among them, phosphoric

25 acid and lactic acid are more preferably used.



fold the anpbunt of the bi soxetane conpound on the nolar basis. 5 [0052] An
additive such as a lubricant, a deodorizing agent or an antim crobial agent
may be further added to the water-absorbent resin of the present invention
dependi ng upon its purpose. [0053] The we& er-absorbent resin obtained by the
production nethod of the present invention has a retention capacity of
physi ol ogi cal saline of 30 g/g 10 or nore, an absorption capacity of

physi ol ogi cal saline under a | oad of 2.07 kPa of 15 ni/g or nore, and has a
wat er - sol ubl[@05Ljpst afihe anfoudd¥f tliwyrexation ard dsedscanfonxeattdoduteht er - absor bent
resin obtained by the method of the present invention is excellent in
properties such desermeihed sinet ¢ind amounteqési with tlenkindatfehe abmpophd ased;apaci ty
under | oad, and al so gives 15 consideration to safety of the water-absorbent
resin by reduci ngastisrecondstpdnsodel theldfeariCle, rehbiomaidels debisablpdn®00lew 7+ can be
preferably used in hygienic materials. [0054] Here, retention capacity of
physi ol ogi cal sdbidithe anbsartpifithabizapeatant yompbupdyaithé agilasbasiaal i ne under

| oad of 2.07 kPa, and water-soluble 20 substance are the val ues determ ned

accor di ng tgmsz% det &ymnaduitiveosuchnas hhrbritast rai deedossingetgehoot in bel ow. [ 0055]
The wat er-absorbent resin of the present invention has a retention capacity
of physi ol ogi calansiaicrubigifagenefraydial farther gddedto tive weatervabrbgrtetdnadl y 35
g/g or nore, even nore preferably 40 g/g or nore, and even 25 nore

pref erably f r om0 preciiDingégtio doperiding wponsipatpae, upon being used 19 in
a hygienic material, increasing absorption capacity and | owering the anount

of re-wet of0053qui d. Theafi¢r-Atsoablelittresin obtdigedVdy elic phriaictiontmdthsd of éie t he
present invention has an
present invention has a retention capacity of physiological saline of 30 g/g
10 or more, an absorption capacity of physiological saline under a load of
2.07 kPa of 15 mL/g or more, and has 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 properties such as water-retention
capacity, and water-absorption capacity under load, and also gives
15 consideration to safety of the water-absorbent resin by reducing water-
soluble substance, the water-absorbent resin can be preferably used in
hygienic materials.
[0054] Here, retention capacity of physiological saline, absorption capacity
of physiological saline under load of 2.07 kPa, and water-soluble
20 substance are the values determined according to the determination
method described as set forth below.
[0055] The water-absorbent resin of the present invention has a retention
capacity of physiological saline of preferably 30 g/g or more, more

preferably 35 g/g or more, even more preferably 40 g/g or more, and even

25 more preferably from 40 to 70 g/g, from the viewpoint of, upon being used



absorption capacity of physiological saline under a |oad of 2.07 kPa of 5
preferably 15 nmi/g or nore, nore preferably 17 nl/g or nore, even nore
preferably 20 niL/g or nore, and even nore preferably from20 to 45 ni/g,
fromthe viewdoint of, upon being used a® a hygienic material, lowering the
amount of re-wet of liquid in a case where pressure is applied to the

hygi enic material after |iquid absorption. 10 [0057] The wat er-absor bent
resin of the present invention has a water- sol ubl e substance of preferably
20% by nmass or lirashygiarie npatefiel; afdryasli@®abdoyptiers sapacityems], loarding\tke nor e
preferably 16% by nass or less, fromthe viewpoint of, upon being used in a
hygi eni ¢ nat eri almoym ef eevwer@fadidfuédi on of the sliny liquid to the skin. 15
[ 0058] As above-nentioned, a water-absorbent resin precursor is obtained by
pol yreri zi nf056{at er Iisadditiba, tichyitenabsdrbyntussiatofrthe peesennmventioahds an
thereafter, a bisoxetane conpound is added thereto as a crosslinking agent,
to carry out a pbsorptionsapaciky 0f phesiclogioal sulives ederan loat of 2:05kPbefit resin
which is excellent in properties such as water-retention capacity, and 20
wat er -5absor pt i orprefepetdy t1 mhdeor hwael, mode prefaablyny/ adrigioden@t] ever mosaf et y
for the human body by reduci ng water-sol ubl e substance, can be obtai ned.

[ 0059] The reaSQﬂefMi’ab]%IIB mayeor aleserdmeindvenanore preférablyebroml 2wt 4pndpgy ti es
and reduced wat er-sol ubl e subst ance as above-nenti oned can be obtained is

not clear. Althdugh theviewgsdinnef, upohdelngmdeddishyhidiegicymatetiel, 25wegagon can
be presuned as follows. Briefly, it is considered that the 20 reason is due

to the fact thatthe amvaheof ahaet bElifjuideini a3t echbrs ?_Eeds_ﬁrd'ﬁ&@bﬁéd td the he
presence of a bi soxetane conpound as a post-crosslinking agent, whereby a
reaction of a caiyb@enit niHteridl &g IRjuidRBoRpRo@r oup in the water-

10 [0057] 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.

15 [0058] As above-mentioned, a water-absorbent resin precursor is obtained
by polymerizing a water-soluble ethylenically unsaturated monomer, and
thereafter, a bisoxetane compound is added thereto as a crosslinking agent,
to carry out a post-crosslinking reaction, whereby a water-absorbent resin
which is excellent in properties such as water-retention capacity, and

20 water-absorption capacity under load, while giving consideration to safety
for the human body by reducing water-soluble substance, can be obtained.

[0059] The reason why the water-absorbent resin having excellent
properties and reduced water-soluble substance as above-mentioned can be

obtained is not clear. Although not wanting to be limited by theory, the

25 reason can be presumed as follows. Briefly, it is considered that the



absorbent resin proceeds in an appropriate rate, so that a surface vicinity
of 5 the water-absorbent resin can be evenly crosslinked in a high
crosslinking density. In particular, it is considered that the bi soxetane
conpound described herein has a glycol 2thain in its nol ecul e thereby being
excellent in water solubility, so that the conpound is excellent in an even
di spersion upon being added to the water-absorbent resin precursor, or in
10 conpatibility with the precursor, thereby making it possible to crosslink
t he surface vi cirnagon iswiue tevienfact tHah 66 hteTrabsprbestrdsin preentsoois wiattedbe
further specifically described hereinbelow by nmeans of Synthesis Exanpl es,
Producti on Exanphebe preszacepdies bsoget@nepampoine akx pupt-essskimkihgagentyt endi ng
tolimt the scope 15 of the present invention to these Synthesis Exanpl es,
Producti on Exarphesbpadedotinpdfescarbofpligroipandaal axatinergroop it e water-

wat er - absorbent resin obtained in each of Exanples and Conparative Exanpl es
were made in acabsodeaerasit pracbeds incdnl appropripeaatedso st aArfa0®&&init pf

Ret enti on Capacity of Physiol ogical Saline The amobunt 2.0 g of

wat er 5absor bent thesiatervabyserivent géxin cam ba evonlyamosshiaged Got thigib crasslimking 60,
width 100 mm x | ength 200 nm, and placed in a 500 m -beaker. Physi ol ogi cal
saline (0.9% by deasiy.afupaticukn] ittis considered dletit uhe bisbgetade cohpoandaf t er
referred to the sane) was poured into the 25 cotton bag in an anmount of 500
g at one time, alkdctibel Mryii bdsogplyabl sladin e it8 Inoleasie dhapby bethgsexcalemot to
generate an unswol len lunp of the water- absorbent resin. The upper part of
the cotton bag vasvdteesblulility,tdo that thelempduadds eecellenhén ewevendispersias

allowed to stand for 1 hour, to sufficiently
upon being added to the water-absorbent resin precursor, or in
10 compatibility with the precursor, thereby making it possible to crosslink
the surface vicinity more evenly.

[0060] 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

15 of the present invention to these Synthesis Examples, Production
Examples and Examples.

[0061] The evaluations of the water-absorbent resin obtained in each of
Examples and Comparative Examples were made in accordance with the
following procedures.

20 [0062] (1) Retention Capacity of Physiological Saline
The amount 2.0 g of water-absorbent resin were weighed in a cotton
bag (Cottonbroad No. 60, width 100 mm X length 200 mm), and placed in
a 500 ml-beaker. Physiological saline (0.9% by mass aqueous solution of

sodium chloride, hereinafter referred to the same) was poured into the

25 cotton bag in an amount of 500 g at one time, and the physiological saline



swel | the water-absorbent resin. The cotton bag was dehydrated for 5 1
m nute with a dehydrator (manufactured by Kokusan Enshinki Co., Ltd.,
product nunber: H 122) set to have a centrifugal force of 167G The nmass W
(g) of the cotton bag containing swolle2lgels after the dehydration was
determ ned. The same procedures were carried out w thout addi ng water-
absorbent resin, and the enpty mass Wb (g) of the cotton bag upon 10 wetti ng
was determ ned. The water-retention capacity was cal cul ated from the
fol | owi ng for nulvaas dsperstd smaCaptio gonevfte Rhysswotgn dampdithewatef g) = [Wa -
W] (g)/ Mass of Water-Absorbent Resin (g) [0063] (2) Absorption Capacity of
Physi ol ogi cal Salbsombetnasin. L Thel upper gt of e doRantag wiassbedup ovitlcapelbery of
physi ol ogi cal saline of water-absorbent resin under |oad of 2.07 kPa was
det er mi ned usi ngpaad, aipbtheatatonbdagf waswailewed ta $tané fooh i, do isofficiestlshown in
Figure 1. [0064] The apparatus X shown in Figure 1 conprises a buret section
1, a 20 |ead tuhell2zheavatersbsarbentaesind The entivnadageasudelnydraedifoon 4 pl aced
on the neasuring board 3. To the buret section 1 are connected a rubber
plug 4 on the It mué vathhadehydidtoraniknafiaciiiredibyt Kokusan BmshinkieCd.1 Lahd a
cock 12 at the bottom portion of the buret 10, and further, the air
i ntroduction tulprodiict nhiasbea: ElotR2)1set &1 haveea eerdrifiiged forrdft 165€.2The netss ached
bet ween the buret 25 section 1 and the measuring board 3. The | ead tube 2
has an inner 22 Wdi(g)ref the auitton bag cohthiaing ovollerdgasafter thef dehydnation wasle at
the central section of the neasuring board 3, and the lead tube 2 is
connect ed t her etdetermihed.n"¥he vame preestureswérehemsriad oyt witheut 4@ding watenn nesh
41 adhered to the

absorbent resin, and the empty mass Wb (g) of the cotton bag upon

10 wetting was determined. The water-retention capacity was calculated from
the following formula.
Retention Capacity of Physiological Saline (g/g)
= [Wa - Wb] (g)/Mass of Water-Absorbent Resin (g)
[0063] (2) Absorption Capacity of Physiological Saline Under Load of
15 2.07 kPa
The absorption capacity of physiological saline of water-absorbent
resin under load of 2.07 kPa was determined using an apparatus X of
which outline constitution was shown in Figure 1.
[0064] The apparatus X shown in Figure 1 comprises a buret section 1, a
20 lead tube 2, a measuring board 3, and a measuring section 4 placed on the
measuring board 3. To the buret section 1 are connected a rubber plug 14
on the top of a buret 10, and an air introduction tube 11 and a cock 12 at
the bottom portion of the buret 10, and further, the air introduction tube 11
has a cock 13 at the end. The lead tube 2 is attached between the buret

25 section 1 and the measuring board 3. The lead tube 2 has an inner



bottom part of the cylinder 40, and a weight 42. The cylinder 40 has an 5

i nner dianmeter of 2.0 cm The nylon nesh 41 has an openi ng of 200 nmesh (75
m, and is configured so as a predeterm ned anount of the water- absorbent
resin 5 to be evenly spread over the nylx@n nmesh 41. The weight 42 has a
diameter of 1.9 cmand a mass of 59.8 g. This weight 42 is placed on the
wat er - absorbent resin 5, so that a 2.07 kPa | oad can be 10 applied to the
wat er - absorbent resin 5. [0065] In the apparatus X having the configuration
above- ment i oned,didmetet of 6tthen. cAdiold 8f addarhdter oD2 kmrhds atadehet theicaitraect i on 1
are closed, and a physiological saline adjusted to 25C is poured fromthe
top of the buretsedt@ormofithch@etsupingfbdané 3pandthei Isagp tulgpg2 ¢ curinectedeherebher pl ug
14. 15 Thereafter, the cock 12 and the cock 13 at the buret section 1 are
opened. Next, tTie meaghingodectibe 4nieseylinglebd@y ainBlonsmesl] 45 tdhersd to kisd t he
end of the |ead tube 2 in the central section of the neasuring board 3 and
an air introdudoitiom partiof ofic tylénder 40| atd adsightotl. t The cilindoretOeliastdre sane
hei ght. [0066] On the other hand, 0.10 g of the water-absorbent resin 5 is

evenl ¥ 20 spredanéevdiimete ofyd.© omEEle Aylonmédhed Lidd mdeperifig ofir00ttheshwei ght
42 is placed on the water-absorbent resin 5. The neasuring section 4 is

placed so that (75umepahdad corfifired sbsiarpradétenniet amdunt df likadatesbe port in
the central section of the neasuring board 3. [0067] The vol unme reduction

of the physi ol ogibg@ibesttdsiies itd bt Reehlyrspieatiover tke nylodmedted volThge of the
physi ol ogi cal saline absorbed by the water-absorbent 23 resin 5, W (nm),

5" st arted absol bl ag wal o, Tha abeor Bt on capacl Ly of Bhyo of ogreal sal i ne.
under |oad of tHephrteonahsawdiemibsoetsdnt résiafst 6 that a 2.07 kPa load can be

10 applied to the water-absorbent resin 5.

[0065] In the 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.

15 Thereafter, the cock 12 and the cock 13 at the buret section 1 are opened.
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 introduction tube 11 are at the same height.

[0066] On the other hand, 0.10 g of the water-absorbent resin 5 is evenly

20 spread over the nylon mesh 41 in the cylinder 40, and the weight 42 is
placed on the water-absorbent resin 5. The measuring section 4 is placed
so that its central section is in alignment with a lead tube port in the central
section of the measuring board 3.

[0067] The volume reduction of the physiological saline in the buret 10, i.e.,

25 the volume of the physiological saline absorbed by the water-absorbent



60 m nutes passed froma tine point of starting water absorption was 5
obtained by the follow ng fornula. Absorption Capacity of Physiol ogi cal
Saline Under Load (m/g) = W (m)/0.10 (g) [0068] (3) Water-Sol uble
Subst ance The amount 5000.1 g of physi ol28gi cal saline was wei ghed out in a
10 500 m -beaker. A magnetic stirrer bar (8 nm4) x 30 nm ringless) was
pl aced therein, and the beaker was placed on a magnetic stirrer (HS- 30D,
manuf actured by iuchi). Subsequently, the nagnetic stirrer bar was adjusted
so as to rotatereding, V¢ embf iscamtinuously rbmdagfdfltoinba,tinae pount svheaé the vort ex
generated by rotation of the magnetic stirrer bar was adjusted so as 15 to
be near an uppewatarabsombaft resie nstaried absagbingrweatebal he pbs@Piionerpacity. 00. 002
g of water-absorbent resin was quickly poured between the center of vortex
in the beaker andphisiokigiealshlintendenload ofithe wdiespdserutnt resireb afteand t he
m xture was stirred for 3 hours. The aqueous dispersion of the
wat er - absor bent 60aninutesf passed fiom & tignd peinB ofistartsngvaate? @bkoiptionedasyi t h a
standard sieve (opening of sieve: 75 m, and the resulting filtrate was
furthér subject ebtainedby thofoliawingdoimnlausi ng a Kiri yama type funnel
(Filter Paper No. 6). [0070] The ampbunt 80 0.0005 g of the resulting
filtrate was wei ghedAbsorption Gapheityrdf-Riyalodogieal SeiredUnderalcash@nkg)t wei ght .
The filtrate was dried 25 with a forced convection oven (FV-320,
manuf act ured by ADVANEEW)c (24l)/0sH) (@t an internal tenperature of 140C until a
constant wei ght was attained, and a mass Wi (g) of the solid content of the
filtrate wa@0481 er m (89d. [WaiTdd-S&blBuldtivese hand, the same procedures as
t he above were carried

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

10 500 ml-beaker. A magnetic stirrer bar (8 mm ¢ x 30 mm, ringless) was
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

15 to be near an upper portion of the magnetic stirrer bar.

[0069] Next, 2.0+0.002 g of 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

20 filtered with a standard sieve (opening of sieve: 75 um), and the resulting
filtrate was further subjected to suction filtration using a Kiriyama type
funnel (Filter Paper No. 6).

[0070] The amount 80 = 0.0005 g of the resulting filtrate was weighed out
in a 100 ml-beaker adjusted to a constant weight. The filtrate was dried

25 with a forced convection oven (FV-320, manufactured by ADVANTEC)



out wi'thout using the water-absorbent resin, and a filtrate solid mass 5 W
(g) was determ ned. The water-sol ubl e substance was cal cul ated from the
following formul a. Water-Sol uble Substance (% by mass) = [[(Wl - W) x
(500/80)]/2 x 100 [0072] (4) Average Payticle D anmeter 10 JI S standard

si eves, a sieve having an opening of 850 m a sieve having an opening of
600 m a sieve having an opening of 425 m a sieve having an opening of 300
m a sieve having an opening of 150 m a sieve having an opening of 75 m

and a receiVving skf @tyan\/\l(h_t&nﬁpﬂéhifwﬂuré Of DIOPET urtilatdiiarit UoighPRE$ attdided, Of
t he wat er-absorbent resin was 15 placed on an uppernost sieéeve, and shaken

for 20 m nutes wnih masONaL () Df tROSoliPERItBR SThak ElltraRONANGetefRfhéd] Next, the
rel ati onshi ps between the opening of the sieve and an integral of a nass

per cent age {mm'q Ni NgOANhE behcritAKE, ersamel prbt&fhreasithe ApaeivwdtBicarmedbabi ity
paper by calcul ating the mass of the water 20 absorbent resin particles

remai ni ng on eagft Hitvat asing tHRSStdIeAts8iend fesi®, andna ANRFdte SoRdRHes, and
accurul ati ng the mass percentages in order, starting fromthose having

smal | gr particl aydigwhetsterMimA, I Tled ®atbrABRIAE sulsRARRSPANEA 8@ alcd Rop0%0
cunul ati ve mass percentage is defined as an average particle dianeter by

joining the plotige fSlldiRcFoRa | ity paper in a 25 straight line. 25
[0074] (5) Drying Loss (%&ter Content) of Water-absorbent Resin and

Wt er - absor bent  Resi gy ffeRSHub SThRat¥¥hbydnkksy of the water-absorbent
resin (water-absorbent
= [[(Wd - We) x (500/80)]/2 x 100
[0072] 4) Average Particle Diameter

10 JIS standard sieves, a sieve having an opening of 850 pum, a sieve
having an opening of 600 um, a sieve having an opening of 425 um, a
sieve having an opening of 300 um, a sieve having an opening of 150 um,
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

15 placed on an uppermost sieve, and shaken for 20 minutes with a rotating
and tapping shaker machine.

[0073] 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-

20 absorbent resin particles remaining on each sieve as a mass percentage to
an entire amount, and accumulating the mass percentages in order, starting
from those having smaller particle diameters. A particle diameter
corresponding to a 50% cumulative mass percentage is defined as an

average particle diameter by joining the plots on the probability paper in a

25 straight line.



resin precursor) was precisely weighed out (W (g)) in an alumnumfoil 5
case (No. 8) of which constant weight (W (g)) was previously attained. The
above sanple was dried for 2 hours with a forced convecti on oven

(manuf actured by ADVANTEC) set at an intx@rnal tenperature of 105C.
Thereafter, the dried sanple was allowed to be cooled in a desiccator, and
a mass Wi (g) after drying was determ ned. The drying |oss (water 10
content) of the water-absorbent resin (water-absorbent resin precursor) was
cal cul at ed [00Gd]t he (9! | owDngingdrossl(Watér omgnt)as SWaiskiabsoiBent Besin apnth by
Mass) = [(W - W) - (W - W)]/ (W - W) x 100 [0075] [Synthesis Exanple 1
of Crosslinki ng Waenabs¢rbgnt Resh Prefuriot 15

bi s( 3- et hyl oxet ane- 3-yl) -2, 5-di oxahexane) (conpound wherein R = ethyl group
and n = 0 in the forhéampoln} 28 4 of theewafepabsorbekt fesasfwaattalpgaeblenti t h a
thernoneter, a stirrer, a reflux condenser, a dropping funnel and a

ni trogen gas i nlredintpubarydd washpaegsel ywdighddodt OVgQgB8anmml Jlumiinum foil

3- et hyl - 3- hydr oxynet hyl oxetane, 44.6 g 20 (0.44 nol) of triethylam ne and

220 gsof tol ueneasel{Mo.RydfenhichwenstaneweigmMEWi(gpwhegreviiowsly attginedt er bath
until the internal tenperature was 5C under a nitrogen gas atnosphere.

Next, 45.8 g (0.Themadoyeshmpietasdeisd!foodhouedwithiadfery@iscatdedotloopm se so as
the internal tenperature not to exceed 10C. Thereafter, the tenperature was

al lowed 25 to r¢iahdfdcPure@®y ADVRENTBC)eset angh tNernab tdngpdratur€b£105¢ her
stirred for 26 2 hours. Affer the reaction, the resultant triethylamne

hydrochl ori de Waherdaftercthediri¥df sangile wagileaved tolbeacovi@d in adesiodator, ahal uene,
to give a reaction filtrate.
a mass Wh (g) after drying was determined. The drying loss (water
10 content) of the water-absorbent resin (water-absorbent resin precursor) was
calculated from the following formula.
Drying Loss (Water Content) (% by Mass)
= [(Wg - Wf) - (Wh - WI)]/(Wg - Wf) x 100
[0075] [Synthesis Example 1 of Crosslinking Agent] (synthesis of 1,6-
15 bis(3-ethyloxetane-3-yl)-2,5-dioxahexane) (compound wherein R = ethyl
group and n = 0 in the formula (1))
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
20 (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
5°C under a nitrogen gas atmosphere. Next, 45.8 g (0.4 mol) of
methanesulfonyl chloride was added dropwise so as the internal

temperature not to exceed 10°C. Thereafter, the temperature was allowed

25 to return to room temperature, and the contents were further stirred for



[ 0076] The above reaction filtrate was returned to the flask, and 6.4 g 5
(0.02 nol) of tetra-n-butyl ammonium brom de as a catalyst and 13.7 g (0.22
nol ) of ethylene glycol were added thereto. The contents were heated to the
internal tenperature of 60C, and thereafdger 12 g (0.3 nol) of sodium
hydroxide in a pellet formwas added under stirring over a period of 1
hour. Subsequently, the contents were reacted at the sane 10 tenperature for
2 hours, and the internal tenperature was then raised to 70C and the

reaction was al IoN@dst afigrabeeshction, thelestltnt HidtBylantige hiydasdhleide %@sg of
i on- exchange water was added in order to dissolve the resultant salt and to

remove an excessilaadinEt, ehd atdsabd wiftod SR dntint 0O eblubk, th@ivd sactibhe
reaction solution was transferred to a reparatory 15 funnel to all ow phase

separation, and filpgteresulting organic layer was distilled in a
reduced-distillation apparatus at an oil bath tenperature of 140C and a

reduced prege076] degThE aBbvSreuetign fllali W Rfurhed t@theflhsl, a8l 6.4 § .
1, 6- bi s(3-ethyl ‘oxetane-3-yl)-2,5-di oxahexane (0.13 nol, yield:68% purity

86%) . sHere, the (DW2ihyl)WEtet2nehifyefmbhiith bismRRals AEAalyspANP18!T ¢ he 20
chart obtained from gas chromatogfaphy. [0077] [Synthesis Exanple of

Crosslinking Aggpih &§M®f*é@?1§n@%ly%ol%ere added thereto. The contents were

bi s(3- et hyl oxet ane-3-yl)-2,5, 8, 11-t et raoxadodecane) (conpound wherein R =
et hyl group and = i =| 4 ~ ui pped
with a ther rmrretHeé?t,'edgtosflt?? ?r?grrﬂja?g égaéué%Ibaéof:)%’n%{ecﬁ?g?@{aergrggsg'%ngjﬁﬁel and
a nitrogen gas i : ] 7 mpe by
mass agueous solsg'%i ﬁ%?lhgfgﬁ)s}éofg? Hr;ng pﬁg%g{? ﬁ,éyg 52&58-39 %c%éggl%rgn%%r ag}?e

tetra-n-butyl amgn rhﬁ'b%ﬁﬂfnllﬂfyg ﬁréeecontélﬁg werd réhcfid A thexang. The contents

were heated in an oi|l bath unti
10 temperature for 2 hours, and the internal temperature was then raised to

70°C and the reaction was allowed to proceed for 5 hours. After the
reaction, 60 g of ion-exchange water was added in order to dissolve the
resultant salt and to remove an excess amount of alkali, followed by
cooling the flask. The reaction solution was transferred to a separatory
15 funnel to allow phase separation, and the resulting organic layer was
distilled in a reduced-distillation apparatus at an oil bath temperature of
140°C and a reduced pressure degree of 3 mmHg, to give 34.1 g of a target
1,6-bis(3-ethyloxetane-3-yl)-2,5-dioxahexane (0.13 mol, yield:68%, purity
86%). Here, the purity was determined from the peak area ratio in the
20 chart obtained from gas chromatography.
[0077] [Synthesis Example 2 of Crosslinking Agent] (synthesis of 1,12-
bis(3-ethyloxetane-3-yl)-2,5,8,11-tetraoxadodecane) (compound wherein
R = ethyl group and n = 2 in the formula (1))
A 2-liter four-neck flask equipped with a thermometer, a stirrer, a

25 reflux condenser, a dropping funnel and a nitrogen gas inlet tube was



internal tenperature was 65C under a nitrogen gas atnosphere. Next, 5 58.1 g
(0.5 nol) of 3-ethyl-3-hydroxynet hyl oxet ane was added dropwi se, and stirred
at the same tenperature for 30 mnutes. Next, 93.5 g (0.5 nol) of

1, 2- bi s(2-chl or oet hoxy) et hane was added Xjr opwi se at the sane tenperature
over 1 hour, and thereafter the reaction was allowed to proceed for another
8 hours. After the reaction, and 450 g of ion-exchange 10 water was added in
order to dissolve the resultant salt and to renbve an excess amount of

al kali , foll owstialtpedownhiong g (3e4 Madpkf ST%eby past aqueoussblutionrofisdium
transferred to a separatory funnel to allow phase separation, and the

resul ti ng organihydrewide, 260S gdi0s073 net) ofrterrameblugtainshioafurh hattcpenselfgta) at us
at an oil bath tenperature of 250C and a reduced pressure 15 degree of 3

mHg, to give 3&nd 3300f ofinthekgeé. Thd 2ohfeafsdweicihdacedeinadieoiBbath until the
yl)-2,5,8, 11-t etraoxadodecane (0.11 nol, yield:22% purity 94% . Here, the

purity was det erifichgd téﬂhgﬁia‘hﬁl% WaakS @ eaddral nirogbn ke aghesphedtMexied  from
gas chromat ography. [0078] Production Exanple 1 20 A cylindrical round

bott orsed separ aldigel fl(6SkmbyvofrByethyl3rliwiroalmethydoskitete whs ad@eddnopedse,pped
with a reflux condenser, a dropping funnel, a nitrogen gas inlet tube and a

stirring bl ade wag spir@daitek saihe serhperaturedsr 3¢ hanges. Weikh 49 2q0% mol)
n- hept ane, and 0.92 g of a sucrose stearate having an HLB of 3

(manufact ured byfN 2-$idfd HhilorSaticy)dthatswas hiduddiopiise® tRy@imesugar est er
S-370) and 0.92 g of a maleic anhydride-nodified 2 et hyl ene- propyl ene

Cheret o The 1 onaar ot e e e B | Lo oW seol ve the
surfactant, and prhede@dabl @hothBe 83w, | AReVBR: reaction, and 450 g of ion-exchange
10 water was added in order to dissolve the resultant salt and to remove an
excess amount of alkali , followed by cooling the flask. The reaction
solution was transferred to a separatory funnel to allow phase separation,
and the resulting organic layer was distilled in a reduced-distillation
apparatus at an oil bath temperature of 250°C and a reduced pressure
15 degree of 3 mmHg, to give 38.1 g of a target 1,12-bis(3-ethyloxetane-3-
y1)-2,5,8,11-tetraoxadodecane (0.11 mol, yield:22%, purity 94%). Here,
the purity was determined from the peak area ratio in the chart obtained

from gas chromatography.

[0078] Production Example 1

20 A 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 and a stirring blade was prepared. This flask was
charged with 340 g of n-heptane, and 0.92 g of a sucrose stearate having
an HLB of 3 (manufactured by Mitsubishi-Kagaku Foods Corporation,

25 Ryoto sugar ester S-370) and 0.92 g of a maleic anhydride-modified



cooled to 50C. 5 [0079] On the other hand, a 500 m -Erl enneyer flask was
charged with 92 g (1.02 nol) of an 80% by nmass aqueous solution of acrylic
acid, and 146.0 g of a 21% by mass aqueous sodi um hydroxi de was added
dropwi se thereto with cooling fromextemgnal to neutralize 75% by nol .
Thereafter, 0.11 g (0.41 mmol) of potassium persulfate and 9.2 ng (0. 06
nmmol ) of 10 N, N - et hyl enebi sacryl am de were added thereto to dissolve, to
prepare an aqueous nonomer solution for the first step. [0080] The entire
amount of this agudenspropyioms clvines (mhmufattueed by MitswtEpemizalsalited to t he
above separable flask, and the internal of the system was sufficiently

repl aced w th niHi-wger103Agmeaat hdded theeetbl die tenpeldiuiewas sdsed 10 80°@t er
bath at 70C to raise the tenperature, and the first- step polynerization was

carried out for vihihostirriagdtd dissoloechesurfactant] amdither€dfpethé volatiohavad ve a
pol ymeri zation slurry of the first step. [0081] On the other hand, an

anot her 500 m - EbkyIeYF°d. | ask was charged with 128.8 g (1.43 nol) of an
80% by mass aqueous solution of acrylic 20 acid, and 159.0 g of a 27% by

mass &queoufd0Fedi um Dnahexitkia haad, 2900dnl-Brlemweser fliwkrwhochdrgbd adti i ng from
external to neutralize 75%by nol. Thereafter, 0.16 g (0.59 mol) of

pot assi um per suldag €1.62endl 0P afB0CALH InaBghe s JWliNionBE Atytiaekidaady! am de
were added thereto to dissolve, to prepare an aqueous nononer solution for

the second step.148%0) §©@082)1 b MAds dRied®sediupf hi&bﬁicﬁ%@@&@dd@dl@?&ﬁise
solution for the second 29 step was added to the above slurry after

o e ot e S g cse RIS (e e soec,
70C to raise the {LEREMAtHARI) 8fPotassium persulfate and 9.2 mg (0.06 mmol) of
10 N,N’-methylenebisacrylamide were added thereto to dissolve, to prepare
an aqueous monomer solution for the first step.

[0080] 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

15 immersed in a water bath at 70°C to raise the temperature, and the first-
step polymerization was carried out for 1 hour and then cooled to a room
temperature, to give a polymerization slurry of the first step.

[0081] On the other hand, an another 500 ml-Erlenmeyer flask was charged
with 128.8 g (1.43 mol) of an 80% by mass aqueous solution of acrylic

20 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 and 12.9 mg
(0.08 mmol) of N,N’-methylenebisacrylamide were added thereto to

dissolve, to prepare an aqueous monomer solution for the second step.

25 [0082] The entire amount of this aqueous monomer solution for the second



t he second-step polynerization was carried out. 5 [0083] After the
second-step pol ynerization, the reaction mxture was heated with an oil
bath at 125C, whereby only water was renoved from the azeotropic m xture of
n- hept ane and water. Further, n-heptaneJogn the internal of the system was
removed by distillation, to give 237.5 g of the water-absorbent resin
precursor (Al), which is an aggregate of spherical 10 particles and has an
average particle size of 359m The water-absorbent resin precursor at this
poi nt had a dryistep Was addadhtoethe abov e stu)ryodftet. polytngrizatkeas .andAb84dteinabopl e 1 A
cylindrical round bottoned separable flask having an internal 15 dianeter
of 110 nm equi phesystemhwas sifficiently raphited miithonibdogee., Thereafferxhe flasklenser, a
droppi ng funnel and a nitrogen gas inlet tube, was charged wth 50 g of the
wat er - absor bent wasigaipireniersal incbivaienddth at 7°Qteahisenhe emapabturd, dndl )
(Theoretical anpbunt of the water-soluble ethylenically unsaturated nononer
used to obtain tthesqroadwtep polyinérZzation)wanchridd gunf 20 n- hept ane. The
internal tenperature was ralsed to 80C. Thereafter, 8.0 g of water was

added 5t her ef0983and t Adtemithd sgc@ndessekpoly ndirization stheveadtmp@iatty wag or 10
m nutes (the water content of the water-absorbent resin precursor: 19.9% by

mass). [0085] Theardfwith an®iDbgthat 135U0% hyrebnoalaguas wsasseimivied frexh
1, 6-bi s(3- 25 ethyl oxetane-3-yl)-2,5-di oxahexane (1.9 muol ), obtai ned by

Synthesis 30 BEthempiedtiopivvasixadeef nthwptaiccamiswatepoFurthegashéprimdh thgent, and
m xed. This m xture was heated using an oil bath at 175C, and water and n-
hept ane of the rig@udliofghersydtemen aefegndvedbiedistillatibnstth Igivas 23N5 gléfahpost -
water-absorbent resin precursor (A1), which is an aggregate of spherical
10 particles and has an average particle size of 359um. The water-absorbent
resin precursor at this point had a drying loss (water content) of 7.1% by
mass.
[0084] Example 1
A cylindrical round bottomed separable flask having an internal
15 diameter of 110 mm, equipped with a stirrer, a stirring blade, a reflux
condenser, a dropping funnel and a nitrogen gas inlet tube, was charged
with 50 g of the water-absorbent resin precursor obtained in Production
Example 1 (Al) (Theoretical amount of the water-soluble ethylenically
unsaturated monomer used to obtain the precursor: 0.52 mol) and 80 g of
20 n-heptane. The internal temperature was raised to 80°C. Thereafter, 8.0 g
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 1,6-bis(3-

25 ethyloxetane-3-yl)-2,5-dioxahexane (1.9 mmol), obtained by Synthesis



crosslinking reaction was carried out for 2 hours while drying, to give the
5 wat er-absorbent resin. The drying |loss (water content) was 2.3% by nass.
The physical properties of the water-ab bent resin were determ ned by the
nmet hods descri bed above and the results were shown in Table 1. [0086]
Exanple 2 A cylindrical round bottoned separable flask having an internal

10 dianeter of 110 mm equipped with a stirrer, a stirring blade, a reflux

condenser, a dr qppiiile 1URAGladasd tierBiol 40056kt 4aSsslifk il 4308, antBmixdiar ged
with 50 g of the water-absorbent resin precursor obtained in Production

Exanple 1 (Al) (ﬁﬁga{&{%gt@dgsg@'afe_@ltuﬁgemgn%ﬁarmoqtg?ﬁgoﬂfz ¥ gnd pal ly

unsat ur at ed nononer use tain precursor: and 80 g of 15

n-heptane. The iabfiadt the RRSIM xRS vl Afflode BGisTlaRbRATHposf 0 0 of

wat er was added thereto, a m xture was kept at the sanme nper at ure

for 10 m nutes (c{rgs%g&y% reGOMiF Was @ rrﬁélf;‘odﬁ%?Q}%‘l&fﬁ%ﬂﬁ&?g&ﬁ%@oégegg?rSor:

19. 9% by nass). ereafter, 5.0 of a ution

f 1, k2~ bis(3- ] 3 - . 5 bl 1),
obt al fed by synt hesie By EIPEn) T I R O R 2% Ph STk

b Cand m S _EX: i : _ e
vater and . hen S R O D R AR Aint Y, ol o,

The Post - or o5k DI deaRLIf] UBSERNd el hofe hhpTeTiEle drying. Lo

give the 25 water-a ent resi 0SS (water co nt) was 2.1%

by mass. 31L)039§a§hphy§: g&: leogoperti es of the water-absorbent resin were

det er m ned e escri bed above and the results were shown in
Table 1. [0088] EanJ:ﬁin%lrical round bottomed separable flask having an internal

10 diameter of 110 mm, equipped with a stirrer, a stirring blade, a reflux
condenser, a dropping funnel and a nitrogen gas inlet tube, was charged
with 50 g of the water-absorbent resin precursor obtained in Production
Example 1 (A1) (Theoretical amount of the water-soluble ethylenically
unsaturated monomer used to obtain the precursor: 0.52 mol) and 80 g of

15 n-heptane. The internal temperature was raised to 80°C. Thereafter, 8.0 g
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).

[0087] Thereafter, 5.0 g of a 10% by mass aqueous solution of 1,12-bis(3-

20 ethyloxetane-3-yl)-2,5,8,11-tetraoxadodecane (1.4 mmol), obtained by
Synthesis Example 2, was added thereto as a post-crosslinking agent, and
mixed. This mixture was heated using an oil bath at 175°C, and water and
n-heptane of the resulting mixture were removed by distillation. The post-
crosslinking reaction was carried out for 3 hours while drying, to give the

25 water-absorbent resin. The drying loss (water content) was 2.1% by mass.



A cyli'ndrical round bottomed separable flask having an internal 5 dianeter
of 110 mm equipped with a stirrer, a stirring blade, a reflux condenser, a
droppi ng funnel and a nitrogen gas inlet tube, was charged wth 50 g of the
wat er - absor bent resin precursor obtainedlin Production Exanple 1 (Al)
(Theoretical anpbunt of the water-soluble ethylenically unsaturated nononer
used to obtain the precursor: 0.52 nol) and 80 g of 10 n-heptane. The
internal tenperature was raised to 80C. Thereafter, 3.5 g of water was
added thereto, &t physical propestionsf thepratat-absoebentmesintveensatestrarieed by 10

m nutes (the water content of the water-absorbent resin precursor: 13.2% by
mass). [0089] Trhe exfthads descfibgd abowe dibthioyrestd tssweapushonan solaltledn of

1, 6-bis(3- 15 ethyl oxetane-3-yl)-2,5-di oxahexane (1.9 muol ), obtai ned by
Synthesis [088)| e 1Exmmpl@aB8ded thereto as a post-crosslinking agent, and
5.0 g of a 10% by mass aqueous sol ution of a phosphoric acid (5.1 nmol) as
a reaction aid wereAacdadiridabratml Boitbmedksaparatiie flask having amaimtdrealt ed usi ng
an oil bath at 175C, and water and n-heptane of the resulting m xture 20

wer e rsenoved by dlamtier lofiflil 6rmm] bquipped wdthos stiirer iarsgirring blddenaweBuxar ri ed

out for 1 hour while drying, to give the water-absorbent resin. The drying

| oss (wat er contcentignseasa droppityy fumed and heitpdiyesi gasl inpat dplse, twasschatgadhe

wat er - absorbent resin were determ ned by the methods descri bed above and
the results wer evsh6Mg ofith€atrdter-absozberitGO§iA Jpréctasgl ebtdindd in Rredudtivar i cal
round bottonmed separable flask having an internal dianeter of 110 mm

equi pped wi th a Btanipler], (Al )Theotorgabhmdent of thefwatxr-sslabliesihglenicallgr oppi ng

funnel and a nitrogen gas inlet tube, was charged

unsaturated monomer used to obtain the precursor: 0.52 mol) and 80 g of

10 n-heptane. The internal temperature was raised to 80°C. Thereafter, 3.5 g
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).

[0089] Thereafter, 5.0 g of a 10% by mass aqueous solution of 1,6-bis(3-

15 ethyloxetane-3-yl)-2,5-dioxahexane (1.9 mmol), obtained by Synthesis
Example 1, was added thereto as a post-crosslinking agent, and 5.0 g of a
10% by mass aqueous solution of a phosphoric acid (5.1 mmol) as a
reaction aid were added thereto and mixed. This mixture was heated using
an oil bath at 175°C, and water and n-heptane of the resulting mixture

20 were removed by distillation. The post-crosslinking reaction was carried
out for 1 hour while drying, to give the water-absorbent resin. The drying
loss (water content) was 3.4% by mass. The physical properties of the
water-absorbent resin were determined by the methods described above

and the results were shown in Table 1.

25 [0090] Example 4



with 50 g of water-absorbent resin precursor obtained in Production 5
Exanple 1 (Al) (Theoretical anmount of the water-soluble ethylenically
unsat urat ed nononer used to obtain the precursor: 0.52 nol) and 80 g of
n- heptane. The internal tenperature was 3aised to 80C. Thereafter, 3.5 g of
wat er was added thereto, and the m xture was kept at the sane tenperature
for 10 mnutes (the water content of the water-absorbent resin 10
precursor: 13.2% by nmass). [0091] Thereafter, 5.0 g of a 10% by mass aqueous
sol ution of 1,12-bi sfFyliadrgpbieandhettonad sepambie flask baviagadsttsezlne (1. 4
mmol ), obtained by Synthesis Exanple 2, as a post-crosslinking agent, and
5.0 g of a 10% lsyameigsef Aihavuseqwpped vithot starghesprang blagej drgiixl mmol ) as
a reaction aid 15 were added thereto and m xed. This m xture was heated
usi ng an oi | batchndenser zsdropping fwanel antha nitrogeptgasdnist tutiee washhrgedy ni xt ure
were renoved by distillation. The post-crosslinking reaction was carried
out for 1 hour with 5@ garfywatgr-absorhentaresinepraeureor alfetheddntProdeétinn The dryi ng
| oss (water content) was 3.4% by mass. The physical properties of the water
20 ab$orbent redixample & (ddt)éTheoreticalampentradithe ssteresdubloethyboicelland t he
results were shown in Table 1. [0092] Exanple 5 A cylindrical round bottoned
separ abl e fl ask unsatnrggecamanonearnsed telphtaen the pecuwsor:th)2 sud) ppd 80w ath a
refl ux condenser, a dropping funnel, 25 a nitrogen gas inlet tube and a
stirring bl ade walscpparepaltkelintdimiak tefohperktunasvas3aised éo §etC wilhhreador,P.oig
n- heptane, and 0.92 g of a sucrose stearate having an HLB of 3
(manuf act ur ed bypf Matenuwas addadathakato Fauhithe Qoixpuncavasokept aRiet sansaugar  est er
S-370) and 0.92 g of a nal ei ¢ anhydri de-nodi fi ed

temperature for 10 minutes (the water content of the water-absorbent resin

10 precursor: 13.2% by mass).
[0091] Thereafter, 5.0 g of a 10% by mass aqueous solution of 1,12-bis(3-
ethyloxetane-3-yl)-2,5,8,11-tetraoxadodecane (1.4 mmol), obtained by
Synthesis Example 2, as a post-crosslinking agent, and 5.0 g of a 10% by
mass aqueous solution of a phosphoric acid (5.1 mmol) as a reaction aid
15 were added thereto and mixed. This mixture was heated using an oil bath
at 175°C, and water and n-heptane of the resulting mixture were removed
by distillation. The post-crosslinking reaction was carried out for 1 hour
while drying, to give the water-absorbent resin. The drying loss (water
content) was 3.4% by mass. The physical properties of the water-
20 absorbent resin were determined by the methods described above and the
results were shown in Table 1.
[0092] Example 5
A 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 and a stirring blade was prepared. This flask was



et hyl ene- propyl ene copol yner (manufactured by Mtsui Chemcals, Inc., 5

H -wax 1105A) were added thereto. The tenperature was raised to 80C while
stirring, to dissolve the surfactant, and thereafter the solution was

cooled to 50C. [0093] On the other hand33a 500 mi-Erl ennmeyer 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 mass aqueous sodi um hydroxi de was added
dropwi se thereto with cooling fromexternal to neutralize 75% by nol .
Thereafter, 0. thargedovigh 3dthgl of mheplanaseidUhPPerafid Sunrescastearateativing

pol ynerization initiator and 9.2 ng (0.06 mmol) of

N, N - met hyl enebiasdtkBlodb hearmdactnred by ditsubishi-dsagaknlioogs £ggporatieng added
thereto to dissolve, to prepare an 15 aqueous nonomer solution for the
first step. [00RjotdhegarestarS-ARduatd @P2tghifsa mgledoashydmderarodifiedit i on f or
the first step was added to the above separable flask, and the internal of
the system was ethyfi¢necprmptylonereqpodymer (mnarufacturaben Mithe (Briieals, Intg f | ask
was inmmersed in a water bath at 70C to raise the tenperature, and the first
20 stép pol yner Hiavaxi10584) eare hédediliereod Thheemponited was misedam80°C
tenperature, to give a polynerization slurry of the first step. [0095] On

t he ot her hand, wdnleastotingy tosdiSsalive Hre smfaeyemt, didathkreadter ciasajetion wiash 128. 8 g
(1.43 nol) of an 80% by mass aqueous solution of acrylic acid, and 159.0 g
of a 27% by nassoalgdeod9°€odi um hydr oxi de was added 25 dropwi se thereto with
cooling fromexternal to neutralize 75% by nol. 34 Thereafter, 0.16 g (0.59
mrol ) of pof0@93] um p@nsht bétee handga 560 ndaErlernt yordtdskavaocharged wathor and
12.9 ng (0.08 mml) of N, N - nethyl enebisacrylam de as an

i nternal - crossl 9aki (1902gw1y ofed 80%dble chass 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.

[0094] 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.

[0095] On the other hand, an 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.



theret'o to dissolve, to prepare an aqueous nononer solution for the second
5 step. [0096] The entire anount of this agueous nononer solution for the
second step was added to the above slurry after polynerization, and the
internal of the systemwas sufficientlg4replaced with nitrogen. Thereafter,
the flask was again inmmersed in a water bath at 70C to raise the
tenperature, and 10 the second-step polynerization was carried out. [0097]
After the second-step pol i/meri zation, the tenperature of the reaction
sol ution was raldeteafier.dhloel(Opd mmal) obpaassinm paouléatefasaaadical was renoved
outside the systemwhile ref|uxing n-heptane by azeotropic distillation of
n- hept ane and wapbtmerizatignvsitage andoi2.0 meg (@8 mmpYarfdMN’-15 resin (A2)
(water content: 18.3% by mass.). To the resulting water- absorbent resin
(A2) (Theor et i caethylonehisasrylanddoas en-igisrmetazossiinkingnageat wereiaddadir at ed
mononer used to obtain the precursor: 2.45 nol), a 10% by nass aqueous
sol ution of 23. thageleftoalissodsenyo peeparaan equeoussobuemensahtion for the second
1, 6- bi s(3-et hyl oxet ane-3-yl) -2, 5-di oxahexane (9.2 muol ), 20 obtai ned by
Synt hesi s Exanpb@pl, as a post-crosslinking agent, and 16.6 g of a 10% by
mass aqueous solution of a lactic acid (18.4 nmmvol) as a reaction aid were
added t her d0896]Thi s Thaentireranz@initaf dhiswquedesamedomst sglution foi thetsgcondt 175C,
and water and n-heptane were renoved by distillation. The post-crosslinking
reacti on was castepedasoaddetidgo the hbave sthityafgr polymenizativn, gind the2@rgaldf t he
wat er - absorbent resin. The drying |loss (water content) 35 was 2.4% by mass.
The physical pr teesysteas vwals sufifacientl g replberst Withtitregém Theceftep tley flasked by t he
met hods descri bed above and the results were shown in Table 1.

was again immersed in a water bath at 70°C to raise the temperature, and

10 the second-step polymerization was carried out.

[0097] 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 the water-absorbent

15 resin (A2) (water content: 18.3% by mass.). To the resulting water-
absorbent resin (A2) (Theoretical amount of the water-soluble
ethylenically unsaturated monomer used to obtain the precursor: 2.45 mol),
a 10% by mass aqueous solution of 23.8 g of a 10% by mass aqueous
solution of 1,6-bis(3-ethyloxetane-3-yl)-2,5-dioxahexane (9.2 mmol),

20 obtained by Synthesis Example 1, as a post-crosslinking agent, and 16.6 g
of a 10% by mass aqueous solution of a lactic acid (18.4 mmol) as a
reaction aid were added thereto. This reaction solution was heated using
an oil bath at 175°C, and water and n-heptane were removed by distillation.
The post-crosslinking reaction was carried out for 1 hour while drying, to

25 give 238 g of the water-absorbent resin. The drying loss (water content)



[ 0098] Conparative Exanple 1 5 For the water-absorbent resin (Al) obtained
in Production Exanple 1, the physical properties of the water-absorbent
resin were determ ned by the methods descri bed above and the results were
shown in Table 1. [0099] Conparative Ex8fple 2 A cylindrical round bottoned
separabl e flask having an internal 10 dianmeter of 110 nm equipped wth a
stirrer, a stirring blade, a reflux condenser, a dropping funnel and a
nltrogen gas inlet tube, was charged wth 50 g of the water-absorbent resin
precursor obt ai wad 2.4%Momass.i She physiegdipropertias pf (hthwetestabsatbeatmasin  of t he
wat er - sol ubl e ethylenically unsaturated nononmer used to obtain the
precursor: 0. 52wes¢ Yetgnigd by dfc methods Hegsrdied.abpee @ofl thth eesulis avanal
tenperature was raised to 80C. Thereafter, 5.0 g of a 10% by mass aqueous
sol ution of 1, 4shewamediable 1.5.5 nmol) was added thereto as a

post-crossli nki ng agent and mxed This m xture was heated wusing an oil
bath at 1750098hd o-Brapiplad of the resulting 20 mixture were
renoved by distillation. The post-crosslinking reaction was carried out for
2 houbs whil e dryi nghontbe gvater-abhrorbentaesinifdd) bbtainedeim Produttien Fxpmple | oss
(water content) was 2.0% by mass. The physical properties of the

wat er - absor bent 1y i physmabprigeetics ofcttic watehabsoebdénd dssindeste debathingbbe and
the results were shown in Table 1. 25 [0101] Conparative Exanple 3 36 A
cylindrical routie methodseldsadpar ativive ahidabk résalts werashownenrkablell anet er  of
110 mm equi pped with a stirrer, a stirring blade, a reflux condenser, a
dr oppi ng f U0089] and GomparatiyerExzagple?l et t ube, was charged

A cylindrical round bottomed separable flask having an internal
10 diameter of 110 mm, equipped with a stirrer, a stirring blade, a reflux
condenser, a dropping funnel and a nitrogen gas inlet tube, was charged
with 50 g of the water-absorbent resin precursor obtained in Production
Example 1 (A1) (Theoretical amount of the water-soluble ethylenically
unsaturated monomer used to obtain the precursor: 0.52 mol) and 80 g of
15 n-heptane.
[0100] The internal temperature was raised to 80°C. Thereafter, 5.0 g of a
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
using an oil bath at 175°C, and water and n-heptane of the resulting
20 mixture were removed by distillation. The post-crosslinking reaction was
carried out for 2 hours while drying, to give the water-absorbent resin.
The drying loss (water content) was 2.0% by mass. The physical
properties of the water-absorbent resin were determined by the methods

described above and the results were shown in Table 1.

25 [0101] Comparative Example 3




with 50 g of the water-absorbent resin precursor obtained in Production 5
Exanple 1 (Al) (Theoretical anmount of the water-soluble ethylenically
unsat urated nononer used to obtain the precursor: 0.52 nol) and 80 g of
n-heptane. [0102] The internal tenperatdbe was raised to 80C. Thereafter,
5.0 g of a 10% by mass aqueous sol ution of 3-nethyl-3-oxetanenet hanol (4.9
nmmol) 10 was added thereto as a post-crosslinking agent, and m xed. This
m xture was heat ed usin? an oil qiéh at é?SC, grd wat er ;and n- hept ane of the
resul ting mixture wer&YHBAEGRIJOBYd gptipmed sepyabdletlaskinving ap satermaki ng
reaction was carried out for 2 hours while drying, .to give the water-
absor bent resi ndiandeigef, ] Hmmysequippadew1th grittisier) 2 GREINg Blagea . The 15
physi cal properties of the water-absorbent, resin were determ ned by the
net hods descri beendensele aghapping fhareliand awitiogen &ap inlgt tnhe) wag .ch{méa
Conpar ative Exanple 4 A cylindrical round bottomed separable flask having an
internal di anetéth ¥} g of thenwvatespbspihsat igsitprecytsor pbtained Bt Produgom| ade, a
reflux 20 condenser, a dropping funnel and a nitrogen gas inlet tube, was
charg®d with 50Egampla héAM{”Ehcqgts@flmum ot the watswpb&ge ethydemieally n
Production Example 1 (Al') (Theoretical anmount of the water-soluble
ethyl enical |y uRspduatest @@namesused tosehfatnothg preguisem 8.3 welransr80 g 02 nol )
and 80 g of n-heptane. 25 [0104] The internal tenperature was raised to
80C. Thereaftern-heptaneg of a 37 3% by mass aqueous sol ution of
di[1-ethyl (3-oxetanyl )] nethyl ether (2.3 nmmol) was added thereto as a
post - cr ossI[Ph2]ng agBm internal teimpedaturerwias raised tor 80 KasThesgalier, <0 ggfan oi |
bath at 175C, and water and n-

10% by mass aqueous solution of 3-methyl-3-oxetanemethanol (4.9 mmol)

10 was added thereto as a post-crosslinking agent, and mixed. This mixture
was heated using an oil bath at 175°C, and water and n-heptane of the
resulting mixture were removed by distillation. The post-crosslinking
reaction was carried out for 2 hours while drying, to give the water-
absorbent resin. The drying loss (water content) was 3.2% by mass. The

15 physical properties of the water-absorbent resin were determined by the
methods described above and the results were shown in Table 1.

[0103] Comparative Example 4

A cylindrical round bottomed separable flask having an internal
diameter of 110 mm, equipped with a stirrer, a stirring blade, a reflux
20 condenser, a dropping funnel and a nitrogen gas inlet tube, was charged
with 50 g of the water-absorbent resin precursor obtained in Production
Example 1 (A1) (Theoretical amount of the water-soluble ethylenically
unsaturated monomer used to obtain the precursor: 0.52 mol) and 80 g of
n-heptane.

25 [0104] The internal temperature was raised to 80°C. Thereafter, 16.7 g of a



hept ane of the resulting mixture were renoved by distillation. The post 5
crosslinking reaction was carried out for 2 hours while drying, to give the
wat er - absorbent resin. The drying | oss (water content) was 2.2% by nass.

The physical properties of the water-ab8drbent resin were determ ned by the
met hods descri bed above and the results were shown in Table 1. [0105]

[ Tabl e 1] Tenperature Tine Retention Absorption Water- Capacity of Capacity
of sol uble Physiol ogi Physiol ogic, Substance cal Saline a] Saline under
Load of 2.07 kP% prmassafueepsgolutiay of dif bethylexgtang)methybethens 21 14
Ex.2 175 3 46 20 16 Ex.3 175 1 40 25 12 Ex. 4 175 1 44 21 15 Ex.5 175 1
43 22 13 Conp. (&% mmol) wassgldedtherety apa pest-crpsgliking agentpand migedyp. Ex. 3
175 2 42 24 24 Conp, Ex. 4 175 2 47 11 18 10 [0106] It can be seen fromthe
resul ts shown i AhisaBixur Whaheathd upiagean oihbabraidrid°Ceandhwabardindgtt i n each
Exanpl e has an excellent water-retention capacit% and wat er - absor ption
capaci ty under hepigne ghtheaepeiinganixture were removed by distillation. The post-

5 crosslinking reaction was carried out for 2 hours while drying, to give the
water-absorbent resin. The drying loss (water content) was 2.2% by mass.
The physical properties of the water-absorbent resin were determined by
the methods described above and the results were shown in Table 1.

[0105]  [Table 1]

Temperature ~ Time  Retention  Absorption Water-
Capacity of Capacity of soluble
Physiologi  Physiologic Substance
cal Saline  al Saline

under Load
of 2.07 kPa
[°C] [hr] [g/g] [ml/g] [% by mass]
Ex. 1 175 2 45 21 14
Ex. 2 175 3 46 20 16
Ex.3 175 1 40 25 12
Ex. 4 175 1 44 21 15
Ex. 5 175 1 43 22 13
Comp. Ex. 1 - - 66 6 27
Comp. Ex. 2 175 2 44 22 22
Comp. Ex. 3 175 2 42 24 24
Comp. Ex. 4 175 2 47 11 18
10

[0106] It can be seen from the results shown in Table 1 that the water-

absorbent resin obtained in each Example has an excellent water-retention
capacity and water-absorption capacity under load, and a low water-
soluble substance.

15



sol ubl e substance. 15 38 | NDUSTRI AL APPLI CABI LI TY [0107) The

wat er - absorbent resin obtained by the nmethod for producing a

wat er - absorbent resin of the present inyention is excellent in properties
such as water-retention capacity, and mé@er-absorption capacity under | oad,
5 and al so gives consideration to safety of the water-absorbent resin by
reduci ng wat er - sol ubl e substance. Therefore, the water-absorbent resin of

t he present inveRti.Qp-5an.be y.eferaghl sed, for exanple, in hygienic

mat eri al s such as—¢ i Freont i nence pad and sanitary napkin,

i ticul 'n di.sposabl o, d .39 CLA 1]_A method f.or. produci
wat or- absor BN 1 esi FREERG 2btwBRELipsiy ob ey SetmdbRietharlfislmg o
ted by the foll qw | 5 fornul 1): R oCcZHAO- CZHA O (1
00 wherein R i YA dseiend kst ORI mrgscrtibvestiolith sxCRotdt PLARTRS § an
by pol yner i zi ngSut & waBrbchlof chfeh, G vyA haboE et Bro gt Teat o

subj ecting the co nents to a ost -crassli.nki ng, reacti,on whi.l heat i ng.
Jegting &1d R180 gives considerdtion fo sa ety of%e ter-absorbent resin %y g

reducing 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.



[2] The method for producing a water-absorbent resin according to 15 claim
1, wherein the anmount of the bi soxetane conpound is fromO0.001 to 3% by
nol, based on a total anmount of the water-soluble ethylenically wunsaturated
monomer used for obtaining a water-absoBdent resin precursor. [3] The method
for producing a water-absorbent resin according to claim1l or 2,
characterized in that phosphoric acid or lactic acid is added as 20 a
reaction aid during the post-crosslinEing Eeaction. [4] A water-absorbent
resin obtainable by the nmethod as def Pn any one of clainms 1 to 3,
characterized in that the water-absorbent resin has a retention capacity of
physi ol ogi cal saline of 30 g/g or nore, an absorption capacity of

physi ol ogi iL sal i ne under(g | oad of, 2.07 kPa of 15 mi /g or 25 nore, and a
wat er - sol uﬁ subst arft 816880 fop, PP dneing agyategahsorbent resin, , characierized by

adding a bisoxetane compound represented by the following general

5 formula (1):

R R
—(GH40 ) —CHs—0 "

0 o)
wherein R is an alkyl group having 1 to 6 carbon atoms; and n is an integer of
10 from 0 to 6,
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 the amount of the bisoxetane compound is from 0.001 to
3% by mol, based on a total amount of the water-soluble ethylenically
unsaturated monomer used for obtaining a water-absorbent resin precursor.
[3] The method for producing a water-absorbent resin according to
claim 1 or 2, characterized in that phosphoric acid or lactic acid is added as
20 a reaction aid during the post-crosslinking reaction.
[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
retention capacity of physiological saline of 30 g/g or more, an absorption
capacity of physiological saline under a load of 2.07 kPa of 15 ml/g or

25 more, and a water-soluble substance of 20% by mass or less.





