‘i DESCRI PTI ON PROCESS FOR PRODUCTI ON OF WATER- ABSORBABLE RESIN 5 TECHNI CAL
FI ELD [ 0001] The present invention relates to a nethod for producing a

wat er - absorbent resin and a water-absorbent resin obtained by the mnethod.
More specifically, the present inventioh relates to a method for producing
a water-absorbent resin which can be suitably used in hygienic materials 10
such as di sposabl e di aper, incontinence pad and sanitary napkin; and a

wat er - absor bent resin obtained by HggﬁgiﬁgiﬂQBEACKGRCUND ART [ 0002]
Conventionally, a water-absorbent r n widely used in hygienic
materi al s such as di sposabl e diaper and sanitary napkin, and 15 industri al
materi als such as water blocking materials for cables. As the

wat er - absor bent resin, . at es of

st ar ch- acryl oliR SgFOR Jdk e NIONL O WATER-ABWRHABLE KNI
acrylate graftpol ymers, saponified products of vinyl acetate-acrylic ester
copolyners, partially neutralized products of polyacrylic acid, and the

| i ke. 20 [0003] It has. been_desired that the water-absorbent resin used in
hygi eAi ¢ materi ' s excellent in properties such as
water-retention. capacity, water-absorption capacity under |oad, and gel
strength. A0981]n tihke present inyephge pelatesitagrmaehoddfer apdlpsingenvatiied
properties, many studies _have been nmade on a nethad of increasing a
crosslinking dedbpeipeshresipand aMyaelcahspylsntgesin pbtajped by sk srethast: gM@ﬁ n

(post-crosslinking nethod) and 2 _the |ike. For exanple, a nethod including
the steps of mi spegjfigallyrthepiesent invention relates to a method for producing a

water-absorbent resin which can be suitably used in hygienic materials
10 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

hygienic materials such as disposable diaper and sanitary napkin, and

15 industrial materials such as water blocking materials for cables. As the
water-absorbent resin, there has been known, for example, hydrolysates of
starch-acrylonitrile graftcopolymers, neutralized products of starch-
acrylate graftpolymers, saponified products of vinyl acetate-acrylic ester
copolymers, partially neutralized products of polyacrylic acid, and the like.

20 [0003] It has been desired that the water-absorbent resin used in hygienic
materials or the like is excellent in properties such as water-retention
capacity, water-absorption capacity under load, and gel strength. Also in
the past, in order to improve the above-mentioned properties, many studies
have been made on a method of increasing a crosslinking density on a

25 surface layer of the water-absorbent resin (post-crosslinking method) and



‘compdund such as ethyl ene carbonate and heat-treating the mxture (Patent
Publication 1), a nethod including the steps of m xing a polyhydric al cohol
conmpound and heat-treating the m xture (Patent Publication 2), 5 and the

li ke have been known. [0004] On the othe? hand, since the water-absorbent
resin is used in a hygienic material contacting to the human body (skin).
Therefore, in recent years, it is desired that the water-absorbent resin

gi ves considerat@op a%so to safet &Pr.tqg skig, and, as.a nethaqd for

i mprovi ng t he wdberkaoFaps¥amele arasinpd imclidingdic fpsIPTgNIxRs & GAEI#8Iat i on
to safety of the water- absorbent resin by using a crosslinking agent having
hi gh safety, re(mamgmdmeﬁras sineneCahandlsad iat trenang theamieHs (Hnse

studied. [0005] In recent years, as thod for jnproving. the, .
above- nent i oned Publisplden ilh s mgHhad @Fﬁli{‘gg ?Rfe‘?flalflil’ﬂﬁgtad’@éiﬂ)éqr% f or

exanpl e, there has been 15 suggested a nethod, of increasing. a.crqsslinking
density on a surdieiw! cappoupd anfdieghireating ther BEsure datent Pé@%@?ﬂ?%éito a

met hod including the step of . mxing with an oxetane conpound and a

wat er Ssol ubl e add@dithe dke bage bgerknowpyp| i cation 3), a method including the
steps of m xi r(l)aﬂlwith a ketal conpound or an acetal conpound and

heat - t r eat i HY08he ni Pnuhe ofkachangs since Sae walsriabseibsat 1osin i ¥sedHBA i ncl udi ng

the steps of mxing with a _specified oxazoline conpound and treating the
m xture (see Pathyigtenpgpiateraalicontantingdp the h@man@.dy&gk@m Thgrafpeatn on 1:
German Patent No. 4020780 Pat ent Publication 2: Japanese Patent Laid-Open
No. Sho 58-180238cemyepst Bris dpsingd that thmwaterahpenbenkreasin gives cansideyssianNo.
(2)3?3_2%3346 3 i?stoetr(])tsa?gtglfio? ?l}ei sokr;n,4 E:ll‘ld‘z %g?lqrelgtﬁodp %;[)re ir;;[lprlz)%iir?g- tclgevgatlg(r)-' el
10 absorbent resin, a method which gives consideration to safety of the water-
absorbent resin by using a crosslinking agent having high safety, reducing
water-soluble substance, or the like tends to be studied.
[0005] In recent years, as a method for improving the above-mentioned
properties while giving consideration to safety, for example, there has been
15 suggested a method of increasing a crosslinking density on a surface layer
of the water-absorbent resin, according to a method including the step of
mixing with an oxetane compound and a water-soluble additive (see Patent
Publication 3), a method including the steps of mixing with a ketal
compound or an acetal compound and heat-treating the mixture (see Patent
20 Publication 4), a method including the steps of mixing with a specified
oxazoline compound and treating the mixture (see Patent Publication 5), or
the like.
Patent Publication 1: German Patent No. 4020780
Patent Publication 2: Japanese Patent Laid-Open No. Sho 58-180233

25 Patent Publication 3: Japanese Patent Laid-Open No. 2003-313446



'Pat ent Publication 5: Japanese Patent Laid-Qpen No. 2000-197818 SUMVARY OF
THE | NVENTI ON [ 0006] The present invention relates to: 5 [1] a nethod for
produci ng a wat er-absorbent resin, characterized in that a precursor of the
wat er - absor bent resin obtained by polynedizing a water-soluble
ethylenically unsaturated nononer is subjected to a post- crosslinking
reaction in the presence of a conpound having plural hydrazide groups; and
10 [2] a water-absorbent resin obtained by the nethod as defined in the
above [1], char XetentPublication AatapaneseRatent dosbOpentNe.ddei0§:82727§ et ent i on
capacity of saline solution of 25 g/g or nore, an absorption capacity of

sal i ne sol uti on PateméPublicataen 6f Japaresk Patest Lagl-fpeg Ne. 1981§el strength
of 900 Pa or nore, and a water-sol ubl e substance of 20% by mass or |ess. 15
BRI EF DESCRI PTI QUMMARY SREVITNES INGMIONTION gure 1] Figure 1 is a schematic
view of an apparatus for determ ning absorption capacity of saline solution
under | oad [#006he walbe presosbintyention edates tpFi gure 2] Figure 2 is a schematic
view of an apparatus for 20 determ ning gel strength of the water-absorbent
resin5 EXPLANATION DmethivdERGrod syinB@ Safe0absjrbEntussr, sharactesizedén er ni ni ng
wat er - absorption capacity 1 buret section 10 buret 25 11 air introduction
tube 4 12 cock that a precursor of the water-absorbent resin obtained by polymerizing a

water-soluble ethylenically unsaturated monomer is subjected to a post-
crosslinking reaction in the presence of a compound having plural
hydrazide groups; and

10 [2] a water-absorbent resin obtained by the method as defined in the
above [1], characterized in that the water-absorbent resin has a retention
capacity of saline solution of 25 g/g or more, an absorption capacity of
saline solution under a load of 2.07 kPa of 15 mL/g or more, a gel strength
of 900 Pa or more, and a water-soluble substance of 20% by mass or less.

15 BRIEF DESCRIPTION OF THE DRAWINGS

[0007] [Figure 1] Figure 1 is a schematic view of an apparatus for
determining absorption capacity of saline solution under load of the water-
absorbent resin.

[Figure 2] Figure 2 is a schematic view of an apparatus for

20 determining gel strength of the water-absorbent resin.

EXPLANATION OF NUMERICAL SYMBOLS

[0008] X  apparatus for determining water-absorption capacity
1 buret section
10  buret

25 11  air introduction tube



‘13 cbck 14 rubber plug 2 lead tube 5 3 neasuring board 4 neasuring section
40 cylinder 41 nylon nmesh 42 weight 10 5 water-absorbent resin Y apparatus
for determning gel strength 1 supporting section 10 supporting board 11
pole 15 12 counter 2 novable plate 3 settion for driving novable plate 30
pul se notor 31 pulley 20 32 wire 4 neasuring section 40 |load cell 41
precision spring 42 connecting axis 25 43 pressure-sensitive axis 5 5

wel ght 12 cock
13 cock
14 rubber plug
2 lead tube
5 3 measuring board
4 measuring section
40  cylinder
41  nylon mesh
42 weight
10 5 water-absorbent resin
Y  apparatus for determining gel strength
1 supporting section
10 supporting board
11  pole
15 12 counter
2 movable plate
3 section for driving movable plate
30  pulse motor
31 pulley
20 32 wire
4 measuring section

40  load cell
41  precision spring
42  connecting axis

25 43  pressure-sensitive axis



'6 neasurenent sanple (gel) DETAILED DESCRI PTI ON OF THE | NVENTI ON [ 0009] The
present invention relates to a nethod for producing a water 5 absorbent
resin which can be suitably used in hygienic materials, which is excellent
in properties such as water-retention capacity, water-absorption capacity
under | oad, and gel strength, and is also excellent in safety for the hunman
body by reduci ng wat er-sol ubl e substance; and a water-absorbent resin
obt ai ned by the nethod. _.10 [001 Conventional |y, production of a

wat er - absor bent resin whi ch V€i8%xcel I ent in properties such as

wat er-retenti on capacity, water-absor tloqk acity under |oad, and gel
strength, and is also e cell%ﬁ?mFﬁm§8 %F? S%ggﬁedUC|ng wat er - sol ubl e
substance or the ) 2 .bgr absorbent resin
whi ch suffi ci ent33¢=&4 '—- e 2 : ;r i es and safety has
never been tained. [ 001 The preseni inventors ve f und that, upon the
product i on g(?oq%he V\gil@ FIbVéjfﬁ‘flOPéE]taFFS tg agpethe %F PE)‘? YGRS RS- absor bent

resin is subject toapos 0Ss] i nki onlnthepesneof a
conmpownd havi ng H?&’g‘i“icfb %‘Ejﬁ‘é‘tatﬁgé‘%g ’[‘}‘%‘CP’@S‘HP'{CFIH 18

wat er - absor bent res n has 20 an propriate water-retention aci.ty, a

hi gh wat er - absore&lcf’ﬁ tdﬁ[ﬁ’&@i’ﬁr&les QH&E?S Vékd- YSWHUQHr?l"la?\m@élwaéf“i’%l?fg’xfﬂ“mgnd i's
al so excellent in safety since water-soluble substance_ is.reduce The
present inventi GiRPAGYY BRds loaé,cwpm@ﬁéagthhén@wlw Gaetenidn éﬁ*fé%értthet he
present invention, a surface |ayer of a precursor of 25 the water-absorbent

resin is evenly lameasbediby rﬁwcanm@rﬁercs%%lpﬁva}mtﬁgcqs angdenwatey-ab§orhenhg t he
speci fied post-crossli nkl(ril% tgent whereby a water-
y

resin obtaine e method.

10 [0010] Conventionally, production of a water-absorbent resin which is
excellent in properties such as water-retention capacity, water-absorption
capacity under load, and gel strength, and is also excellent in safety by
reducing water-soluble substance or the like has been studied. However, a
water-absorbent resin which sufficiently satisfies water-absorption

15 properties and safety has never been obtained.

[0011] The present inventors have found that, upon the production of the
water-absorbent resin, a precursor of the water-absorbent resin is subjected
to a post-crosslinking reaction in the presence of a compound having
plural hydrazide groups, whereby the resulting water-absorbent resin has

20 an appropriate water-retention capacity, a high water-absorption capacity
under load and a high gel strength, and is also excellent in safety since
water-soluble substance is reduced. The present invention has been
accomplished thereby.

[0012] According to the present invention, a surface layer of a precursor of

25 the water-absorbent resin is evenly crosslinked in a high crosslinking



‘absof bent resin which can be suitably used in hygienic materials, which is
excellent in properties such as water-retention capacity, water-absorption
capacity under load, and gel strength, and is also excellent in safety for
the 5 human body by reduci ng water-sol ubPe substance, can be obtai ned.
[0013] The present invention is specifically explained hereinbelow [0014]
In the present invention, a nethod of polynerizing a water-soluble
ethylenically u 0 .0btain a.precurso t.he water -

Sbeorbent rexi n QeaSHG Y gRiE BEReriyied Rasr st SRR et Tt ea B Es 10

mot hod. - and { he PPRECTRFSEHEIh FHLDY SpraLbiea ey eIy RErFizl MRS hods.
Fever sed. phase. SUCHLTSIBRTBRIALFTILE BACEERIGon CaBRHPA NG FIFORGIE 15
Dol ymer i 22t i on GAPACHALERCIOBRGTE GHAYEBBITG And F RO ARGHLTLAL YORBIEY (6 o

bol yrri zat i on. Manabedy bf §Educdik bk GeanTHGREHADEh 20 Lo AR ai ni ng a
crosel 1 nki nIUgint "ae Preteaf imvenkene beaart exReead B aeatds.
et 0ot he e A A s s PR sl

obtai ned by additjaonal |y addi ng the water-sol ubl e ethyl eni &{elz% unsat ur at ed

mononer to a pr &dhiylspically unsafufaied monosRs OB RreERiSar At Ay t he
rever sed- phase suspensi on, pol ynmeri zatiqn _and carrying out a 7
pol ynmeri zati on iayspabent r@@@&anifpaﬁwleﬁyrlrwléeitaesgnaudes an aqueous

10 solution polymerization method, a reversed-phase suspension

polymerization method, and the like, which are the representative
polymerization methods.
[0015] In the present specification, as one example of the embodiments, the

reversed-phase suspension polymerization method is explained in more

15 detail. In the above-mentioned method, a reversed-phase suspension
polymerization of a water-soluble ethylenically unsaturated monomer in a
water-in-oil system is carried out, for example, using a radical
polymerization initiator, in a petroleum hydrocarbon solvent containing a
surfactant and/or a polymeric dispersing agent, in the presence of a

20 crosslinking agent and a chain transfer agent as occasion demands.
Incidentally, in the above-mentioned reversed-phase suspension
polymerization method, a precursor of the water-absorbent resin can be
obtained by additionally adding the water-soluble ethylenically
unsaturated monomer to a precursor of the water-absorbent resin obtained

25 by the reversed-phase suspension polymerization and carrying out a



‘[ 0016] The wat er-sol ubl e ethyl enically unsaturated nononer includes, for
exanpl e, (meth)acrylic acid, 2-(neth)acrylam de-2-nethyl propanesul fonic
acid and salts thereof; nonionic unsaturgted nmononmers such as 5
(meth)acryl am de, N, N-di met hyl (net h)acryl’am de, 2-hydroxyet hyl
(meth)acrylate, and N-nmethyl ol (neth)acryl am de; am no group-containi ng
unsat urated nononers such as diethyl am noethyl (nmeth)acrylate and

the 1 k. These TRYRE-EH G %ot B BImMEESA0r o or more 10 ki nds.
the. vt or - sDIGHAIY. ot APFQAEsrop ol ey (ehicaly FoniBed Kodhasrinebiftsros ™
L U (e ) et AT, 3 R R SR Sptarv
A SR Rt e o YRR P B R SL
sual 1y wsed i n enRsA S A EREE et R i BB SVl Thar “The
TR AR e e A e T M E A
ot oA T R R RS el ™
when the water-sal yble ethylenically unsaturated nononmer used _has an acid
group, the acid ﬁﬁﬁakﬁmpw Smernlecy g avalemany SPIRRORRES MSERAtal i zor
he degr o6 of nelTRE KT | Eissbynde HKAIPHEORELE9mbinAgon o o more.
10 kinds. Here, “(meth)acryl-” herein means “acryl-” and “methacryl-.”
[0017] Among the water-soluble ethylenically unsaturated monomers,
preferred ones include (meth)acrylic acid and salts thereof,
(meth)acrylamide, N,N-dimethyl(meth)acrylamide and the like, from the
viewpoint of being industrially easily available. Even more preferred ones
15 include (meth)acrylic acid and salts thereof, from the viewpoint of
economical advantage.
[0018] The water-soluble ethylenically unsaturated monomer can be
usually used in the form of an aqueous solution. It is preferable that the
concentration of the water-soluble ethylenically unsaturated monomers in
20 the aqueous solution of the water-soluble ethylenically unsaturated
monomers is from 15% by mass to a saturated concentration.
[0019] In the aqueous solution of the water-soluble ethylenically
unsaturated monomer, when the water-soluble ethylenically unsaturated

monomer used has an acid group, the acid group may be neutralized with

25 an alkaline neutralizer such as an alkali metal salt or an ammonium salt. It



from10 to 100% by nol of the acid group of the water-soluble ethylenically
unsat urated nononer before the neutralization, fromthe viewoint of

i ncreasi ng osnotic pressure and increasing water-absorption 5 rate of the
resul ting water-absorbent resin, and not8causing any disadvantages in
safety or the |ike due to the presence of an excess al kaline neutralizer.
The al kali netal salt and the ammonium salt include lithium sodium

pot assi um amoni um and the |ike. Anobng them sodium potassium and
ammoni um ar e pr a$ predéiable tad theodigree 0 netralizatioh dryathk alkalihe[ 0PA)izdhis

radi cal polynerization initiator includes, for exanple, persulfates such as
pot assi um per sulffahd tarb®9 by mek sfitht acel g@ong ofthe watepsolablef at e; per oxi des
such as nethyl ethyl ketone peroxide, nethyl isobutyl ketone peroxide,
di-tert-butyl petlodenieally ansathrdtyd nomopmerpeforeitie neutrelizationt Ylom the

per oxyacetate, tert-butyl peroxyisobutyrate, tert- butyl 15 peroxypival at e,

and hydrogen perngspeint aimcﬁ@&m@%]lﬁﬁﬁoﬁupfes@ﬁre%rﬁi increasin water -absorption
azobi s(2- am di nopr opane) di hydr ochl ori de, 2,2'-azobis[2-

phenylsami di no) prr@tl@&ﬂ&hé’kéwﬂi@%ﬁlawﬂﬂﬁor&nz resid, Glidsi ot dablsln g any
al 'yl am di no) propane] di hydrochl ori de, 2, 2’ azobi s{2-[1- (2-hydroxyet hyl)

2-im dazol i n-2- ﬂldararvmgeé ifsdTy G Gk dikieditie t8.tRe pAARRESbPan Bk Erst altkallihel- 20
bi s( hydr oxynet hyl ) - 2- hydr oxyet hyI ] propi onam de}, 2, 2' - azobi s[ 2- net hyl -

N- (2- hydr oxyet hyjehtrligd Ortnalgeli malsah sd aaéca%ﬁ()ﬁnﬁﬂ@m@y@émé ftAghd) ;. and
the like. These radical polynerization initiators may be used al one or in

conbi nation of WA, ﬂ&éﬁnﬁhngﬁlm(ﬁﬁﬁﬁgah@%hl@@t A%ﬁ(bﬂgﬁhléﬁ{ %thlﬁﬁ
anmoni um persul fate, SOdI um persul fate, and 2, 2'-azobis(

ant di nopr 0pane) gl iRl 4 EmPhe E%f@f?i'b?e aﬁla%uiq}ﬁ 1é’hﬁ)‘f@9kéfEra‘Bie

being easily av exce ent storade stabi
10 [0020] The radlcal polymerization initiator includes, for example,

persulfates such as potassium persulfate, ammonium persulfate, and
sodium persulfate; peroxides such as methyl ethyl ketone peroxide, methyl
isobutyl ketone peroxide, di-tert-butyl peroxide, tert-butyl cumyl peroxide,
tert-butyl peroxyacetate, tert-butyl peroxyisobutyrate, tert-butyl

15 peroxypivalate, and hydrogen peroxide; azo compounds such as 2,2’-
azobis(2-amidinopropane)dihydrochloride, 2,2’-azobis[2-(N-
phenylamidino)propane]dihydrochloride, 2,2’-azobis[2-(N-
allylamidino)propane]dihydrochloride, 2,2’-azobis{2-[1-(2-hydroxyethyl)-
2-imidazolin-2-yl]propane }dihydrochloride, 2,2’-azobis{2-methyl-N-[1,1-

20 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,
ammonium persulfate, sodium persulfate, and 2,2’-azobis(2-

25 amidinopropane)dihydrochloride are preferable, from the viewpoint of



'[ 0021] The radical polynerization initiator is usually used in each reaction
step in an anount of preferably from0.005 to 1% by nol, based on the total
anount of the water-soluble ethylenically unsaturated nononer in 5 each
reaction step. Wien the anount used is 09005% by nol or nore, it is
preferable since the reaction in a short period of tine is possible. Wen
the anobunt used is 1% by nol or less, it is preferable since the

pol ymeri zation reaction proceeds in an appropriate rate. [0022] The

above- nent i oned beatfi easlilypolaylaklei anal ¢xoellent ini shorage stability. used as 10 a redox
pol ynmeri zation initiator together with a reducing agent such as sodium

sul fite, sopl02h]hydr@henadichlf pdlgmetizationsnisialoriis esuadlydisedds eaclbreactiani d.

[ 0023] The petrol eum hydrocarbon sol vent includes, for exanple, aliphatic
hydr ocar bons suckepain an ivasaneof prefirpbbnfeomr0.003 &né% bynendlj basedmn thei cyclic
15 hydrocarbons such as cycl opentane, nethyl cycl opentane, cycl ohexane, and

met hyl cycl ohexanetal armomat of theywateeaohbis esiytdniedll yoensaanetedt mboemer in and
xyl ene; and the like. Anong them n-hexane, n-heptane, and cycl ohexane are

pref esabl e, fronrsathecactionemt Wifentbie agndunduséd ise0.005 Basy il oavieirt ablie,
stable in quality, and inexpensive. These petrol eum 20 hydrocarbon sol vents

may be used al ongeferablaginee ths éshctiondfahoat peivdodf tithdds possiblee Whesls .
[ 0024] The petrol eum hydrocarbon solvent is usually contained in an anount

of preferably frheahfdun®uSdisPan by Myl GBRSs, ielkpreRrsbleisafcrabl y from80 to
550 parts by nmass, based on the total anmount of 100 parts by 25 mass of the

From the Vi cupoitnt) oF i g el oar s PR EppropRataale, 0 [ eaction step
[0022] The above-mentioned radical polymerization initiator can be used as
10 a redox polymerization initiator together with a reducing agent such as
sodium sulfite, sodium hydrogen sulfite, ferrous sulfite, and L-ascorbic
acid.
[0023] The petroleum hydrocarbon solvent includes, for example, aliphatic
hydrocarbons such as n-hexane, n-heptane, n-octane, and ligroin; alicyclic
15 hydrocarbons such as cyclopentane, methylcyclopentane, cyclohexane,
and methylcyclohexane; aromatic hydrocarbons such as benzene, toluene,
and xylene; and the like. Among them, n-hexane, n-heptane, and
cyclohexane are preferable, from the viewpoint of being industrially easily
available, stable in quality, and inexpensive. These petroleum
20 hydrocarbon solvents may be used alone or may be used in combination of
two or more kinds.
[0024] The petroleum hydrocarbon solvent 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

25 mass of the water-soluble ethylenically unsaturated monomer in each



‘maki ng the pol ynerization tenperature easier to control. [0025] The
surfactant includes, for exanple, polyglycerol fatty acid esters, sucrose
fatty acid esters, sorbitan fatty acid esters, polyoxyethylene 5 sorbitan
fatty acid esters, polyoxyethylene glycelol fatty acid esters, sorbitol
fatty acid esters, polyoxyethylene sorbitol fatty acid esters,

pol yoxyet hyl ene al kyl ethers, polyoxyethyl ene al kyl phenyl ethers,

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

al kyl al I yl f or nalremtipdestem fidemsbed vipolpartef frephaneg deheofspolyepzhtiox yed hyl ene
pol yoxypropyl ene bl ock copol yner, pol yoxyet hyl ene pol yoxypropyl al kyl

et hers, pol yet hyhaneg ¢he/polyniaizayioadenipesitwesasieptd gontyel hyl ene al kyl am nes,
phosphoric esters of pol yoxyethylene al kyl ethers, and phosphoric esters of
pol yoxyet hy]0828] al kyThe sytfaetaheircludvspfog exhinpie, pody divtenol tatty ycidesdrgst er s,
pol ygl ycerol fatty acid esters and sucrose 15 fatty acid esters are

preferabl e. Thesacmse facy acidsestay, foebitaethtiyl aie esters, polyoxybthdéneon of two or
nore kinds. [0026] The pol ynmeric di spersing agent |ncludes for exanpl e,

mal ei ¢ anhydri derbingi ﬂattgdacpd)ésaetsbpbb/myem@zlmecglyc&mﬁfatt;eam@sﬁergd
pol ypropyl ene, mal ei ¢ anhydride-nodi fied ethyl ene-propyl ene copol ymer, 20

mal el ¢ anhydri deorbitl ffateyl a BRIt dre] pollyexeethyieny sertgtolifere atidrasedry,ner ) ,
mal ei ¢ anhydride-nodi fied pol ybutadi ene, ethylene-naleic anhydrlde

copol ymer, et hylppoxyeapiern eikih e giees, pomyskye ﬂ@l@lﬁpﬂﬂ(ylﬁifen?rbah@@ ene- naleic
anhydri de copol yner, "oxi'di zed polyethylene et'hyl ene-acryflic aci d

ol o1 £ anhydri G0 RGN B ol yer ny e e o AR e e e
pol ypropyl ene, rthgy@osldeRRddBshdensel poiyvk oByRiRR(h&ERE
10 polyoxyethylene polyoxypropylene block copolymer, polyoxyethylene
polyoxypropyl alkyl ethers, polyethylene glycol fatty acid esters,
polyoxyethylene alkylamines, phosphoric esters of polyoxyethylene alkyl
ethers, and phosphoric esters of polyoxyethylene alkylallyl ethers. Among
them, sorbitan fatty acid esters, polyglycerol fatty acid esters and sucrose
15 fatty acid esters are preferable. These surfactants may be used alone or in
combination of two or more kinds.

[0026] The polymeric dispersing agent includes, for example, maleic
anhydride-modified polyethylene, maleic anhydride-modified
polypropylene, maleic anhydride-modified ethylene-propylene copolymer,

20 maleic anhydride-modified EPDM (ethylene-propylene-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, and ethyl hydroxyethyl cellulose. Among

25 them, maleic anhydride-modified polyethylene, maleic anhydride-



‘copol ynmer, oxidized pol yethyl ene and et hyl ene-acrylic acid copol yner are
preferable, fromthe viewoint of dispersion stability of the agueous
solution of the nonomer. These pol yneric dispersing agents may be used 5

al one or in conbination of two or nore Kilnds. [0027] Each of the surfactant
and/or the polyneric dispersing agent is used in an anount of preferably
from0.1 to 5 parts by nass, and nore preferably from0.2 to 3 parts by
mass, based on the_total amount of 10Q parts, by mass of the agueous sol ution
of the wat er - somisicd pokimppriene ampleie ashydrider m@difierbatbylans-prapklengact i on
step. Wen the each anount of the surfactant and the polyneric dispersing
agent used i s 0copplmey, pyidigeskpolyciiylae and gthylspefasrdin #C1d capel ymargrabl e

di spersion stability during polynerization is obtajned. Wen the each
amount used is Pselgsatle, fsgmpthe yigyrpoiatef dispeisiomstabidity bf thesaqiesusli sper si on
stability accounting 15 to the amunt used is obtained and it is

econoni cal | y exselutiomof theerajomer. t Reesgrpod pmeric diapersing agemnie npol havesddzat i on
reaction can be carried out in the presence of an internal crosslinking
agent Sof the polajensrorzatiqosmbinater of 6O oAgnak&kinds.er nal crosslinki ng agent,
for exanple, a conpound having two or nore polynerizabl e unsaturated groups
can be used002f¢ 20 Eeelpofithe hvafdctant and/csrtherpokymyic dispérsig agemh ssausedat ed
groups includes, for exanple, unsaturated (poly)esters obtained by reacting
pol yol s such as in @painyuat oy Ipeeferalily mm DThto 3 parts by podsg) indvemns cases wher e
the prefix "poly" is included and where the prefix is not included. In

ot her words, " (ppefeydbly fean$).2tp3diparte byanagsobastdeordthe totabamerunt ofrpound. 25
Hereinafter referred to the sane], (poly)propylene glycol, 1,4-butanediol,

12 tri et hyl ol A00g=nss,bypmiayoaf tichaqueoes ghlutioh of plod wateysobhyble ene gl ycol , or
10 ethylenically unsaturated monomer in each reaction step. When the each
amount of the surfactant and the polymeric dispersing agent used is
0.1 parts by mass or more, it is preferable since favorable dispersion
stability during polymerization is obtained. When the each amount used is
5 parts by mass or less, it is preferable since dispersion stability accounting
15 to the amount used is obtained and it is economically excellent.

[0028] In the present invention, the polymerization reaction can be carried
out in the presence of an internal crosslinking agent of the polymerization
reaction. As the internal crosslinking agent, for example, a compound
having two or more polymerizable unsaturated groups can be used. The

20 compound having two or more polymerizable unsaturated groups includes,
for example, unsaturated (poly)esters obtained by reacting polyols such as
(poly)ethylene glycol [The term “(poly)” means cases where the prefix
“poly” is included and where the prefix is not included. In other words,
“(poly)” means a polymer compound and a monomer compound.

25 Hereinafter referred to the same], (poly)propylene glycol, 1,4-butanediol,



‘(poly)glycerol with an unsaturated acid such as (neth)acrylic acid, nmaleic

acid or fumaric acid; bisacrylam des such as N, N - nethyl enebi sacryl am de;

di- or tri(meth)acrylate esters obtained by 5 reacting a pol yepoxide with

(meth)acrylic acid; carbanyl esters of ]éi(neth)acrylic aci d obtai ned by

reacting a polyisocyanate such as tolylene diisocyanate or hexanet hyl ene

diisocyanate with hydroxyethyl (neth)acrylate; allylated starch, allylated
e

cellul ose, diallyl phthal ate, N ,N-triallyl isocyanurate,

Gt vi ny! bonzene. tamGTEPRSRate, POlyCayo U ans Butel POROLABIamASIS #EOh B er nal
crosslinking agents, a coppaynd havin reactive functiopal oup .capabl e
of reacting wit KP@Y&%!WS‘H)@W“ %HB%%%%&‘HS@H@ %@E@‘ﬁiﬁ!é{ﬂa aﬁ%ﬂw@elg
reactive functiona] group. capapl e of reacting w th, a carboxyl group

i ncl udes, for eﬁ&‘dpq)re{,umﬂydﬁ“aay lsﬂ?lyflirﬂ’égﬁf‘é W\A%Iblgs' such as hydroxynet hyl
(meth)acrylate and, 15 hydroxyet hyl (neth)acryl ate; )

N- hydr oxyal kyl (r’f’é‘ith)’lﬁéﬁgjﬂsﬁ?ﬁ}’i@@%ﬂéh gdri(me %ﬁrﬁﬁﬁ}%ﬁtﬁfﬁl QRIS Xy y1 ani de and
N- hydr oxyet hyl (net h) acryl am de;, and the |ike. [0030] These internal

crossPi nki ng” agémaing PYyepaude ayith emeth)acrylie asash cathagwylsstarnet or nore

ki nds. 20 [0031] The_internal crosslinking agent is used in an amunt of
preferably 1% i(mgh)asylieacid obyigingd by rpacing apelyiwcyandy sueh aptolylegs
based on the total anmount of the water-soluble ethylenically unsaturated

nmonomer used i dliisaeyanateaer hevrmethplene diispeyraats withdivdroxyetByk f i ci ently
enhanci ng absorption properties of the resulting water-absorbent resin.

Here, the 25 rdmsdhaghjatenallyatad staichoallylatedcellalasg) diadlytphthaldteg agent is
i aan be - NN Arally) isocyanusate, divinylbehsene, and the Hke. - o oo 0" PN
10 [0029] 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
capable of reacting with a carboxyl group includes, for example,
hydroxyalkyl (meth)acrylates such as hydroxymethyl (meth)acrylate and
15 hydroxyethyl (meth)acrylate; N-hydroxyalkyl(meth)acrylamides such as
N-hydroxymethyl(meth)acrylamide and N-hydroxyethyl(meth)acrylamide;
and the like.
[0030] These internal crosslinking agents may be used alone or in
combination of two or more kinds.
20 [0031] The internal crosslinking agent is used in an amount of preferably
1% by mol or less, and more preferably 0.5% by mol or less, based on the
total amount of the water-soluble ethylenically unsaturated monomer used
in each reaction step, from the viewpoint of sufficiently enhancing

absorption properties of the resulting water-absorbent resin. Here, the

25 reason why the addition of the internal crosslinking agent is optional is



‘conttolled al so by addi ng a crosslinking agent for subjecting the water-
absorbent resin to crosslinking on their surface layer in any steps from
after the polynerization of the nononers_to drying. 5 [0032] In addition, in
order to control water-absorption properéles of the water-absorbent resin,

a chain transfer agent nay be added. As the above- nentioned chain transfer
agent, hypophosphites, phosphites, thiols, secondary alcohols, am nes and

the |ike can be_ex 033] The reactiop t rature upon the

ol yier 7ot 1 on HEACHY BAH 8£F§IOH1‘%P&€§3§H§?]WQW3§6T?%§%CP LG be

pol ymerization initi d The reac r at rels rably from
50 1o 110C and ﬁ%laéol%(ﬁ?lé? AT g e rr{?f bisip el et o

rapi dly progress t he rrerl Lon and nlngthe on rlzatlon
e Thoroby ; Abvaent s B hdueid BkinE uh elre%gf TRutioni a0y sHiens

pol ymeri zati on, hly .car. the reacti 15 The reactl on time of
each step is usﬂé?ﬂj’ Roa}ﬁmsﬂza%xa?ﬂamenomtﬁa@]&mger and the petrol eum
hydr ocar borh()@g&vent e renmoved from ture.after the

pol yneri zat } eacting trl%la, lmﬁﬂt@w&y B TTAPSORRIIOTPRAPGFES A the
tenperature of from 80 to 200C. [0035] Thus, the reversed-pha spensi on
pol ymeri zati on MatelzghsoeRpndgesin, phaig tigng régsnb@ay%radéﬁ tk?étﬁe above-

wat er - absorbent resin. [0036] In the Eresent i nvention, i s. characterized
in that a corrpomfrdltwﬁswhgmﬁm%wm awpaehespiutss, plsosaa?haéa thiplyy
post-crosslinking agent to the above-nentjioned precursor of the

wat er - absor bent S¢@ESAATY '11]@0@91&91“&&53&1 tb%%‘ﬂ‘:ﬁ@laﬁﬁlqwmmglqdeactl on. 25 [0037]

The conpound havi ng plural hydrazide groups_ includes, for 14 exanple,
car bodi hydr[8933k, nmallemreaction dempesainisAipgs, therpolymeerigation reaction differs

10 depending upon the radical polymerization initiator used. The reaction
temperature is preferably from 20° to 110°C and more preferably from 40°
to 90°C, from the viewpoint of rapidly progressing the polymerization and
shortening the polymerization time, thereby increasing productivity and
easily removing heat of polymerization, to smoothly carry out the reaction.

15 The reaction time of each step is usually from 0.1 to 4 hours.

[0034] Water and the petroleum hydrocarbon solvent may be removed from
the mixture after the polymerization reaction, for example, by heating the

mixture at a temperature of from 80° to 200°C.

[0035] Thus, the reversed-phase suspension polymerization is carried out,
20 to give a precursor of the water-absorbent resin.
[0036] In the present invention, it is characterized in that a compound

having plural hydrazide groups is added as a post-crosslinking agent to the
above-mentioned precursor of the water-absorbent resin, to carry out a
post-crosslinking reaction.

25 [0037] The compound having plural hydrazide groups includes, for



‘di hydrazi de, itaconic acid di hydrazide, fumaric acid dihydrazide, adipic
aci d di hydrazi de, sebaci ¢ aci d di hydrazi de, dodecanedi oi c acid dihydrazide,
i sopht halic acid di hydrazide, 1,6-hexanethylene 5 bissemn carbazide,

4, 4" - (et hyl ene- di - p- phenyl ene) di seni cadBazi de, and the |ike. Anpng them
car bodi hydr azi de, malonic acid di hydrazide, adipic acid dihydrazide, and
dodecanedi oi ¢ acid di hydrazide, are preferably used. These may be used

al one or in conbinatjon of two or. nore kinds. [0038]. The anount of conpound
havi ng plural h§¥Ep edéﬂl%@édﬁ@f%ﬁﬁd@&l@@lc &@déﬁm‘?az@poﬁl& 41 agigh er i ned
because the amount differs depending upon  the kinds of the conpound used.
The conpound haaﬁwgir%éwracwtfr%pzd @l%lycga@dﬁsfwrwswﬁ djhydsazideasipicn an
anount of preferably. from0.0Q01 to .2%._ by nol, and nore preferably from
0.001 to 1.5% b9CMhY®ra§@&, thbacireaciddihydraggdendodscansdiolacd - sol ubl e
ethylenically unsaturated mononer used to 15 obtain the precursor of the
wat er - absor bent diesirazidersephthalic apdslihndrapide; hé-haxamathylgae azi de groups is
contained in an anount of 0.0001% b nol or nore, the post-crosslinking
reactPon is nor Bissemigapbazide ot encthylene-diop-whenylsae)discoricamaaide; gndinder

| oad gets higher. Wen the compound having plural hydrazide groups is

cont ai ned in anthenkkmt Asfonzothsin, garbaslih ydyazidesmalani¢ acigrdihpdragids, adipie t he
post -crosslinking reaction can be efficiently carried out, and also
productivity i saeidgihydmeris) an¢ dodecapedinie aciddibydragide, pte prefesplly ysedsi bl e
to formulate a conventionally known crossl|inking agent, in addition to the
above- nenti onedhesmmay i usediatenapuimatornlinaton Qgt\ge@mmqredmdmg t he post -
25 crosslinking reaction. 15 0040] The post-crosslinking agent nay be

di ssol ved i[ﬁOQg} er, 'Bhe amgani ef compound having plural hydrazide groups cannot be

10 unconditionally determined because the amount differs depending upon
the kinds of the compound used. The compound having plural hydrazide
groups is usually contained in an amount of preferably from 0.0001 to 2%
by mol, and more preferably from 0.001 to 1.5% by mol, based on the total
amount of the water-soluble ethylenically unsaturated monomer used to

15 obtain the precursor of the water-absorbent resin. When the compound
having plural hydrazide groups is contained in an amount of 0.0001% by
mol or more, the post-crosslinking reaction is more likely to proceed, and
water-absorption capacity under load gets higher. When the compound
having plural hydrazide groups is contained in an amount of 2% by mol or

20 less, it is preferable since the post-crosslinking reaction can be efficiently
carried out, and also productivity is high.

[0039] In the present invention, it is also possible to formulate a

conventionally known crosslinking agent, in addition to the above-
mentioned compound having plural hydrazide groups, during the post-

25 crosslinking reaction.



‘solvént, or the Iike, and used. [0041] The timng for adding the

post -crosslinking agent is not particularly Ilimted, as long as the timng
is after the precursor of the water-absorbent 5 resin is obtained by

pol yneri zing the water-sol uble ethyleni dally unsaturated nonomer. For
exanple, a nmethod including the step of adding the post-crosslinking agent
to a water-containing gel of the precursor of the water-absorbent resin
after polynerization, a nmethod including the steps of adjusting water in

t he precur 40040f t hellwapest-capsdinkang agend inmyblye dBsolekdn atatery andgahigi ng a
wat er-cont ai ni ng gel after polynerization, and thereafter adding the

post - crossl i nki sglvenfent thehkketand wsedet hod i ncl uding the step of adding the
post-crosslinking agent to the precursor of the water- absorbent resin

obt ai ned by[004hldr atTheytisuing foryadding theepest-ceasstiakingnagepe is natfpagticularly

pol ynmeri zation, together with an appropriate amount of water (here, 15 the
precursor of thémitdeas kingpasohettimmgiin aftey theeprasedor nf theswatiee-ab$orbentsper si ng
in a petrol eum hydrocarbon sol vent, as occasion demands), and the like are
i ncl ufled. The poesin tralgsined biynpplamenizingstheddetdr-salublecthyenicadlyr of t he

wat er - absorbent resin, and thereafter, for exanple, the post crosslinking
reaction is carnhsdumatdd mionbmedi $or kkamgleghfmethbdinelndingy tha sk gedddihgum
hydr ocar bon sol vent by heating, whereby the water-absorbent resin of the
present inventi dre past-chesshhkmignegbnt [0 42iterfémtamang peloft thopecalrsoreofupon t he
post-crosslinking reaction differs depending upon the post-crosslinking
agent used. Thetheewater-@absotbenpessat after palypiceizati ol ayniettoyd w0luding H2C, nore
preferably from80 to 25 190C, even nore preferably from 100 to 180C, and

even further nosepd 6f adjusfing akityr irthopidirsar cf8AEw dtecabdoleentiresipdiynt  of
snoot hly carrying
10 dehydrating and drying a water-containing gel after polymerization, and
thereafter adding the post-crosslinking agent thereto, a method including
the step of adding the post-crosslinking agent to the precursor of the water-
absorbent resin obtained by dehydrating and drying a water-containing gel
after polymerization, together with an appropriate amount of water (here,
15 the precursor of the water-absorbent resin may be used in a state of
dispersing in a petroleum hydrocarbon solvent, as occasion demands), and
the like are included. The post-crosslinking agent is added to the precursor
of the water-absorbent resin, and thereafter, for example, the post-
crosslinking reaction is carried out while distilling off water and/or a
20 petroleum hydrocarbon solvent by heating, whereby the water-absorbent
resin of the present invention can be obtained.
[0042] The reaction temperature upon the post-crosslinking reaction differs
depending upon the post-crosslinking agent used. The reaction

temperature is preferably from 50° to 200°C, more preferably from 80° to

25 190°C, even more preferably from 100° to 180°C, and even further more



‘out t'he post-crosslinking reaction. In addition, the reaction tine is
preferably fromO0.1 to 5 hours, and nore preferably from0.5 to 4 hours.
[0043] In addition, for the purpose of accelerating a reaction of the 5
conmpound havi ng plural hydrazide groups,jgin other words, for the purpose of
| owering the reaction tenperature and shortening the reaction tinme in the
post-crosslinking reaction, a reaction catal yst such as acetic acid, lactic
acid, or phosphoric acid can be also added. It is desired that the reaction

catal yst is addgeefeinbay frdi®¥B80° & 180°@NfEbiAARd viedvpoiht @fesin@o'thgp&anﬁﬂged on
10 the conpound havi ng plural hydrazi de groups. [0044] An additive Such as a

lubricant, a dee@pthezhdi¢ cad8lihkidig refctid)t Imaddiabh,ahe a8RAonBie e furt her
added to the water-absorbent resin of the present invention depending upon

its purpose. [OQA&trabiiy $ronk DEl 1688 BOnBPaRd BRIIE piefetdb] P Blot DStoY héhe.
production nethod 15 of the present invention has a retention capacity of

sal i ne sol ypoa®] of 2f &HdEtiek, foRtiR p@podd oL hsddl&atifdRaeidtionddf hal | ne sol ution
under a load of® 2.07 kPa of 15 mi./g or nore, a gel strength of 900 Pa or

nore, sand has acompbofhd Hay FAl S/ deG8e BfoupdAnlthBRSOIdY, fbiehe pushdkee t he
wat er - absor bent i;@si n obtg{ign‘glzll bgﬁltﬂhe prgdt}%tgl on net ho<r1I of thep;l)lﬁc)asent

invention 20 hagf gy %fe%&ﬁoﬂ"?érﬁﬁerﬁﬁﬁ@!ﬁhﬂ@ﬁoﬁ&ﬂﬂ ithe/ rea@tibh %itne in
wat er - absor ption capacity under |oad, a high gel stFength, and a | ow

wat er - sol ubl e sulshaNcSosslinkendBlalioR S RLLEBH chBBsh sE@aPfectididcdl ycised in
hygienic materials. [0046] Here, retention capacity of saline solution,

absor ption capagtf SpHoriteaci@ it bORISRIed! IR dedfibd Bhdt $ROtdhction

OPEhO
wat er - sol ubl e substante, 'and 25 drying |loss (water content) are the val ues

det er mi ned accokgialiht 9addil ihan ARSEATBIREMBO0BE oY RSy ABE isedsh forth

bel ow.
10 the compound having plural hydrazide groups.

[0044] An additive such as a lubricant, a deodorizing agent or an
antimicrobial agent may be further added to the water-absorbent resin of
the present invention depending upon its purpose.

[0045] Thus, the water-absorbent resin obtained by the production method

15 of the present invention has a retention capacity of saline solution of
25 g/g or more, an absorption capacity of saline solution under a load of
2.07 kPa of 15 mL/g or more, a gel strength of 900 Pa or more, and has a
water-soluble substance of 20% by mass or less. Since the water-
absorbent resin obtained by the production method of the present invention

20 has an appropriate water-retention capacity, a high water-absorption
capacity under load, a high gel strength, and a low water-soluble substance,
the water-absorbent resin can be suitably used in hygienic materials.

[0046] Here, retention capacity of saline solution, absorption capacity of
saline solution under load, gel strength, water-soluble substance, and

25 drying loss (water content) are the values determined according to the



* [ 0047] The water-absorbent resin of the present invention has a retention
capacity of saline solution of preferably 25 g/g or nore, nore preferably
27 g/ g or nore, and even nore preferably 30 g/g or nore, fromthe 5

vi ewpoi nt of, upon being used in a hygiehic material, increasing absorption
capacity and |l owering the anount of re-wet of liquid. [0048] In addition,

t he wat er-absorbent resin of the present invention has an absorption
capacity of saline solution under a |oad of 2.07 kPa of preferably 15 nl/g
or nore, nore prdgtenmibhijon mathed descrihedears sahtporé/eelowd nore preferably 20
m./g or nore, fromthe viewpoint of, upon being used as a hygienic

materi al, | (04 7]ng t Akcamatanabsdrbert wem ofritha pressat itvention hasggeateatips appl i ed
to the hygienic material after liquid absorption. Simlarly, the

wat er - absor bent capscity of saline gnletiemof praferablpAS g4 onmorabmorgpicterablypaci t y
of saline solution under a | oad of 4.14 kPa of 15 preferably 7 nmi/g or nore,
mor e pref er abl y 20gfg drigmore, mndeyenmorevgaferabdy 8Ong/gfosmdiey fros the/ g or nore.
[ 0049] Further, the water-absorbent resin of the present invention has a gel
strengt h of prefdewpbint@ipufan beingursed imehygenid erasdrial, IROGsME or nore, and
even nore preferably 1500 Pa or nore, fromthe viewpoint of, upon 20 being
used in a hygi enibsormicer capacityaindtlaivering tbhameuof ofye-wiehof liquidy gi eni ¢
material after liquid absorption and securing flow of the liquid, thereby

i ncreasi ng {@048]si on Inhdditon, tlguwdterfab8deniesimaf the-rbsant beventioadias anf t he
present invention has a water- sol uble substance of preferably 20% by nass
or |ess, nore prafsergidnycafavity 2 shlinesslation undesa lembofe?.0f karad pr ef er abl y
18% by mass or less, fromthe 18 viewpoint of, upon being used in a

hygi eni ¢ mat er i gpreferablyciShmlIt/ger more, more preferably 17 mL/g or more, and even

10 more preferably 20 mL/g or more, from the viewpoint of, upon being used
as a hygienic material, lowering the amount of re-wet in a case where
pressure is applied to the hygienic material after liquid absorption.
Similarly, the water-absorbent resin of the present invention has an
absorption capacity of saline solution under a load of 4.14 kPa of

15 preferably 7 mL/g or more, more preferably 10 mL/g or more, and even
more preferably 15 mL/g or more.

[0049] Further, the water-absorbent resin of the present invention has a gel
strength of preferably 900 Pa or more, more preferably 1200 Pa or more,
and even more preferably 1500 Pa or more, from the viewpoint of, upon

20 being used in a hygienic material, maintaining shape of gel in the hygienic
material after liquid absorption and securing flow of the liquid, thereby
increasing diffusion of the liquid.

[0050] The water-absorbent resin of the present invention has a water-
soluble substance of preferably 20% by mass or less, more preferably 19%

25 by mass or less, and even more preferably 18% by mass or less, from the



‘generation of "slimy substance" due to elution of the water-soluble

subst ance and preventing irritation of the skin. [0051] Thus, a precursor of
t he wat er-absorbent resin is obtained by 5 polynerizing a water-soluble

et hyl eni cal | y unsaturated nononer, and 18hereafter, a conmpound havi ng pl ural
hydrazi de groups is added thereto as a post-crosslinking agent, to carry
out a post-crosslinking reaction, whereby a water-absorbent resin which is
excellent in properties such as water-retention capacity, water-absorption
capaci ty under WNuadpoinhof, gponi@ing usedgnig hygicnicanatesol, exddihgtite i n safety
for the human body by reduci ng water-soluble substance, can be obtained.

[ 0052] The reasganesation lof “shmgrsubblaocdedue toeclittiohafitgwatessblule  properti es
as descri bed above can be obtained is not clear. Al though not wanting to be
limted by theosybstanee ansbprenentang reitgsiamsofithd skim.f ol | ows. I n 15 ot her words,
it is considered that the reason is due to the fact that, a precursor of

t he wat er - 10861 pent Thws, @ precursacottheiwatehebsnrbertresinds ohtainahpypund havi ng
pl ural hydrazi de groups as a post-crosslinking agent, whereby a reaction of
a carboxyl groupobmderzihgdrwatedsobbaigthiyteni¢adly wshtrrattdsnomemer, madi n
proceeds in an appropriate rate, so that a surface 20 | ayer of the

wat er - absor bent thersafterc acohgpoandtaying plasdlihnyidearzide geoupsdh addeddhslétolas ng
density. EXAMPLES [0053] The present invention will be further specifically
descri bed her earpost-omwsblynkingragenf, técadyout apokixampflaskingxeapoas and 25
Conmpar ati ve Exanples, without intending to limt the scope of the present 19
i nvention to thederdyoaswateosbsoxizem lresin avidcitxaegdedisnt in properties such as

water-retention capacity, water-absorption capacity under load, and gel
10 strength, and is also excellent in safety for the human body by reducing
water-soluble substance, can be obtained.

[0052] The reason why the water-absorbent resin having excellent
properties as described above can be obtained is not clear. Although not
wanting to be limited by theory, the reason can be presumed as follows. In

15 other words, it is considered that the reason is due to the fact that, a
precursor of the water-absorbent resin is reacted in the presence of a
compound having plural hydrazide groups as a post-crosslinking agent,
whereby a reaction of a carboxyl group and a hydrazide group in the
water-absorbent resin proceeds in an appropriate rate, so that a surface

20 layer of the water-absorbent resin can be evenly crosslinked in a high
crosslinking density.

EXAMPLES

[0053] The present invention will be further specifically described

hereinbelow by means of Production Examples, Examples and

25 Comparative Examples, without intending to limit the scope of the present



‘[ 0054] Production Exanple 1 A cylindrical round bottonmed separable flask
having an internal diameter of 110 nm equipped with a reflux condenser, a
dropping funnel, 5 a nitrogen gas inlet tube and a stirring bl ade 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 (rmanufactured by M tsubishi-Kagaku
Foods Corporation, Ryoto sugar ester S-370) and 0.92 g of a nmaleic

anhydri de-nodi fied ethyl ene-propylene copol yner (rmanufactured by M tsui
Cheni cal s, | nc. invyentign tedheseilbmapclign Exaapdes avkEsampleshe t enper ature was

raised to 80C_ while stirrin to di ssolve the surfactant, and thereafter
the sol uti off0R4s coBm;&u@fﬁ:@mu&Qﬂss] On the other hand, a 500
mL- Erl enmeyer flask was charged with 92 (1.02 nol f( of an 80% by mass
aqueous sol ution of Aceylindgicatreundhpitomed seppraple flosk haying a5yintersal aqueous
sodi um hydr oxi de_was added dropw se thereto with cooling fromexternal to
neutral i ze 75% tsljameter off AP eamy; equipped withya fefluxicondsnsernp dseppisgifunncl,
persul fate and 9.2 ng (0.06 mmol) of N, N -nethyl enebi sacryl anm de were added
t herefo to di ss& MErogemgps Bel wbe andaivoing blaseowas preplatad. ohhis dlask tveasf i r st
step. 20 [0056] The entire anount of this aqueous nononer solution for the
first step was chdred wish B4 gobn-dicptangr amd 6.92| saeka suerdse blearate baviag of t he
system was sufficient Ity replaced with nitrogen. Thereafter, the flask was
i mersed in a wanddLBaf3 émamo@ctuged by Mitsuhashidipgalar Beeds Gorporateors,i r st -
step polynerization was carried out for 1 hour and then cooled to a room 25
t enper at ure, t o Ryote sagaoisyersy378) anth 092ug of a ahaleicaanthiydside anegifiedo [ 0057]
On the other hand, an another 500 nmi-Erlenneyer flask was
ethylene-propylene copolymer (manufactured by Mitsui Chemicals, Inc.,
10 Hi-wax 1105A) were added thereto. The temperature was raised to 80°C
while stirring, to dissolve the surfactant, and thereafter the solution was
cooled to 50°C.
[0055) On the other hand, a 500 mL-Erlenmeyer flask was charged with
92 g (1.02 mol) of an 80% by mass aqueous solution of acrylic acid, and
15 146.0 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 and 9.2 mg (0.06 mmol) of
N,N’-methylenebisacrylamide were added thereto to dissolve, to prepare
an aqueous monomer solution for the first step.
20 [0056] 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-
step polymerization was carried out for 1 hour and then cooled to a room

25 temperature, to give a polymerization slurry of the first step.



‘charded with 128.8 g (1.43 nmol) of an 80% by nmass aqueous sol ution of
acrylic acid, and 159.0 g of a 27% by mass aqueous sodi um hydr oxi de was
added dropwi se thereto with cooling fromexternal to neutralize 75% by 5
nmol . Thereafter, 0.16 g (0.59 mml) of @6tassium persulfate and 12.9 ny
(0.08 Mol ) of N, N -nethyl enebi sacryl am de were added thereto to dissol ve,
to prepare an aqueous nononer solution for the second step. [0058] The
entire anount of this aqueous nononer solution for the second step was
added to th@®0aBbve sOurthyottferdangodry amathermd@bmL-Enldnndeyer fagk wak of 10 t he
systemwas sufficiently replaced wwth nitrogen. Thereafter, the flask was
agai n i mrersed ichargedarigh 188:8g 61.47 a®]) of amiBe& bnenasemgeeaussadyutiamdf t he
second-step pol ynerization was carried out for 1 hour. [0059] After the
second- st ep pol poxlicazid, emdr 60 igof,a 21Hé bhyemess aqueous sodiem hydroxeds wds wi t h
an oil bath at 125C, whereby only water was renoved 15 fromthe azeotropic
m xture of n-heptderbdumpivisatimrctoruithicopling filoapesteendlio nehtralizg @5 %aby of t he
system was renoved by distillation, to give 237.5 g of a precursor of the
wat er Sabsor bent masiThefedfier, THé g((Emenol)of polessivm persubfatoarskt2. 9megi n at
this point had a drying loss (water content) of 3% [0060] Production
Exanpl e 2 20 A ¢§.0Bmimiotadf NN hdchebloylenetashcsplparidbieré hddéd thevétogoan i nt er nal
di aneter of 110 mm equi pped with a reflux condenser, a dropping funnel, a
ni trogen gas i nidéssolvebtd preghace st aquécny todrarevgduior farr thd seddridstép.ask was
charged with 340 g of n-heptane, and 0.92 g of a hexagl yceryl

nmonobeheny| [@88havi nfhaentiteBimbudtofith{srrpuedbas monethdrsohitizmofor ¢hd sekoad Fat s
Co., Ltd., Nonion GV-106) and 0.92 g of a naleic anhydride 21 nodified

et hyl ene- propy! step wapaddedeto theabot@stuuryeaftdrpoldmstization, and the internal of

10 the system was sufficiently replaced with nitrogen. Thereafter, the flask
was again immersed in a water bath at 70°C to raise the temperature, and
the second-step polymerization was carried out for 1 hour.

[0059] After the second-step polymerization reaction, the reaction mixture
was heated with an oil bath at 125°C, whereby only water was removed

15 from the azeotropic mixture of n-heptane and water. Further, n-heptane in
the internal of the system was removed by distillation, to give 237.5 g of a
precursor of the water-absorbent resin (Al). The precursor of the water-
absorbent resin at this point had a drying loss (water content) of 3%.

[0060] Production Example 2

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 hexaglyceryl
monobehenylate having an HLB of 13.1 (manufactured by Nippon Oil &
25 Fats Co., Ltd., Nonion GV-106) and 0.92 g of a maleic anhydride-



"Chenicals, Inc., 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. 5 [0061] On the other hand, a 500 ni-Erl enneyer
flask was charged with 92 g (1.02 nol) Zf an 80% by nass aqueous sol ution
of acrylic acid, and 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, 0.11 g (0.41 mml) of potassiumpersulfate and 9.2 ng (0.06
mmol ) of 10 N, N'megflﬁwe&wd@mesa&gml@nﬁ erpalpmer gaaefachisedby Musui ssol ve, to
prepare an aqueqQus nonomer solution for the first step. [0062] The entire
anount of this AdwabaalspsenBi-was|1l056y were added thereto. Ehelsmpesatasriv@st o t he
above separable flask, and the internal of the system was sufficiently

repl aced with niraisedem80°Chavhalerstigring: oedissol vk thgasrfiataninandsberqabtes theat er
bath at 70C to raise the tenperature, and the first- step polynerization was
carried out for selutioarwanheoalpéio 88dCed to a room tenperature, to give a

pol ymeri zati on sIurrégof the first step. [0063] On the other hand, an

p .
anot hér 500 0801Er | enbByibe othesdiandag 500 makdadenme yer flagk gvay qhargeal wish) of an
80% by mass aqueous sol ution of 20 acrylic acid, and 159.0 g of a 27% by
mass aqueous so@2@Ih)Anml) 6€and8 7ty eeasdragpopesesaluiéorobacuylip acisblandg fr om
external to neutralize 75% bé mol . Thereafter, 0.16 g (0.59 nmmol) of
pot assi um per sull#tatleg ahd 215 dyrmyass(@juesusmedipmoliydiokidermatyddedadropwisey | ani de
were added thereto to dissolve, to prepare an aqueous nononer sol ution for
t he second st epthastq @tB4jooling feomiextcraablomeudfalize 7§ %7aby emls Theneafter,
solution for the second 22 step was added to the above slurry after
pol yneri zat i on, Oahldg {04 1limmehaf pethssium 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.
[0062] 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.
[0063] 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
20 acrylic acid, and 159.0 g of a 27% by mass aqueous sodium hydroxide was
added dropwise thereto with cooling from external to neutralize 75% by
mol. Thereafter, 0.16 g (0.59 mmol) of potassium persulfate 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 [0064] The entire amount of this aqueous monomer solution for the second



‘the Systemwas sufficiently replaced with nitrogen. Thereafter, the flask
was again imersed in a water bath at 70C to raise the tenperature, and the
second-step pol yneri zation was carried out for 1 hour. 5 [0065] After the
second-step pol yneri zation reaction, th&2reaction mxture was heated with
an oil bath at 125C, whereby only water was renoved fromthe azeotropic
m xture of n-heptane and water. Further, n-heptane in the internal of the
system was renoved by distillation, to give 237.2 g of a precursor_of the
wat er - absor bent Ste@sv#s qdedey tothe abeve slugyraftsr pohamopzatiom end ke ijermal pesi n at
this point had a drying |loss (water content) of 4% 0066] Example 1 A
cylindrical routle tanyeas sébeicaly scplesedkwithwiitigeem iThewansr, theflaslet er of
110 nm equi pped with a stirrer, a stirring blade, a reflux condenser, a
dr oppi ng funnel wasdgaimimmersed igaswater bathtaiyd’ Ciiasaich dheyteanpeaatyirelosld g of
the precursor of the water-absorbent resin obtained in Production Exanple 1
(Al) (Theor et i c#e saepndistar pelymarizatipn yesuisriaed eutiordnhewl | y unsat ur at ed
nononer used to obtain the precursor: 0.52 nol) and 80 g of n-heptane. The
i nterfal te996Pht ur eAfias theaiesend stepgpdymertizatienfeastionyths rgagiionvarisiuraas
added thereto, and the m xture was kept at 20 the sanme tenperature for 10
m nutes. [0067] WRsdeateldreith an®ibbathatt 125505 whersby ©ndy Mt ¢romasremoved
car bodi hydrazide (5.6 mol) was added thereto as a post-crosslinking agent,
and mi xed. Thi $ram shaazgowepihmaxtece oEnthgptaneaind wateh Hurtheso-hepianevat er and
n- heptane of the resulting mxture were renoved by distillation. The post
25 crossl i nki ng themternaho syatem w@ds semoyed by dmﬁétim; tegie A3 gtod agi ve 23
51.5 g of the water-absorbent resin of Exanple 1.

precursor of the water-absorbent resin (A2). The precursor of the water-

10 absorbent resin at this point had a drying loss (water content) of 4%.
[0066] Example 1
A cylindrical round bottomed separable flask having an internal
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
15 with 50 g of the precursor of the water-absorbent resin 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. The internal temperature was raised to 80°C.
Thereafter, 7.5 g of water was added thereto, and the mixture was kept at
20 the same temperature for 10 minutes.
[0067] Thereafter, 10.0 g of a 5% aqueous solution of carbodihydrazide
(5.6 mmol) was added thereto as a post-crosslinking agent, and mixed.
This mixture was heated using an oil bath at 125°C, and water and n-
heptane of the resulting mixture were removed by distillation. The post-

25 crosslinking reaction was carried out for 1 hour while drying, to give



‘[0068] Example 2 A cylindrical round bottoned separable flask having an
internal dianeter of 110 mm equipped with a stirrer, a stirring blade, a
reflux 5 condenser, a dropping funnel and a nitrogen gas inlet tube, was
charged with 50 g of the precursor of t3% water-absorbent resin obtained in
Production Exanple 2 (A2) (Theoretical anount of the water-soluble
et hyl enically unsaturated nononer used to obtain the precursor: 0.52 nol)
and 80 g of n-heptane. The internal tenperature was raised to 80C. 10
Thereafter, 7.5 5] g oldhewajersabsoddecnt reran of Exampde the nmi xture was kept at
the sane tenperature for 10 m nutes. [0069] Thereafter, 5.0 g of a 5%
aqueous sol [068h of Eadamiple 3cid di hydrazide (1.4 mol) was added thereto as
a post-crosslinking agent, and m xed. This m xture was heated using an oil
bath at 150C, and wateeylirBlraadi rounehatiomaed sepaneble dask hampgrandinigraaler e
renoved by distillation. The post-crosslinking reaction was carried out for
2 hours whil e drdjamgterod 1¢0vam, g¢quippgd s¥ith a&tiwar, er stupsgbbade; arelix of
Exanple 2. [0070] Exanple 3 A cylindrical round bottoned separable flask
havi n§ an i nt er ;@ndex®rdi dragpeng Ginnel andraniwagemppesiinktithbe, vas ¢hasged a
stirring blade, a reflux condenser, a dropping funnel and a nitrogen gas
inlet tube, was witlab@erof thietfrea0sor off the Iveatpr-elosorbent rosintdbtained ér - absor bent
resin obtained in Production Exanple 2 (A2) (Theoretical anopunt of the
wat er - sol ubl e  dirhgietiomc Exampln3 4A2) ' eebratead mprows e thowatsrsioutlae
precursor: 0.52 nol) 25 and 80 g of n-heptane. The internal tenperature was
rai sed to 80C. 2hyl¢hieaHgfunsaturated mpmoimeratsed tovabtainl dexipicherset:d).52mbl) he
m xture was kept at

and 80 g of n-heptane. The internal temperature was raised to 80°C.

10 Thereafter, 7.5 g of water was added thereto, and the mixture was kept at
the same temperature for 10 minutes.

[0069] Thereafter, 5.0 g of a 5% aqueous solution of adipic acid
dihydrazide (1.4 mmol) was added thereto as a post-crosslinking agent,
and mixed. This mixture was heated using an oil bath at 150°C, and water

15 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
49.7 g of the water-absorbent resin of Example 2.

[0070] Example 3
A cylindrical round bottomed separable flask having an internal

20 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 precursor of the water-absorbent resin obtained in
Production Example 2 (A2) (Theoretical amount of the water-soluble
ethylenically unsaturated monomer used to obtain the precursor: 0.52 mol)

25 and 80 g of n-heptane. The internal temperature was raised to 80°C.



‘the sane tenperature for 10 minutes. [0071] Thereafter, 5.0 g of a 5%
aqueous solution of adipic acid dihydrazide (1.4 mol) was added thereto as
a post-crosslinking agent, 5 and m xed. This m xture was heated using an oil
bath at 175C, and water and n-heptane dl4 the resulting m xture were renoved
by distillation. The post-crosslinking reaction was carried out for 1 hour
while drying, to give 49.0 g of the water-absorbent resin of Exanple 3.
[0072] Exanple 4 10 A cylindrical round bottonmed separable flask having an
internal di anetBreredfter]1d.Srgrof watdrppavaddedithercta, iandghe mixstrervaskgpbabde, a
reflux condenser, a dropping funnel and a nitrogen gas inlet tube, was
charged with 50hgsmhelt¢mpplraaunrf90i10®ﬁmutfe wat er - absor bent resin obtained in
Production Exanple 1 (Al) (Theoretical anpbunt of the water-soluble 15

et hyl eni cal [G07d rTIrisat uﬂ“at@aftnumbﬂrgroﬁmé% aqueobs solntivhefpdguanstt : 0. 52 nol)
and 80 g of n hept ane. The internal tenperature was raised to 80C.
Thereafter, cghy;dramice(ﬂ Avasnclglsieas added ¢hasgtozasch posd-arosdlimkinghegenitept  at

t he sane terrperature for 10 mi nutes. [0073] Thereafter, 7.5 g of a 5%
aqueols sol uti orandfmistidpiThisciidti@® wisthedtealzusiieg a2 ol bwrlnla) 135°@, and water
post-crosslinking agent and 0.5 g of lactic acid (5.6 nmmol) were added
thereto, and m xad.n-lieptanerof the esudmghmattert werei reqnaveddiyl disttlatiait. TRSC, and
wat er and n-heptane of the resulting mxture were renoved by distillation.
The post - cr ossl ipust-ompssB@lcdnganactaom wasicairied cutfof bhofr whilesdryhig, éo divei ng, to
give 50.2 g of the water-absorbent 25 resin of Exanple 4. 25 [0074]

Exanmpl e 5 49.0 g of the water-absorbent resin of Example 3.

[0072] Example 4
10 A cylindrical round bottomed separable flask having an internal
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 precursor of the water-absorbent resin obtained in
Production Example 1 (A1) (Theoretical amount of the water-soluble
15 ethylenically unsaturated monomer used to obtain the precursor: 0.52 mol)
and 80 g of n-heptane. The internal temperature was raised to 80°C.
Thereafter, 7.5 g of water was added thereto, and the mixture was kept at
the same temperature for 10 minutes.
[0073] Thereafter, 7.5 g of a 5% aqueous solution of adipic acid
20 dihydrazide (2.2 mmol) as a post-crosslinking agent and 0.5 g of lactic
acid (5.6 mmol) were added thereto, and mixed. This mixture was heated
using an oil bath at 125°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 50.2 g of the water-absorbent

25 resin of Example 4.



"A cylindrical round bottoned separable flask having an internal dianeter of
110 mm equi pped wth a reflux condenser, a dropping funnel, a nitrogen gas
inlet tube and a stirring blade was prepared. This flask was 5 charged with
340 g of n-heptane, and 0.92 g of a sucrdsse stearate having an HLB of 3
(manuf actured by M tsubi shi-Kagaku Foods Corporation, Ryoto sugar ester
S-370) and 0.92 g of a mal ei ¢ anhydride-nodified ethyl ene-propyl ene
copol ymer (manufactured by Mtsui Chemicals, Inc., H -wax 1105A) were added
thereto. Th@07dfper aEyampl®s rai sed to 80C 10 while stirring, to dissolve
the surfactant, and thereafter the solution was cooled to 50C. [0075] On
t he ot her hand, a 508 eplirEricahnenelbdticastd separailaflask haiing amdidtegngll. 02 nol )
of an 80% by mass aqueous solution of acrylic acid, and 146.0 g of a 21% by
mass aqueous sodiiametey of a1 0denmyagquipgpde avithr @ paeflsecdridenker; etdvopping fommtli ng
fromexternal to neutralize 75% by nol. Thereafter, 0.11 g (0.41 mmol) of
pot assi um per sulafrtregemga® iletipbe @nd6é stimthy bddde Wad\prapatddy | Emelflaskovasl ami de
were added thereto to dissolve, to prepare an aqueous nononer solution for
the fiSrst step. chaged|withé46rg of B-heptane; ard 098i sofig seawse seamtehasogut i on
for the first 20 step was added to the above separable flask, and the
i nternal of the anydLBrof vamnasuffattured by Mitsdpslackagativt Roods Copenatiother eaf t er,
the flask was imersed in a water bath at 70C to raise the tenperature, and
the first- step Rytysegazestérd®3783 andOrd2eglobatmdlerc dnhlydride-anddifiedn cool ed to
a room tenperature, to give a polynerization slurry of the first step. 25
[0077] On the otelieylehapeopydenaogidigmed(fantfaErired bgyMitsdil @sdmivals, Béc., char ged
with 128.8 g (1.43 nol) of an 80% by nass aqueous sol ution of

Hi-wax 1105A) were added thereto. The temperature was raised to 80°C

10 while stirring, to dissolve the surfactant, and thereafter the solution was
cooled to 50°C.
[0075] On the other hand, a 500 mL-Erlenmeyer flask was charged with
92 g (1.02 mol) of an 80% by mass aqueous solution of acrylic acid, and
146.0 g of a 21% by mass aqueous sodium hydroxide was added dropwise
15 thereto with cooling from external to neutralize 75% by mol. Thereafter,
0.11 g (0.41 mmol) of potassium persulfate and 9.2 mg (0.06 mmol) of
N,N’-methylenebisacrylamide were added thereto to dissolve, to prepare
an aqueous monomer solution for the first step.
[0076] The entire amount of this aqueous monomer solution for the first
20 step was added to the above separable flask, and the internal of the system
was sufficiently replaced with nitrogen. Thereafter, the flask was
immersed in a water bath at 70°C to raise the temperature, and the first-
step polymerization was carried out for 1 hour and then cooled to a room
temperature, to give a polymerization slurry of the first step.

25 [0077] On the other hand, an another 500 mL-Erlenmeyer flask was



‘acrylic acid, and 159.0 g of a 27% by mass aqueous sodi um hydr oxi de was
added dropwi se thereto with cooling fromexternal to neutralize 75% by nol.
Thereafter, 0.16 g (0.59 mmol ) of potassium persulfate and 12.9 ng 5 (0.08
mml ) of N, N -nmethyl enebi sacryl am de wer2$ added thereto to dissolve, to
prepare an aqueous nononer solution for the second step. [0078] The entire
anmount of this aqueous nononer solution for the second step was added to the
above slurry after polynerization, and the internal of the system was
sufficiently reghargsd with A28i8& g 6443 mal) of aafd08% bytnessragaerus s@utigs ohgai n
imersed in a water bath at 70C to raise the tenperature, and the
second- st ep pol wesxliczaaid.oandib¥0.0 g ofi 287 Guby mass aqurnws sofoor dydpixide wase
term nation of polynerization reaction, the reaction mxture was heated
with an oil bat ladded degpoyisotiesretsywithl cpoliagdromexternalntowsttiaizad S dmbyint of
111 g fromthe azeotropic m xture of n-heptane 15 and water, to give a
precur sor of th@@ht'ﬂleraﬁémﬁéﬁtg(®§9m1(nAE))prmaSSthp€emHaﬁ¢mgiﬂ) Scwmgsor of
the water-absorbent resin éAS) was added 44.2 g of a 5% aqueous solution of
adi pi & aci d di hy8:08zmawl) aNNrmrthylesebispaylamide yeereiadded gheagiorto, and
m xed. This m xture was heated using an oil bath at 125C, and water and
n- hept ane of t halissedud, td preparx anaquemrssmpromeesol2bohyodibstsecord step. The
post-crosslinking reaction was carried out for 1.5 hours while drying, to
gi ve 237.8 098]t he Watentiebamobenof thesaquenius nommpéresobuti¢rOBiBthe Socrpalr at i ve
Exanple 1 A cylindrical round bottoned separable flask having an internal
25 di aneter of Xidp was addrd fopthd abovb shursy afterpolymesization,repdithadetermal odf | ux
27 condenser, a dropping funnel and a nitrogen gas inlet tube, was charged
the system was sufficiently replaced with nitrogen. Thereafter, the flask

10 was again immersed in a water bath at 70°C to raise the temperature, and
the second-step polymerization was carried out for 1 hour.

[0079] After the termination of polymerization reaction, the reaction
mixture was heated with an oil bath at 125°C, whereby only water was
removed in an amount of 111 g from the azeotropic mixture of n-heptane

15 and water, to give a precursor of the water-absorbent resin (A3). To the
resulting precursor of the water-absorbent resin (A3) was added 44.2 g of a
5% aqueous solution of adipic acid dihydrazide (12.7 mmol) as a post-
crosslinking agent, and mixed. This mixture was heated using an oil bath
at 125°C, and water and n-heptane of the resulting mixture were removed

20 by distillation. The post-crosslinking reaction was carried out for
1.5 hours while drying, to give 237.8 g of the water-absorbent resin of
Example 5.

[0080] Comparative Example 1

A cylindrical round bottomed separable flask having an internal

25 diameter of 110 mm, equipped with a stirrer, a stirring blade, a reflux



‘With'50 g of the precursor of the water-absorbent resin obtained in
Production Exanple 1 (Al) (Theoretical anmount of the water-sol uble
et hyl eni cal |y unsaturated nononer used to obtain the precursor: 0.52 nol) 5
and 80 g of n-heptane. [0081] The interrmdl tenperature was raised to 80C.
Thereafter, 5.0 g of a 10% aqueous solution of ethylene carbonate (5.7
nmol ) was added thereto as a post-crosslinking agent, and m xed. This
m xture was heated using an oil bath at 150C, and water and n-heptane of
the resul ting mcgndensener dropping:fimnetand a mitseganl gasi inket tates wassthargeskss| i nki ng
reaction was carried out for 2 hours while drying, to give 50.0 g of the
wat er - absor bent widsd0 goff thepngersar afghexatgrt-absorbgm 08sih obtaiped it i ve Exanpl e
2 A cylindrical round bottoned separable flask having an internal 15
di ameter of 110 quiucéiqmilﬁ»;mdplmilbgé) gkheoresical amewint of thy whtsdspluble ef | ux
condenser, a dropping funnel and a nitrogen gas inlet tube, was charged
with 50 g of t hetlplewgaldpnnsdtutated 1m|nemewemso§l beobtairefierprobursondd mol)
Production Exanple 2 (A2) (Theoretical anount of the water-soluble
et hyl éni cal | y unsdi80rgofu-heptaneer used to obtain the precursor: 0.52 nol)
20 and 80 g of n-heptane. [0083] The internal tenperature was raised to 80C
Thereafter, [0®88] g of The irtOehahtrmperatigo wasiraised fto 80ACh (Kheneaften) 5.0% & amol )
was added thereto as a post-crosslinking agent, and m xed. This m xture was
heat ed usi ng an 16%% aqietus satutictbet ethpk neansronated(Sn7 mepohreasodddedaheresul t i ng
m xture were 25 renoved by distillation. The post-crosslinking reaction was
carried out for a2@ podt-omssEnkinigl agedt,aindgnixed. JihendftuBe grasthented using an
wat er - absor bent resin of

oil bath at 150°C, and water and n-heptane of the resulting mixture were

10 removed by distillation. The post-crosslinking reaction was carried out for
2 hours while drying, to give 50.0 g of the water-absorbent resin of
Comparative Example 1.

[0082] Comparative Example 2

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 precursor of the water-absorbent resin obtained in
Production Example 2 (A2) (Theoretical amount of the water-soluble
ethylenically unsaturated monomer used to obtain the precursor: 0.52 mol)
20 and 80 g of n-heptane.
[0083] The internal temperature was raised to 80°C. Thereafter, 5.0 g of a
10% 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 mixture were

25 removed by distillation. The post-crosslinking reaction was carried out for



‘Conparative Exanple 2. [0084] For the water-absorbent resins of Exanples 1
to 5 and Conparative Exanples 1 and 2, (1) the retention capacity of saline
solution, (2) the 5 absorption capacity of saline solution under |oad, (3)
the gel strength, (4) the water-sol ubl &8&ubstance and (5) the drying |oss,
were determned in accordance with the foll ow ng procedures. The results
are shown in Table 1. [0085] (1) Retention Capacity of Saline Solution 10
The amount 2.0 g of water-absorbent resin were weighed in a cotton bag

( Cot t onbr oad No .2 lggirs wihdlerdryOgg, nongivd 4hgtgo2he watpr-absaabentaesid afn  a 500
mL- beaker. Physi ol ogi cal saline (0.9% by mass aqueous sol ution of sodium
chl ori de, her ei ifmparatie¢ Exasple 3. t he sane) was poured into the cotton bag
in an anount of 500 g at one tine, and the saline was dispersed 15 so as not
t o gener at e[084{inswoFbethel water-absdrbentiesars-d fsmaniyens 11teSiand Thmpargpiyer par t
of the cotton bag was tied up with a rubber band, and the cotton bag was

al l owed to st andExaorpldd] mndd, €5) theaetentibnciapatityyofswine sohgiom(2) theabsor bent
resin. The cotton bag was dehydrated for 1 mnute with a dehydrator
(manufact ur ed bybkaiptisarcapacity oksalide. solitich pngerddad;t (32 thengetistrength, (2P) set
to have a centrifugal force of 167G and the rubber band was unbound. The
mass WA (g) of thewatirtsohutlagubstahed and (d)stheldrydg 1ged, sveat Hetermiveeddimhy dr at i on
was determ ned. The sane procedures were carried out w thout adding

wat er - absor bent acesidanceawitht the fellptvngrpsscetres ( Gheatsiltseare ghdown ihalabigpon
wetting was determ ned. The water-retention 25 capacity was cal cul ated from
the following fdrnula. 29 [0086] [Su 1]

[0085] D Retention Capacity of Saline Solution

10 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
cotton bag in an amount of 500 g at one time, and the saline was dispersed

15 so as not to generate an unswollen lump of the water-absorbent resin. The
upper part of the cotton bag was tied up with a rubber band, and the cotton
bag was allowed to stand for 30 minutes, to sufficiently swell the water-
absorbent resin. The cotton bag was dehydrated for 1 minute with a
dehydrator (manufactured by Kokusan Enshinki Co., Ltd., product

20 number: H-122) set to have a centrifugal force of 167G, and the rubber
band was unbound. The mass Wa (g) of the cotton bag containing swelled
gels after the dehydration was determined. The same procedures were
carried out without adding water-absorbent resin, and the empty mass Wb
(g) of the cotton bag upon wetting was determined. The water-retention

25 capacity was calculated from the following formula.



Retention Capacity of Saline Solution (g/g) = [Wa - W] (g)/Mss of
Wat er - Absorbent Resin (g) [0087] (2) Absorption Capacity of Saline Solution
Under Load 5 The absorption capacities of saline solution of water-absorbent
resin under |oads of 2.07 kPa and 4. 14 Jd9Pa were determ ned using an
apparatus X of which outline constitution was shown in Figure 1. [0088] The
apparatus X shown in Figure 1 conprises a buret section 1, a |ead tube 2, a
nmeasuring board 3, and a nmeasuring section 4 placed on the 10 neasuring
board 3. [O@®8p] To tm 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 tRetentioatCapcitynd Salint (Selytiarh@/g) r i nt roducti on tube 11
has a cock 13 at the end. 15 [0090] The lead tube 2 is attached between the
buret section 1 and txh¢WareSéulr(ghdViassafdWateriesdrbend Resdie (§) has an i nner
diameter of 6 mMmm A hole of a dianeter of 2 mmis nmade at the central
section of [0087jreasu(d)ng Absomptidn GamicithoflSalide Sobetich Unidephoadt ed t her et o.
[ 0091] The neasuring section 4 has a cylinder 40 made of acrylic resin, a
20 nybon nesh 41 adh®hedbsarptibe dapacitios phsalinefsoluteorcyf iatberabdOrbeanbsin
wei ght 42. The cylinder 40 has an inner dianmeter of 20 mm [0092] The nylon
mesh 41 has an apdei lngdebf 20hkP2a0d delshiPa wert detteninedhsmgant resin 5 are
evenly spread over the nylon nmesh 41 upon the determ nation. 25 [0093] The
wei ght 42 has aagparseiseX offwhi@hrouthmscenstisiiorofvad9héwg.in Rigwed0 wei ght is
pl aced on the water-absorbent resin 5, so that a 2.07 kPa | oad can

[0088] The apparatus X shown in Figure 1 comprises a buret section 1, a

lead tube 2, a measuring board 3, and a measuring section 4 placed on the

10 measuring board 3.

[0089] 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.

15 [0090] The lead tube 2 is attached between the buret section 1 and the
measuring board 3. The lead tube 2 has an inner diameter of 6 mm. A
hole of a diameter of 2 mm is made at the central section of the measuring
board 3, and the lead tube 2 is connected thereto.

[0091] The measuring section 4 has a cylinder 40 made of acrylic resin, a

20 nylon mesh 41 adhered to the bottom part of the cylinder 40, and a
weight 42. The cylinder 40 has an inner diameter of 20 mm.

[0092] The nylon mesh 41 has an opening of 75 um (200 mesh), and water-
absorbent resin 5 are evenly spread over the nylon mesh 41 upon the
determination.

25 [0093] The weight 42 has a diameter of 19 mm and a mass of 59.8 g. This



‘be applied to the water-absorbent resin 5. In addition, when the weight 42
is replaced by a weight 42 having a dianeter of 19 mmand a nmass of 119.6
g, a 4.14 kPa | oad can be applied to the water-absorbent resin 5. 5 [0094]
Next, the determ nation procedures will 3 described. The deternmination is
carried out in a roomat 25C. First, the cock 12 and the cock 13 at the
buret section 1 are closed, and a 0.9% by nmass saline solution adjusted to
25C is poured fromthe top of the buret 10 and the toﬁ of the buret is
pl ugged with t haveightosplagedoen the wiisr-absqrbent repia Hoikthata 207dRn kogd ceck 13
at the buret section 1 are opened. [0095] Next, the height of the measuring
board 3 is adj udcappsiediioshe water-absodienpfessnpf de @dditionhwhenyihe wieaghtd
saline flew out froma |ead tube port in the central section of the
measuri ng boar d igreplacadHyy apreaghtst haviag efdiameter pgdSummandomags 8fare at the
same height. 15 [0096] Separately, 0.10 g of the water-absorbent resin 5 is
evenly spread dJu8r6 gheddy Idta leedican beiapplind te yhed water-abgorbgntirasineSwei ght 42
is placed on the water-absorbent resin 5, to prepare the neasuring section
4. Théreaf t f094] t he Meabtuh¢ detesmination procedpeaveld bsaleseralbed.t Theent r al
sectionis in alignnent wth a |ead tube port in the central section of the
measuri ng boar d d8terain§td@oig] caTtied vut inaeroaat 2680, &irs.thescosk haesddld i ne
solution in the buret 10, i.e., the volunme of the physiol ogical saline
absor bed by t he cogktldrat dbbsbutsésectras] aresclow,(anﬂ)a,O.Bﬁg beamsskalinaf t er 60
m nutes passed froma tinme point where air bubbles were generated fromthe
air introducti enlutidneadjdstedto 26 He ibpowted feomdhe tafhef thatteretalisand drettopesi n 5
25 started absorbing water. The absorption capacity of saline solution under
31 load of the ofdbeburhbsoplugged vath theSubher plugdidnebhdryafiére teotdadwi hg
f or mul a.

10 and the cock 13 at the buret section 1 are opened.

[0095] Next, the height of the measuring board 3 is adjusted so that the
level of surface of the physiological saline flew out from a lead tube port
in the central section of the measuring board 3 and the upper surface of the
measuring board 3 are at the same height.

15 [0096] Separately, 0.10 g of the water-absorbent resin 5 is evenly spread
over the nylon mesh 41 in the cylinder 40, and the weight 42 is placed on
the water-absorbent resin 5, to prepare the measuring section 4. Thereafter,
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.

20 [0097] The volume reduction of 0.9% by mass saline solution in the
buret 10, i.e., the volume of the physiological saline absorbed by the
water-absorbent resin 5, Wc (mL), is read off, after 60 minutes passed
from a time point where air bubbles were generated from the air
introduction tube 11 into the buret 10, and the water-absorbent resin 5

25 started absorbing water. The absorption capacity of saline solution under



[0098] [Su 2] Absorption Capacity of Saline Solution Under Load (nm/g) = W
(mL)/ Mass of Water - Absorbent Resin (g) 5 [0099] (3) CGel Strength The gel
strength of the water-absorbent resin of the present invention is a value
obt ai ned by determining gel with an appalatus Y (for exanple, Neocardneter,
manuf actured by lio Denki Co., product nunmber: M 303) having the
measur enment principle shown in Figure 2 as follows. 10 [0100] The apparatus
Y consists of a supporting section 1, a novable plate 2 for nounting a
measur ement sanpbal ¢fythie)w@et-abs@bant wsiel wiaswbtaned Hyithd fdlovomgfoemplaat e 3
for driving the novable plate 2, and a neasuring section 4. [0101] In the
supporting H¥98]on 1[Sw2fkounter 12 is fixed at the top of a 15 pole 11 stood
on a supporting board 10. The novable plate 2 is attached to the pole 11,
so that the pl ate caAbsuptionfCaputitymfrbalibefidlsttombinder ROad (mLgunt ed on t he
counter 12, and the novable plate 2 noves up and down through a wire 32 by
rotating a pulley 31. 0k0@hL)/MadaiftWater - iAbsottent®asinr (g)g section 4, a |oad
cell 40 for neasuring 20 a distortion resulting fromdeformation is
equi pped wi [0098] pres@)re- GehStrength axis 43 with a disk, through a precision
spring 41 and a connecting axis 42. A dianmeter of the disk can vary
dependi ng on the nedhegehsirdngtbodithe oater-absobieghtestn ofithelymesmunt ed on t he
top of the pressure-sensitive axis 43 with a disk. 25 [0103] The working
principle of théneqpnatasvatué sbasnddby detsrmaing goll@4th ahhepparetas X (for spri ng
41 is fixed at the load cell 40 (stress detector)

example, Neocardmeter, manufactured by lio Denki Co., product number:

M-303) having the measurement principle shown in Figure 2 as follows.
10 [0100] The apparatus Y consists of a supporting section 1, a movable
plate 2 for mounting a measurement sample (gel) 6 thereon, a section for
driving movable plate 3 for driving the movable plate 2, and a measuring
section 4.
[0101] In the supporting section 1, a counter 12 is fixed at the top of a
15 pole 11 stood on a supporting board 10. The movable plate 2 is attached
to the pole 11, so that the plate can move up and down. A pulse motor 30
is mounted on the counter 12, and the movable plate 2 moves up and down
through a wire 32 by rotating a pulley 31.
[0102] In addition, in the measuring section 4, a load cell 40 for measuring
20 a distortion resulting from deformation is equipped with a pressure-
sensitive axis 43 with a disk, through a precision spring 41 and a
connecting axis 42. A diameter of the disk can vary depending on the
measurement conditions. A weight 5 can be mounted on the top of the
pressure-sensitive axis 43 with a disk.

25 [0103] The working principle of the apparatus Y is as follows.



‘'on the upper side and connected to the pressure-sensitive axis 43 with a
disk on the lower side, and is vertically hanged with nounting a

predet erm ned wei ght 5. The novable plate 2 on which the nmeasurenent 5
sanple 6 is placed is elevated at a cons$Rant rate by rotation of the pul se
notor 30. A constant rate of load is applied to the nmeasurenent sanple 6
through the spring 41, and a distortion resulting fromdeformation is
measured with the |oad cell 40, to calculate a hardness by the neasurenent.
[0105] The [Q4B4ht 49The gresisipmypiing 44iis fixed at thq:eloaéseueliogé@dssaﬂme¢tm)a 10
100 nl-beaker. A magnetic stirrer barg§:8 mm 4) x 30 mm_ ringless) was

pl aced t her ei n, oarbe uhpeiad& and gasngsit @ntlmmrasmﬁ@tmvcsamAérwnms- 30D,
manuf act ur ed by iuchi). Subsequently, the magnetic stirrer bar was adjusted
so as to rotat edisk en thetlewst sls9and mvnrtlcmllﬁgalmgadowlthan@mtmgﬂ of a vortex
generated by rotation of the nmagnetic stirrer bar was adjusted so as 15 to
be near an uppeprgbidrinunediveigh efheioyabld plater2 barwhibh tiGinehexement 0 g of
t he wat er-absorbent resin was placed in the beaker while stirring. The
stirrbng was cosamplesaiuplaced & glovdtedigt ¥ congant icshy petatien of thewypiklee a | i qui d
| evel horizontal, thereby a gel to be the neasurenent sanple 6 was
prepared. 20 [0D@tpr 20t & caGtantirateas, load tmaphliesdsovht meastrenient gainplas
determned with the apparatus Y (Neocardneter, manufactured by lio Denki
Co., product ntimbegh thé §0dng diséndod dist@sionreswting iftam deforimtionds nm 4) ,

| oad: 100 g, speed: 7 sec/inch, viscous node). The gel strength was

cal cul at ed fr ommdakeredesith tthetpadaoedld}; 10 walcudaté dyaedmast pylilie niast@inienti ng
formula (0.1: unit 25 correction coefficient (dyne/cn2 -> Pa)). 33 [0108]
[ Su 3] [0105] The amount 49.0 g of physiological saline was weighed out in a

10 100 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.

[0106] Next, 1.0 g of the water-absorbent resin was placed in the beaker
while stirring. The stirring was continued until a rolling vortex
disappeared to make a liquid level horizontal, thereby a gel to be the
measurement sample 6 was prepared.

20 [0107] After 60 minutes, a hardness value of the gel was determined with
the apparatus Y (Neocardmeter, manufactured by Iio Denki Co., product
number: M-303, disk of pressure-sensitive axis: 16 mm ¢, load: 100 g,
speed: 7 sec/inch, viscous mode). The gel strength was calculated from
the resulting hardness value (dyne/cm?) by the following formula (0.1: unit

25 correction coefficient (dyne/cm” — Pa)).



‘Gel Strength (Pa) = [Hardness Value] x 0.1 [0109] (4) Water-Sol uble
Subst ance The anmount 500 g of physiol ogical saline was weighed out in a5
500 ni-beaker. A magnetic stirrer bar (8 mm~ x 30 mm ringless) was placed
therein, and the beaker was placed on a33%agnetic stirrer (HS-30D,
manuf actured by iuchi). Subsequently, the nmagnetic stirrer bar was adjusted
So as to rotate at a rate of 600 r/mn. In addition, a bottomof a vortex
generated by rotation of the nmagnetic stirrer bar was adjusted so as 10 to
be near an [#P8l porkSuw?l of the magnetic stirrer bar. [0110] Next, 2.0 g of
wat er - absor bent resin was quickly poured between the center of vortex in
t he beaker and the sﬁdbsbcngthe(l’b%al{ﬁarmsdfaépdr%@cl therein, and the
m xture was stirred for 3 hours. The aqueous dispersion of the
wat er - absor[9d09] r esi (#)af t eWater-Soluble S&DSt&dﬂ;ours was filtered with a JI'S 15
standard sieve (opening of sieve: 75 m, and the resulting filtrate was
further subjected tolbeemount 00 grefiphysialegicgl salike viasaweighgdeut immel (Filter
Paper No. 6). [0111] The anpunt 80 0.0005 g of the resulting filtrate was
wei ghéd out i n58010D-beaker akanagndtwdstiater b40 (8 behdr ¥Hihohn,oisgless) svasnt
wei ght and 20 cooled to a roomtenperature. The filtrate was dried with a
forced convect i placsddhereimantlabe beakerbyasyDoeddTGCR sagnedic stimrer (HSE3GD,
tenperature of 140C until a constant wei ght was attained, and a mass W (Qg)
of the solid comanfadhredizy fuchi). aSwbsegeenthyt, ¢herimagdeti¢ Srrel bdwahe ot her
hand, the sanme procedures as the above were carried 25 out w thout using
t he wat er - absor hdustadesi as toanndiate abhaate ofed)) Nhin(.ghn additidd, a Hettemmofreed. The
wat er - sol ubl e substance was cal cul ated fromthe

vortex generated by rotation of the magnetic stirrer bar was adjusted so as

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

[0110] Next, 2.0 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 filtered with a JIS

15 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).
[0111] The amount 80 =+ 0.0005 g of the resulting filtrate was weighed out
in a 100 mL-beaker dried at 140°C beforehand to a constant weight and
20 cooled to a room temperature. The filtrate was dried with a forced
convection oven (manufactured by ADVANTEC) set at an internal
temperature of 140°C until a constant weight was attained, and a mass
Wd (g) of the solid content of the filtrate was determined.
[0112] On the other hand, the same procedures as the above were carried

25 out without using the water-absorbent resin, and a blank mass We (g) was



folldwing formula. [0113] [Su 4] Water-Sol ubl e Substance (% by nmass) 5 =
[[(W - W) x (500/80)]/2 x 100 [0114] (5) Drying Loss (Water Content) The
anount 2.0 g of the water-absorbent resin was precisely weighed out (W
(g)) in an alum numfoil case (No. 8) of3gwhich constant weight (W (g)) was
previously attai ned. The above sanple was dried for 10 2 hours wth a forced
convection oven (manufactured by ADVANTEC) set at an internal tenperature
of 105C. Thereafter, the dried sanple was allowed to be cooled in a
desi ccat or, and datempgsedMTlie)waddrtsduble pihsfaneswaslealenhitedttonTthe wat er
content of the water-absorbent resin was calculated fromthe follow ng
formul a. 15 [O01f6llovig formddai ng Loss (% by Mass) = [(W - W) - (W -
W)]/ (W - W) x 100 [0116] [Table 1] 35 g TOROOV 00 ~--i O 9 QSy U
~ N.OcCd [01@3D0O N Su4 N N Na O\ 00 00 00
Water-Soluble Substance (% by mass)
5 = [[(Wd - We) X (500/80)]/2 x 100
[0114] 5 Drying Loss (Water Content)
The amount 2.0 g of the water-absorbent resin was precisely
weighed out (Wg (g)) in an aluminum foil case (No. 8) of which constant
weight (W (g)) was previously attained. The above sample was dried for
10 2 hours with a forced convection oven (manufactured by ADVANTEC) set
at an internal temperature of 105°C. Thereafter, the dried sample was
allowed to be cooled in a desiccator, and a mass Wh (g) after drying was
determined. The water content of the water-absorbent resin was calculated
from the following formula.
15 [0115] [Su 5]
Drying Loss (% by Mass)
= [(Wg - Wi) - (Wh - Wf)]/(Wg - Wf) x 100

[0116]  [Table 1]
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b ¢ aovarolnr CS N.. WWWWW W UUW36 [0117] It can be seen
fromthe results shown in Table 1 that the water absorbent resin obtained in
each Exanpl e has an appropriate water- retention capacity, a high

wat er - absor pti on capacity under |oad, a36igh gel strength, and a | ow

wat er - sol ubl e substance. Further, it can be seen that 5 the water-absorption
capacity under a load of 4.14 kPa is inproved by raising the reaction
tenperature_ (Exanples 2 and 3) or adding the reaction catalyst (Exanple 4).
[0118] The Mdd}l- absBrasabe sceBifrprapharasalis Bhowndn dableol thad theWathici ng a

wat er - absorbent resin of the present invention is excellent in properties

10 such as wat e@bp@ibent jesi ebfgricdiip cagh fapa Bapan APPIORPALS W9teimder | oad,
and gel strength, and also,gives consideration to safety of the water-

absor bent resi nIgigntianGapardiynathagh satemabsominn capasity mrderlagdea highegel

wat er - absorbent resin of the present_invention can be suitably used, for
exanpl e, in hygistangthyand ailawswalgeohblesustngsl dugihgpdt can he sean thehce pad
15 and sanitary napkin, in particular, in disposable diaper. 37 CLAI M [1]
A net Bod for prdaiwiatg-abseetion eapasitpander eiad ofchid &kPads impepvied by

raising the reaction temperature (Examples 2 and 3) or adding the reaction
catalyst (Example 4).
[0118] The water-absorbent resin obtained by the method for producing a

water-absorbent resin of the present invention is excellent in properties

10 such as water-retention capacity, water-absorption capacity under load,
and gel strength, and also gives consideration to safety of the water-
absorbent resin by reducing water-soluble substance. Therefore, the
water-absorbent resin of the present invention can be suitably used, for
example, in hygienic materials such as disposable diaper, incontinence pad

15 and sanitary napkin, in particular, in disposable diaper.



‘that “a precursor of the water-absorbent resin obtained by polymerizing a

wat er - sol ubl e ethyl enically unsaturated monomer is subjected to a post 5
crosslinking reaction in the presence of a conpound having plural hydrazide
groups. [2] The nethod according to cl ai3m 1, wherein the compound having

pl ural hydrazide groups is at |east one nenber selected fromthe group

consi sting of carbodi hydrazi de, malonic acid dihydrazide, adipic acid 10

di hydrazi de, and dodecanedi oi ¢ acid dihydrazide. [3] The nmethod according to
claim1l1, wherein the conpound having —éﬁghgi hydrazi de groups is used in an
amount of from 0.0001%to 2% Db based aqn the total anount of, the

wat er - sol ud]r i et hyl eﬁ.res?w Oﬁﬁ%’m‘ifb& aavateIndhrerbaid desinochasrcerzedia
precursor of the water-absorbent 15 resin. [4] A water- absorbent resin

obt ai ned by t he that@HggcHsonet th%wawﬁahwbeeh@sm oltpmieddyIpqlymsrizing a
characterized in that the water-absorbent resin has a retention capacity of
sal i ne sol uti onversplyble %hylﬁﬁmllywsamaﬁémwm@dé&@bleyteéifms?epqsﬁe

sol ution under a |load of 2.07 kPa_ of 15 nL/ nore, a 20 gel strength of
900 P or rmor e, CEsAIBKIREIBACtIQN ibihe PIessHCca R @C@ﬂnmn%idwlmblr@lr | ess.
hydrazide groups.
[2] The method according to claim 1, wherein the compound having

plural hydrazide groups is at least one member selected from the group
consisting of carbodihydrazide, malonic acid dihydrazide, adipic acid
10 dihydrazide, and dodecanedioic acid dihydrazide.

[3] The method according to claim 1, wherein the compound having
plural hydrazide groups is used in an amount of from 0.0001% to 2% by
mol, based on the total amount of the water-soluble ethylenically
unsaturated monomer used to obtain the precursor of the water-absorbent

15 resin.

[4] A water-absorbent resin obtained 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 saline solution of 25 g/g or more, an absorption
capacity of saline solution under a load of 2.07 kPa of 15 mL/g or more, a

20 gel strength of 900 Pa or more, and a water-soluble substance of 20% by

mass or less.





