t 't 1 *DESCRI PTI ON PROCESS FOR PRODUCTI ON OF WATER- ABSORBABLE RESI N
PARTI CLE, AND WATER- ABSORBABLE RESI N PARTI CLE PRODUCED BY THE PROCESS 5
TECHNI CAL FI ELD [ 0001] The present invention relates to a method of
produci ng wat er- absorbent resin particlgs. Mre specifically, the present
invention relates to a nmethod of produci ng water-absorbent resin particles
havi ng an appropriate particle size, a narrow particle size distribution, a
hi gh particle 10 strength, and an excellent water absorption capacity under
pressure, as properties suitable fDESSCREtIONbsor bent agent used in a
hygienic material; and water-absorbent resin particles obtainable by the
met hod. BACKERRITESNRTFOROCPRIODUJTHORN O eW/STER-ABSORBABIIHERESINSi n has
been widely used in 15 various fields such as hygienic articles such as
di sposabl e di apeP ARVICEBNIANDY WATER-ABSGRBABILE RBSINNBARITOIGU t ur al
materials such as water- retaining agents and soil conditioners; and
i ndustrial and constructi on PRODIWCEIDs BYIChHES PR&UEFES$H! ocki ng agents and
dewfall preventing agents. Anmong these fields, it is frequently used
especigl ly for hyDEEHNICALIEIEED 20 such as di sposabl e di aper and sanitary
articles. [0003] As the water-absorbent resins, there have been known, for
exanpl e,  hydoo1)ysat EFhopres¢mriverdivnyletintd told megiodf dfgspdlyingrsateneut ral i zed
products of starch-acrylate graftcopol yners, saponified products of vinyl
acet ate- acryl i cabsirbéntaesialpansidles. Prré spddificalBytlicpicsent inveosticd feloks
pol yacrylic acid,

to a method of producing water-absorbent resin particles having an

appropriate particle size, a narrow particle size distribution, a high particle

10 strength, and an excellent water absorption capacity under pressure, as
properties suitable for a water-absorbent agent used in a hygienic material;
and water-absorbent resin particles obtainable by the method.

BACKGROUND ART

[0002] In recent years, a water-absorbent resin has been widely used in
15 various fields such as hygienic articles such as disposable diaper and
sanitary articles; agricultural and horticultural materials such as water-
retaining agents and soil conditioners; and industrial and construction
materials such as water blocking agents and dewfall preventing agents.
Among these fields, it is frequently used especially for hygienic articles
20 such as disposable diaper and sanitary articles.

[0003] As the water-absorbent resins, there have been known, for example,
hydrolysates of starch-acrylonitrile graftcopolymers, neutralized products
of starch-acrylate graftcopolymers, saponified products of vinyl acetate-
acrylic ester copolymers, partially neutralized products of polyacrylic acid,

25 and the like.



25 and'the like. 2 [0004] Generally, properties desired for the

wat er - absorbent resin include a | arge anount of water absorption, an

excel l ent water-absorption rate, a high gel strength after water
absorption, and the like. Particularly, 2properties desired for the

wat er - absorbent resin used in an absorbent 5 material applied to a hygienic
material include, in addition to a large anount of water absorption, an
excel l ent water-absorption rate, and a high gel strength after water

absor pti on, [(004¢xcel Gentralyt, propebiser gdsired foathaoi dtyr-absutbentaresmsinckidean
appropriate particle size, a narrow particle size distribution, a snmall
anount of rewet lafgetdreowntisdvbaer shsosptéons anteactlhent wieeabhsnrptodn odtef e
absorbent material, an excellent dispersibility of the absorbed substance
to the internal hghgbestedipoh bftet watr absaptioayahd the likiek Parfie@l@fyy, Furt her, in
recent years, with an absorbent material for use in a hygienic material
such as di sposalprepe¢ttiapdesiosd foanhd arayerrebpbibenbeisigusddninraneabsariskm

manuf acturing |line being speeded up, it has been desired for 15

wat er -sabsor bent mastial g#pliedabeshtdiedic nienal inchude sindaidiadn by eddrgdown even
bei ng exposed to a high pressure or a strong collision which has not been
assuned so far, anmowttléwater sisor@idn, gh epaciient lveatet-atesogptiion fA10,06]d &Fhigh
exanpl e, an absorbent material for disposal diaper is generally

manuf act ured by gedswemgthafisatateradbsorptiont an escellepamtater Asogptibrf ¢dpaoitg 20
pul ps on a netal nmesh to lamnate into layers with mxing in the air, in an
equi pnent cal | edingletiptessdrel aeappropeiataddracle size aahs@wpattickasieei al was
conpressed by a roller press or the like to maintain its shape and increase
strength. |In theliseibufies!asmaldanmounhof rebsofhibabbsorbed sebstarideeoahs or bent

material is conpressed by a higher pressure than that of the conventional
10 external of the absorbent material, an excellent dispersibility of the
absorbed substance to the internal of the absorbent material, and the like.
[0005] Further, in recent years, with an absorbent material for use in a
hygienic material such as disposable diaper or sanitary napkin being
thinner and a manufacturing line being speeded up, it has been desired for
15 water-absorbent resin particles that the particles do not break down even
being exposed to a high pressure or a strong collision which has not been
assumed so far, in other words, a high particle strength.
[0006] For example, an absorbent material for disposal diaper is generally
manufactured by vacuuming water-absorbent resin particles and fibrous
20 pulps on a metal mesh to laminate into layers with mixing in the air, in an
equipment called a drum former. Thereafter, the absorbent material was
compressed by a roller press or the like to maintain its shape and increase
strength. In the manufacture of a thin absorbent material, the absorbent

material is compressed by a higher pressure than that of the conventional

25 absorbent material, and additionally, the amount of the pulp used is



25 absorbent material, and additionally, the amount of the pulp used is 3

| onered. Therefore, a high force is |oaded to the water-absorbent resin
particles, whereby a breakdown of the particles tends to take place. [0007]
Further, a speed-up of a manufacturing | 3dne of the absorbent wmaterial to
increase in productivity progresses, so that, in the above drum 5 fornmer, a
speed at which the water-absorbent resin particles collide to the netal nesh
and a supporting plate at the periphery thereof is increased, and the

wat er - absor bent lossired.p&herefdresa hegteforee & loatidd i tha watefharsorteant resier

before, whereby the particles also tend to be broken down. [0008] When a
breakdown of t hepastitles; whemwblyerhirealedown phthe pdrasles &kels tptameplacd0 wat er
absorption property gets |ower. Therefore, there have been desired the

wat er - absor pe00Q7]r esi Fupthet,i cspesdiup odha ohanpfacturaigelisd obthgtabsexpenhst

collision is high and the water absorption property doesn't get |ower.

[ 0009] The wat ermatesial beitcreassiim preductivitly yprogredsescsb that, anbheehovegdmmat er -
sol ubl e ethylenically unsaturated nononer to a reversed phase suspension 15
pol ynmeri zat i on oformer,aqspeedsat sdlich thenwptel-phsorbestt iesin. pakrioeley eollide hetiee have
been di sadvantages in a conventional reversed phase suspension

pol yneri zati on nmttabthdshaindwesupposatispplaenat the periphenytthedeof ishiacieagedy | ar ge
particle size are less likely to be produced, and an appropriate particle
size that is suindiheevdtor-absdipgitansinmarticleatecesel esdlisiokdlighdrahdreewdit ai ned.
20 [0010] Therefore, in order to obtain water-absorbent resin particles
having a | arge tpdotd, slerch wthe maotielesmalsoftend to bebraken ldoimaues have been
suggested. For exanple, there have been suggested, in production mnethods
accordi ng {GO08]r eveWdea pbrakdeows pénisd oatgpalbgobent msiropartialesediesglace,
conprising producing water-absorbent resin particles according to a

pol yney i zat i on okater absorption property gets lower. Therefore, there have been desired

the water-absorbent resin particles in which particle strength against
collision is high and the water absorption property doesn’t get lower.
[0009] The water-absorbent resin is mainly produced by subjecting a water-

soluble ethylenically unsaturated monomer to a reversed phase suspension

15 polymerization or an aqueous solution polymerization. However, there
have been disadvantages in a conventional reversed phase suspension
polymerization method that water-absorbent resin particles having a large
particle size are less likely to be produced, and an appropriate particle size
that is suitable for a hygiene material is less likely to be obtained.

20 [0010] Therefore, in order to obtain water-absorbent resin particles having a
large particle size, some manufacturing techniques have been suggested.
For example, there have been suggested, in production methods according
to a reversed phase suspension polymerization, a method comprising
producing water-absorbent resin particles according to a polymerization of

25 the monomer for the first step, thereafter, cooling the particles, again



25 the'nononer for the first step, thereafter, cooling the particles, again
4 adding a nononer to the polynerization reaction solution in which the

pol ymer particles in the first step are suspended, in a state a surfactant
is precipitated, and polynerizing the nyxture, to give large

wat er - absorbent resin particles (Patent Publication 1), a nmethod conprising
produci ng 5 wat er-absorbent resin particles according to a pol ynerizati on of
the nononer for the first step, thereafter again adding a nononer to the

pol ymeri zation rghiifig @in&rbér tonhé polymeityatibs roadtioisolixdst ircaichathe
suspended, and polynerizing the mxture, to agglonerate the pol yner

particles in thepdliymet paitRiles(iRahefirstRedy areaubpundel, inca sfatewsur¢aonmitisi ng 10
produci ng wat er-absorbent resin particles according to a polynerization of

the nononer for pdaeipitatest; asd pplynidiedir@tiecmiadel, 09 givedpae Wherabsddenant
having an HLB of 7 or nore to the polynerization reaction solution in which

the pol ymer par tiegingsareiéles sPaperPlesicatiben ) a0methcds mgrisingpicd®ing t her et o,
and polynerizing the m xture, to give | arge water-absorbent resin 15

partic es (Pat enwateﬂ!abs&@éﬁafasﬁ)dparﬁclaghbaﬁdﬁtgrmrd Solntepizadog oh cherat er -
absorbent resin particles according to a polynerization of the nononer for

the first step, mbgomef farthadaétids]dhdtgaftermpaoi®ddihg athién®aky fethiezat i on
reaction solution in which the polyner particles are suspended, in the

presence of i norgsapierip@MGIEfeaction doRglod TR WHERN thel sty ex puftioled &egi ve | ar ge
20 wat er-absorbent "resin particles (Patent Publication 4), and the |iKke.

[0011] Accor di ngsusgerided, aR@B6lynfa v g URSmiMaBiSto absioment th@?blynlft%Vi ng a

large particle size was obtained but did not sufficiently satisfy an
appropriate partpli€le§ii the ﬁrsﬂ%FQMtﬁﬁf Pilictidh 23, Qhﬁa‘tl‘ié@é@rh?ﬂsin% hi gh

particle strength, and an excellent water absorption capacity under
pressw e. producing water-absorbent resin particles according to a polymerization of
the monomer for the first step, thereafter adding a specific surfactant
having an HLB of 7 or more to the polymerization reaction solution in
which the polymer particles are suspended, then again adding a monomer
thereto, and polymerizing the mixture, to give large water-absorbent resin
15 particles (Patent Publication 3), a method comprising producing water-
absorbent resin particles according to a polymerization of the monomer for
the first step, thereafter again adding a monomer to the polymerization
reaction solution in which the polymer particles are suspended, in the
presence of inorganic powders, and polymerizing the mixture, to give large
20 water-absorbent resin particles (Patent Publication 4), and the like.
[0011] According to the above techniques, water-absorbent resin having a
large particle size was obtained but did not sufficiently satisfy an
appropriate particle size, a narrow particle size distribution, a high particle

strength, and an excellent water absorption capacity under pressure.

25 Patent Publication 1: Japanese Patent Laid-Open No. Hei 3-227301



25 Patent Publication 1: Japanese Patent Laid-Open No. Hei 3-227301 5
Pat ent Publication 2: Japanese Patent Laid-Open No. Hei 5-17509 Patent
Publ i cation 3: Japanese Patent Laid-Open No. Hei 9-12613 Patent Publication
4: Japanese Patent Laid-Open No. Hei 9-77810 DI SCLOSURE OF | NVENTI ON 5
PROBLEMS TO BE SOLVED BY THE | NVENTI ON [ 0012] An object of the present
invention is to provide a nethod of producing water-absorbent resin
particles having an appropriate particle size, a narrow particle size
di stribution, a Hhtgit Mvlicatdbe ZStJagmga‘sB,Pa&lmdLafd-(}mﬁQM.&méi %7809 absor pti on
capacity under pressure, as suitable properties 10 of a water-absorbent
agent used in a hyeitehiblicadibeBt daparssd Paring LaidrOpen MntHeies16pRIti cl es
obt ai nabl e by the nmethod. MEANS TO SOLVE THE PROBLEMS [0013] The present
i nvention rel at eEatémt Fﬁlb’[ﬁhﬁ@ﬁi40Ua?:i1£6§e|@at‘dj1t\B@i(BOpeﬁlN@rH)ﬁrﬂ-W@S@n particles
in which a nmedian particle size of primary 15 particles (d) and a nmedi an
particle size ofDERCIOOSYRE O INVERSTION satisfy the relationship of the
formul a, 5d/ 3+150<D<5d+150, conprising the steps of (1) subjecting a
wat er 5sol ubl e etPROBIEMS PO BE SOINVEPB YOIPBEEINVENTION r st -step rever sed
phase suspensi on polynerization reaction, in a petroleum hydrocarbon
sol vent, 1 n[G012]pr es@icebjeét of tHe pRIEAT @Resti@bls toz26videQ etheidvsf spheri cal
primary particleées having a nedian particle size ?g) of from30 to 130 m
(2) cooling the polweirg ivaei-gbsorisag résim panlolds iuving an appeipriaid particldre
di spersion stabilizer, and (3) carrying out a second-step reversed phase
suspensi on pol yngsd, aalar@Ww peaild sife Bistrdbldiong athigh paitie stsengih) #nd an
et hyl enically unsaturated nononmer for the second step to the

excellent water absorption capacity under pressure, as suitable properties

10 of a water-absorbent agent used in a hygienic material; and water-
absorbent resin particles obtainable by the method.

MEANS TO SOLVE THE PROBLEMS

[0013] The present invention relates to a method of producing water-

absorbent resin particles in which a median particle size of primary

15 particles (d) and a median particle size of secondary particles (D) satisfy
the relationship of the formula, 5d/3+150<D<5d+150, comprising the
steps of (1) subjecting a water-soluble ethylenically unsaturated monomer
to a first-step reversed phase suspension polymerization reaction, in a
petroleum hydrocarbon solvent, in the presence of a dispersion stabilizer,

20 to give spherical primary particles having a median particle size (d) of
from 30 to 130 um, (2) cooling the polymerization reaction solution, to
precipitate the dispersion stabilizer, and (3) carrying out a second-step
reversed phase suspension polymerization reaction by adding the water-
soluble ethylenically unsaturated monomer for the second step to the

25 polymerization reaction solution to agglomerate the primary particles, to



25 pol ynerization reaction solution to agglonmerate the primary particles, to
6 give secondary particles having a nedian particle size (D) of from200 to
500 gm and wat er-absorbent resin particles obtainable by the mnethod.
EFFECTS OF THE | NVENTI ON [ 0014] According to the present invention,

wat er - absorbent resin particles 5 having an appropriate particle size, a
narrow particle size distribution, a high particle strength, and an

excel | ent water absorption capacity under pressure can be produced, and the
resul ti ng wat er -gibs sedoadary patiolepanvingl emedmarpargcls sizeal® yofifsesh 20etw i n t he
production of a thin absorbent material, wthout lowering its properties.
10 BEST MODE FOBO00ARRYhINGwWatET-abiserbleli/EdNi pidticld Idbjtaifihleledryoitieanéthodret hod of
the present invention is carried out by a two-step reversed phase

suspensi on pol yrBYFEGTSdF TEHEINVENTHEN pr esent i nvention i s expl ai ned

her ei nbel ow as one exanple of the enbodinment, but is not limted only to

t hose exenp[(0l4¢d onascoddng GOhE]pr&paciiventibhywaien-abberbert testh pirtictesduci ng a
wat er - absorbent resin by subjecting a water-soluble ethylenically

unsat gr at ed nmondiwing an appropyietegadtiglbatee, 8 napenspaticleadiyerdistiitaitiaan,a i n a
petrol eum hydrocarbon solvent, in the presence of a surfactant as a

di spersi on st abiligh pasticls stngngih, gndl amnexdetienti wpter abswyptge chpactyauntesper si on
stabilizer together as desired, 20 the aqueous solution of the water-soluble
et hyl eni cal | y upsedsuratarbe prduced, dndrthe hesulfing tvasdregbsosbesitibgsiic pedicles a
reversed phase suspension polynerization reaction using a radical

pol ynmeri zati on icahtbeauitablWhided evsh iint thiengroductidhef pridaabserbeht matarods! i nki ng
agent as desired, in the presence of a water-soluble thickener as desired,
to give spheri catitipgitiewygripglitsiptbmsties.

10 BEST MODE FOR CARRYING OUT THE INVENTION

[0015] The production method of the present invention is carried out by a
two-step reversed phase suspension polymerization reaction. The present
invention is explained hereinbelow as one example of the embodiment, but
is not limited only to those exemplified ones.

15 [0016] Specifically, in the method of producing a water-absorbent resin by
subjecting a water-soluble ethylenically unsaturated monomer to a
reversed phase suspension polymerization, in a petroleum hydrocarbon
solvent, in the presence of a surfactant as a dispersion stabilizer, using a
polymeric dispersing agent as a dispersion stabilizer together as desired,

20 the aqueous solution of the water-soluble ethylenically unsaturated
monomer for the first step is subjected to a reversed phase suspension
polymerization reaction using a radical polymerization initiator while
stirring, in the presence of a crosslinking agent as desired, in the presence
of a water-soluble thickener as desired, to give spherical primary particles

25 having a median particle size (d) of from 30 to 130 um. Thereafter, the



25 having a nedian particle size (d) of from30 to 130 gm Thereafter, the 7
pol yneri zation reaction solution is cooled such that the di spersion
stabilizer is in a state of precipitation, and a second-step reversed phase
suspensi on pol ynerization reaction is cafried out by adding thereto an
aqueous solution of the nmonomer for the second step containing preferably 5
90 to 200 parts by nmass of a nononer based on 100 parts by mass of the
nononer for the first step, a radical polynerization initiator, and a
crosslinki ng aggulymsrideson edctiom sglutien secanlddisyclptat thel dispénsican
aggl onerate formof the primary particles, wherein the secondary particles
have a nmedi an patdbilite isiiz e s(aly) obprefciptatid@Nanda SO ndustep aenkrsdteplidse
rel ati onship between a nedian particle size of primary particles (d) and a
medi an parti cl e ssspensodin peyaredzatiopacactioh es c{redicat hiytadidmg theretarage of t he
formul a, 5d/3+150<D<5d+150, whereby water-absorbent resin particles having
an appropri at e pautowd slsfiae pf thenraonomepfortthe kecomidzstepicantairbng poeferabhyl  a
hi gh particle strength are obtained. 15 [0017] The water-sol ubl e
et hyl éni cal | y urfatolz(fk pattsitionorass ofis ecbrionodribdesd on 100 paxtaryl masq afethie) acryl i ¢
acid ("acryl-" and "methacryl-" as used herein collectively refer to
“(meth)acryl -, " then@neefdrehe fieftataped radichlgolgmerization initiator, and a
2- (et h)acryl am de- 2- net hyl propanesul fonic acid and/or an al kali salt
t her eof ; noni onictosshinkingy sgentiahdesreditd pivaceydmdarg parthdldd idCan
di met hyl (et h) acryl am de, 2-hydroxyethyl (meth)acrylate, N
met hyl ol (et h) acagglanede foroh @othy erimydrepartidlys ovheremathest ) mdar y pattecles ami no
group-cont ai ni ng unsaturated nononmers such as N, N- di et hyl am noet hyl
(neth)acryl ate, Hivbradhediaylparidiepizel) of frinn 260ty 580 ¢um, @rtdthe
di et hyl am nopr opyl (nmet h)acryl am de or quaternary salts thereof; and

10 relationship between a median particle size of primary particles (d) and a

median particle size of secondary particles (D) is within the range of the
formula, 5d/3+150<D<5d+150, whereby water-absorbent resin particles
having an appropriate particle size, a narrow particle size distribution, and
a high particle strength are obtained.

15 [0017] The water-soluble ethylenically unsaturated monomer used includes,
for example, (meth)acrylic acid (“acryl-” and “methacryl-” as used herein
collectively refer to “(meth)acryl-,” hereinafter referred to the same),
2-(meth)acrylamide-2-methylpropanesulfonic acid and/or an alkali salt
thereof; nonionic monomers such as (meth)acrylamide, N,N-

20 dimethyl(meth)acrylamide, 2-hydroxyethyl (meth)acrylate, N-
methylol(meth)acrylamide and polyethylene glycol mono(meth)acrylate;
amino group-containing unsaturated monomers such as N,N-
diethylaminoethyl (meth)acrylate, N,N-diethylaminopropyl (meth)acrylate,
and diethylaminopropyl(meth)acrylamide or quaternary salts thereof; and

25 the like. At least one member selected from these groups can be used.



25 the' like. At |east one nenber selected fromthese groups can be used. 8
Anmong them acrylic acid, nethacrylic acid, or alkali salts thereof,
acryl am de, nethacrylam de, or N, N-dinmethylacrylam de is preferably used.
In addition, a nononer conponent used ingthe second and subsequent steps
may include the nononer conponent which is the sane 5 as or different from
t he nononer conponent used in the first step. [0018] The water-sol uble

et hyl eni cal ly unsaturated nononer can be wusually used in the formof an
aqueous sol uti orAmohgithemy efgliakhcel, rwhadric acidpoeatkaktsalosithetedfne nononer in
t he aqueous solution of the nononmer is in the range of from20% by mass to
a saturated concenylaatidemeth@ciyldiidle, WBNtdimennt scryanidblieprifesabbni cal |y
unsat urated nononer has an acid group as (nmeth)acrylic acid and

2- (met h) acryl amuded. 2n agdiionp s epanesi doatpaneacustd infthe sedohdgmaup may be
previously neutralized wth an al kaline neutralizing agent such as an

al kal'i metal salsubseqiieat sdelyaimayeinokdt thd mnogeagentpoasnin®hidhas ekt sdme e
i ncl udes aqueous 15 sol utions of sodi um hydroxi de, potassium hydroxide,

ammonisum  hydr oxisag,diffecknt fienh theemonbmee cambahémearsad it thal fizt sigpagent s may be
used alone or in conbination. [0020] The degree of neutralization of all

the acid gras]w t hTheevatkedlubr ethgghically zinsguagehinondnprehaibabl y in the
range of from 10 to 100% by nol, 20 and nore preferably in the range of

from 30 to 80% hyually uséd amheforntiof\waciqutowd solimgseakiis greferabld thaptiessure to
i ncrease absorption capacity of the resulting water-absorbent resin

particles, and nehcedtdioigofthy mosachviarthaggsedu’ svaftRinyofothe ttiéndrmeisdue to
the presence of an excess al kaline neutralizing agent.
in the range of from 20% by mass to a saturated concentration.

10 [0019] When the water-soluble ethylenically unsaturated monomer has an
acid group as (meth)acrylic acid and 2-(meth)acrylamide-
2-methylpropanesulfonic acid, the acid group may be previously
neutralized with an alkaline neutralizing agent such as an alkali metal salt.
The alkaline neutralizing agent as mentioned above includes aqueous

15 solutions of sodium hydroxide, potassium hydroxide, ammonium
hydroxide, and the like. These alkaline neutralizing agents may be used
alone or in combination.

[0020] The degree of neutralization of all the acid groups with the alkaline
neutralizing agent is preferably in the range of from 10 to 100% by mol,

20 and more preferably in the range of from 30 to 80% by mol, from the
viewpoint of increasing osmotic pressure to increase absorption capacity
of the resulting water-absorbent resin particles, and not causing any
disadvantages in safety or the like due to the presence of an excess alkaline

neutralizing agent.

25 [0021] The radical polymerization initiator added to the aqueous solution of



25 [0021] The radical polymnerization initiator added to the aqueous sol ution
of 9 the nononer includes, for exanple, persulfates such as potassium
persul fate, ammoni um persul fate, and sodi um persul fate; peroxi des such as
met hyl ethyl ketone peroxide, nethyl isoputyl ketone peroxide, di-t-butyl

per oxi de, t-butyl cunyl peroxide, t-butyl peroxyacetate, t-butyl 5

peroxyi sobutyl ate, t-butyl peroxypival ate, and hydrogen peroxi de; azo
conmpounds such as 2,2'-azobi s[2-(N phenyl am di no) pr opane] di hydrochl ori de,

2, 2' - azobi s[ 2- ( Nhe atdndnzern idcindy g foparehple hyaswlditt o suateas potassium

2,2' -azobi s{2-[1-(2- hydroxyet hyl) -

2-i mi dazol i ne- 2-pdrdyifapamendnind peshifate] ard s@lidin parobifstE 2pemekidds-shich@s [ 1,

1- bi s( hydr oxynet hyl ) - 2- hydr oxyet hyl ] pr opi onani de },

2, 2' - azobi s[ 2- mahéthlyl dthiy2 kétpde pryoxtidey Imethybigobmairketehe parakide, di-t-butyl

4,4' -azobi s(4-cyanoval eric acid); and the like. These radical

poI ynerization iperdxideot-butybyurngl peregidel bbetybperoxyaoethienabuoyl of two or nore
ki nds. 15 [0022] The radical polynerization initiator is usually used in an
amounts of  fr omperéOfsotutPad)y-buoyl pebasgdvaiatet hed hodmigeaperoridefaohe

nmononer. \Wen the anount used is less than 0.005% by nol, it is not
preferable sina®ngpdundy sucles 2,2’ aeokisf22(Nf or the pol ymerization reaction.
When the anount used is nore than 1%by nol, it is not preferable since an

abrupt 20 pol ynmghengtanoidino)pipane]dilakiesciibAde. 2, B82dis[Zh@N-above- ment i oned
radi cal polymerization initiator can be also used as a redox polynerization
Lo 901 et a1 sl i
ydr og : ,
2-imidazoline-2-yl]propane}dihydrochloride, 2,2’-azobis{2-methyl-N-

10 [1,1-bis(hydroxymethyl)-2-hydroxyethyl]propionamide},
2,2’-azobis[2-methyl-N-(2-hydroxyethyl)-propionamide], and
4,4’-azobis(4-cyanovaleric acid); and the like. These radical
polymerization initiators may be used alone or in combination of two or
more kinds.

15 [0022] The radical polymerization initiator is usually used in an amount of

from 0.005 to 1% by mol, based on the total amount of the monomer.
When the amount used is less than 0.005% by mol, it is not preferable
since a long time is required for the polymerization reaction. When the
amount used is more than 1% by mol, it is not preferable since an abrupt

20 polymerization reaction takes place.

[0023] The above-mentioned radical polymerization initiator can be also
used as a redox polymerization initiator together with a reducing agent
such as sodium sulfite, sodium hydrogen sulfite, ferrous sulfate, and L-

ascorbic acid.

25 [0024] In addition, in order to control water absorption property of the



25 [0024] In addition, in order to control water absorption property of the
10 water-absorbent resin particles, a chain transfer agent nay be added. As
t he above-nenti oned chain transfer agents, hypophosphites, thiols, thiolic
aci ds, secondary al cohols, am nes, and tipe |i ke can be exenplified. [0025] A
crosslinking agent may be added as occasion denmands to the 5

above- nenti oned aqueous sol ution of the nononer, to carry out the

pol ymeri zation. As the crosslinking agent (internal crosslinking agent)
added to the aquedersalssurb¢itansiafpatticesyandrmin trordfor agdntenpoby addédz aAson
reaction, for exanple, conpounds each having two or nore polynerizable

unsat ur at ed gr ouhs albave-hentiened cldie transfes lageits Ngy pogdotphites| tideks, tHiolic 10
exanple, di- or tri(meth)acrylate esters of polyols such as (poly)ethylene
gl ycol [for exarsplds, s¢qoadyst diydlesis, ghines| dndathd liketdaylberexegiplifidd: as used
herein are collectively described as "(poly)ethylene glycol," hereinafter
referred to[0R28] samel, crosdinkims agot emey o ydddd astsdcasiohydeadgprdspanies gl ycer ol
pol yoxyet hyl ene gl ycol, pol yoxypropyl ene glycol, and (poly)glycerol; 15
unsat gr at ed pol ywbsvemnscmivnad ngdedys sodaidr ofjthehromdmus-toreatry @uetheol yol with
an unsaturated acid such as maleic acid and fumaric acid; bisacryl am des
such as N, N - nmetpoyyedhitRnreAd ) iecerpbdinkiieg aghint (oternbl crosdinkiagage@e esters
obtai ned by reacting a pol yepoxide with (meth)acrylic acid; carbanyl esters
of di (et h)acryladdedied theatfuebuesblbtio? 0f tieamibnomeabpfury itixopylgnairzasivah as

tol yl ene diisocyanate or hexanethyl ene diisocyanate with hydroxyet hyl

(et h) acryl at e; reddtiohafecexanglecongpduridsteach haeinpuwoss; mdiepdlymepizabiel at e;

N, N,N'-triallyl isocyanurate; divinylbenzene; and the like. [0026] In
addition, as thensatueiteédbraipssahibekisad. dhemrosslinkagtigenoimdwddshfor

10 example, di- or tri(meth)acrylate esters of polyols such as (poly)ethylene
glycol [for example, “polyethylene glycol” and “ethylene glycol” as used
herein are collectively described as “(poly)ethylene glycol,” hereinafter
referred to the same], (poly)propylene glycol, trimethylolpropane, glycerol
polyoxyethylene glycol, polyoxypropylene glycol, and (poly)glycerol;

15 unsaturated polyesters obtained by reacting the above-mentioned polyol
with an unsaturated acid such as maleic acid and fumaric acid;
bisacrylamides such as N,N’-methylenebis(meth)acrylamide; di- or
tri(meth)acrylate esters obtained by reacting a polyepoxide with
(meth)acrylic acid; carbamyl esters of di(meth)acrylic acid obtained by

20 reacting a polyisocyanate such as tolylene diisocyanate or hexamethylene
diisocyanate with hydroxyethyl (meth)acrylate; allylated starch; allylated
cellulose; diallyl phthalate; N,N’,N”-triallyl isocyanurate; divinylbenzene;
and the like.

[0026] In addition, as the internal crosslinking agent, in addition to the

25 above-mentioned compounds each having two or more polymerizable



25 above-nentioned conpounds each having two or nore polynerizable 11
unsat ur ated groups, conpounds each having two or nore other reactive
functional groups can be used. The internal crosslinking agent includes,
for exanple, glycidyl group-containing ganpounds such as (poly)ethylene

gl ycol diglycidyl ether, (poly)propylene glycol diglycidyl ether, and 5
(poly)glycerol diglycidyl ether; (poly)ethylene glycol; (poly)propylene
glycol; (poly)glycerol; pentaerythritol; ethylenedi am ne;

pol yet hyl enei m nmsatgrated gybup(spedinpacndd euich;hasing twreol mbee offiee seactinter nal
crosslinking agents may be used in conbination of two or nore kinds. [0027]
The internal crdasttioradl ggowymeran besusedddtheiinteamal anwssiinkinfz gpeaf archideg, 10 1%
by nol or less, and nore preferably 0.5% by nol or |ess, based on the total
amount of the ndopeeample; ghpcidyd grogwpontaining cempdundsesichyasgpbhethybene
absorption property of the resulting water-absorbent resin particles. Here,

the reason why tgigcddliglycittyl ethetN@oly)pripyddnecglpsdldiglyicidyl ageenf ais opt i onal
is that the water absorption capacity of the water-absorbent resin

parti ¢l es 15 carfpbly)glyotrodidigigcidlybethby; (poldietyykne pbysl; (poly)pr@geete f or

subjecting the particles to crosslinking on their surface or near their
surface in any sfiyad; (folp)glyderel; ptinaepyohytobrdtidenediaming;he nmononers to
drying. [0028] The petrol eum hydrocarbon sol vent used as di spersion medi um
i ncludes, for exobydthyleatinpinas glycilyd (medv)banktsand ths like h&haseinternhkpt ane,
20 n-octane, and ligroin; alicyclic hydrocarbons such as cycl opent ane,

met hyl cycl opent &m@slmkﬁigOdgmm;x?r bodisedihydrapniacbaxdted camonmtlkinds.
hydr ocar bons such as benzene uene, and xyl ene; and the |ike. Among

them n-hex@27] n- hePhameterrl drasylihlongagest igfaddediint abhmousedf picfrablyhese
are industrially easily available, stable in quality and i nexpensive. These

10 1% by mol or less, and more preferably 0.5% by mol or less, based on the
total amount of the monomer, from the viewpoint of sufficiently enhancing
absorption property of the resulting water-absorbent resin particles. Here,
the reason why the addition of the internal crosslinking agent is optional is
that the water absorption capacity of the water-absorbent resin particles

15 can be controlled also by adding a crosslinking agent for subjecting the
particles to crosslinking on their surface or near their surface in any steps
from after the polymerization of the monomers to drying.

[0028] The petroleum hydrocarbon solvent used as dispersion medium
includes, for example, aliphatic hydrocarbons such as n-hexane, n-heptane,

20 n-octane, and ligroin; alicyclic 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 suitably used since these

are industrially easily available, stable in quality and inexpensive. These

25 petroleum hydrocarbon solvents may be used alone or can be used in



25 petrol eum hydrocarbon sol vents may be used al one or can be used in 12

adm xture of two or nore kinds. [0029] The surfactant as a di spersion
stabilizer used includes, for exanple, sucrose fatty acid esters,

pol ygl ycerol fatty acid esters, sorbitan2fatty acid esters, polyoxyethyl ene
sorbitan fatty acid esters, polyoxyethylene 5 glycerol fatty acid esters,
sorbitol fatty acid esters, polyoxyethylene sorbitol fatty acid esters,

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

pol yoxyet hyl ene adagxture of hwo polywg kéntdsyl ene  hydr ogenat ed castor oil,

al kyl al I yl f or mral dehyde condensed pol yoxyet hyl ene et hers, pol yoxyet hyl ene

pol yoxypr opjl029¢ bl otke sarfectpoil asmedispers]onostatelingl esed ipoludosyior exampld, ky |
ethers, polyethylene glycol fatty acid esters, alkyl glucosides, N-alkyl
gl ucone anmi des, supmisy datyeadivlestess, pal yglyerrotifadtyi abed estprs, yorbyanifattygaeid

al kyl am nes, phosphoric esters of polyoxyethylene al kyl ethers, and

phosphori c est erestens, pobyoxyesteti¢nd snbitan fattyaddig esterhpotyoxyathylere | i ke. 15

[ 0030] Among them sucrose fatty acid esters, polyglycerol fatty acid
ester$, sorbit @tydeaol fattycicil estemsy sarbjjol fattyyeeichysterse pelyoliyetnyldnzt t y aci d
esters, polyoxyethylene glycerol fatty acid esters, and pol yoxyet hyl ene
hydr ogenat ed casbditalifattpredmstismobyexyethydend aléyl etapoipotyocxfyethyderer si on
stability of the aqueous solution of the nononer. Further, sucrose fatty 20

aci d esters and apiofiphénsd etheirs, fpal yox yath yde mscastar @it,golpstyepindére abl y used,
fromthe viewpoint of particle size, particle size distribution, and

particle strendtydragentted castoulotl, atkyéadbilforeraddehydpaondeised. These
surfactants as dispersion stabilizers my be used al one or in conbination
of two or nore polymkyethylene ethers, polyoxyethylene polyoxypropylene block

10 copolymer, polyoxyethylene polyoxypropyl alkyl ethers, polyethylene
glycol fatty acid esters, alkyl glucosides, N-alkyl glucone amides,
polyoxyethylene fatty acid amides, polyoxyethylene alkylamines,
phosphoric esters of polyoxyethylene alkyl ethers, and phosphoric esters of
polyoxyethylene alkylallyl ethers, and the like.

15 [0030] Among them, sucrose fatty acid esters, polyglycerol fatty acid esters,
sorbitan fatty acid esters, polyoxyethylene sorbitan fatty acid esters,
polyoxyethylene glycerol fatty acid esters, and polyoxyethylene
hydrogenated castor oil are preferable, from the viewpoint of dispersion
stability of the aqueous solution of the monomer. Further, sucrose fatty

20 acid esters and polyglycerol fatty acid esters are most preferably used,
from the viewpoint of particle size, particle size distribution, and particle
strength of the resulting agglomerated particles. These surfactants as
dispersion stabilizers may be used alone or in combination of two or more

kinds.

25 [0031] In addition, as the dispersion stabilizer, a polymeric dispersing agent



25 [0031] In addition, as the dispersion stabilizer, a polymeric dispersing
agent 13 nay be used together with the above-nentioned surfactant. The

pol ymeric dispersing agent used includes nal ei c anhydri de-nodified

pol yet hyl ene, nal ei c anhydri de- nodi fi ed3pol ypropyl ene, maleic
anhydride-nodi fied ethylene-propyl ene copol yner, mal eic anhydride-nodified
EPDM 5 (et hyl ene-propyl ene-di ene terpolyner), maleic anhydride-nodified

pol ybut adi ene, et hyl ene-mal ei ¢ anhydri de copol yner, ethyl ene-propyl ene-

mal ei ¢ anhydri deangppeuyedtogethisr aditletie-abaleimetionedrsudfacaapoTiepolymeric di zed
pol yet hyl ene, ethyl ene-acrylic acid copol yner, ethyl cellul ose, ethyl

hydr oxyet hyl celdiﬂde@ﬁﬁg agont dded ihclwdes Aateig ahlingdridermlodifiedlpolyethylene,

anhydri de-nodi fi ed pol yethyl ene, mal ei ¢ anhydri de-nodified polypropyl ene,
mal ei ¢ anhydri danaleit éﬂl@driﬂbhﬁb@iﬁﬁdﬁf@ﬁ){bpﬂl@negﬂale&mhydr'aiei-ﬂlliozli‘:fﬂed

pol yet hyl ene, and ethyl ene-acrylic acid copolynmer are preferable, fromthe
vi ewpoi nt of di spieylsheprepydénd cdpolpiet, igalaipuenbiydridelmddified PIDMe  nonomer .
These pol yneric di spersing agents nmay be used al one or in 15 conbi nati on of
two o5 nore Ki nC(St.hyﬂé&?ﬁﬂop&l@baﬁen@ferpcﬂznm)}mmlyicmmyﬂﬁu@mdxﬁﬁadsi ngl e
particle of spherical shape with snooth surface, such as true spheri cal

shape, or elli ptp&ybm@diené,@hYlahamaleibranﬁydﬁde topslbinir rethpleaeiptapylene-
wat er - absorbent resin particles as nentioned above, HLB

(hydrophi | e-1i papilelccardgldeide &bpefynger?Butdd pesmaleit &thadiide zepolyngener al 1y
used as an index. HLB is not particularly limted since the range of HLB at

whi ch spherical gxadizéd b6Bettiydend)teth yiegk-achyfit ackl eigpendenetiyieelluigeki nd of

di spersion stabilizer used. [0033] For exanple, in the case of a sucrose
fatty acid esterethy%lmwmeﬁfth%lmml&b,emaﬂﬁ like! aAmedghietisimageia di spersion

stabilizer having an HLB o
10 anhydride-modified polyethylene, maleic anhydride-modified
polypropylene, maleic anhydride-modified ethylene-propylene copolymer,
oxidized polyethylene, and ethylene-acrylic acid copolymer are preferable,
from the viewpoint of dispersion stability of the aqueous solution of the
monomer. These polymeric dispersing agents may be used alone or in
15 combination of two or more kinds.

[0032] A shape of the primary particles is a single particle of spherical
shape with smooth surface, such as true spherical shape, or elliptic
spherical shape. In order to obtain spherical water-absorbent resin
particles as mentioned above, HLB (hydrophile-lipophile balance) of a

20 dispersion stabilizer is generally used as an index. HLB is not particularly
limited since the range of HLB at which spherical particles are obtained
differs depending upon the kind of dispersion stabilizer used.

[0033] For example, in the case of a sucrose fatty acid ester, spherical

particles are obtained by using a dispersion stabilizer having an HLB of 5

25 or less. When the primary particles are spherical, a shape of the surface is



25 or 1ess. Wen the primary particles are spherical, a shape of the surface
is 14 snooth, and al so the aggl onerated secondary particles are likely to
be closely filled, so that the particles are less likely to be broken down
even receiving a collision, and water-algsorbent resin particles having a
high particle strength are obtained. 5 [0034] These dispersion stabilizers
are used in an anmount of fromO0.1 to 5 parts by nmass, and preferably from
0.2 to 3 parts by mass, based on 100 parts by mass of the aqueous sol ution
of the nononer fsmmodthgarfd also thst agglomeratat steondaryfparticlablye kkepy tdibsper si on
state of the aqueous solution of the nononmer and obtain an di spersion

ef f ect account i ndogedy filled aswthat thegmdticlesarellossalilpay tobe bmokgmddowarcvon
solvent. [0035] The reaction tenperature of the polynerization reaction
differs dependimgeivpgna toldisioadandivamotapserbenttasonpanicteasdtavingis digh The
reaction tenperature is usually from20 to 110C, and preferably from40 to
90C. Wien the rpaatitlecirehgtipae abtaimed.s | ower t han 20C, the pol ynerization
rate 15 gets |l ower and the polynerization tinme gets longer, so that it is
not &cononf0Bdlly pr dhesadispersithestatiiheers asctsedrintaargeowitwofdrom (hi gher t han
110C, it would be difficult to renove heat of polynerization, so that it
woul d be difficul partoby mmss,dng praferablp dtomn B roehpaitobhy nidB363dsedront he
production nethod of the present invention, the control of the 20 particle
size of the pri r@Oypatrty olassofitheiaggeoisesdlutict of thepmpodémeeforzht ifost stegn be
carried out, for exanple, by changing the rotational speed of stirring
during the pol yneordattodavombbt kewp dispengioh seatey ef theusjuebasisolafion sfithe i ng

bl ades. As the stirring blades, it is possible to used, for exanple, a
propel | er bl ade, mengraddied bbtaitean dispasivmosffdut adeyuminguto bherembluatieseds in

10 a petroleum hydrocarbon solvent.

[0035] The reaction temperature of the polymerization reaction differs
depending upon the radical polymerization initiator used. The reaction
temperature is usually from 20° to 110°C, and preferably from 40° to 90°C.
When the reaction temperature is lower than 20°C, the polymerization rate

15 gets lower and the polymerization time gets longer, so that it is not
economically preferable. When the reaction temperature is higher than
110°C, it would be difficult to remove heat of polymerization, so that it
would be difficult to smoothly carry out the reaction.

[0036] In the production method of the present invention, the control of the

20 particle size of the primary particles during the first-step polymerization
can be carried out, for example, by changing the rotational speed of
stirring during the polymerization reaction using the various kinds of
stirring blades. As the stirring blades, it is possible to used, for example, a
propeller blade, a paddle blade, an anchor blade, a turbine blade, a

25 Phaudler blade, a ribbon blade, a Fullzone blade (manufactured by Shinko



25 Phaudl er bl ade, a ribbon blade, a Fullzone bl ade (manufactured by Shinko
15 Pantec Co., Ltd.), a MAXBLEND bl ade (manufactured by Sum tonbo Heavy

I ndustries, Ltd.), a Super-M x bl ade (manufactured by Satake Chem cal

Equi prent Mg., Ltd.), and the Iike. Usyglly, when the same kinds of
stirring bl ades are used, the higher the rotational speed of stirring, 5 the
smal l er the particle size of the primary particles. [0037] In addition, the
particle size of the primary particles can be adjusted also by adding a

t hi ckener to theaatpeeCos Led),ut MoxXBILENIB biadeomeanufactutdieby Sundtomsd ep to
change the viscosity of the aqueous solution. As the thickener, for

exanpl e, hydr oxyi¢dvyl Indestries,dstd,), bsdpexfixdpyde @radufhomesd e Shtake10
cel l ul ose, carboxymethyl cellul ose, polyacrylic acid, (partially)
neutralized prdchehisabEqpipheac Mig,d tdoj and fie! lyiet. ybeally, gthemathe same

pol yacryl am de, polyethylene imne, dextrin, sodium alginate, polyvinyl

al cohol , pol yvi ryhds efystiroing bdades apo byl hyd Righeothiedetational hyseeldi dfestieeingpe
used. Usually, when the rotational speeds of stirring are the sane, the

hi gheis t he vi scah¢ tmaliér thegatticlagirewfshs ptiutarpparicliehe nmononmer, the |arger
the particle size of the primary particles. [0038] Accordingly, spherical
primary par[0037¢s hali adgditioneiic partpde tizelof ths primat g paricléy cam BOadjasttd0 m are
obt ai ned. Anong them the nmedian particle size is preferably from40 to 120

m further pref alsabbyaddiamaificken@tothé aquecusdopatidn efutharthyngmef forabty from
50 to 100 m so that effects of the present invention are increased. [0039]

The primary par tfirel @sp bawhangetthe visedsignoptietaqueeussaatias. #Brthe dnellenabove
are selected, whereby the primary particles closely agglonerate after the
second- st ep pol yopexamaplephyddaytthal célhdoss hodaayprepyltcetiikse hmethyg
10 cellulose, carboxymethyl cellulose, polyacrylic acid, (partially) neutralized
products of polyacrylic acid, polyethylene glycol, polyacrylamide,
polyethylene imine, dextrin, sodium alginate, polyvinyl alcohol, polyvinyl
pyrrolidone, polyethylene oxide, or the like can be used. Usually, when
the rotational speeds of stirring are the same, the higher the viscosity of the
15 aqueous solution of the monomer, the larger the particle size of the
primary particles.
[0038] Accordingly, spherical primary particles having a median particle
size (d) of from 30 to 130 um are obtained. Among them, the median
particle size is preferably from 40 to 120 wm, further preferably from 50 to
20 110 pm, and particularly preferably from 50 to 100 um, so that effects of
the present invention are increased.
[0039] The primary particles having the median particle size as mentioned
above are selected, whereby the primary particles closely agglomerate

after the second-step polymerization, so that the secondary particles having

25 a high agglomerative strength, an appropriate particle size, and a narrow



25 a high agglonerative strength, an appropriate particle size, and a narrow
16 particle size distribution are obtained. [0040] Wien the primry
particles have a nmedian particle size of smaller than 30 m it is not

pref erabl e because the particle size of 1he secondary particles gets too
small, and the particle size distribution gets wider. In 5 addition, when
the primary particles have a nedian particle size of larger than 130 m it
is not preferable because the particle size of the secondary particles gets
too large, and tpuetidggizendisaibuionsre ebigintedget s | ower. [0041] As a net hod of
controlling the particle size of the secondary particles, for exanple, the
rati o of t hE0M#omer When theeprsmanyrpirticlep haved median parsiett ©ine phsmaller
wat er - sol ubl e et hyl enically unsaturated nononer for the first step, is

vari ed, or the dbah BAgugeitrpenaitpreterafle decause thé patickt sipe pbHthensecondaryon i s
varied, to change the degree of precipitation of the dispersion stabilizer,
wher eby t he par tpactides gets tob stiadl, sed thedzarticloasize dibebutionrgebewadirudned. 15
[0042] In the present invention, the water-soluble ethylenically unsaturated
monon®r used i n addéicg o the gpimarygadieces havma mwdianpaﬁicmsémsﬁélalrgerfrom 90
to 200 parts by mass, nore preferably from 110 to 180 parts by mass, and
even nore pref erthin ¥30 mom it ROndtprafetatpabesausy thapatickkassrobthelsBOondarys by
mass of the nononmer for the first step. Wien the water 20 sol uble

et hyl eni cal | y urmaticlesgetd toohager arfdathe tajgglsmeretive strepgth getsddedtri n an anount
of less than 90 parts by mass, a nononer required for aggloneration of the
primary parf00:dlgs ruAs smethtod cfocontrallingthei palrecls isize ofdhs seddmdaiyon get s

wi der, and aggl onerative strength of the particles tends to get weaker. In
addi ti on, when tpaeticlas,dor spdmplee thet tayiberfitbadoponres douthatsedond step used,

10 based on the water-soluble ethylenically unsaturated monomer for the first
step, is varied, or the cooling temperature after the first-step
polymerization is varied, to change the degree of precipitation of the
dispersion stabilizer, whereby the particle size of the secondary particles
can be adjusted.

15 [0042] In the present invention, the water-soluble ethylenically unsaturated
monomer used in the second step is added in an amount of preferably from
90 to 200 parts by mass, more preferably from 110 to 180 parts by mass,
and even more preferably from 120 to 160 parts by mass, based on
100 parts by mass of the monomer for the first step. When the water-

20 soluble ethylenically unsaturated monomer for the second step is added in
an amount of less than 90 parts by mass, a monomer required for
agglomeration of the primary particles runs short, so that particle size
distribution gets wider, and agglomerative strength of the particles tends to
get weaker. In addition, when the water-soluble ethylenically unsaturated

25 monomer for the second step is added in an amount of more than 200 parts



25 nononer for the second step is added in an anmobunt of nore than 200 parts
17 by mass, a polyner of fine particles is generated from excess nononer,
so that particle size distribution tends to get wider. [0043] In a step of
cooling the polymnerization reaction solytzion in the first step, to
precipitate the dispersion stabilizer, the cooling tenperature is not 5
particularly limted because the precipitation tenperature of the dispersion
stabilizer differs dependi ng upon the kinds of the dispersion stabilizer or
the kinds of a sp}masd,a psymet yf fihdpatiods ibgeherapal by éxdess fiodonidd, §©  50C,
and white turbidity is seen by precipitation, so that the cooling

tenperat ure can thet gatielendinedisiitaitiahltyndyrtoage arideng to a turbidinmeter. 10
[ 0044] The secondary particles obtained according to the production nethod

of the prespyo43]nventi artdpayfecodliite dhépolyaidrization seztionRol@ior th thedirst ange of
from200 to 500 m and preferably from250 to 450 m [0045] Wen the

secondary parti Gi€s tbprecipitare theadispasionstebilives thf ceullg tempetdtare RGdtm and
are used in an absorbent nmaterial or the like, it is not 15 preferable

because a phenorgigeulaily\Mmiedd bédatisesinerpredipithon terhseratuite bt tieddispémict her
words, gel blocking, is likely to take place, and uniformty is inpaired

due to transfer gdbiliber didfetd ddpeadin ntthe kseBastdae vigperdiog kebilizeave a
medi an particle size of larger than 500 mand are used in an absorbent

material or the thtkends df d Solvéit. UsehByaht @obRagusRpératirabs fohen)° kP nmateri al
is likely to be partially hard, and flexibility is inpaired. [0046]

Further, the nedj(re, aadbitilectushidRy & sdei®yspeeipdativn Py thattiRscdolng based on
the nedian particle size of the primary particles (d), is withinthe range

?Let rs]gc];(r)urjglrjlyab ;??{p%{aé?&fd?ﬂ?%ﬁ?%;nih@@é%haﬁ?b@acd&f‘rﬁﬁlgtt*ﬁﬁa fabidigegrsi ze of
10 [0044] The secondary particles obtained according to the production
method of the present invention have a median particle size (D) of in the
range of from 200 to 500 wm, and preferably from 250 to 450 um.
[0045] When the secondary particles have a median particle size of smaller
than 200 um and are used in an absorbent material or the like, it is not
15 preferable because a phenomenon in which diffusion of liquid is inhibited,
in other words, gel blocking, is likely to take place, and uniformity is
impaired due to transfer of the particles. When the secondary particles
have a median particle size of larger than 500 pm and are used in an
absorbent material or the like, it is not preferable because the absorbent
20 material is likely to be partially hard, and flexibility is impaired.
[0046] Further, the median particle size of the secondary particles (D),
based on the median particle size of the primary particles (d), is within the
range of the formula, 5d/3+150<D<5d+150.

[0047] Here, when the particle size of the secondary particles is smaller

25 than the above range, the number of the primary particles that are



25 than the above range, the nunber of the primary particles that are 18
agglonerated is too small, so that the particle size distribution of the
secondary particles is susceptible to a particle size distribution of the
primary particles, and a particle size dgstribution of the secondary
particles gets wider, and additionally the primary particles are |ess
likely to closely 5 agglonerate, and particle strength gets | ower,

therefore, it is not preferable. On the other hand, when the particle size
of the secondar ygphnidrafedss tso siallger thahthe paneclameadistaibyéiontdfehaunber of
the primary particles that are agglonerated gets too nmany, so that uniform
aggl oner ati on i sed¢orslary pkeiclestis shecegtblertatagphrtialedsizadisirdiuioni afethdi st ri buti on
gets wider, therefore, it is not 10 preferable. [0048] In the present
invention, a pogtintarggakticlks, ngdta Eatioknizd distrantioadfaht sednndaddpagicies
post-crosslinking agent in a step fromafter the second-step polynerization
to drying, wher gbts wideexanel ddelitionwlyethe pbswargtpacticlespacletylikelyderclgsedssur e
can be obtained. 15 [0049] The post-crosslinking agent as nentioned above
can ifsclude couapglontsaraand pamiolgstrewpthigetsloser ethetdfure, ftuinaiot preferaplaups.
Exanpl es thereof 1nclude glycidyl group-containing conpounds such as

(pol y) et hyl ene @nythelothierghanel, d&ienehhﬁarnc(qmlzybgthbcwwhdz(r}yqjaymglleyq:s dyl et her,
(pol y) propyl ene gl ycol diglycidyl and (poly)glycerol diglycidyl 20

et her; (poly)et ﬂargelnlﬁhaglthc abovd raky) the apyiten of ghe/primary patticlel thaedrel ;
pentaerythritol; ethylenedi am ne; polyethyl eneimne; and the I|ike. Armng

them (poly)et hyggl@meghmdcgetsdiogl nienyl\b thdthatiforfroaggld meoqtidrendesy Iyloady

di gl ycidyl ether, and (poly)glycerol diglycidyl ether are particularly

preferabl e. Thesebpgsheratedsahd pkititde sigedistribmyorbgety seidegltheref@e, itis not
10 preferable.

[0048] In the present invention, a post-crosslinking treatment is carried out
by adding a post-crosslinking agent in a step from after the second-step
polymerization to drying, whereby an excellent water absorption capacity
under pressure can be obtained.

15 [0049] The post-crosslinking agent as mentioned above can include
compounds each having two or more reactive functional groups.
Examples thereof include glycidyl group-containing compounds such as
(poly)ethylene glycol diglycidyl ether, (poly)glycerol (poly)glycidyl ether,
(poly)propylene glycol diglycidyl ether, and (poly)glycerol diglycidyl

20 ether; (poly)ethylene glycol; (poly)propylene glycol; (poly)glycerol;
pentaerythritol; ethylenediamine; polyethyleneimine; and the like. Among
them, (poly)ethylene glycol diglycidyl ether, (poly)propylene glycol
diglycidyl ether, and (poly)glycerol diglycidyl ether are particularly

preferable. These post-crosslinking agents may be used alone or in

25 combination of two or more kinds.



25 combination of two or nore kinds. 19 [0050] The post-crosslinking agent
is added in an anount of preferably in the range of from0.005% by nol to 1%
by nol, and nore preferably in the range of from0.05% by nol to 0.5% by
nol, based on the total anobunt of the nqgnoner, fromthe viewpoint of not

| owering the water absorption 5 capacity of the resulting water-absorbent
resin particles, and increasing a crosslinking density on their surface or
near their surface to enhance the water absorption capacity under pressure.
[ 0051] The [(0050hg f oThagdsngrossitnkins hgart dssddadkinmg agenit of preferatdpiti cul arly
limted, as long as the post-crosslinking agent is added after the second-
10 step pol yrer ithatdnge. of ThemBo8dS% bysmbi toki % d yagehtand snaddedfepatdiyenabl y i n
the presence of water in the range of from1l to 400 parts by nass, nore
preferably in thke prgsasfdeomf(.0&fdry mol toh@ Sfabyenodf bdsedmwnihe cot2Ddmpant s by
mass, and the nost preferably in the presence of water in the range of from
10 to 100 part s dfyherasmontasfrdnothe Midvpaint of hyt loessingfthd vatesabsorptiont ent  of
15 the water-absorbent resin. As stated above, the water content upon

addi t son of t he capatiticobtel renlting wagaribsosbeno ndsiphreid]esyined fivyedsie aat er -
absorbent resin particles are nore confortably subjected to crosslinking on
their surface orcromséinkinpedensityohaheir ssxdatdat neun tieeic surfamettowahencethsor pt i on
capacity under pressure can be achieved. 20 [0052] Wen the

post - cr ossl i nki negategesorpisoradapedity andydprepdurei ¢ organic sol vent may be used
as a solvent as occasion denmands. The hydrophilic organic solvent includes,
for exanpl €005a\er aThehiehingSochddiag e pyst-cradstinkinl,agehhiginodlpactivallariy- pr opyl
al cohol and isopropyl al cohol; ketones such as acetone and nethyl ethyl
ketone; ethers Sigiedasdorg by thegidsecrosslinking agent is added after the second-
10 step polymerization. The post-crosslinking agent is added preferably in
the presence of water in the range of from 1 to 400 parts by mass, more
preferably in the presence of water in the range of from 5 to 200 parts by
mass, and the most preferably in the presence of water in the range of from
10 to 100 parts by mass, based on 100 parts by mass of the solid content of
15 the water-absorbent resin. As stated above, the water content upon
addition of the post-crosslinking agent is controlled, whereby the water-
absorbent resin particles are more comfortably subjected to crosslinking on
their surface or near their surface, so that an excellent water absorption
capacity under pressure can be achieved.
20 [0052] When the post-crosslinking agent is added, a hydrophilic organic
solvent may be used as a solvent as occasion demands. The hydrophilic
organic solvent includes, for example, lower alcohols such as methyl
alcohol, ethyl alcohol, n-propyl alcohol and isopropyl alcohol; ketones

such as acetone and methyl ethyl ketone; ethers such as diethyl ether,

25 dioxane, and tetrahydrofuran; amides such as N,N-dimethylformamide;



25 di oxane, and tetrahydrofuran; am des such as N, N-di net hyl f or mam de; 20
sul f oxi des such as di nethyl sulfoxide; and the |ike. These hydrophilic
organi ¢ solvents may be used al one or in conbination of two or nore Kkinds.
[ 0053] As nentioned above, the water-abgerbent resin particles subjected to
5 the post-crosslinking treatnment after the polynerization are further
dried. The final water content of the water-absorbent resin particles is
20% or less, and preferably from5 to 10% Wen the water content of the
wat er - absor bensulfesides pedht dsddinetied ceHdsid2Odd the lilse. nbheserlefdrophilie because
flowability as powders gets |lower. 10 [0054] The water absorbent-resin
particles of thergaméssolventswnent bouseddhaisne obira¢omebinhtue ofitwappnopre at e
particle size, and also an excellent degree of wuniformty of particle size
di stribution, akihmdgh retention rate of the particle size after particle
collision test, and further an excellent water absorption capacity under
pressure arf@052} ent i Asnteationed abdree, tiedt wateataboobendresanpatictos sibjaotetbto
pressure after particle collision test. Therefore, the absorbent-resin
parti gl es of thehepmsendsslinkmgttieaatmenteafsarithapblynusedhtionrare fiudbesrodribatht
material or a hygiene material using the absorbent material. [0055] Here,
the uniformty Thgfieel ofatqgrarontenlt of shezwadr-absorbehi @ein pdréclesas 80% on rat e of
the particle size after particle collision test, the water 20 absorption
capaci ty under osessidr greferabl ytfhem rSetoelt% oWhat theokatcheomehtof theswateti on
capacity under pressure after particle collision test are determ ned
accordi ng to thebstebeartnesiatpasticlertreddsi28%:; itiedot préfzentpd bscauset forth
bel ow. [0056] When the water absorbent-resin particles are used as a thin
flowability as powders gets lower.

10 [0054] The water absorbent-resin particles of the present invention thus
obtained have an appropriate particle size, and also an excellent degree of
uniformity of particle size distribution, a high retention rate of the particle
size after particle collision test, and further an excellent water absorption
capacity under pressure and retention rate of the water absorption capacity

15 under pressure after particle collision test. Therefore, the absorbent-resin
particles of the present invention are suitably used for an absorbent
material or a hygiene material using the absorbent material.

[0055] Here, the uniformity degree of particle size distribution, the
retention rate of the particle size after particle collision test, the water

20 absorption capacity under pressure, and the retention rate of the water
absorption capacity under pressure after particle collision test are
determined according to the determination method described in Examples
set forth below.

[0056] When the water absorbent-resin particles are used as a thin

25 absorbent material, if large particles abound, it is not preferable because an



25 absorbent material, if large particles abound, it is not preferable
because an 21 absorbent nmaterial after conpression gets partially hard, and
if small particles abound, it is not preferable because the particles are
likely to nove in the absorbent materi gh and uniformty is inpaired.
Therefore, a narrower particle size distribution is preferable, and a
smaller uniformty 5 degree is good. Fromthe above reasons, the uniformty
degree of particle size distribution is suitably in the range of from1.2
to 2.2, preferab [n_ the range of froml1l.2 to 2.0, and S referably in
the range of 11 horbent e BatlEoSmnresbn e art B has ard kb Ls
particles are used.in thin 10 absorbent material, thgse having a hi gher
retention rate 8ft} deitds Bptpre %F@@rbeﬁéﬁlsteitgi:@aﬁ&ﬂ?ﬁ%ﬁe Keledd are |ess
likely to be broken down, and not onl the uniformty degree of particle

si ze distributi 8Wvednipe ﬁb%lfh@&,mbtﬁflag%é ugifogmatyiis ymppiredhe Theredptseat
material is stabilized, and high properties can be maintained. Therefore,
the retention r88EOWET paBichasize distributyen fpreferghlesand @smellepunifeinaity t est i s
preferably 80% or nore, further rE)ref erably 85%or nore, and nost preferably
90% of nore. [O0degielingaodii Fram thevnzoveticasanst e whiuwnbndegres phppardé cl es
are used in a thin absorbent material, those having a hi gher water

absor pti on capasizedistrihution pr sstbiwincthe ramgoebirbmgliddo A2 preferayuse under

| oad. Therefore, the 20 water absorption capacity under pressure is
preferably 30 nitlegraage wbf®matd tof 2105 drel mpseprefebbly iB3hetdngeaf firomel.2 Fur t her,
those having a higher retention rate of the water absorption capacity under
pressure after pat@8icle collision test can maintain properties of the
absorbent material. Therefore, the retention rate of the water absorption

capacity urf@es7pr esswhenahé @fater absorbent-resin particles are used in a thin

10 absorbent material, those having a higher retention rate of the particle size
after particle collision test are less likely to be broken down, and not only
the uniformity degree of particle size distribution is maintained, but also a
quality of the absorbent material is stabilized, and high properties can be
maintained. Therefore, the retention rate of the particle size after particle

15 collision test is preferably 80% or more, further preferably 85% or more,
and most preferably 90% or more.

[0058] In addition, when the water absorbent-resin particles are used in a
thin absorbent material, those having a higher water absorption capacity
under pressure can absorb liquid also in an use under load. Therefore, the

20 water absorption capacity under pressure is preferably 30 ml/g or more and
further preferably 33 ml/g or more. Further, those having a higher
retention rate of the water absorption capacity under pressure after particle
collision test can maintain properties of the absorbent material. Therefore,
the retention rate of the water absorption capacity under pressure after

25 particle collision test is preferably 80% or more, further preferably 85% or



25 particle collision test is preferably 80% or nore, further preferably 85%
or 22 nore, and nost preferably 90% or nore. EXAMPLES [0059] The present
invention will be further specifically described hereinbel ow by Exanpl es,
and the present invention is not limted.only to 5 these Exanples. [0060]
Example 1 A cylindrical round bottoned par abl e fl ask having an internal

di aneter of 100 mm equi pped with a reflux condenser, a dropping funnel, a
nitrogen gas inlet tube, and a stirring blade having a two-step four 10

pi tched paddl e bl ades havi n% blbwig o9i aneter of 50 nmas a stirrer was
prepared. This fINAEaRAMesy F%EEF WosganoHe: of n- heptane, and 0.92 g of a
sucrose stearate_havi nE an HLB of 3 (manufactured by M tsubishi- Kagaku
Foods Cor porati ugar ester S-370) and 0.92 g of a nmleic

anhydri de-nodi fi ed et hyl ene-propyl ene copol yner (nmanufactured 15 by M tsui
Cheni cal s, [M59] Hi - g praswanvgatien 3dldg furberetpscifigadly deseiplecht ure was
raised to 80C to dissolve the dispersion stabilizers, and thereafter the
sol uti on was codieseinbelosoby Bxgowlgs, and theeprosens inveation ianoEhmitedeyndy 19 | ask
having a volune of 500 m was charged with 92 g of an 80.5% by mass aqueous
sol utiSon of acr ythese E@omplesd, and 154.1 g of a 20.0% by mass aqueous sodi um
hydr oxi de was added dropwi se thereto with cooling fromexternal to
neutralize [0y mbxaniphedeafter, 0.11 g of potassium persulfate and 9.2
mg of N, N - nethyl enebi sacryl am de were added thereto to dissolve, to
prepare an aqueous dpcdimiricablauniddotonred separfabiestlagk kpring an internal

diameter of 100 mm, equipped with a reflux condenser, a dropping funnel,
a nitrogen gas inlet tube, and a stirring blade having a two-step four

10 pitched paddle blades having a blade diameter of 50 mm as a stirrer was
prepared. This flask was charged with 500 ml of n-heptane, and 0.92 g of
a sucrose stearate having an HLB of 3 (manufactured by Mitsubishi-
Kagaku Foods Corporation, Ryoto sugar ester S-370) and 0.92 g of a
maleic anhydride-modified ethylene-propylene copolymer (manufactured

15 by Mitsui Chemicals, Inc., Hi-wax 1105A) were added thereto. The
temperature was raised to 80°C to dissolve the dispersion stabilizers, and
thereafter the solution was cooled to 50°C.

[0061] On the other hand, an Erlenmeyer flask having a volume of 500 ml

was charged with 92 g of an 80.5% by mass aqueous solution of acrylic

20 acid, and 154.1 g of a 20.0% by mass aqueous sodium hydroxide was
added dropwise thereto with cooling from external to neutralize 75% by
mol. Thereafter, 0.11 g of potassium persulfate and 9.2 mg of N,N’-
methylenebisacrylamide were added thereto to dissolve, to prepare an
aqueous monomer solution for the first step.

25 [0062] Setting the rotational speed of the stirrer at 450 rpm, the above



25 [0062] Setting the rotational speed of the stirrer at 450 rpm the above
23 aqueous nononer solution was added to the above separable flask, and the
m xture was kept at 35C for 30 minutes while the internal of the system was
replaced with nitrogen. Thereafter, the xture in the flask was i mersed
in a water bath at 70C to raise the te rature, and the 5 polynerization
was carried out, to give a slurry after the first-step polynerization.
(Incidentally, this slurry after the polynerization was subjected to

azeotropic distillation of wat and n an_oi ath _at,120C to
G st or 1 onl yiaERLr meBOmET PR ay s R 3E Pu PO 2PaBinle AR anf) Hprane
was evaporated and the m dried. The e primary
particles had arﬂ’é(&?rﬁﬁ"%g‘?ﬂ%@&g@éf%' %(fmé%“tﬁ? )”h[le]%gh%]m gﬂlﬂﬁ)ﬁgﬁlﬁﬂéﬁ? ®Mand, an
anot her Erl enneyer sk ha a vo g E n}H ch g&eld with 128.8 g
of an 80.5% by ﬁ%%ssfeBE‘&S%B%‘ H&‘tgFBn frea (EF-INf Ly ram ¥FWV8S5g of a

24. 7% by mass aqueous sodi um hydr oxi was .added dropw se thereto with
cooling from extl@rni*Fdﬁe‘fBl hEaeTNatl at %@‘% tocrasg tﬂ%ltemmﬂgmlyr €0.16 g of

pot assi um persul fate and, 12.9 ng of N, N - neth ene}a%rotﬁcr Iam de were added
therefo to di ssdOVENCHEAtHICHAS €=arélﬁd oz e e AsRBRRRIIENEHiTSSEBr t he second
step, and the tenperature of the solution was kept at about 25C. [0064] The
rotational speedodymetizatiqmgIngideniplycthiy dusry afier éhe P MEGIZBHPY MRS zat i on
was changed to 1000 rpm Thereafter, the slurry was cooled to 25C, the
above aqueous nsHbiesteddelazepaapicstistiliaiosadoreics argn-hepiangdisieg ap oilzath
internal of the system and the m xture was kept for 30 mnutes while the
internal of the %QQOeCErméwlile;ffanbdwmetmnxtterltﬂgl;@fﬁ the $y30@8] anhttiencaftere f1 ask

was inmmersed in a water bath at 70Cto raise the )
n-heptane was evaporated and the mixture was dried. The resulting

10 spherical primary particles had a median particle size of 85 um.)
[0063] On the other hand, an another Erlenmeyer flask having a volume of
500 ml was charged with 128.8 g of an 80.5% by mass aqueous solution of
acrylic acid, and 174.9 g of a 24.7% by mass aqueous sodium hydroxide
was added dropwise thereto with cooling from external to neutralize 75%
15 by mol. Thereafter, 0.16 g of potassium persulfate and 12.9 mg of N,N’-
methylenebisacrylamide were added thereto to dissolve, to prepare an
aqueous monomer solution for the second step, and the temperature of the
solution was kept at about 25°C.
[0064] The rotational speed of stirring the above slurry after the
20 polymerization was changed to 1000 rpm. Thereafter, the slurry was
cooled to 25°C, the above aqueous monomer solution for the second step
was added to the internal of the system, and the mixture was kept for
30 minutes while the internal of the system was replaced with nitrogen.
[0065] Again, the flask was immersed in a water bath at 70°C to raise the

25 temperature, and the polymerization was carried out, to give a slurry after



25 tenperature, and the polynerization was carried out, to give a slurry
after 24 the second-step polynerization. [0066] Subsequently, the
tenperature was raised using an oil bath at 120C and the slurry was
subjected to azeotropic distillation of ﬂat er and n- heptane, whereby 264.7
g of water was distilled off to external“of the 5 system under refl uxing

n- hept ane. Thereafter, 8.83 g of a 2% aqueous solution of ethylene glycol
di gl ycidyl ether was added thereto, and the m xture was kept at 80C for 2

hours. Subseque n-h n aporated, and the m xture was dried,
to give 231.2 g%’f’%&aqngrﬁgé?gmgzat@é’ﬂ n particles in an agglonerated form

ci ze of 32 fRh"a ubuRicali bR leBPoRNs R At s Moy BT adatEor
n Bxamr e 1 werBaal ety war CGuEeht o Adouopst FB B SRR he aqueous
g of an 50. 5% by RS JHGEOUSI L hebR At rNed kRNl AT RET 2204 706
Ty of SN, M- ot 1y PERbBTLP A RedshebiAte £ TR Br e babh A B RAGENY ati on by
T S T
diglycidyl ether, after the de%?él?&isgn was changed to , to give 278.8

0.7 g
g of  wat er - abs dRIEHE Waskeptph AU SHGSeTIRBLIN: BACPEI BAS t he

spheri cal articles. The secondar articles had di an particle size of
428 m P evaporated, and the mQXtuBr/e Was dried, to give Z%I.Eeg of waler-absorbent

resin particles in an agglomerated form of the spherical particles. The
10 secondary particles had a median particle size of 332 um and a water
content of 6.3%. The determination results of each property are shown in
Table 1.
[0067] Example 2
The same procedures as in Example 1 were carried out except that
15 the composition of the aqueous monomer solution during the second-step
polymerization was changed to 174.8 g of an 80.5% by mass aqueous
solution of acrylic acid, 237.4 g of a 24.7% by mass aqueous sodium
hydroxide, 0.21 g of potassium persulfate and 17.5 mg of N,N’-
methylenebisacrylamide, and further the amount of dehydration by a reflux
20 of n-heptane after the second-step polymerization was changed to 313.9 g,
and the amount of a 2% aqueous solution of ethylene glycol diglycidyl
ether after the dehydration was changed to 10.7 g, to give 278.8 g of
water-absorbent resin particles in an agglomerated form of the spherical
particles. The secondary particles had a median particle size of 468 um

25 and a water content of 5.6%. The determination results of each property



25 and a water content of 5.6% The determ nation results of each property
25 are shown in Table 1. [0068] Exanple 3 A cylindrical round bottoned
separabl e flask having an internal dianmeter of 100 nm equipped with a
reflux condenser, a dropping funnel, 5 nitrogen gas inlet tube, and a
stirring blade having a two-step four pitched paddl e bl ades having a bl ade
dianeter of 50 mMmas a stirrer was prepared. This flask was charged with
500 mM of n-heptane, and 0.92 g of a sucrose stearate having an HLB of 3
(manuf act ur ed b%u@%?&&HﬁﬁhﬁbFKﬁgaku Foods Corporation, Ryoto sugar ester
S-370) and 0.92 g o el ¢ anhydride-nodified ethyl ene-propyl ene

copol yner ( actu 3Mtsui Chemicals, Inc., H-wax 1105A) were added
thereto. Th t arggngas rai sed to 80C to dissol ve the di spersi on

stabilizers, and thgr er&cﬁ cal Bﬁﬁa%)%h% §ra%p@?g§%%&nﬁgg%{lg%ﬁ] On the

ot her hand, an Erlenne ving a v unme o was charged

wth 92 g of an R matsr %\flﬁﬁﬁ Wﬁg@gfgﬁh tfe?l'ﬁxcgonggﬁ%’clr'fdr s& {lﬂ{elgew‘l 1

of a 20.0% by nass aqueous sod e was dr op to vvlth

cooling from ext eﬁl?x%lg ggﬁg&{ﬁ{) ?a%ﬂ%lif‘ﬁrﬁﬁ«%tbh@qe haWif gq%egt%g) gmﬂrl g of

pot assi um per sul eneb| acrylani de were added

thereto to di ssqlygeqt0 RIS 1A0; I@gpeegs%@ﬁﬁgpgﬁé R dld Qediad e fiTst

step. [0070] Setft'ing e ro |ona Prrer &t rpm the
i, e, g, SLA DA RSP L,
was replaced w tahsunc'r(t)sre0 Edlate %%fnegaz];nt AtB M] 5 (rg'al)l(ltlfé'éﬁlré(ﬁ] bgfrﬁitglllb%%i- was
Kagaku Foods Corporation, Ryoto sugar ester S-370) and 0.92 g of a
10 maleic anhydride-modified ethylene-propylene copolymer (manufactured
by Mitsui Chemicals, Inc., Hi-wax 1105A) were added thereto. The
temperature was raised to 80°C to dissolve the dispersion stabilizers, and
thereafter the solution was cooled to 50°C.
[0069] On the other hand, an Erlenmeyer flask having a volume of 500 ml
15 was charged with 92 g of an 80.5% by mass aqueous solution of acrylic
acid, and 154.1 g of a 20.0% by mass aqueous sodium hydroxide was
added dropwise thereto with cooling from external to neutralize 75% by
mol. Thereafter, 0.11 g of potassium persulfate and 9.2 mg of N,N’-
methylenebisacrylamide were added thereto to dissolve, to prepare an
20 aqueous monomer solution for the first step.
[0070] Setting the rotational speed of the stirrer at 500 rpm, the above
aqueous monomer solution was added to the above separable flask, and the
mixture was kept at 35°C for 30 minutes while the internal of the system
was replaced with nitrogen. Thereafter, the mixture in the flask was

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



25 imersed in a water bath at 70C to raise the tenperature, and the 26

pol yneri zation was carried out, to give a slurry after the first-step

pol ymeri zation. (lncidentally, this slurry after the polynerization was
subjected to azeotropic distillation of2 ter and n-heptane using an oi
bath at 120C to distill off only water "To external of the system and
thereafter 5 n-heptane was evaporated and the m xture was dried. The
resulting spherical primary particles had a nedian particle size of 60 m)

L0072) On the. ety E0sPem08TuErL S Tl 886 etineapvol e of
added or opw e PRLPRTEARER QO e U S0y ot
ot hyt enehi sacr PRS0 ez e Sosar AL ER T oAt QLA B Tl ap git by
ol uti on was. kedl 140 GBOSRY Gy 8 YT R BF T B RR ARy g
Thor it ter.  nevehiry YaEevBRsHER pdTht BT AET0RT, TR ARk e
the mixture was Ragtcn b e ERERT BBl oL PO o) X e v
bath ot 7003} of seOfihe OPher Bafcasf B By Frifun e BRI TGl o, S
O 0. SIe 2 Shth gl recd P PEPIS S SR IAE R 99 oy o
shurry was subj %8}}31% z}c?d,%zn 01'[590& igcofcajli 2S4“7‘%| ba};[ }n%Qs gglue\,(\)%g esgdﬁl%j h?droxide
10 was added dropwise thereto with cooling from external to neutralize 75%
by mol. Thereafter, 0.18 g of potassium persulfate and 14.7 mg of N,N’-
methylenebisacrylamide were added thereto to dissolve, to prepare an
aqueous monomer solution for the second step, and the temperature of the
solution was kept at about 25°C.
15 [0072] The rotational speed of stirring the above slurry after the
polymerization was changed to 1000 rpm. Thereafter, the slurry was
cooled to 25°C, the above aqueous monomer solution for the second step
was added to the internal of the system, and the mixture was kept for
30 minutes while the internal of the system was replaced with nitrogen.
20 [0073] Again, the flask was immersed in a water bath at 70°C to raise the
temperature, and the polymerization was carried out, to give a slurry after
the second-step polymerization.
[0074] Subsequently, the temperature was raised using an oil bath at 120°C

and the slurry was subjected to azeotropic distillation of water and n-

25 heptane, whereby 284.5 g of water was distilled off to external of the



25 heptane, whereby 284.5 g of water was distilled off to external of the 27
system under refluxing n-heptane. Thereafter, 9.57 g of a 2% aqueous
solution of ethylene glycol diglycidyl ether was added thereto, and the

m xture was kept at 80C for 2 hours. Subgequently, n-heptane was

evaporated, and the m xture was dried, to give 252.3 g of water-absorbent 5
resin particles in an aggl onerated form of the spherical particles. The
secondary particles had a nedian particle size of 384 mand a water content

of 7.0% The det@%f@n{‘ﬁhﬁé}r}eﬂﬁiiﬁi%tﬁih@;f)taﬁ@CTh&reﬁﬂ@f @YS’ﬁg%ﬁW uBouslabl e 1.
[0075] Exanple 4710 A cylindrical round bottomed separable fl ask havi ng an

internal di anet@iutffn épéihllmh %ﬂ%ﬁo‘l’ﬂ?@ym&hetﬁef fhb IdEPIRe8 4nd fhedr OPPI NG
funnel, a nitrogen gas infet t and a'stirring bl ade having a two-step

four pitched p &t&e%ﬁfﬁ%%%b"@ f6r PhadR. @Mﬁlf‘ernﬂ?/fn fRedfad Stirrer

was prepared. This fla S charged w th 50 of "n- he tane, and 0.92 ¢

of 15 a hexagl ycgi ra@&ﬁ%ﬁﬁhﬁ@mlﬁﬁ% ‘é'd?i@dafb %52@? 3?0?—%(@%569561‘1‘%9(1 by,

Nippon O & Fats Noni on GV-10 a maleic

anhydrsi de- nodi f 'regtn%;a%r&le@g%% Qg%pgﬁg%gggeﬂr%eﬂhe(srmeﬁt:ﬁ%dfﬁa@s bypeM t sui

Chem gal s, Inc., H-wax 11 ereto t enper at ur ef was )
80C ' i

ol ut i on was cor oy ERICIR BET HGhATpAYER B 384 ARFuRpy R Ll

having a volute @dRros \ah c@e@ﬁﬂatm& fesfs gf g%cmog&tg%whm%naqueous

solution of acryli aci gueous sodi um
hydroxi de was afggddropw se thereto with cooling from external to
neutrali ze 75% by |

[0075] Example 4

10 A cylindrical round bottomed separable flask having an internal
diameter of 100 mm, equipped with a reflux condenser, a dropping funnel,
a nitrogen gas inlet tube, and a stirring blade having a two-step four
pitched paddle blades having a blade diameter of 50 mm as a stirrer was
prepared. This flask was charged with 500 ml of n-heptane, and 0.92 g of

15 a hexaglyceryl monobehenylate having an HLB of 13.1 (manufactured by,
Nippon Oil & Fats Co., Ltd., Nonion GV-106) and 0.92 g of a maleic
anhydride-modified ethylene-propylene copolymer (manufactured by
Mitsui Chemicals, Inc., Hi-wax 1105A) were added thereto. The
temperature was raised to 80°C to dissolve the dispersion stabilizers, and

20 thereafter the solution was cooled to 50°C.

[0076] On the other hand, an Erlenmeyer flask having a volume of 500 ml
was charged with 92 g of an 80.5% by mass aqueous solution of acrylic
acid, and 154.1 g of a 20.0% by mass aqueous sodium hydroxide was
added dropwise thereto with cooling from external to neutralize 75% by

25 mol. Thereafter, 0.11 g of potassium persulfate and 18.4 mg of N,N’-



25 nol. Thereafter, 0.11 g of potassiumpersulfate and 18.4 ng of NNN 28
nmet hyl enebi sacryl am de were added thereto to dissolve, to prepare an

aqueous nononer solution for the first step, [0077] Setting the rotational
speed of the stirrer at 450 rpm the aboge aqueous nononer sol ution was
added to the above separable flask, and the 5 m xture was kept at 35C for
30 mnutes while the internal of the systemwas replaced with nitrogen.
Thereafter, the mxture in the flask was inmmersed in a water bath at 70C to

raise the terrperxﬁéﬂh@%neersdcwnzﬁmdwbmmé@meqaov@%mn\m g6 pRdfarc b 0i ve a
slurry after the fifst-step” polynerization. (Inci dentally, this slurry

after the pol ymaigueaad pidndafer t8lusieRifeEiRFirkOst Cgeotrppl_c distillation of
wat er and n-heptane using an oil bath at 120C to distill off only water to

external of [G(my]syst Sl%itu@lﬂetr&%h@ﬁlzilts‘péed Bf RPIRRS a\t\ﬂ§OQFﬁ11pﬂ{eailﬁﬁ/ea“d the
m xture was dried. The resulting spherical primary par i cles had a medi an

particle size Ofaqlhéoﬁ@ ho&leﬁl%%]so@ﬁoh%socfda@ﬂ th adabve s%?@ia'b% flEEH, QRERKET
flask having a volune of 15 500 was charged with an 80. 5% by

mass aqueous solyhiteR Whs k%fzﬁ' BS?C@&' 10 néfsted ¢hiR tle ?fitefha%f ?}% DYstémSS
aqueous sodi um hydr oxi de s added dropw se thereto with cooling from

external to neutyg} PdCZé%lt}pﬁlt%t mﬁf&ﬂf& 8he nﬁxﬂlﬁeﬁln fe AYIAREE UM

persul fate and 25.8 of hyl enebi sacryl am de were added thereto to

di ssolve, to preiﬁ‘?ﬁ@rs@di‘lrggwaa‘ﬂéjr%‘t'ﬁa ra?&'tﬂ&'t&ﬂgéﬁ’iur%hfn@ﬁﬁond step, and

the tenperature of the solution was kept at about 20C The rotational speed
of stirring the giemerishtti %adtified!dif tB?lVé‘?%hﬁﬁi b} theirsciigpoed to 1000

rpm Thereafter, urry was cool ed t above aqueous nononer
solution for t hepo?ﬁﬁ@ﬂgatﬁlﬁp(Iﬁ‘ﬁael?tqg?,dthﬁsoslﬁH? after the polymerization was
10 subjected to azeotropic distillation of water and n-heptane using an oil bath
at 120°C to distill off only water to external of the system, and thereafter
n-heptane was evaporated and the mixture was dried. The resulting
spherical primary particles had a median particle size of 73 um.)
[0078] On the other hand, an another Erlenmeyer flask having a volume of
15 500 ml was charged with 128.8 g of an 80.5% by mass aqueous solution of
acrylic acid, and 174.9 g of a 24.7% by mass aqueous sodium hydroxide
was added dropwise thereto with cooling from external to neutralize 75%
by mol. Thereafter, 0.16 g of potassium persulfate and 25.8 mg of N,N’-
methylenebisacrylamide were added thereto to dissolve, to prepare an
20 aqueous monomer solution for the second step, and the temperature of the
solution was kept at about 20°C.
The rotational speed of stirring the above slurry after the polymerization
was changed to 1000 rpm. Thereafter, the slurry was cooled to 20°C, the

above aqueous monomer solution for the second step was added to the

25 internal of the system, and the mixture was kept for 30 minutes while the



25 internal of the system and the m xture was kept for 30 m nutes while the
29 internal of the systemwas replaced with nitrogen. [0079] Again, the
flask was imersed in a water bath at 70C to raise the tenperature, and the
pol ynmeri zation was carried out, to give ® slurry after the second-step

pol ymeri zation. 5 [0080] Subsequently, the tenperature was raised using an
oil bath at 120C and the slurry was subjected to azeotropic distillation of
wat er and n- heptane, whereby 269.7 g of water was distilled off to external

of the system unteialreffthesysigmnwaepplived wittenedgear, 6.62 g of a 2% aqueous
solution of ethylene glycol diglycidyl ether was added thereto, and the 10

m xture was[00n9] at B(paid,ahe Blablowas imbidesebinenivhaier batheplaetovagse the
evaporated, and the mxture was dried, to give 234.3 g of water-absorbent
resin particl es temparta@ghndeicpsignicoizaiod wabeagpdiesutc & gipalatslelrgafterhe
secondary particles had a nedian particle size of 355 mand a water content

of 7.2% The dettﬁe@&mtdi.gappel%uhéﬁza@ibneach property are shown in 15 Table
1. [0081] Exanple 5 A cylindrical round bottomed separabl e flask having an

intersal djoosajer oBuB&uenilytiditpRperamrt v ikl wsingodideit bath atal 20° Cppi ng
funnel, a nitrogen gas inlet tube, and a stirring bl ade having a two-step

four 20 pitched gpdddt sluetpdas shigeited ta ad@eiddbmitlation of walemandas- a stirrer
was prepared. This flask was charged with 500 m of n-heptane, and 0.92 g

of a hexagl ycerhdptatenahershyy260. 2 ghufwiater was didiilled ofBtolextemaubadieur ed by,
Ni ppon G| & Fats Co., Ltd., Nonion GV-106) and 0.92 g of a maleic
anhydri de- nodi f isgcte@i tixd@neflnkingy-aostas©PThyraftef, BE6RIE A alD% Adqlyous
solution of ethylene glycol diglycidyl ether was added thereto, and the
10 mixture was kept at 80°C for 2 hours. Subsequently, n-heptane was
evaporated, and the mixture was dried, to give 234.3 g of water-absorbent
resin particles in an agglomerated form of the spherical particles. The
secondary particles had a median particle size of 355 um and a water
content of 7.2%. The determination results of each property are shown in
15 Table 1.
[0081] Example 5
A cylindrical round bottomed separable flask having an internal
diameter of 100 mm, equipped with a reflux condenser, a dropping funnel,
a nitrogen gas inlet tube, and a stirring blade having a two-step four
20 pitched paddle blades having a blade diameter of 50 mm as a stirrer was
prepared. This flask was charged with 500 ml of n-heptane, and 0.92 g of
a hexaglyceryl monobehenylate having an HLB of 13.1 (manufactured by,
Nippon Oil & Fats Co., Ltd., Nonion GV-106) and 0.92 g of a maleic

anhydride-modified ethylene-propylene copolymer (manufactured by

25 Mitsui Chemicals, Inc., Hi-wax 1105A) were added thereto. The



25 Mtsui Chemcals, Inc., H-wax 1105A) were added thereto. The 30
tenperature was raised to 80C to dissolve the dispersion stabilizers, and
thereafter the solution was cooled to 50C. [0082] On the other hand, an

Erl enneyer flask having a volune of 500451 was charged with 92 g of an

80. 5% by mass aqueous solution of acrylic 5 acid, and 154.1 g of a 20.0% by
mass aqueous sodi um hydroxi de was added dropw se thereto with cooling from
external to neutralize 75% by nol. Thereafter, 0.11 g of potassium

persul fate and thnﬁ)efmux‘éfw% MlsedrthS*@YC%%@sé%rt}ié@mpé@sléﬂ?%ﬁbﬂ%?ﬂ angereto to
di ssolve, to prepare an aqueous nononer solution for the first step. 10

[0083] Setting ttH@reéﬂEﬁﬂie%@ﬂltm’iP@ﬁQc&Hled fesgt@rrer at 500 rpm the above
aqueous nononer solution was added to the above separable flask, and the

m xture wasgdtml] at  BhGht VthetthaliiNak Eﬂemby@: Ak Ravigs H%hﬁﬁe bhgoeYst em was

replaced with nitrogen. Thereaf ter, the mxture in the flask was i mrersed

in a water bath s c?i%géd)wﬁmlgszeg bhﬁnsersr%b?trﬁma @B6ud ffukon BOLYEIC zat i on
was carried out, to give a slurry after the flrst step polynerization.

(I'ncidentally, tat&,ids apldursay1 glofand o H@qhxm wedhié SodinashyddRiRGh g to
azeotropic distill ation of Water and n-heptahe using an 0|I bath at 120C to

distill off onlydiel@todisethaeRAithiobiifs 5% fforil b hBREARL 79, By hept ane

was evaporated and the 'm xture was dried.” The resulting 20 spheri primary

particles had arﬁ@ﬂ'ﬁibr@ﬁ'iéﬂ ohe §bizgot9§su§§ ;i&s)ulfa@@%ﬂ 192 HBSf et hand, an
anot her Erlenmeyer flask having a volune of 500 m was charged with 156.4 g

o, 20,50 e R AR iR s abie ety i SIS Erchg o 2
cooling from extghBahs MOnbRIE s&lutidR féPHe first step.

10 [0083] Setting the rotational speed of the stirrer at 500 rpm, the above
aqueous monomer solution was added to the above separable flask, and the
mixture was kept at 35°C for 30 minutes while the internal of the system
was replaced with nitrogen. Thereafter, the mixture in the flask was
immersed in a water bath at 70°C to raise the temperature, and the

15 polymerization was carried out, to give a slurry after the first-step
polymerization. (Incidentally, this slurry after the polymerization was
subjected to azeotropic distillation of water and n-heptane using an oil bath
at 120°C to distill off only water to external of the system, and thereafter
n-heptane was evaporated and the mixture was dried. The resulting

20 spherical primary particles had a median particle size of 55 um.)

[0084] On the other hand, an another Erlenmeyer flask having a volume of
500 ml was charged with 156.4 g of an 80.5% by mass aqueous solution of
acrylic acid, and 212.4 g of a 24.7% by mass aqueous sodium hydroxide

was added dropwise thereto with cooling from external to neutralize 75%

25 by mol. Thereafter, 0.19 g of potassium persulfate and 31.3 mg of N,N’-



25 by nol. Thereafter, 0.19 g of potassiumpersulfate and 31.3 ng of NN 31
nmet hyl enebi sacryl am de were added thereto to dissolve, to prepare an

aqueous nononer solution for the second step, and the tenperature of the
solution was kept at about 20C. [0085] T{he rotational speed of stirring the
above slurry after the 5 polynerization was changed to 1000 rpm Thereafter,
the slurry was cooled to 20C, the above aqueous nononer solution for the
second step was added to the internal of the system and the m xture was

kept for 30 m nuh@syhebRatiytarhidesididlad@éd iHeLetd s lUNTOWRS té BRIpAgEEn W t h
nitrogen. [0086] Again, thé flask was inmersed in a water bath at 70C to

raise the 10 tegResH @ woRomRPSolutiEn RS theRELFRL ét@lg, ARBtheasmpefht@étof the give a
slurry after the second-step polynerization. [0087] Subsequently, the

tenperature was shajtRAdvESkés arabSud 2Pt h at 120C and the slurry was
subjected to azeotropic distillation of water and n- heptane, whereby 299.1

g of water Elmsqii StiTh@@oﬁfiBnél%Pééd 6f Starringfthé ABovSsIay St Aruneer refluxing
n- hept ane. Thereafter, 7.45 g of a 2% aqueous solution of ethylene glycol

di gl yai dyl et herpomﬁeﬁziﬁﬁﬂlxk/bﬁa%fgeda@doodﬂ?;gmmwelﬂéﬁtee@mem@ﬁya&as8oc for 2
hours. Subsequently, n-heptane was evaporated, and the m xture was dri ed,

to give 260.8 g @bledabero adas MRk agﬁ@&ls’ln@ﬁéﬁﬂe?b(ﬂ%tibﬁ fantiRAdcongsRped form
of the spherical particles. The 20 secondary particles had a nedian particle

size of 322 m anghsydiRHeH th&ﬁ'f@rﬁﬂﬁoﬂheg%%gi]’n, The ilehes il ¥l qpr AU £S of

each property are shown in Table 1. [ Example 6 A cylindrical round

bot t omed separ aBpemfhaskwhaY tYindtnhNéf&hBaYstem was replaced with nitrogen.
[0086] Again, the flask was immersed in a water bath at 70°C to raise the
10 temperature, and the polymerization was carried out, to give a slurry after
the second-step polymerization.
[0087] Subsequently, the temperature was raised using an oil bath at 120°C
and the slurry was subjected to azeotropic distillation of water and n-
heptane, whereby 299.1 g of water was distilled off to external of the
15 system under refluxing n-heptane. Thereafter, 7.45 g of a 2% aqueous
solution of ethylene glycol diglycidyl ether was added thereto, and the
mixture was kept at 80°C for 2 hours. Subsequently, n-heptane was
evaporated, and the mixture was dried, to give 260.8 g of water-absorbent
resin particles in an agglomerated form of the spherical particles. The
20 secondary particles had a median particle size of 322 um and a water
content of 6.8%. The determination results of each property are shown in
Table 1.
[0088] Example 6
A cylindrical round bottomed separable flask having an internal

25 diameter of 100 mm, equipped with a reflux condenser, a dropping funnel,



25 dianmeter of 100 mm equi pped with a reflux condenser, a dropping funnel,
32 a nitrogen gas inlet tube, and a stirring blade having a two-step four
pi t ched paddl e bl ades having a bl ade dianeter of 50 mMmm as a stirrer was
prepared. This flask was charged with 50§ m of n-heptane, and 0.92 g of a
hexagl yceryl nonobehenyl ate having an HLB of 13.1 (nmanufactured by, 5 N ppon
Ol & Fats Co., Ltd., Nonion GV-106) and 0.92 g of a nmaleic

anhydri de-nodi fi ed et hyl ene-propyl ene copol ynmer (nanufactured by M tsui

Chemi cal s, Inc. ,a Hitrogen ghd @HéY) tube) tddlsiedingtanéd havinpe twiesppifaiur e was
raised to 80C to dissolve the dispersion stabilizers, and thereafter the

sol ution was COqiiﬁilieﬂ%aEB@-blé&bs[lQﬁ'&Qdaﬂhd%hﬁambﬁebfﬁaﬁﬂmmﬁﬁﬂrmmef flask
having a vol une of 500 mM was charged with 92 g of an 80.5% by mass aqueous

sol ution of acr \regaredciTthis fask WadcHargedivith 200 Rifolf - hgssnegHe QuE2 godi um
hydr oxi de was added dropwi se thereto with cooling fromexternal to

neutral ize 75% hyhex#@lycelylanheadtichenytelHavin@fhn B B2FI18M @esimithtarel bpd 18. 4
ng of N, N 15 net hyl enebi sacryl am de were added thereto to dissolve, to

preparse an aquedipponioeFasaall Lah, Nofiohh@VE106tandt®Ep2 g[ddS9Bhleket ting the
rotational speed of the stirrer to 600 rpm the above aqueous nononer

sol uti on was adCh@ﬁﬁfytiﬁdéhﬂocﬂﬁ@@%tfg&ﬁﬁ-pﬂip@'léde&fdpol}&ﬂ& (nhghufidtited ey Was kept

at 35C for 30 minutes while the internal of the system 20 was replaced with

ni trogen. Ther eaViitesi, ChéidalssIse. eHivaxhEl (5lAskeroasidell tREE®E AT @ water bath
at 70C to raise the tenperature, and the polynerization was carried out, to

iUy after the e e e o e e e 2t Fon of
wat er and n- heptip&ieafisl e sdlutin whkdbled to 50°C.

10 [0089] On the other hand, an Erlenmeyer flask having a volume of 500 ml
was charged with 92 g of an 80.5% by mass aqueous solution of acrylic
acid, and 154.1 g of a 20.0% by mass aqueous sodium hydroxide was
added dropwise thereto with cooling from external to neutralize 75% by
mol. Thereafter, 0.11 g of potassium persulfate and 18.4 mg of N,N’-

15 methylenebisacrylamide were added thereto to dissolve, to prepare an
aqueous monomer solution for the first step.

[0090] Setting the rotational speed of the stirrer to 600 rpm, the above
aqueous monomer solution was added to the above separable flask, and the
mixture was kept at 35°C for 30 minutes while the internal of the system

20 was replaced with nitrogen. Thereafter, the mixture in the flask was
immersed in a water bath at 70°C to raise the temperature, and the
polymerization was carried out, to give a slurry after the first-step
polymerization. (Incidentally, this slurry after the polymerization was

subjected to azeotropic distillation of water and n-heptane using an oil bath

25 at 120°C to distill off only water to external of the system, and thereafter



25 at 120C to distill off only water to external of the system and
thereafter 33 n-heptane was evaporated and the m xture was dried. The
resulting spherical primary particles had a nedian particle size of 43 m)
[ 0091] On the other hand, an another Erlmgnneyer flask having a vol une of
500 mM was charged with 119.6 g of an 80.5% by nmass aqueous solution of 5
acrylic acid, and 162.4 g of a 24. 7% by nmass aqueous sodi um hydr oxi de was
added dropwi se thereto with cooling fromexternal to neutralize 75% by nol.
Thereafter, 0. l4dn-heptanpetadsyaponapeer Aid thatreixéurd v3. &rigdy Bhe Nshlting

met hyl enebi sacryl am de were added thereto to dissolve, to prepare an
aqueous nononer sphktitalgrithary pdrticlesbhadd ms¢dipn panitl¢ biee ofdpaxat)jure of the 10
solution was kept at about 25C. [0092] The rotational speed of stirring the
above sl urr j00f1]er tiUn theatherdrandasn anothesEdbamgeer flaskilf¥3ang pvoldiheoéaf t er,
the slurry was cooled to 25C, the above aqueous nononer solution for the
second step wasSCideeaschhipediwitiel bab gbf 4B0.SYsbemasandutdes solution ef was
kept for 15 30 minutes while the internal of the systemwas replaced with
nitrogen. [0093crAjaacid, aik162.43kof24.7%ky sexds aqueousasodiuhdiydratidg0C t o
raise the tenperature, and the polynerization was carried out, to give a
slurry after theassddudddrepeisethbienewithadooding ffdi t4leralasanuentizy 750he
tenperature was raised using an oil bath at 120C 20 and the slurry was

subj ected to azestmopi Thelieaftet,l0at4 gof pbtassitar Ea'sdlfmte and@3afeng vhiEby 259. 8
g of water was distilled off to external of the system under refl uxing
n- hept ane. Ther eaéthgtencbisdbryfamideav&i¥addue ousetostoldissodve, 0d pedpayt ene gl ycol

di gl ycidyl ether was added thereto, and the m xture was kept at 80C for 2
hours. SubsequeniqugougmvaphmngoM@i®dn for the second step, and the temperature of the
10 solution was kept at about 25°C.

[0092] The rotational speed of stirring the above slurry after the
polymerization was changed to 1000 rpm. Thereafter, the slurry was
cooled to 25°C, the above aqueous monomer solution for the second step
was added to the internal of the system, and the mixture was kept for

15 30 minutes while the internal of the system was replaced with nitrogen.

[0093] Again, the flask was immersed in a water bath at 70°C to raise the
temperature, and the polymerization was carried out, to give a slurry after
the second-step polymerization.

[0094] Subsequently, the temperature was raised using an oil bath at 120°C

20 and the slurry was subjected to azeotropic distillation of water and n-
heptane, whereby 259.8 g of water was distilled off to external of the
system under refluxing n-heptane. Thereafter, 6.35 g of a 2% aqueous
solution of ethylene glycol diglycidyl ether was added thereto, and the

mixture was kept at 80°C for 2 hours. Subsequently, n-heptane was

25 evaporated, and the mixture was dried, to give 228.3 g of water-absorbent



25 evaporated, and the m xture was dried, to give 228.3 g of water-absorbent
34 resin particles in an agglonerated form of the spherical particles. The
secondary particles had a nedian particle size of 252 mand a water content
of 8.2% The determ nation results of eagh property are shown in Table 1. 5
[ 0095] Exanple 7 A cylindrical round bottoned separable flask having an
internal dianeter of 100 mm equipped with a reflux condenser, a dropping
funnel, a nitrogen gas inlet tube, and a stirring bl ade having a two-step
four pitched paeckheabidelel dinyggigmerditdfandofuietspheatalPartivieasTaestirrer
was 10 prepared. This flask was charged with 500 m of n-heptane, and 0.92 g

of a sucrose steedfiagy pamiohg kel HnBdin phr(iceideast 2522amband\d vatezi shi -
Kagaku Foods Corporation, Ryoto sugar ester S-370) and 0.92 g of a nmleic
anhydri de- nodi f icedteait by BR96- e pi¢teenénatmoleynies of cavhifraptny ack sHoywiMit sui
Chem cals, Inc., H -wax 1105A) were added thereto. The 15 tenperature was
rai sed to 80C t @ablissol ve the di spersion stabilizers, and thereafter the
solution was cooled to 50C. [0096] On the other hand, an Erlenneyer fl ask

havi ng a vol0098] of SBRamible Was charged with 92 g of an 80.5% by nass aqueous
solution of acrylic acid, and 154.1 g of a 20.0% by nmass aqueous sodi um

hydroxi de was 20 addaccydindpichb®unt®oetomedi separabtd flagk iavang entiegenall to
neutralize 75% by nol. Thereafter, 0.11 g of potassium persulfate and 9.2

mg of N, N - net dydreeebbs 200 yhanegapp&l withddedukvondemser,ca di g/funneh)
prepare an aqueous nononer solution for the first step. [0097] Setting the
rotational speed mifrogéregsd inlétaub@tand0stirpinp bldde ledvinga two-step four
pitched paddle blades having a blade diameter of 50 mm as a stirrer was
10 prepared. This flask was charged with 500 ml of n-heptane, and 0.92 g of
a sucrose stearate having an HLB of 3 (manufactured by Mitsubishi-
Kagaku Foods Corporation, Ryoto sugar ester S-370) and 0.92 g of a
maleic anhydride-modified ethylene-propylene copolymer (manufactured
by Mitsui Chemicals, Inc., Hi-wax 1105A) were added thereto. The
15 temperature was raised to 80°C to dissolve the dispersion stabilizers, and
thereafter the solution was cooled to 50°C.

[0096] On the other hand, an Erlenmeyer flask having a volume of 500 ml
was charged with 92 g of an 80.5% by mass aqueous solution of acrylic
acid, and 154.1 g of a 20.0% by mass aqueous sodium hydroxide was

20 added dropwise thereto with cooling from external to neutralize 75% by
mol. Thereafter, 0.11 g of potassium persulfate and 9.2 mg of N,N’-
methylenebisacrylamide were added thereto to dissolve, to prepare an
aqueous monomer solution for the first step.

[0097] Setting the rotational speed of the stirrer at 350 rpm, the above

25 aqueous monomer solution was added to the above separable flask, and the



25 aqueous nonomer sol ution was added to the above separable flask, and the
35 mxture was kept at 35C for 30 mnutes while the internal of the system
was replaced with nitrogen. Thereafter, the mxture in the flask was
imrersed in a water bath at 70C to raisesthe tenperature, and the

pol ymeri zation was carried out, to give a slurry after the first-step 5

pol yneri zation. (lIncidentally, this slurry after the polynerization was

subj ected to azeotropic distillation of water and n-heptane using an oi

bath at 120C t on@iteie Whs REft 20BKYC 6t 80 niifuieX waiiRahe dhtef i of YIsd §fSterand
thereafter n-heptane was evaporated and the m xture was dried. The

resul ting spherygatepPideByith RAfddefi! Thebadted thedhikturbah thetlgsiswae of 110 m)
10 [0098] On the other hand, an another Erlenneyer flask having a vol une of

500 nl was char gafmuistd id & Wferbath afM0ROtOAIRYthERSHpaGUaeUSn S iUt | on of
acrylic acid, and 162.4 g of a 24.7% by mass aqueous sodi um hydroxi de was

added dropw se tiyRkz¥idwasehiried (ftﬁ,ot@gﬁéﬁrsﬁﬁfzy hfe@BtfIral-§tgg 75% by nol.
Thereafter, 0.14 g of potassium persulfate and 12.0 ng of N,N 15

net hylsenebi sacr Yy AindAzIe6E @ﬂ@h@émtanwmﬁpsmﬁycﬂfﬁ:s@helﬁoltyhfer&raﬁ@ﬁw@asan
aqueous nononer solution for the second step, and the fenperature of the

sol ution was kepfubfdct@PRUizedBopicl St wteRhh @A eptaRamki®d ag bildthg t he

above slurry after”the polynerization was changed to 1000 rpm Thereafter,

the slurry was 2f) 100eCq8 diQil2&Eonly ¥ arP ey BxRANE VI IhEORATR! arfPitiekdaFe f or the
second step was added to the internal of the system”™ and the m xture was

kept for 30 m nyf gspiahe kx%ste%;f)éﬂﬁie‘ﬂrzﬁ‘ﬂ' th® mikhfe SYBRBMEEhd RBUARRD W th
nitrogen. [0100] Again, the flask was imrersed in a water bath at 70C to

; ?qureyt gfet eﬁ enpPaLAEHES pritfsy fietiOes WABh Id&iAP PaMiRte 626 b §d0Qih) tO give a
10 [0098] On the other hand, an another Erlenmeyer flask having a volume of
500 ml was charged with 119.6 g of an 80.5% by mass aqueous solution of
acrylic acid, and 162.4 g of a 24.7% by mass aqueous sodium hydroxide
was added dropwise thereto with cooling from external to neutralize 75%
by mol. Thereafter, 0.14 g of potassium persulfate and 12.0 mg of N,N’-
15 methylenebisacrylamide were added thereto to dissolve, to prepare an
aqueous monomer solution for the second step, and the temperature of the
solution was kept at about 28°C.
[0099] The rotational speed of stirring the above slurry after the
polymerization was changed to 1000 rpm. Thereafter, the slurry was
20 cooled to 28°C, the above aqueous monomer solution for the second step
was added to the internal of the system, and the mixture was kept for
30 minutes while the internal of the system was replaced with nitrogen.
[0100] Again, the flask was immersed in a water bath at 70°C to raise the

temperature, and the polymerization was carried out, to give a slurry after

25 the second-step polymerization.



25 the second-step polynerization. 36 [0101] Subsequently, the tenperature
was raised using an oil bath at 120C and the slurry was subjected to
azeotropic distillation of water and n- heptane, whereby 255.2 g of water
was distilled off to external of the sygtem under refluxing n-heptane.
Thereafter, 8.46 g of a 2% aqueous 5 solution of ethylene glycol diglycidyl
et her was added thereto, and the mxture was kept at 80C for 2 hours.
Subsequently, n-heptane was evaporated, and the m xture was dried, to give

224.6 g of [gﬂml'abSSﬁgﬁ’!ﬁhenﬂ?ﬁi}l@ tOApéaflre SvdstaRBd ASReESiRbaG ftanurof the
spherical particles. The " secondary particles had a nedian particle size of

395 m and a wat hdfe SRItFERhs Sibjécleltto AnsoteliCBiRtiNatibR B Haget dndl 2f each
property are shown in Table 1. [0102] Exanple 8 A cylindrical round

bot t onmed separ at}ﬂegtdcnle?%eft%yi T85. 28 JfVAENwhs disLABR N toXxtdA@l BMheequi pped
with a reflux condenser, a dropping funnel, 15 a nitrogen gas inlet tube,

and a stirring Bgds hatrenaxintar-bsnd OtheRbtieh et Padrlhedblhadesuhavi ng a

bl ade di aneter o nmas a stirrer was prepare sk was char ged

with 300 m of @ohﬁmthﬁ@ﬂe%}g&%l Gbgl?:cidgl SHEF RaSaddRPMRIQohad g an HLB of
3 (manufactured by M tsubishi- "Kagak oods Corporation, Ryoto sugar ester

5-370) and 0. 92{%X“fe%%°%%lef§§3?@%@hb@ﬁ' %éi&%ﬁ HMV\JE BfcRyapY| ene

copol ymer (manufacture emcals, In 1105A) were added

thereto. The L SVESorated Andafe kfapdwiad dBRE {0%idk 939\6%Eof RatedlabREIRNEN

stabilizers, ereafter the solution was tooled t©o 50C. [0103] On the

other hand, an Fedif HIRYGEs fil A5 KgdlBMlcPled fYRh BIBheQphelalParticles. The
secondary particles had a median particle size of 395 um and a water
10 content of 7.0%. The determination results of each property are shown in
Table 1.
[0102] Example 8
A cylindrical round bottomed separable flask having an internal
diameter of 100 mm, equipped with a reflux condenser, a dropping funnel,
15 a nitrogen gas inlet tube, and a stirring blade having a two-step four
pitched paddle blades having a blade diameter of 50 mm as a stirrer was
prepared. This flask was charged with 500 ml of n-heptane, and 0.92 g of
a sucrose stearate having an HLB of 3 (manufactured by Mitsubishi-
Kagaku Foods Corporation, Ryoto sugar ester S-370) and 0.92 g of a
20 maleic anhydride-modified ethylene-propylene copolymer (manufactured
by Mitsui Chemicals, Inc., Hi-wax 1105A) were added thereto. The
temperature was raised to 80°C to dissolve the dispersion stabilizers, and
thereafter the solution was cooled to 50°C.
[0103] On the other hand, an Erlenmeyer flask having a volume of 500 ml

25 was charged with 92 g of an 80.5% by mass aqueous solution of acrylic



25 was’ charged with 92 g of an 80.5% by nmass aqueous solution of acrylic 37
acid, and 154.1 g of a 20.0% by nass aqueous sodi um hydr oxi de was added
dropwi se thereto with cooling fromexternal to neutralize 75% by nol.
Thereafter, 0.28 g of hydroxyethylcellulygse (nmanufactured by Sum tormo Sei ka
Chem cals Co., Ltd., HEC AW 15F), 0.11 g of potassium5 persulfate, and 18.4
mg of N, N -net hyl enebi sacryl am de were added thereto to dissolve, to
prepare an aqueous nononer solution for the first step. [0104] Setting the

rotational speedced, dnlaersii %rdfra 0% MRy ac}u@@u@?&ﬁﬁm I8 Ride W 10Mer
solution was added to the above separable flask, and the 10 m xture was

kept at 35C for a%emd'i‘bﬁ@i%emérkﬁz WhE cbﬁﬁﬁg fdlm OfteflA® tS HSk MM %, a5l aced
with nitrogen. Thereafter, the mxture in the flask was 1 mersed i'n a water

bath at 70C to r@jperhdiBaft&DORY bf R¥dr69§eth9l%ellﬁ’l%|sé’ (’iﬁﬁhl}ﬁkhﬁé‘d Ygs carried
out, to give a slurry after 'the Tirst-step “polynerization. (InCidentally,

this slurry aft %’urﬁﬂ@m%@éiﬁ@@éﬁ‘iéa@sﬂC&@ité?}HE@I/WVIﬁﬂ?)} 9.1@%& J)@tﬁ'bé}um ,
distillation of water and n-heptane using an oil bath” at OCto distill

of f only water tQr&qfRENRId 1.4 H}f@ﬁN?N ’eﬂ%tl?ﬂ&etb'f's%"céﬂﬁﬁﬁde werd'&Rlegne was

evaporated and the m xture was 1ed. The resultin spherical primry

parti ol es had a (EAIAR JACE!S Pt Oh akdbubhohBAOIolERoh Rk @it hand. an

anot her Erl enneyer aving a unme of 20 500 was charged with
110.4 g of an 8Q5Y0 by mass aqueous solution of acrylic acid, and 149.9 ¢
of a 24.7% by mass aqueous sodi um hydroxi de was added dropw se thereto with

cooLLi0 £ oIB =L oS AR ORLOGR o) oPteBln Tomosihee frie 0 of
thereto to di ssqlygoud MoRbARFSSuABN was added to the above separable flask, and the
10 mixture was kept at 35°C for 30 minutes while the internal of the system
was replaced with nitrogen. Thereafter, the mixture in the flask was
immersed in a water bath at 70°C to raise the temperature, and the
polymerization was carried out, to give a slurry after the first-step
polymerization. (Incidentally, this slurry after the polymerization was
15 subjected to azeotropic distillation of water and n-heptane using an oil bath
at 120°C to distill off only water to external of the system, and thereafter
n-heptane was evaporated and the mixture was dried. The resulting
spherical primary particles had a median particle size of 128 um.)
[0105] On the other hand, an another Erlenmeyer flask having a volume of
20 500 ml was charged with 110.4 g of an 80.5% by mass aqueous solution of
acrylic acid, and 149.9 g of a 24.7% by mass aqueous sodium hydroxide
was added dropwise thereto with cooling from external to neutralize 75%
by mol. Thereafter, 0.13 g of potassium persulfate and 11.0 mg of N,N’-

methylenebisacrylamide were added thereto to dissolve, to prepare an

25 aqueous monomer solution for the second step, and the temperature of the



25 aqueous nononer solution for the second step, and the tenperature of the
38 solution was kept at about 30C. [0106] The rotational speed of stirring
the above slurry after the polynerization was changed to 1000 rpm
Thereafter, the slurry was cooled to 3Qg, the above aqueous nonomer
solution for the second step 5 was added to the internal of the system and
the m xture was kept for 30 mnutes while the internal of the system was
replaced with nitrogen. [0107] Again, the flask was imersed in a water
bath at 70C to reildéorn Wes kepeabdbur30°CGand the pol yneri zation was carried
out, to give a slurry after the second-step polynerization. 10 [0108]

Subsequent | j0106)e t emMherafativBalupecd at sedingsthogbave shurryosftdr the 120C  and the
slurry was subjected to azeotropic distillation of water and n- heptane,

wher eby 245. 4 g milymetigatioowasithirdedad 1000 rpm. ERiczeat@dr, dic dlbay wast em under
refluxi ng n-heptane. Thereafter, 8.10 g of a 2% aqueous solution of

et hyl ene gl ycol @holdd/ei 30FIC, ehdsiovsariuadaes onbeebsolutidndot e dfeonttep € was
kept at 80C for 2 hours. Subsequently, n-heptane was evaporated, and the

m xturse was dri eglas ddiedity eh@interdaboPthewgt@in, ahd ehdatikture @gistkepafdn cl es in an
aggl onerated form of the spherical particles. The secondary particles had a

medi an particl e 30 memAés hde thahterdalef Bt sysent ®as refladedd¥ithigogen.
determ nation results of each property are shown in 20 Table 1. [0109]

Conpar ati ve[ I e Wohir Yhe flAEK wasb imAiendiatd ware bagPar A Cetof daggkhbavi ng an
internal draneter of 100 mm equipped with a reflux condenser, a dropping

]1: g Bpel ., a nitrag@petidsrel AEthetpdIPmeringtich b chdried dltadegiRa il M@rr aftep- st ep
the second-step polymerization.

10 [0108] Subsequently, the temperature was raised using an oil bath at 120°C
and the slurry was subjected to azeotropic distillation of water and n-
heptane, whereby 245.4 g of water was distilled off to external of the
system under refluxing n-heptane. Thereafter, 8.10 g of a 2% aqueous
solution of ethylene glycol diglycidyl ether was added thereto, and the

15 mixture was kept at 80°C for 2 hours. Subsequently, n-heptane was
evaporated, and the mixture was dried, to give 213.9 g of water-absorbent
resin particles in an agglomerated form of the spherical particles. The
secondary particles had a median particle size of 482 um and a water
content of 6.4%. The determination results of each property are shown in

20 Table 1.

[0109] Comparative Example 1

A cylindrical round bottomed separable flask having an internal
diameter of 100 mm, equipped with a reflux condenser, a dropping funnel,
a nitrogen gas inlet tube, and a stirring blade having a two-step four

25 pitched paddle blades having a blade diameter of 50 mm as a stirrer was



25 pitched paddl e bl ades having a bl ade dianeter of 50 nmas a stirrer was
39 prepared. This flask was charged with 500 ml of n-heptane, and 0.92 g of
a sucrose stearate having an HLB of 3 (manufactured by M tsubishi- Kagaku
Foods Corporation, Ryoto sugar ester S-3¢0) and 0.92 g of a maleic

anhydri de-nodi fi ed et hyl ene-propyl ene copol ynmer (manufactured 5 by M tsui
Chem cals, Inc., H-wax 1105A) were added thereto. The tenperature was

rai sed to 80C to dissolve the dispersion stabilizers, and thereafter the

sol ution was coqrgshit@ THfs AR chAtobd G/iftt SR) mDBPH-heparfe!, hed 0BIES of | sk
having a vol une "of" 500 nml  was charge§ with 92 g of an 80.5% by na3s aqueous
sol ution of acrwyld hid, s f 9 eous sodi um
hydr oxi de was agxdéggr(as%%éﬁf%{g %aﬁg%e%gﬁv%]l% ﬁf gé%@?ﬁ%(:&r{%ﬁ?g% g?%% to
neutralize 75% ly.

e}gaﬂﬁlEoo-HQ@d?gf)fa fon, R?’g)tjt) ﬁl&‘ﬁf‘ e§let §WOB'%@@[SSZJ%BFEG and 9.2
mg of N, N - nethylenebi sacryl am de were added thereto’to dissolve, to

prepare an aqu : S i i I &St tting
the rotational Zlgée{ggrmg?&?ﬁgezﬁél)(?itrﬂgrarégil}q%%%B&gxléﬁh%%%%@%ﬁﬁ%ﬁgr%norrer

sol ut 'gon was ad ﬁ%@u%ﬁ@%ﬁ@ IREPH: >@1;dsta%weﬁ%dw?hereiox.t & was kept

at 35C for 30 m thé internal o system was replaced with

ni trogen. | Ther el At JU ihaoief-ENE diBRK. 1B isphIUIGH Sl a it er bath

at 70C to raise tenperature, and the pol ymertzation was carried out,

to give a slur r¥hé3rg%uﬁ§r ﬁl?%f’@@?’h‘?%g&%{?‘?gdr gmi zation. (Simlarly to Exanple

1till thistinmep pol ynmeri zati on was subj ected

to azeot ropipd j Sti | balhoBRl: tACIn EARIAY BERLANEHA A9oRIObE sBRYl at 120C

to distill nly water erna system”~ an erea
n-heptane was e‘é@a%%h%fe@l nd 9t2h§"of an 80.5% by mass aqueous solution of acrylic

10 acid, and 154.1 g of a 20.0% by mass aqueous sodium hydroxide was
added dropwise thereto with cooling from external to neutralize 75% by
mol. Thereafter, 0.11 g of potassium persulfate and 9.2 mg of N,N’-
methylenebisacrylamide were added thereto to dissolve, to prepare an
aqueous monomer solution for the first step.

15 [0111] Setting the rotational speed of the stirrer at 450 rpm, the above
aqueous monomer solution was added to the above separable flask, and the
mixture was kept at 35°C for 30 minutes while the internal of the system
was replaced with nitrogen. Thereafter, the mixture in the flask was
immersed in a water bath at 70°C to raise the temperature, and the

20 polymerization was carried out, to give a slurry after the first-step
polymerization. (Similarly to Example 1 till this time point, this slurry
after the polymerization was subjected to azeotropic distillation of water
and n-heptane using an oil bath at 120°C to distill off only water to
external of the system, and thereafter n-heptane was evaporated and the

25 mixture was dried. The resulting spherical primary particles had a median



25 mxture was dried. The resulting spherical primary particles had a nedi an
40 particle size of 85 m) [0112] On the other hand, an another Erl enneyer
flask having a volune of 500 ml was charged with 64.0 g of an 80.5% by nass
aqueous solution of acrylic acid, and §§.9 g of a 24.7% by mass aqueous
sodi um hydroxi de 5 was added dropw se thereto with cooling fromexternal to
neutralize 75% by nol. Thereafter, 0.08 g of potassium persulfate and 6.4
ng of N, N - rnethyl enebi sacryl am de were added thereto to dissolve, to

prepare an aqugpifcIERIRBI8S@MUti on for the second step, and the
tenperature of the solution was kept at about 25C. 10 [0113] The rotational

speed of stfgr12)9 t hemadhe\®h&!HahlYarfdddther B@enROyet TRisk 2RV i a VBRintd8nged to
1000 rpm ereafter, the slurry was cooled to 25C, the above aqueous

monomer  sol uti orsgjpahl [Was cﬁ@ﬁg‘ggg\{iﬁ% gf.o g@%ﬁ%@g? %nlia@@ ahBéQUsutidn bhe

system and the m xture was e the internal of the

system vas repl aeedidhdifl, Md 8098bf a 1P 79085 Hasédgkddus sB&ivmh ﬁ?hrdﬁﬁée i nmer sed
in a water bath at” 70C to raise the tenperature, and the polynerization was

carried out, to\ﬁisvfd&d%rHBﬁste%ér%fo with@od AR Pdms beR Aty MehirdRid 959 [ 0115]
Subsequently, the tenperature was raised using an oil bath at 120C and the

slurry was subj fbyﬁ@l.twphé%ﬁﬁ&f R efgééakéiaﬁ]i)ﬁyasﬂfat%ﬁeré.@ &F RNhept ane,
whereby 195.9 g of water was di sh%le off to external of the system under

refluxing n- heptrﬁ‘&ﬁyléﬁ_@g{/slﬁéfgtla%ide@v&é ald& tiRrdEnS AUROHR, %éhgﬂe%fcpih of

et hyl ene gl ycol diglyci t her was added thereto, and m xture was

kept at 80C for ;2,804 ﬁon%ﬁ?%&gﬁgﬁgp the sBERHPNAEP, Ma% thE YARPEARE of 3Rl t he

m xture was dri aﬁ to give 163. wat er - absor’bent
solution was kept at about 25°C.

10 [0113] The rotational speed of stirring the above slurry after the
polymerization was changed to 1000 rpm. Thereafter, the slurry was
cooled to 25°C, the above aqueous monomer solution for the second step
was added to the internal of the system, and the mixture was kept for
30 minutes while the internal of the system was replaced with nitrogen.

15 [0114] Again, the flask was immersed in a water bath at 70°C to raise the
temperature, and the polymerization was carried out, to give a slurry after
the second-step polymerization.

[0115] Subsequently, the temperature was raised using an oil bath at 120°C
and the slurry was subjected to azeotropic distillation of water and n-

20 heptane, whereby 195.9 g of water was distilled off to external of the
system under refluxing n-heptane. Thereafter, 6.24 g of a 2% aqueous
solution of ethylene glycol diglycidyl ether was added thereto, and the
mixture was kept at 80°C for 2 hours. Subsequently, n-heptane was
evaporated, and the mixture was dried, to give 163.4 g of water-absorbent

25 resin particles in an agglomerated form of the spherical particles. The



25 resin particles in an agglonerated formof the spherical particles. The
41 secondary particles had a nedian particle size of 202 mand a water
content of 6.2% The determ nation results of each property are shown in
Table 1. [0116] Conparative Exanple 2 544 cylindrical round bottoned
separabl e flask having an internal dianeter of 100 mm equipped with a
reflux condenser, a dropping funnel, a nitrogen gas inlet tube, and a
stirring blade having a two-step four pitched paddl e bl ades having a bl ade

di ameter of 50 rBr@fdady phitidl@hated medi@NFHrEele sIZY 6f 2081 a@ba Ghgérged with
500 mM of n-heptane, and 0.92 g of 10 a sucrose stearate having an HLB of 3

(manuf act ured byoiens eP6SIvh - TheGRliniiRftnh LUROOAEAApropyRY Aréstgdvn @t er
S-370) and 0.92 g of a nmmleic anhydride-nodified ethyl ene-propyl ene

copol ymer (manuf@gelaifed by Mtsui Chemicals, Inc., H -wax 1105A) were added
thereto. The tenperature was raised to 80C to dissolve the dispersion

stabilizer sfo136y 15 ChaimadtheExdigpied ution was cooled to 50C. [0117] On the
ot her hand, an Erlennmeyér flask having a volune of 500 mM was charged with

92 g ¢f an 80.5% by AeSHindeaPiound Yotfon¥d RpaAble/flhsk haGhd ananerdd4. 1 g of a
20. 0% by mass aqueous sodi um hydroxi de was ~added dropwi seé thereto with

cool i ng” from extigdrader bmowim%dwﬁ&%@a RPluxonddhes eallifping finheg Of

pot assi um persul fate and 9.2 ny of N - net hyl enebi sacryl anmi de” wer e added

thereto to di ssqliiogéPghy RiR&tBbEANdANHRPNE HIRNORBInS @ltwblaep fauur the first
step. [0118] Setting the rotational speed of the stirrer at 500 rpm the

taﬁove aqueous FRRREEHadAL BIARA haRmgedPRde dPathéter 8PSY eneRar Aftté Wwasask, and
e

prepared. This flask was charged with 500 ml of n-heptane, and 0.92 g of
10 a sucrose stearate having an HLB of 3 (manufactured by Mitsubishi-

Kagaku Foods Corporation, Ryoto sugar ester S-370) and 0.92 g of a

maleic anhydride-modified ethylene-propylene copolymer (manufactured

by Mitsui Chemicals, Inc., Hi-wax 1105A) were added thereto. The

temperature was raised to 80°C to dissolve the dispersion stabilizers, and
15 thereafter the solution was cooled to 50°C.

[0117] On the other hand, an Erlenmeyer flask having a volume of 500 ml
was charged with 92 g of an 80.5% by mass aqueous solution of acrylic
acid, and 154.1 g of a 20.0% by mass aqueous sodium hydroxide was
added dropwise thereto with cooling from external to neutralize 75% by

20 mol. Thereafter, 0.11 g of potassium persulfate and 9.2 mg of N,N’-
methylenebisacrylamide were added thereto to dissolve, to prepare an
aqueous monomer solution for the first step.

[0118] Setting the rotational speed of the stirrer at 500 rpm, the above
aqueous monomer solution was added to the above separable flask, and the

25 mixture was kept at 35°C for 30 minutes while the internal of the system



25 m xture was kept at 35C for 30 minutes while the internal of the system
42 was replaced with nitrogen. Thereafter, the mxture in the flask was
imrersed in a water bath at 70C to raise the tenperature, and the

pol ynmeri zation was carried out, to giveg slurry after the first-step

pol ynerization. (Simlarly to Exanple 3 till this time point, this slurry 5
after the polynerization was subjected to azeotropic distillation of water
and n-heptane using an oil bath at 120C to distill off only water to

external of the vswﬂeﬁmceamﬁtﬁ hiefopah! dhereafepltho enivase avdiedflakedaand t he
m xture was dried. The resulting spherical primary particles had a nedian

particle size ofinfiferSed inld wadriRth @n70 it thb difiperaturénaidde Er | ennmeyer
flask having a volune of 500 ml was charged with 211.6 g of an 80. 5% by

mass aqueous S0|pd)‘1dylﬁ6riﬁzitiorﬁ%ybﬁl@ieinlﬁl,, toatide 28l aftaafthe fiddt-stdp by nmass
aqueous sodi um hydroxi de was added dropw se thereto with cooling from

external to neugfoihﬂrrhéﬂzzﬁﬁ%. ﬁ{mﬁflﬁﬂy td IBxaesé 81ill Bis2Pme é)@)ﬁntpﬂﬁ@@l%iriym
e

persul fate and 21.2 ng of N, 15 met hyl enebi sacryl am wer e added thereto

to digsol ve, to affegpldd folgmerBAHER WasKABRIRI 18 lzBbtr§Pic ddtillabien HEFcedter St ep,
and the tenperature of the solution was kept at about 25C. [0120] The

rotational speedn@fn-Béptahé 0Sink@ APOMA 28110070 t@disall dff'@nlgﬂ@bﬁéfrﬁf i zation was
changed to 1000 rpm Thereafter, the slurry was 20 cooled to 25C, the above

aqueous nononer ex@driill Gthk Q¥ stehe afi@ tidtbafidraPheptge wdsledapdrateandnher nal  of
the system and the m xture was kept for 30 mnutes while the internal of

1,71 e ARSI T R AL i p o e o
carried out, topg}ty@egizgld{rgo/uﬁf)t er " ’ POLYITETT et on e
10 [0119] On the other hand, an another Erlenmeyer flask having a volume of
500 ml was charged with 211.6 g of an 80.5% by mass aqueous solution of
acrylic acid, and 287.4 g of a 24.7% by mass aqueous sodium hydroxide
was added dropwise thereto with cooling from external to neutralize 75%
by mol. Thereafter, 0.25 g of potassium persulfate and 21.2 mg of N,N’-
15 methylenebisacrylamide were added thereto to dissolve, to prepare an
aqueous monomer solution for the second step, and the temperature of the
solution was kept at about 25°C.
[0120] The rotational speed of stirring the above slurry after the
polymerization was changed to 1000 rpm. Thereafter, the slurry was
20 cooled to 25°C, the above aqueous monomer solution for the second step
was added to the internal of the system, and the mixture was kept for
30 minutes while the internal of the system was replaced with nitrogen.
[0121] Again, the flask was immersed in a water bath at 70°C to raise the

temperature, and the polymerization was carried out, to give a slurry after

25 the second-step polymerization.



25 the second-step polynerization. 43 [0122] Subsequently, the tenperature
was raised using an oil bath at 120C and the slurry was subjected to
azeotropic distillation of water and n- heptane, whereby 353.4 g of water
was distilled off to external of the sysgtem under refluxing n-heptane.
Thereafter, 12.14 g of a 2% aqueous 5 solution of ethylene glycol diglycidyl
et her was added thereto, and the mxture was kept at 80C for 2 hours.
Subsequently, n-heptane was evaporated, and the m xture was dried, to give

324.1 g of pERE|- abs8ub&Rfuentl §Ihd taRdpdrhh€$ ak Raisdd agiabamesipbad 4t qnorof the
spherical particles. The secondary particles had a nedian particle size of

653 mand a wat eindkfe SRRtyERhs Qlbjdctbdao FeudplEdiRiiNaioPof watlng ipf each
property are shown in Table 1. [0123] Conparative Exanple 3 The same
procedures as i mepra@PlvBelehyeI58.£A0F weteromis ¢XHREd offdtextérhgl 6t ther i ng
rotational speed during the first-step polymerization was 15 changed to 1000
rpm to give 233y8@nPiindéirefludhg aLlkgiing. EFhdte MR 12/18S bha 2eMage@@ner at ed
formof the sphefical particles. The secondary particles had a nedian
partigle size ofsohdtbnSdh cihflere YRCOI di i@%'ltetﬂér Wabdddctbieredet fidnfheat i on
results of each property are shown in Table 1. (Incidentally, the slurry

subj ected to thenfxirtwal j&dpt BOEOTCFIr2BhdES. SubSectichtly) MBepndtwanal 20 speed
of 1000 rpmwas subjected to azeotropic distillation” of water and n- heptane

using an oil bateba?éraﬂe’e@%@ ehedinitiitd wed dried |ty oied 824.1G ealfeRabs&fbent he

system and thereafter n-heptane was evaporated and the m xture was dried.
The resul ting spbghipaficled in B dpglérnbiad CRoriPsE heWPHEAERIDALfidled eTRe €  of 25

pm )
secondary particles had a median particle size of 653 um and a water
10 content of 7.5%. The determination results of each property are shown in

Table 1.

[0123] Comparative Example 3

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

the stirring rotational speed during the first-step polymerization was

15 changed to 1000 rpm, to give 232.8g of water-absorbent resin particles in
an agglomerated form of the spherical particles. The secondary particles
had a median particle size of 144 um and a water content of 6.6%. The
determination results of each property are shown in Table 1. (Incidentally,
the slurry subjected to the first-step polymerization at a stirring rotational

20 speed of 1000 rpm was subjected to azeotropic distillation of water and n-
heptane using an oil bath at 120°C to distill off only water to external of
the system, and thereafter n-heptane was evaporated and the mixture was
dried. The resulting spherical primary particles had a median particle size
of 25 um.)

25 [0124] Comparative Example 4




25 [0124] Conparative Exanple 4 44 A cylindrical round bottomed separable
flask having an internal dianmeter of 100 nm equipped with a refl ux
condenser, a dropping funnel, a nitrogen gas inlet tube, and a stirring

bl ade having a two-step four pitched paddl e bl ades having a bl ade di aneter
of 50 mmas a stirrer was 5 prepared. This flask was charged with 500 m of
n- heptane, and 0.92 g of a sucrose stearate having an HLB of 3

(manuf actured by M tsubishi- Kagaku Foods Corporation, Ryoto sugar ester

5-370) and 0.92 g of AacylifakiehFrounfWdtfodf:dRPhfabRIf18INAGAE aRIRRYAANE
copol ynmer (manufacture by Mtsui Chemcals, Inc., H-wax 1105A) were added

thereto. The 10 dignwef af Y06 nYiﬁSeqlﬁb?&ﬂw‘it% m@umoﬂaéﬁss&,wd;dyph%ﬁﬂﬂeﬂ on
stabilizers, and thereafter the sol ution was cooled to 50C. [0125] On the

ot her hand, an Erdiﬁagaygﬁs fdlé’l&{ibélaa\ﬁidrlgstﬁrf{xg'tﬂi& Eefviﬁé’gtﬁb—stW%lﬁhar ged with
92 g of an 80.5% by nasS aqueous solution of acrylic  acid, 'and 154.1 g of a

20. 0% by mass a?%ﬂé@p%k%’lﬂd&%%ﬁ@ﬁi bMae diamAde S0 naRYs SSstirhghedsd Wi th
cooling fromexternal to neutralize 75%by nol. Thereafter, 0.28 g of

hydroxyet hyl cel %ﬁ?@d.(mﬁ%ﬁtw&e&m@%ed WKl 300781 SEhRpfRThF@DD2Pof L.,
HEC AW 15F), 0.11 g of potassium perSulfate, and 9.2 gg of

NN - et hyl enebiysaerodk it Ry AR B et AeutaendbE B9 MRsudishipr epare an

aqueous nononer solution for the tep. [0126]  Setting the

rotational Speeka%fakﬁ%oagiddr rafibn 3R Yo fofoat &ﬁela@-@%z afdl oS ofrgnoner
solution was added to the above separable flask, and the mxture was kept

2T 0 T O U S en Aol
by Mitsui Chemicals, Inc., Hi-wax 1105A) were added thereto. The
10 temperature was raised to 80°C to dissolve the dispersion stabilizers, and
thereafter the solution was cooled to 50°C.

[0125] On the other hand, an Erlenmeyer flask having a volume of 500 ml
was charged with 92 g of an 80.5% by mass aqueous solution of acrylic
acid, and 154.1 g of a 20.0% by mass aqueous sodium hydroxide was

15 added dropwise thereto with cooling from external to neutralize 75% by
mol. Thereafter, 0.28 g of hydroxyethylcellulose (manufactured by
Sumitomo Seika Chemicals Co., Ltd., HEC AW-15F), 0.11 g of potassium
persulfate, and 9.2 mg of N,N’-methylenebisacrylamide were added
thereto to dissolve, to prepare an aqueous monomer solution for the first
20 step.

[0126] Setting the rotational speed of the stirrer at 350 rpm, the above
aqueous monomer solution was added to the above separable flask, and the
mixture was kept at 35°C for 30 minutes while the internal of the system

was replaced with nitrogen. Thereafter, the mixture in the flask was

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



25 imersed in a water bath at 70C to raise the tenperature, and the 45

pol yneri zation was carried out, to give a slurry after the first-step

pol ymeri zation. (lncidentally, this slurry after the polynerization was
subjected to azeotropic distillation of ggater and n-heptane using an oi

bath at 120C to distill off only water to external of the system and
thereafter 5 n-heptane was evaporated and the m xture was dried. The
resulting spherical primary particles had a nedian particle size of 172 m)

[0127) 0 the otgaeymbansliordivaabstealourbaivey Surfy ARk theircsigy vol une of
. 0

500 mM was charg with 156.4 g of an y mass aqueous sol ution of

acrylic acid, a%ly?rﬁ@riﬂatﬂ)rf?f(Iﬁci@éntﬁﬂ’?,bt}iis*@§ﬁy%ﬂ@?ﬂ%ﬁ)&?ﬂ%ﬂﬁhtﬁwmy de 10 was
added dropwi se thereto wth cooling fromexternal to neutralize 75% by nol.

Thereafter, 0.19,@jc@{cd0lBSIrHPICRBS AT vAieh ARt £-hEPtafk udidY an oil bath
met hyl enebi sacryl am de were added thereto to dissolve, to prepare an

agueous MDNOMEr ;39bytd @8 dfseil] 6@%nﬁ9i&?‘tf&ﬁ@ma@6@tﬂ, stepPRfEAhBIGfRf the
28C. 0128

sol uti on was kept at about 1 The rotational 'speed of stirring

of the above sl ypanidhd fashsporRRipaTRrthe alikRie Was deRaNIeH eouIkHEO rpm
Thereafter, the slurry was cooled to 28C, the above aqueous noRoner

solution for th : : ks : system and
the m xture vvas%gggl?@%jg)rr ﬁé%@rﬁa\reﬁ?gégﬂgﬁlglrﬁe&tlid;ﬁ?%}? Ieeﬁllia\?&foﬁzt Hg? )syst em was

repl aced w ptro : g IHE%[ ' wat er
baltoh at 70 tge:l ai sg%ﬁge%&eéﬁpqéﬁg’%%r e, tg%rdﬁ@ﬁ]elﬁ%%?};@r?\é??%tl on§§v\l/ggié;%€ri ed

| . | € Bl z:
out, to give a Sohrhywak E{%érrgea%tﬁf%ﬁ éﬁ&%%?@oyﬁ?ﬂaéﬁéa@ﬁébgts[s%g@n of 1 the

Subsequently, the tenperature was ralsed using an o

slurry was subj eetael 49d 34RO TOPG Y 1 1) @ At fudtRt 85diaRhParoxide

10 was added dropwise thereto with cooling from external to neutralize 75%
by mol. Thereafter, 0.19 g of potassium persulfate and 15.6 mg of N,N’-
methylenebisacrylamide were added thereto to dissolve, to prepare an
aqueous monomer solution for the second step, and the temperature of the
solution was kept at about 28°C.

15 [0128] The rotational speed of stirring of the above slurry after the
polymerization was changed to 1000 rpm. Thereafter, the slurry was
cooled to 28°C, the above aqueous monomer solution for the second step
was added to the internal of the system, and the mixture was kept for
30 minutes while the internal of the system was replaced with nitrogen.

20 [0129] Again, the flask was immersed in a water bath at 70°C to raise the
temperature, and the polymerization was carried out, to give a slurry after
the second-step polymerization.

[0130] Subsequently, the temperature was raised using an oil bath at 120°C
and the slurry was subjected to azeotropic distillation of water and n-

25 heptane, whereby 294.3 g of water was distilled off to external of the



25 heptane, whereby 294.3 g of water was distilled off to external of the 46
system under refluxing n-heptane. Thereafter, 9.94 g of a 2% aqueous
solution of ethylene glycol diglycidyl ether was added thereto, and the

m xture was kept at 80C for 2 hours. Subgequently, n-heptane was

evaporated, and the m xture was dried, to give 259.9 g of water-absorbent 5
resin particles in an aggl onerated form of the spherical particles. The
secondary particles had a nmedian particle size of 1122 m and a water

content of 5.8%gyJlag ﬁlﬁéeﬁrrghﬂﬁhgp%hé;ﬁ%.t?hé}feaﬁ@&b.gllf QBFE@%%@G:&BOV\“ in
Table 1. [0131] (Y,orrparatlve Examnpl e '5 10 The same procedures as in Exanple 8

were carried Outsoﬁjefﬁﬁlpéf difidene gl}%ggle{gggcﬁfjgl QRePad REIROMBRYS, JRNGRET

solution during t second-ste ation was changed to 55.2 g of an

80. 5% by mass aqm X%@kéﬂ;g'aggogf gf’rci HOUS. ?a%geqél%ﬁtl?fﬂ-h‘éf)ta%g%ag% by mass

aqueous sodi um pot assium persuffate and 5.5 ng of N, N

15 et hyl enebi saqhybaiidind Witk Ghs R ABUNK 209 odely dafhiadBofbend 1 ef | ux

of n-heptane after the second-step polynmerization was thanged to 185.3 g,

and t ke anmount : 9 i | gl yeLdyl et her
after I‘25t he dehyd(r}gstlﬁgﬁ/ﬁv\ggéjc ang%gbfg%}ag&88;rg? 6?%%?@?&%?%“%&‘3% The

wat er - absor bent i i i : I f erical 20
particles. The gé@rﬁéﬁ?%ﬁ%ﬁ%%@“ﬁg@ rrrg iasﬁgeggr{%r%ﬁs%@? ‘g?w%OZ m and
a wat er content e P4t f pare
shown in Table f%fegltlég?'ggg'np@r@gﬁvelﬁgnp eé@lz&%%ay ipr{g icalafér)%g{nvglybnottorred
separabl e flaskfhgyl fg an internal

[0131] Comparative Example 5

10 The same procedures as in Example 8 were carried out except that
the composition of the aqueous monomer solution during the second-step
polymerization was changed to 55.2 g of an 80.5% by mass aqueous
solution of acrylic acid, 75.0 g of a 24.7% by mass aqueous sodium
hydroxide, 0.07 g of potassium persulfate and 5.5 mg of N,N’-

15 methylenebisacrylamide, and further the amount of dehydration by a reflux
of n-heptane after the second-step polymerization was changed to 185.3 g,
and the amount of a 2% aqueous solution of ethylene glycol diglycidyl
ether after the dehydration was changed to 5.89 g, to give 155.0 g of
water-absorbent resin particles in an agglomerated form of the spherical

20 particles. The secondary particles had a median particle size of 302 um
and a water content of 6.2%. The determination results of each property
are shown in Table 1.

[0132] Comparative Example 6

A cylindrical round bottomed separable flask having an internal

25 diameter of 100 mm, equipped with a reflux condenser, a dropping funnel,



25 diameter of 100 mm equi pped with a reflux condenser, a dropping funnel,
47 a nitrogen gas inlet tube, and a stirring blade having a two-step four
pi t ched paddl e bl ades having a bl ade dianeter of 50 mMmm as a stirrer was
prepared. This flask was charged with 56 m of n-heptane, and 1.38 g of a
sorbitan nonostearate having an HLB of 4.7 (manufactured by Nippon 5 Gl &
Fats Co., Ltd., SP-60R) and 0.46 g of a mal eic anhydri de-nodified

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

H -wax 1105A) warrtragetegdad tnd¢tetibe, ahdea stirnipgrtdide favi@s a tebsseep faur80C to
di ssol ve the dispersion stabilizers, and thereafter the solution was cooled

to 50C. 10 [0133jtched phddletiatesthanihg @blabe ldeamegeof 50 ank abawstingravasol ume of
500 M was charged wwth 92 g of an 80.5% by nass aqueous sol ution of

acrylic acid, pnghatédt. Thip fddskaw2dcifpddwiths0agliebuhepriiepmdyd8axotie was
added dropwi se thereto with cooling fromexternal to neutralize 75% by nol.

Thereafter, 0.2§ sgrisitanlmadnoxyatatyh®ghg dh ¢5EB OTaL{rasiufaedrdaybyl Nipon t ono
Sei ka Chemcals Co., Ltd., HEC AW15F), 0.11 g of potassium persulfate, and

9.2 ng of N N -l ByFewety. sB&). YSRGORS ane 048 @€ d milbrr#hgdiide dhsdidiede, to
prepare an aqueous nononer solution for the first step. [0134] Setting the

rotational speedt eﬁdlﬁr(ﬁiyilérfeﬂfop%'lylﬁg nidiifadtifedeOVEtsdDCageeS IrBNOMEr
sol ution was added to the above separable flask, and the m xture was kept

at 35C for 15 mHukes 1905 A§ wiche addddethBrdto OTht Rempyaheswayaaisegpd 808d Wi th
nitrogen. Thereafter, the mxture in the flask was imersed in a water bath

at 70C to raisetd ARsdRERRE AispeRiomidbilZers, BAd YHBREATR thOFolwHSn G@dsr | ed out, to
give a slurry after the first-step
cooled to 50°C.

10 [0133] On the other hand, an Erlenmeyer flask having a volume of 500 ml
was charged with 92 g of an 80.5% by mass aqueous solution of acrylic
acid, and 154.1 g of a 20.0% by mass aqueous sodium hydroxide was
added dropwise thereto with cooling from external to neutralize 75% by
mol. Thereafter, 0.28 g of hydroxyethylcellulose (manufactured by

15 Sumitomo Seika Chemicals Co., Ltd., HEC AW-15F), 0.11 g of potassium
persulfate, and 9.2 mg of N,N’-methylenebisacrylamide were added
thereto to dissolve, to prepare an aqueous monomer solution for the first
step.

[0134] Setting the rotational speed of the stirrer at 370 rpm, the above

20 aqueous monomer solution was added to the above separable flask, and the
mixture was kept at 35°C for 15 minutes while the internal of the system
was replaced with nitrogen. Thereafter, the mixture in the flask was
immersed in a water bath at 70°C to raise the temperature, and the

polymerization was carried out, to give a slurry after the first-step

25 polymerization. (Incidentally, this slurry after the polymerization was



25 polynerization. (Incidentally, this slurry after the polynerization was
48 subjected to azeotropic distillation of water and n-heptane using an oil
bath at 120C to distill off only water to external of the system and
thereafter n-heptane was evaporated angigt he m xture was dried. The
resulting spherical primary particles had a nedian particle size of 146 m)
5 [0135] On the other hand, an another Erlenneyer flask having a vol une of
500 mM was charged with 92 g of an 80.5% by mass aqueous sol uti on of

acrylic acid, angibjedePtaabotrdprAdidiidionnessatataedshepadicuingy g oxliteh was
added dropwi se thereto with cooling fromexternal to neutralize 75% by nol.

Thereafter, 0.11atg20PCRotdastil ofhdngy Gter ad exefthl 9f Zhd8yseémMNard thkPeafter
nmet hyl enebi sacryl am de were added thereto to dissolve, to prepare an

aqueous nononer Bakplanewds@vaphratsiea@tie shiRure g drivel. tBiRsaltige of the
solution was kept at about 22C. [0136] The rotational speed of stirring the

above slurry af ighetitst prhyairieRt had awhedishpAgRS: igc 40006 1 Ther eaf ter,
the slurry was 15 cooled to C, the above aqueous nononer sol ution for the

second st ep[01%s] addedh the dthér Handesmahothér Elendy péreflaskan@ind g valusheloe Was
kept for 30 mnutes while the internal of the systemwas replaced with

ni trogen. [ OLST00 s chilfyctihath 9D 48U S%cby als Wi Baluhia of OC t 0
rai se the tenperature, and the polymerization was carried out, to give a

slurry after 20dr{igc REE0RKH $24D gPSH /IRTVZBY hidRs af@oiBlsodihs agURIKily. the
tenperature was raised using an oil bath at” 120C "and the slufry was

S L8 . 220 I8l B, Sl b oy 225
n-heptane. Ther &af il TheRaftdr, o 1Pg $¥p8ANEAHSpersulfate and 9.2 mg of N,N’-
10 methylenebisacrylamide were added thereto to dissolve, to prepare an
aqueous monomer solution for the second step, and the temperature of the
solution was kept at about 22°C.
[0136] The rotational speed of stirring the above slurry after the
polymerization was changed to 1000 rpm. Thereafter, the slurry was
15 cooled to 22°C, the above aqueous monomer solution for the second step
was added to the internal of the system, and the mixture was kept for
30 minutes while the internal of the system was replaced with nitrogen.
[0137] Again, the flask was immersed in a water bath at 70°C to raise the
temperature, and the polymerization was carried out, to give a slurry after
20 the second-step polymerization.
[0138] Subsequently, the temperature was raised using an oil bath at 120°C
and the slurry was subjected to azeotropic distillation of water and n-
heptane, whereby 225.8 g of water was distilled off to external of the

system under refluxing n-heptane. Thereafter, 7.36 g of a 2% aqueous

25 solution of ethylene glycol diglycidyl ether was added thereto, and the



25 solution of ethylene glycol diglycidyl ether was added thereto, and the
49 m xture was kept at 80C for 2 hours. Subsequently, n-heptane was
evaporated, and the m xture was dried, to give 195.1 g of water-absorbent
resin particles in an aggl onerated formyof the spherical particles. The
secondary particles had a nedian particle size of 478 mand a water 5
content of 5.9% The determ nation results of each property are shown in
Table 1. [0139] [Table 1] 50 N.Cp C s o~ 0, CQ 00 cc 00 OO N NNNoO
VCOTy mM enmixtile %s}eﬁlﬂaﬁ&?@ Nrenhoard SubseqveM1) MhbpidnbdsM M M M M M
UcU wOUYV) CDNV>I In NVI WVI NV7 00 .. yoSas 0O
evaporated, and the mixture was dried, to give 195.1 g of water-absorbent

resin particles in an agglomerated form of the spherical particles. The
secondary particles had a median particle size of 478 um and a water
5 content of 5.9%. The determination results of each property are shown in
Table 1.
[0139] [Table 1]
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© 4) NTvEuvEOCOnNnwWNIt vNonoNrvC_C FFO~ .--i NM7
Mt ~-Dhmd.-i O NGMG7doCl1~0O0 WWWWWWWWo WO W WO0OW 0
Wz uUUUUUWU4 51 [0140] The water absorption capacity, the nedian
particle size, the uniformty degree of sparticle size distribution, the
retention rate of the particle size after particle collision test, the
wat er absorption capacity under pressure, and the retention rate of the
wat er absorption capacity 5 under pressure after particle collision test, of
t he wat er - afilct®ent iTosiwateparsoipicmscapbtiay,tbel madizapirtiElcasipt,ashand
Conparative Exanple were determned in accordance with the foll ow ng
met hods. [0141] uiiarevityAbepoeqof partiCrpaad dighribatid@0theiretsativerateas thhar ged with
500 g of 0.9% by mass saline, 10 and thereto was added 2.0 g of the
wat er - absor bent pagticla sparafieripasticlandllistoa testi #teuwatenabsapiion eapdamty 60
m nutes. A mass WA (g) of a JIS standard sieve having an opening of 75 m
was previously deider praseuke, amdlthehretentinh eate dfrthe wateralbsomptioaalapacityas filtered
using this sieve. Then, the sieve was allowed to stand for 30 mnutes in a
state5so that thmdsi presswasafter pagitlacoléisioh3estj of thengater-abscabenttreSida degr ees
to the horizontal to filter out excess water. A mass Wb (g) of the sieve
cont ai ni ng t he vartclesibbrineedngakch Bxampéd endCoarparatng Exemplatveerecabsor pti on
capacity was obtained by the

determined in accordance with the following methods.

[0141] (Water Absorption Capacity)
A 500 mL beaker was charged with 500 g of 0.9% by mass saline,
10 and thereto was added 2.0 g of the water-absorbent resin particles, and the
mixture was stirred for 60 minutes. A mass Wa (g) of a JIS standard sieve
having an opening of 75 wm was previously determined, and the content in
the above beaker was filtered using this sieve. Then, the sieve was
allowed to stand for 30 minutes in a state so that the sieve was tilted at a
15 tilt angle of about 30 degrees to the horizontal to filter out excess water.

A mass Wb (g) of the sieve containing the water-absorbed gel was
determined, and the water absorption capacity was obtained by the
following formula:

Water Absorption Capacity (g/g) = (Wb - Wa)/2.0

20 [0142] (Median Particle Size of Primary Particles)

Into 50 g of the water-absorbent resin particles was mixed 0.25 g of
an amorphous silica (manufactured by Degussa Japan Co., Ltd., Sipernat
200) as a lubricant.

[0143] JIS standard sieves, sieves having openings of 500 um, 250 pum,
25 180 wm, 150 wm, 106 pm, 75 um, and 38 wm, and a receiving pan were



follow ng formul a: Water Absorption Capacity (g/g) = (W - Wa)/2.0 20
[0142] (Median Particle Size of Primary Particles) Into 50 g of the

wat er - absorbent resin particles was m xed 0.25 g of an anorphous silica
(manuf actured by Degussa Japan Co., Ltd.52 Sipernat 200) as a |ubricant.
[0143] JIS standard sieves, sieves having openings of 500 m 250 m 25 180
m 150 m 106 gm 75 m and 38 m and a receiving pan were 52 conbined in
order fromthe top. The above water-absorbent resin particles were placed
on an upper nost conehired andrdeh&toem teotop2 T'hei abotve svatet-absorbent resip pantides (a
rotating and tappi ng shaker). [0144] Next, the rel ationships between the
openi ng of the sieeelaced @man bppernegt sievefand siaken far2(emimges ofitht hieo-

wat er - absorbent resin particles renmaining on the sieve were plotted on a

| ogarithmic prohapshikey (papatingynd ¢adping stidkeg).t he nmass of the

wat er - absorbent resin particles remaining on each sieve as a nass

percent age [0d144h ent Negt,ah®usihtiomshibsasatwienh did oygenimeof thesseyreaakat ages i n
order, starting fromthose having | arger particle sizes. 10 A particle size

correspondi ng t dnegbdl%flymassSgercentugcasdi the watssabguebetntsiggpanicesief i ned as a
medi an particle size of the primary particles by joining the plots on the
| ogarithm c prohemiairihy opahesieve wers pidiedhin 4 loparithin@lgiobabiikedipaperay ticl e
Si ze of Secondary Particles) Into 100 g of the water-absorbent resin
particles was mcabml&tity theahassldf the) warerrgbotteens tdsic paitichssut atiningdnby

Degussa Japan Co., Ltd., Sipernat 200) as a lubricant. [0146] In this
determ nation, aaohgield adlaSnassgidesmdags ®vasertitt avtsuinaidg@gcumulating the
mass percentages in order, starting from those having larger particle sizes.
10 A particle size corresponding to a 50% by mass cumulative mass
percentage was defined as a median particle size of the primary particles
by joining the plots on the logarithmic probability paper in a straight line.
[0145] (Median Particle Size of Secondary Particles)
Into 100 g of the water-absorbent resin particles was mixed 0.5 g of
15 an amorphous silica (manufactured by Degussa Japan Co., Ltd., Sipernat
200) as a lubricant.
[0146] In this determination, among 13 JIS standard sieves (sieves having
openings of 2.36 mm, 1.7 mm, 1.4 mm, 850 wm, 600 um, 500 um, 355 um,
300 wm, 250 wm, 180 wm, 106 um, 75 um, and 45 um), consecutive 7
20 sieves are used.
[0147] The above water-absorbent resin particles were placed on the top of
a sieve combined with sieves having openings of 600 um, 500 pum,
355 wm, 300 wm, 250 um, 180 um, and 106 um, and a receiving pan in
order, and shaken for 20 minutes with a ro-tap shaker (a rotating and

25 tapping shaker).



openings of 2.36 Mm 1.7 mm 1.4 mm 850 m 600 m 500 m 355 m 300 pm
250 m 180 pm 106 Ilim 75 pm and 45 m, consecutive 7 20 sieves are used.
[0147] The above water-absorbent resin particles were placed on the top of

a sieve conbined with sieves having opergangs of 600 m 500 m 355 m 300 m
250 m 180 m and 106 m and a receiving pan in order, and shaken for 20
mnutes wwth a ro-tap shaker (a rotating and 25 tapping shaker). 53 [0148]
Next, the relationshi ps between the opening of the sieve and an integral of
a mass per cfot48je r edNmxm)thg relatioiships Eatecer the gpamingdf te sevd aghan t hmi ¢
probability paper by calculating the mass of the water- absorbent resin
particl es remai ninfggramfeamnhsspacentage emanmgpar thersiagewee [Hoted entai r e
anount, and accunul ating the nmass percentages in order, starting fromthose
havi ng | ar ger paogacthenisiprelsabilitypzaper by eakukaingdhe esgsondithgwatera 50% by
mass cunul ati ve mass percentage was defined as a nedian particle size of

t he secondary paatisorHems rdsyn paiticiasgetamipg oh<acknsiehe as khagassigehedntage wbabi ity
paper in a straight line. 10 [0149] Wen either the mass percentage of the
wat er -5absor bent areitire ateoumit,ed awoutindatingpbe st psteevieages i badery staringed on
the undernost tray exceeded 15.9% the uniformty degree set forth bel ow
was not accur at efirym thbseahaang larper gfrticke,sizase A patichasize sontspomdsecttave 7
sieves was reselected fromthe above sieves, and the nedian particle size
was 15 redet er m 5(8d byunhsst hmhulatiee mass ppecoape age defintdas wahedianbsor bent

resins remained on the uppernost sieve and that renmained on the undernost
tray were 15. 9%aficleaiwrof the secondary particles by joining the plots on the
logarithmic probability paper in a straight line.

10 [0149] When either the mass percentage of the water-absorbent resin
remained on the uppermost sieve or that remained on the undermost tray
exceeded 15.9%, the uniformity degree set forth below was not accurately
obtained. Therefore, the combination of consecutive 7 sieves was
reselected from the above sieves, and the median particle size was

15 redetermined such that the mass percentage of the water-absorbent resins
remained on the uppermost sieve and that remained on the undermost tray
were 15.9% or lower.

[0150] (Uniformity Degree of Particle Size Distribution)
In the above determination of the median particle size of the

20 secondary particles, a particle size corresponding to a 15.9% by mass
cumulative mass percentage (X1) and a particle size corresponding to an
84.1% by mass cumulative mass percentage (X2) were obtained, and the
uniformity degree was obtained by the following formula:

Uniformity Degree = X1/X2

25 In other words, when the particle size distribution is narrow, the



[0150] (Uniformty Degree of Particle Size Distribution) In the above
determ nation of the nedian particle size of the 20 secondary particles, a
particle size corresponding to a 15.9% by nass cunul ati ve nmass percent age
(XI') and a particle size corresponding ts@ an 84. 1% by nmass cunul ative nass
percentage (X2) were obtained, and the wuniformty degree was obtained by
the following fornula: Uniformty Degree = X1/ X2 25 I n other words, when the
particle size distribution is narrow, the 54 wuniformty degree gets close

to 1, and when tdh@fo@ﬁlﬁﬁyi@dg@eés%éf[@cﬂiséttdﬁ i1batid WMhen €8S particiedize HREribuwidmor m ty
degree gets larger than 1. [0151] (Retention Rate of Particle Size After

Particle Colli sigréﬂ; Wm)m{h@liﬂoﬁlﬁ@td fbgggtgl;@geﬁth@ngarti cle size in particle
collision test of the 5 water-abSorbent resin particles was obtained by

det er m ni ng[Q15a] par t (Rétenticn RateddfSPArtibletSige Aftee Pattidle \@IRSioAIRGbeNt resin
particles were collided to a collision plate using a testing apparatus X of

whi ch outline was shywe rétBntidn 44é ©f fhe Ilri]&ﬂiél%]siz-g’liﬂ paRfitlen®l ARt Be the shown
in Figure 1 conprises a hopper 10 (with a lid) 1, an pressurized air

i ntroguction tubgatés-aBddrbétaedih PartiQés vas dbtairfedi®} HétehAing dcepaticRnNd a
flowreter 5. The pressurized air introduction tube 2 is introduced into the

internal of the shRnRgkibhtiofRehdn@e WHIEChbRPber9dAh Patidlss wer@sliaed i the
hopper 1. The pressurized air introduction tube 2 has an external dianeter

of 3.7 mmand an édl'ﬁﬁbﬂ%'éat@'h@iﬁ%taefesﬁﬁg dppatatas Wbf Wh‘?cl% @Jgﬁﬁ&iv@% Jho%Al @ 3 has
mm  an

an external dianeter of internal diameter o mm and a | ength of

300 mm The col Igjgien plate 4 is made of SUS304 and has a thickness of 4
mm and the di stance between

[0152] The testing apparatus X shown in Figure 1 comprises a hopper

10 (with a lid) 1, an pressurized air introduction tube 2, an injection nozzle 3,
a collision plate 4, and a flowmeter 5. The pressurized air introduction
tube 2 is introduced into the internal of the hopper 1, and the injection
nozzle 3 is connected to the hopper 1. The pressurized air introduction
tube 2 has an external diameter of 3.7 mm and an internal diameter of

15 2.5 mm. The injection nozzle 3 has an external diameter of 8 mm, an
internal diameter of 6 mm, and a length of 300 mm. The collision plate 4
is made of SUS304 and has a thickness of 4 mm, and the distance between
the end of the injection nozzle 3 and the collision plate 4 is fixed at 10 mm.
The flowmeter 5 is adjusted such that the flow rate of pressurized air is

20 50 m/s at the end of the injection nozzle 3.

[0153] In the testing apparatus X having the constitution as described above,
first, 100 g of water-absorbent resin particles 6 of which median particle
size before collision (A1) has been previously determined is placed in the
hopper 1, and the lid of the hopper 1 is closed. Subsequently, the

25 pressurized air of which pressure was adjusted is introduced from the



the end of the injection nozzle 3 and the collision plate 4 is fixed at 10
mm The flowreter 5 is adjusted such that the flow rate of pressurized air
is 20 50 nis at the end of the injection nozzle 3. [0153] In the testing
apparatus X having the constitution as dgscribed above, first, 100 g of
wat er - absorbent resin particles 6 of which nmedian particle size before
collision (Al) has been previously determned is placed in the hopper 1,
and the lid of the hopper 1 is closed. Subsequently, the 25 pressurized air

of which pressurgeyasizadiaising@ddustiomivbedyaad the ARtdr®sdbenPregfsuri zed air
i ntroduction tube 2, and the water-absorbent resin particles 6 are injected

fromthe inject !ﬁﬁ?ti&l@é%‘ He InjebtetTPori thd injé@brPAGER Fto th‘éﬁio@lﬁsiéﬂ???dt@ﬂm
resins after injecting and colliding the“entire anount are collected, and

the particle siz@agHrsishsénit ?é‘siﬁ§aﬁ'&tiﬁfe'aiﬂggndtc@llﬁﬁﬁg?‘:tHé éhtRe ABHuANaparticle
size after collision (A2). Using the resulTing determ ned val ue, the

retention rate lfeRfd, BRA tACH&1ielZSzAdkBIbRRML S deRrnMdd & OhtaliLgt was
obtained by the followwng fornmula: Retention Rate of Particle Size After

Partigl e CollisigRdikeSHartioR siztCifter [cOR{sd {Az)loo [0154] (Water Absorption
Capacity Under Pressure) The water absorption capacity of water-absorbent

resin particles undessify aRSUERINEUHIAACH DRHCURE RtcAGPATLGE L apparat us v

shown in Figure 2. 15 e nmeasurfng apparatus Y shown In Figure 2 conprises

a buret — secti Ogadajrticlé s&&aﬁtér Gticdle c%llﬁ?@égérsi #ds BBt dby AR%oflo uring

section 4 plac on the measuring board 3. To the buret section are
connected a formula:

Retention Rate of Particle Size After Particle Collision Test (%)
10 = [A2/A1] x 100
[0154] (Water Absorption Capacity Under Pressure)
The water absorption capacity of water-absorbent resin particles
under pressure was determined using a measuring apparatus Y shown in
Figure 2.
15 The measuring apparatus Y shown in Figure 2 comprises a buret
section 1, a lead tube 2, a measuring board 3, and a measuring section 4
placed on the measuring board 3. To the buret section 1 are connected a
rubber plug 14 on the top of a buret 10, and an air introduction tube 11 and
a cock 12 at the bottom portion of a buret 10, and further, the air
20 introduction tube 11 has a cock 13 at the end. The lead tube 2 is attached
between the buret section 1 and the measuring board 3. The lead tube 2
has a 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. The measuring section 4 has a cylinder 40 (made of Plexiglas), a

25 nylon mesh 41 adhered to the bottom part of the cylinder 40, and 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 a buret 10, and further, the air 20

i ntroduction tube 11 has a cock 13 at the end. The |lead tube 2 is attached
bet ween the buret section 1 and the neasyggi ng board 3. The | ead tube 2 has
a dianmeter of 6 mMm A hole of a diameter of 2 nmis nade at the central
section of the neasuring board 3, and the |lead tube 2 is connected thereto.
The neasuring section 4 has a cylinder 40 (nade of Plexiglas), a 25 nylon

mesh 41 adhered weightetdoThooylalet 40that e ieydridigiaeted 0f 26maima Bfe nylehght 42.
The cylinder 40 has an inner diameter of 20 mm The nylon nesh 41 has an

opening of 75 m RRQ 4TeiER)an GPRAINBGRTS phs@ODanésh) eaidwaRelabkeibest fesat e
evenly spread over the nylon nesh 41 upon the determ nation. The wei ght 42

has a di aneter obpakRl¢éss ancevaen e@d overdfle Aylbn tbsh m&aqubﬁ thes pl aced on the
wat er - absorbent resin particles 5 so that a 2.07 kPa | oad can be applied

to the water-absdekemindtal MhHawtight 83 has a didédl oNeXinmtahd ad@usy ¢ff nati on
procedures will be described. The determination is carried out in a room at

25C. Fprst, the s9@g 1Thametightds plueed ohIh@tvatdicatsuiteit s&dit p@riclesad, gocl osed,
and 0.9% by mass saline adjusted 10 to 25C is poured fromthe top of the

buret 10 and thetia2p 207 ke IH4d &in beSappliedas dhavvateridbeorbéRDRIsiPpaldicled. .
Thereafter, the cock 12 and the cock 13 at the buret section 1 are opened.

Next, the hq@hs] of tNextrarRsddtémtinatiORprbcd3din®sadilurt®&dcabed.nThet he | evel of
surface of the 0.9% by mass saline flew out froma |ead tube port in the

central section ggtebmehaiRasY chitiedlout pPardomd ANY° ChEFiMPRRE cotk 12aaddhe t he
measuring board 3 are at the sane height. [0156] Separately, 0.10 g of the
wat er - absor bent egek 13 BBfHel BireSseetib® 18¥€RIaéed, and 0.9% by mass saline adjusted
10 to 25°C is poured from the top of the buret 10 and the top of the buret is
plugged with the rubber plug 14. Thereafter, the cock 12 and the cock 13
at the buret section 1 are opened. Next, the height of the measuring
board 3 is adjusted so that the level of surface of the 0.9% by mass saline
flew out from a lead tube port in the central section of the measuring
15 board 3 and the upper surface of the measuring board 3 are at the same
height.
[0156] Separately, 0.10 g of the water-absorbent resin particles 5 is evenly
spread over the nylon mesh 41 in the cylinder 40, and the weight 42 is
placed on the water-absorbent resin particles 5, to prepare the measuring
20 section 4. Subsequently, 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.
[0157] The volume reduction of 0.9% by mass saline in the buret 10, i.e.,

the volume of 0.9% by mass saline absorbed by the water-absorbent resin

25 particles 5, Wc (ml), is read off from a time point where the water-



spread-over the nylon nmesh 41 in the cylinder 40, and the weight 42 is
pl aced on the water-absorbent resin particles 5, to prepare the neasuring 20
section 4. Subsequently, the measuring section 4 is placed so that its
central section is in alignnent with a Iead tube port in the central section
of the neasuring board 3. [0157] The volunme reduction of 0.9% by nass
saline in the buret 10, i.e., the volune of 0.9% by nass saline absorbed by
t he wat er-absorbent resin 25 particles 5, W (m), is read off froma tine

poi nt where the aRbeend fesifpaftiddeys stagsd abfabirigoleer 5 Tht avdtedatslospridti ng
wat er. The water absorption capacity of the water-absorbent resin particles

5 under pressur ecaplhtiey ofthawattrebspdesedsin’ gurtitke shedenprasguefaftdie wat er
absorption was obtained by the following fornula: 5 Water Absorption

Capacity Under Rs®asmnites padsed)from\¥d BedifininpQlfi8¢ wlaRatabsbipionRate of Water
Absorption Capacity Under Pressure After article Collision Test)

One- hundred gr ar@bt@fneumthe&bﬂgwmgnﬁormqu;n particles of which water
absorption capacity undér pressure before particle collision test (Bl1) 10

had been previously dghrr NbIeEbtRGCCAFHCRY WiddrPees¥atd@al/gesovtierdin the
above water absorption capacity under pressure was subjected to particle

col I'i si on t ggrs8]accorReratibf Rdi€ ofWater ABSaptofl €xpatipe Under Phessift Aftet on
rate of the particle size after particle collision test. Using the

col | ected wat er-pd}ﬁ@reb@@mg(ﬁ,s*régtparti cles, the water 15 absorption capacity
under pressure was again determned according to the nethod described in

the water absorptionPRendrid esiRs oPhaksibSerbeft re8li parficRsWAtwicRbsor ption
capacity under pressure after particle collision
water absorption capacity under pressure before particle collision test (B1)
10 had been previously determined according to the method described in the
above water absorption capacity under pressure was subjected to particle
collision test, according to the above method described in the retention rate
of the particle size after particle collision test.
Using the collected water-absorbent resin particles, the water
15 absorption capacity under pressure was again determined according to the
method described in the water absorption capacity under pressure, to
obtain a water absorption capacity under pressure after particle collision
test (B2).
Using the resulting determined value, the retention rate of the water
20 absorption capacity under pressure after particle collision test was obtained
by the following formula:
Retention Rate of Water Absorption Capacity Under Pressure After
Particle Collision Test (%) = [B2/B1] x 100
[0159] (Water Content)

25 The amount 2 g of the water-absorbent resin particles was precisely



test (B2). Using the resulting determ ned value, the retention rate of the
wat er 20 absorption capacity under pressure after particle collision test
was obtained by the following formula: Retention Rate of Water Absorption
Capacity Under Pressure After Particle 48ollision Test [B2/Bl] x 100 [0159]
(Water Content) 25 The amount 2 g of the water-absorbent resin particles was
precisely 58 weighed out (Wd (g)) in an alumnumfoil case (No. 8)

previ ously wei ghed. The above sanple was dried for 2 hours with a forced
convection oven wéighadioat{Widgg))y ADNANIIG feidicasd (Mo )nirevioaklytveeighedt ur e
of 105C. Thereafter, the dried sanple was allowed to be cooled in a

desi ccat or, and Bhaabmsssavépl¢ gasalriedfer @dioars with arfoecdd comveotip@oterc| es after
drying was then determ ned. The water content of the water-absorbent resin
particles was catamfadtecbdiyy AV ANTEQ) segaf af inttraal MaiperatGendLndsCy) = [W
- W] /Wi x 100 | NDUSTRI AL APPLI CABI LI TY 10 [0160] According to the

producti on met hdhhataftdre ther drsehdanmple evitsi ablowedatb ére-copbsbintedésicaasom apdr ti cl es
havi ng an appropriate particle size, a narrow particle size distribution, a
hi gh particl e sta g We @)dbfahe excetdbsotbenniesin pabiskes pico dryagacdsttiieninder
pressure can be obtained. The water-absorbent resin particles having the
above- nment i oned dutepsintd.e Thameatsiucdnadit\of ulsedatar-absbrbenhiyegireparcicistveds al .

BRI EF DESCRI PTI ON OF THE DRAW NGS [0161] [Figure 1] A schematic view show ng
an outline of thaladmstibywhedsllowing formula:

Water Content (%) = [Wd - We]/Wd x 100
INDUSTRIAL APPLICABILITY

10 [0160] According to the production method of the present invention, water-
absorbent resin particles having an appropriate particle size, a narrow
particle size distribution, a high particle strength, and an excellent water
absorption capacity under pressure can be obtained. The water-absorbent
resin particles having the above-mentioned properties are suitably used in

15 a hygienic material.

BRIEF DESCRIPTION OF THE DRAWINGS

[0161] [Figure 1] A schematic view showing an outline of the constitution
of an apparatus for conducting collision test.
[Figure 2] A schematic view showing an outline of the constitution
20 of an apparatus for determining the water absorption capacity under
pressure.

EXPLANATION OF NUMERICAL SYMBOLS

[0162] X collision testing apparatus
1 hopper

25 2 pressurized air introduction tube



of an apparatus for conducting collision test. [Figure 2] A schematic view
showi ng an outline of the constitution 20 of an apparatus for determ ning
the water absorption capacity under pressure. EXPLANATI ON OF NUMERI CAL
SYMBOLS [0162] X collision testing appagpatus 1 hopper 25 2 pressurized air
introduction tube 59 3 injection nozzle 4 collision plate 5 flowreter 6
wat er - absorbent resin particles 5 [0163] Y neasuring apparatus 1 buret
section 10 buret 11 air introduction tube 12 cock 10 13 cock 14 rubber
plug 2 lead tube 3 peasurinjectid@aiotzled nmeasuring section 15 40 cylinder 41
nyl on mesh 42 wei ght

4 collision plate

5 flowmeter

6 water-absorbent resin particles

5 [0163] Y measuring apparatus

1 buret section

10 buret

11 air introduction tube

12 cock
10 13 cock

14 rubber plug

2 lead tube

3 measuring board

4 measuring section
15 40 cylinder

41 nylon mesh
42 weight

5 water-absorbent resin particles



5*wat et - absorbent resin particles 60 CLAIMS [1] A nmethod of producing
wat er - absorbent resin particles in which a nedian particle size of primary
particles (d) and a nedian particle size of secondary particles (D) satisfy
the relationship of the formula, 5 5d/346050<D<5d+150, conprising the steps
of : (1) subjecting a water-soluble ethylenically unsaturated nononer to a
first-step reversed phase suspensi on polynerization reaction, in a
pet rol eum hydr ocarbon solvent, in the presence of a dispersion stabilizer,
to give spherical primary particles h@AdS nmedi an particle size (d) of 10
from30 to 130 mp (2) cooling the polynerization reaction solution, to
preci pi t at e[t]he di spemstlon ct@bdlicingrwatemabso8hemnt aesiyipagiades inawbmband- st ep
reversed phase suspension polynerization reaction by adding a water-sol uble
et hyl eni cal | y 15mediaafpartadle dizawd@renarfyqrarti¢ies G)andch medjantparti¢le size of
pol ynmeri zation reaction solution to agglonerate the primary particles, to
gi ve secondary paconddreparticies (13) satisBdilenrelsionsiipefshe forfri)la,of from 200 to
500 m [2] The nmethod according to claim1l, wherein the dispersion
stabi I5i zer is &id/3-eEi<Dasd¥isitheompeisary thd stapsrft he group consi sting of
sucrose fatty 20 acid esters and polyglycerol fatty acid esters. [3] The
met hod accordi nqlj o silgecniiy a wateresoluble etledeicalie unenineted mehenicetb fir om
mal ei ¢ anhydri de-nodi fi ed pol yet hyl ene, mal ei ¢ anhydri de- nodified
pol ypropyl ene, rfiakestepacvursed pleasesdspemsibrepdlyinenieation pacdor, incopol yner,
oxi di zed pol yet hyl ene, and ethyl ene-acrylic acid copolyner is

petroleum hydrocarbon solvent, in the presence of a dispersion stabilizer,

to give spherical primary particles having a median particle size (d) of
10 from 30 to 130 um;
(2) cooling the polymerization reaction solution, to precipitate the
dispersion stabilizer; and
(3) carrying out a second-step reversed phase suspension
polymerization reaction by adding a water-soluble ethylenically
15 unsaturated monomer for the second step to the polymerization reaction
solution to agglomerate the primary particles, to give secondary particles
having a median particle size (D) of from 200 to 500 pum.

[2] The method according to claim 1, wherein the dispersion stabilizer

is at least one member selected from the group consisting of sucrose fatty
20 acid esters and polyglycerol fatty acid esters.

[3] The method according to claim 2, wherein at least one member
selected from maleic anhydride-modified polyethylene, maleic anhydride-
modified polypropylene, maleic anhydride-modified ethylene-propylene
copolymer, oxidized polyethylene, and ethylene-acrylic acid copolymer is

25 used together as the dispersion stabilizer.



25 used together as the dispersion stabilizer. | 61 [4] The nethod
according to any one of clains 1 to 3, wherein the water-soluble

et hylenically unsaturated nononer is acrylic acid, nmethacrylic acid, or an
al kali metal salt thereof. [5] The methaggl according to any one of clains 1
to 4, characterized in 5 that a post-crosslinking treatnment is carried out
by adding a crosslinking agent after the second-step reversed phase
suspensi on pol ynmerization reaction. [6] Water-absorbent resin particles in
an aggl oner ptled for mMdfe héhod pbedinpaio gpardriecofadaingdl o Bawherely tidhe net hod
as defined 1n any one of 10 clains 1 to 5, wherein the water-absorbent
resin particl es \watee-salubid étiytonicallyagisetiratbd peoionedres aczgdicdicsd,r i buti on of
1.2 to 2.2. [7] Water-absorbent resin particles in an aggl onerated form of

the spherical paethachgR, acidt@ianadkai bietdleltnedrbotl as defined in any one of
claims 1 to 5, wherein the water-absorbent resin particles have a retention

15 rate of {3le parti dhe raéthed atcddingoro diyrcheadftdainRal to ¢) ehagadtbiizédin t est .
[ 8] Water-absorbent resin particles in an agglonerated form of the

spheriscal parti chesa posit@osdhikindiedthenibl detdedsudey hdditgi acroslinkieg of
claims 1 to 5, wherein the water-absorbent resin particles have a water

absorption capacigeyit afteBheretehdstepérersitlistiasp sesgensRnsil pimeripatién cl e 20
collision test and a retention rate of the water absorption capacity of 80%

or nore under prressusie after particle collision test.

[6] Water-absorbent resin particles in an agglomerated form of the

spherical particles, obtainable by the method as defined in any one of
10 claims 1 to 5, wherein the water-absorbent resin particles have a
uniformity degree of particle size distribution of 1.2 to 2.2.

[7] Water-absorbent resin particles in an agglomerated form of the
spherical particles, obtainable by the method as defined in any one of
claims 1 to 5, wherein the water-absorbent resin particles have a retention

15 rate of the particle size of 80% or more after particle collision test.

[8] Water-absorbent resin particles in an agglomerated form of the
spherical particles, obtainable by the method as defined in any one of
claims 1 to 5, wherein the water-absorbent resin particles have a water
absorption capacity of 30 ml/g or more under pressure before particle

20 collision test and a retention rate of the water absorption capacity of 80%

or more under pressure after particle collision test.





