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 O5TECHNI CAL FI ELD [0001] The present invention relates to a
nmet hod of producing water- absorbent resin particles. Mre
specifically, the present invention relaties to a nethod of producing
wat er - absorbent resin particles having an appropriate particle size,
a narrow particle size distribution, a high particle 10strength, and
an excell ent water absorption capa0|%é under ﬁressure as properties
suitable for a water-absorbent agenP hyglenlc materi al ; and
wat er - absor bent o) AUG . 3 0 D
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used in 15 variou§
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horticultural materials such @éﬁtyﬁ r]%‘ s and soil

conditioners; and industri al P St UCﬂ A—trect | s such as water

bl ocki ng agents a (ﬂ%yy@ B nting agents. Anong these fields, it

is frequently usegie?pe%—yﬁ hygi enic articles 20such as
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resins, ther beén Known

starch-acryl oni trjgs r&ﬁ??e%ﬁﬁ%}%éﬂ@éerﬁordﬂ'ﬁi&ﬁﬁhllia ?fe@gllﬂ%%lﬁfon relates

starch-acrylate gra tcopo rs, saponi produ vin

acetate-acrylic etéta%eﬁlﬁﬂ%hﬁ%&ng%t&ﬂ #sbibefLrsimAdrFElEs Hmﬁgl@hs of
pol yacrylic acid, 25and the .

appropriate partlcle 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 particies 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 especiaily 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.



2 [0004] Ceneral ly, properties desired for the water-absorbent resin
include+a | arge anmount of water absorption, an excellent

wat er - absorption rate, a high gel strength after water absorption,
and the like. Particularly, properties desired for the

wat er - absorbent resin used in an absorbenht Smaterial applied to a
hygienic material include, in addition to a | arge anmobunt of water
absorption, an excellent water-absorption rate, and a hi gh gel
strength after water absorption, an excellent water absorption
Capaci ty und008] ess Pereraly. sppiesties drsuentarihe Matesiapaorbantspinduplude 2
particle size diitribution, apount of rewet of the. absorbed
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not been assuned so In o words, a particle strength.

[ 0006] For - exanpl ge] sifenglhSAidGitite M Eptigh, dixcEll&R OPAér Hisdipftfonl cipacity
general |y manuf actured by vacuum ng wat er - absorbent resin particles

and fibrous 20 puhé& pﬁ@ssﬁre@'ﬁh@bpr@?ﬁﬁtetpﬁrticﬂérbiﬂa,ta&ldrfﬁv@phﬂi\cﬁﬁzeNi th
mxing in the air, in an equipnent called a drumforner. Thereafter,

t he absorbent maditrtaltionas seallpmsaces Rweaof tlaBsorped ssbstinct liethel ke
to maintain its shape and increase strength. In the nmanufacture of a
t hi n atfsor bent makterriahbf thelebsadbsnt ietetialyanh excalent disposbilagoéthdy a
hi gher pressure than that of the conventional 25absorbent material,
and addi ti onal | ygabsoneedesubatancefo thhéntpmabofitbe dbssber@ matomaleand the like.
Therefore, a high force is |oaded to the water-absorbent resin
particles, vmaagby a Iwrtbakdoverenf yaans vty an aisedbentmateriabfaraise iphace.

[ 0007] Further, a speed-up of a manufacturing |ine of the absorbent
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



material to increase in productivity progresses, so that, in the
above drum 5fornmer, a speed at which the water-absorbent resin
particles collide to the netal nesh and a supporting plate at the
peri phery thereof is increased, and the water-absorbent resin
particles receive a collision higher thald ever before, whereby the
particles also tend to be broken down. [0008] When a breakdown of the
wat er - absorbent resin particles takes place, 10water absorption
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20[ 0010] Therefore, 1 n order to obtain water-absorbént resin particles

having a | arge pahlitkd ®aferZ8sorbONtReTh PaftRIdsUELdE 4 ES1NSToH hRsheh Bham RREN
suggested. For exanple, there have been suggested, in production

met hods accor di ngefdreawheeby dedapticleSalsy &ndns ibe brakehdeem. zat i on, a
met hod conpri si ng produci ng wat er -absorbent resin particles according

to a pol yner [6088] on GWhé&ba beeakdmenef tHeowatthebdortiesit restrepmrtitloe takas phce,
cooling the particles, again 4 adding a nononer to the
pol ynmelQ zat i on r eatern absorption tpraperiyrgeshiowtert Wbenetdrg,thereare bednedesimd
the first step are suspended, in a state a surfactant is ]
preci pi tated, andhgwhigmabsarbery resie pafticlasrie which partiele|strengsh against
wat er - absorbent resin particles (Patent Publication 1), a nethod
conpri si ng pr odu€PHigion 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



S5wat er - absorbent resin particles according to a polynerization of the
nononer ‘for the first step, thereafter again adding a nononer to the
pol yneri zation reaction solution in which the polyner particles are
suspended, and polynerizing the m xture, to aggl onerate the pol yner
particles in the first step (Patent Publjcation 2), a nethod

conpri sing 10produci ng wat er - absorbent resin particles according to a
pol yneri zati on of the nononer for the first step, thereafter adding a
specific surfactant having an HLB of 7 or nore to the pol ynerjzation
reaction sol uti ordddingshinehompretopb¢ polymepizptiorcieaetion wltigipandkigh theren
agai n addi ng a nongner thereto, and polyneri zi nc? the m xture, to give
| arge wat er - abs olséymernpastiicles mdhe firs k9 arpasesidedy b 3 sate omriactan is
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TO BE SOLVED BY THE | NVENTI ON [ 0012] An obj ect of the present
invention is to preomonemer fuetheofirspstep,herdafterragdisgt aespeaifoubfantant esi n
particles having an appropriate particle size, a narrow particle size
di stribution, a haghgpaHLB oé7or meretdithe potymerizatiorn réastivn waluéion in
absorption capacity under pressure, as suitable properties 10of a

wat er - absor bent atesh thapelymer partig)es arpisespeaded; then: agaimdadginga 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



absorbent resin particles obtainable by the nmethod. MEANS TO SOLVE
THE PROBLEMS [0013] The present invention relates to a nmethod of
produci ng wat er- absorbent resin particles in which a nedian particle
size of primary 15particles (d) and a nedian particle size of
secondary particles (D) satisfy the relationship of the formla,

5d/ 3+150<D<5d+150, conprising the steps of (1) subjecting a

wat er - sol ubl e et hyl enically unsaturated nononer to a first-step
reversed phase suspension pol ynerization reaction, in a petroleum

hydr ocar bon sol v&atent Publigatioprle Japansse Patgnighaid<Prandio Heii-174% | 20
to give spherical_ prina articles hayin .medi a ticle size (d
of ? rom 38 to 136’aﬁ)ﬁntPz&ff@g@pi3hdapm@8$8flt9%efmg§me@ﬁ*$ @tﬁ-b??ﬁﬂ (@
solution, to precgjpitate.the di spersion stabi.lizer, and .(3 rrying
out & second- ot op 2kt BhBliceton s Jeetrese Pupa GG disish HERL L on

by addi ng the wa y unsaturated nonomer for the

second step to tFE=2556 i Y R FeRct i on sol ution to aggl onerat e
the prigqrary parti i é)ﬁ\ﬁ, avi ng a nedi an
parti clsremsi ze (D@@m %G&agnu V\fdtiéiﬁﬁiélb\lgr bent resin

particl es Obmgﬂfb e BY OBE& %ﬁ?ﬂ s€ E#‘Ee%§n%:to-r fd'é'\ﬁl':rﬁ?tlh%'of

[ 0014] Accord o the present vention, water-‘absorbe resin

particles Shavi ngrafycARRKMARF-hfrdARFdsiCpAiised Ravid Qﬁ‘%g&‘ﬂpﬂﬁfetﬂaiiﬂiae
size distributioh, a hi'gh particle strength, and an eXcellent" water
absorption capacky, #ﬂﬁ%w@ﬁﬂﬁ%& gisibafoR ORlGR pdstich ¢rdnideh, ARG Wht | N9
wat er - absorbent resin particles can be suitably used even'in the
production of a théelleabwarcpabbo ::fp@éit;r Nﬂdeh?tﬁssﬂr@,\/ﬁrsiuﬂgblie (_)[perties
properties. 10BEST MODE FOR CARRYI NG THE [ NVENTI ON [ 0015] The
productli on met hodf afvatdreabpodartdgeninwedtin ahygienivanitedal; and wayera
two-step reversed phase suspension polynerization reaction. The
present inventi oabsosbentpésin paticles pbiaitablechy the methodxanpl e of the

enbodi nent, but is not limted only to those exenplified ones.
MEANS TQ 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 pm, (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



15[ 0016] Specifically, in the method of producing a water-absorbent
resin by subjecting a water-soluble ethylenically unsaturated nononer
to a reversed phase suspension polynerization, in a petrol eum

hydr ocarbon solvent, in the presence of a surfactant as a di spersion
stabilizer, using a polyneric dispersing agent as a di spersion
stabilizer together as desired, 20the aqueous solution of the

wat er - sol ubl e et hyl enically unsaturated nononmer for the first step is

bj ected t d ph ' I t ti
sing & radi cal B REPHEAL PORCIARET AE S GFT Bl e?qéen@» qiram 00 to
presence of a cr | i nki s desired, .in the f
wat er - sol ubl e thS@ﬁéﬁ%ranagvadgr 41158 cmt’i?“&l%n‘gﬁsn%l?tfi@é 'tﬁﬁﬂp?h‘)da
particles 25havi WEM Priog € (d) of from30 to 130 gm
Thereafter, the trofrfeactton solution is cool ed such
e, O SRRg] o0 AGBIILETE e SulRnPin b, NaudraBEbmh Ak Bbarciles 2

second- step sed pha uspe S|on polymeri zation react

carried out by a or
the sedond st ep ?%*ﬁ?%.ﬂmﬁe% A RRHE S Rt Bl SACGRBIARGH, 42
mononer based onpjey gp IE§trQIY%tHBa%§ aﬂfenglFenmﬁHf%BsérPﬁoﬁE dcityhdst ep.
a radical polynerization init ator, and a crosslinking adent " as
desired, to givep ﬁﬁﬁ@‘é@ﬁﬁe?ﬁﬁub@d Qfid ik REuIBAE WAtELAsErbeaf fsRf parficles
prinmary particles, wherein the secondary particles have a nedian
particle size (Drambe fuiitlPed2dieoed®HOthepradudtibh ef 3 thiglabtdrbemhhiterial,
between a nedi an particle size of primary particles (d) and a nedi an
particle size of withcorldamryinpastprapeeties( D) is within the range of the
formul a, 5d/3+150<D<5d+150, wher eby vvat er - absor bent resin particles
havi ndOan appr oprBEYE MG X F 3
distribution, and a high parti cI e stren%th are obtai ned 15[ 0017] The
wat er - sol ubl[80&5hy | er‘ﬁh@aflro@umgamh@d mmn@trlnu@éwnuﬁ@arwégutbbra
exanple, (neth)acrylic acid ("acryl-" and "nethacryl-" as used herein
col l ectively refByo-slep! fwé@qﬁl)la@ﬁtwuswnw olpmerizptiongeastiang the present
sane), 2-(neth)acryl am de- 2 met hyl pr ‘ganesulfonl C aC| d andgor an

al kal i salt ther BYERUIGMISicFRladn hdow gs 19ng examplerdf dhe embediment, puty

20di met hyl (et h)lascnro)“l te(a only2toh gsreoé%ler}pﬁ%cd(oggé h)acrylate,

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 pelymerization 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



met hyl ol (net h) acryl am de and pol yet hyl ene gl ycol nono(neth)acryl ate;
am-'no group-contai ni ng unsaturated nononers such as

N, Ndi et hyl am noet hyl (nmeth)acryl ate, N, N-di ethyl am nopropyl
(meth)acrylate, and di et hyl am nopropyl (et h) acryl am de or quaternary
salts thereof; and 25the |ike. At |east bne nmenber selected from

t hese groups can be used. 8 Anong them acrylic acid, nethacrylic
acid, or alkali salts thereof, acrylam de, nethacrylam de, or

N, N-di net hyl acryl ai de.i s, preferably .used. |n addition, a nmonomer
conponent used i P merg@eaﬁaeﬁﬂanée%&%w@%g tﬁﬁdﬁq HEPEr8O: he
nmonomer corrponentt ich.is thet sanme Sas..or differen fromth% mononer
conponent used i ritAOHEEF % 0 {16 OF PFGIPIg AN SEFONG;FiGR reversed phase
et hylenically unssat %rna.t %d imnémzeﬁ caer}icpe %s%arl.flﬁ/ u[sDedd' Al tperef orm of
an aqueous sol uti orP - IPPTPS )Bl?eqél SBIETHAL PRECThcent rdér{g(g‘ﬁ oY P he
nmononer in the a [ 0 MBechia |

from 20% by nassqﬁggdz}gss g@lﬂfrdgtoggh ec%‘ﬁ%@ﬁ?@? I on.ecél‘g({ %tgag%iélﬁﬁrg%rably
wat er - spl ubl e et kyglighHi j S
vt er 591 UDl ¢ et gl n0a ki b HSRL LY P BPOIEN OO pt Qi e
acid, the acid grrl%ﬂbn’f@'i‘)fomeﬁfrﬁ“s'{ég&’;ﬁkﬂdi&‘ﬁ:ﬁblﬁlér%ﬁo}i“iﬂiha@ﬁ_a%'d“aa| i ne

neutral i zing agent such as an alk netal salt. The al kal'i ne

neutralizing agerfosaBnkiBShiN Qs dafiRdeto gieé !}Bﬂ:@ﬁdﬂﬁqﬁﬂﬂﬂgsﬁﬁ%ﬂ' utions of
sodi um hydr oxi de, potassium hydroxi de, anmoni um hydr oxi de, and the

li ke. These al kalgglenizeatt feim af the paigery Famlespﬁhmﬁﬁthalsemd@fy patticles
conbi nation. [0020] The degree of neutralization of all the acid

groups with the ahweah nrdianepaiticlt kize (D) afifroin 109 tprivDammbdnd tha t he
range of from10 to 100% by nol, 20and nore preferably in the range
of frad@ 30 to 80%lhiyorship bdtwoen & medianepaptidlasizebf prioraeppanigies {dpdridca
pressure to increase absorption capacity of the resulting
wat er - absor bent meslian paticle size of sepvadanytpactzakes (1Y) iamithdn Swdvage abds i n
safety or the like due to the presence of an excess al kaline
neutral i zi ng age#@rmula, 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[ 0021] The radi cal polynerization initiator added to the aqueous
solrution of 9 the nononer includes, for exanple, persulfates such as
pot assi um persul fate, amoni um persul fate, and sodi um persul fate;

per oxi des such as nethyl ethyl ketone peroxide, nethyl isobutyl

ket one peroxide, di-t-butyl peroxide, t-®utyl cunyl peroxide, t-butyl
per oxyacetate, t-butyl 5peroxyisobutylate, t-butyl peroxypival ate,
and hydrogen peroxi de; azo conpounds such as 2, 2'-azobis[2-(N
phenyl am di no) pr opane] di hydr ochl ori de, L .

2, 2' - azobi s[ 2- ( Na‘fmyn&meai,r@spﬁm%@]eahwﬂwm,@r alkali salts thereof,

2,2' -azobi s{241-(2
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by nmol, it i preferable since ne Is required for the

pol ynmeri zation reagdiiyosed (HeR fohd o@aﬁugaede@ Q@lutiSn MRS pididRbkdnMtneo! |
it is not preferable”since an abrupt 20pol ynerization reaction takes

place. [0023] The cahe@rafiBibf SReHonAkrGA thdPRfués®y dohaidrosY the nidneheE ian
be al so used as a redox polynerization initiator together with a
reduci ng agent suctheagngoel oD% by enass a sutnmiedrcdgeshititiohi t e,
ferrous sulfate, and L-ascorbic acid. 25[0024]In addition, in order
to cortrol wWa0AH] absdWhtn dre watepssluhleethytlérdcally unsaturated monomer has an

g

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



10 wat er-absorbent resin particles, a chain transfer agent nay be
added. As the above-nentioned chain transfer agents, hypophosphites,
thiols, thiolic acids, secondary al cohols, amnes, and the |ike can
be exenplified. [0025] A crosslinking agent may be added as occasi on
dermands to the 5above-nenti oned aqueous %ol uti on of the nononer, to
carry out the polynerization. As the crosslinking agent (internal
crosslinking agent) added to the aqueous solution of the nononer

before the polynerization reaction, for exanple, conpounds each
havi ng two or norBe FERGMEF inchides fahexmplenopuliatss Fuck anp@/assit®d. The
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N, N - met hyl enebi s acryl am de; tri(meth)acryl ate esters

obt ai ned by reac h@ﬂylﬁmﬂﬁhU)%th?ﬁh@]@iﬂﬁﬁd}&h(dfﬁfehi,@uaﬂ)ﬂi@[za(‘N-d? car banyl

esters of di(nmeth)acrylic ac obt ai'ned by 20 Teacting a

pol yi socyanate sug laﬁﬁdh@)pfbpﬂﬁ%cﬁhj"cﬁ@@maﬂ@é,Q,Zﬂazbms{lﬂl%l vgafoxyethyl)-
dii socyanate with hydroxyethyl (neth)acrylate; allylated starch;

al 'yl ated cel | ul gsigjidsiichint 2 yiirbpaicatihydidchloriie; 2,21-atdbid{2-methyl-N-

i socyanurate; divinylbenzene; and the Iike. [0026]1n addition, as the
i nterndl crossli fkilddgs(hgémwkymethygetihydronydtbyliprep@aaimided; ment i oned
conpounds each having two or nore polynerizable 11 unsaturated
groups, conpoundg,2azhbiBrimethyl-Wo(bhydroxgetbylhpropienamidek ahdnct i onal
groups can be used. The internal crosslinki ngl. agent includes, for
exampl e, gl yci dyfh4jragabisconxaapyialpdc edid) end the likee nlhese [asieal) et hyl ene

gl ycol diglycidyl ether, .(pol.y)propylene glycol diglycidyl ether, and
5(pol y) gl ycer ol ~ @plymgsizatjpn atliaéﬁr;s U(l"ﬁble‘y‘}S@gﬁ ng/fg 1y co@bination of two or

(poly) propyl ene gl ycol; (poly)glycerol; pentaerythritol;
et hyl enedi ani ne; g}%ﬁ’ gg'ldﬁyl enei m ne; glycidyl (neth)acrylate; and the

l).ir k? V\K}-ggfsmﬁﬁﬁ Rgls reorggilci'ilnpl%il)rr]l%er?ga?i%hsmiﬁg or ?seuslﬁ?l 9 uiserh i(x:loaqlbzim[l]g&rit%
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



[ 0027] The internal crosslinking agent is added in an anmount of
preferably 10 1% by nol or less, and nore preferably 0.5% by nol or

| ess, based on the total anmount of the nononer, fromthe viewpoi nt of
sufficiently enhancing absorption property of the resulting

wat er - absorbent resin particles. Here, tbe reason why the addition of
the internal crosslinking agent is optional is that the water
absorption capacity of the water-absorbent resin particles 15can be

|l ed al b ddi | i nki bj i h
conirolod o So by.2dling, & SLoSAD Mg, 2SNt Lol Syl orll phe,
T s O L BRLATRL O L RBBIEC S i
i ncl udes, f I | i phat i c -hydr. b h - hex. ,
rELue, o X3 oS A AR RN MSDG03 SeRBERE .

I t s hyl | . I nethyl X
cvclopen ancogEf 1 o5 RERIAR a1 SERR s ST RIS

| ke. Among the”hb&ehﬁé@t@eg{&gpﬁcefs%ﬁmloﬁ%q tﬁé’ﬁg@%éé@fgﬁrﬁ%oﬁ%’eam y

used since these are 1n easi |y aval Inquality

and i nexpensi ve. Bglé}ﬁé?izgt@cﬂﬁtAQIh%LHH:élﬁﬁki}?@?{%ﬁté@ﬁ@ﬂn!?&%?slﬁﬁYn%e‘é@ed

al one or can be din 12 adm xture o nore ki nds. ] The

surfactant as a gideaadh@iuebaPidlhd@ ofhe tndrdlcd Before (1R pAy@ERLAion
sucrose fatty acid esters, polyglycerol fatty acid esters,” sorbitan

fatty acid ester faction, foxyQinihlé, eioenpdahld éR Hadinpwadir dn&stpdl Fmerizable
pol yoxyet hyl ene 5gl ycerol fatty acid esters, sorbitol fatty acid

esters, pol yoxyetmhaaedgosipstoah bbatéd: Plod erossdinking, ageal ineludes,fut ene

al kyl ethers, polyoxyethyl ene al kyl phenyl ethers, pol yoxyethyl ene

cast orl0oi | , pol yesapeplbydieoetri(mgth)agglét esters af polyolsisbch as (poly)ethylene

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

pol yoxyet hyl ene potgldtyprseppie fpokyetiylene 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
trilmeth)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



10copol ymer, pol yoxyet hyl ene pol yoxypropyl al kyl ethers, polyethylene
glycol fatty acid esters, alkyl glucosides, Nalkyl glucone am des,
pol yoxyet hyl ene fatty acid am des, pol yoxyet hyl ene al kyl am nes,
phosphoric esters of pol yoxyethyl ene al kyl ethers, and phosphoric
esters of pol yoxyethyl ene al kylallyl ethérs, and the |ike.

15[ 0030] Anong them sucrose fatty acid esters, polyglycerol fatty
acid esters, sorbitan fatty acid esters, polyoxyethyl ene sorbitan
fatty acid esters, polyoxyethylene glycerol fatty acid esters, and
pol yoxyet hyl ene WWB@!‘%&@HF%SQ?’BP“ Sjeagh Ea‘ﬁP%f"lé‘P gbmere pighicagiave

ronemor ™ cor e PR oS e PORSSLS o e b B
R RS A i
Zg?gbg%]z?;sagg?/:%b%éggﬁ?&l .é:_]}??’ (Pﬁyi%rﬁgﬁrqu% E@ﬁ (r)#@[y\?\%giyop mj_raedki nds.
arsper 91 ng agent (IR IHENGRST SheP (RNPRMISE L QPRI Icne
surfactant. The ggjcgmeglﬁgéy&q@ﬁ Egﬁrrglger?gﬁml. H%‘?ﬁnb&‘iﬁh‘ﬁ%ﬁ? mal ei ¢

anhydri de- nodi fi pal ene,; ef ¢ anhydride-nodified

pol ypropyl ene, nmBhRehyRHR¥finedgyemyi (han)eiymkenrr e ARY. Th&se internal
copol ynmer, malei ¢ anhydri de-nodifiéd EP (et'hyl ene- propyl ene-di ene

terpolymer), mal gicgslaikiyg agcits Magbé ued iAToybitadnoTewo o MdreRArdeR! ei c
anhydri de copol yner, ethylene-propyl enenal ei c anhydri de copol yner,
but adi ene- ngl062F] anhyldiel idtered eeadsylivking agendiszaided i yehmylgrod preferably
et hyl ene-acrylic acid copolynmer, ethyl cellul ose, ethyl hydroxyethyl
cel l uli®se, and t bé by me! cAless)gnd e predtrably WLH%rHwdol adessptadeidaat the
pol yet hyl ene, mal ei ¢ anhydri de-nodi fi ed pol ypropyl ene, nmaleic

anhydri de- nodi f i tdalenioying o thsrmogrdmestefromgbé yreswpoimdif dirffietently enhancing
pol yet hyl ene, and ethyl ene-acrylic acid copolyner are preferable,
from the vi ewpoi Bsosgtial ppperdy ohths regyiting yatef-absocbend tastupartielest Here, of
t he nononer. These polyneric dispersing agents nmay he used_ al one or

i n 15conbi nat i onthgeasqy why theaddition @S the 1@%3‘2*]1;&%% ping Agemés eptionat is

particles is a single particle of spheri shape with snmpoth |,
surface, such asthaf the v@fﬂﬁ%#hsemﬂogwa }IY@&% Velst-pbsasbed resin padiclese
In order to obtain spherical er -.absor bent. resin ticl.es. as
ot 95ed above. taty G SteE Al b5 4B e ink st sibjSin 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



20di spersion stabilizer is generally used as an index. HLB is not
particutarly limted since the range of HLB at which spheri cal
particles are obtained differs dependi ng upon the kind of dispersion
stabilizer used. [0033] For exanple, in the case of a sucrose fatty
acid ester, spherical parti ¢2es are obtained by using a
di spersion stabilizer having an HLB of 5 25or |ess. When the primary
particles are spherical, a shape of the surface is 14 snooth, and

al so the aggl oner at ed secondar articles are likely to be closely
filled, so that taa@"ﬁﬁrret(?fé}’@é)réi“gcﬁ‘@éjé‘ likely to be broken down even

g par ti o1 00291 ang bRt hChs ERSPPE0 b St ubR bpfegs s albie

or eferabl y- 1 rom igoi0 T APERHE} rllyeddRfitdudy hla2oB, Kool FRREAcF
r m 0 _ & i

{avorably Keep of Sy BrRAE SRR ah etk ook RiE® 1°

monormers and obt a%g‘lcéfbl ‘ﬂﬂ%ﬁ% gérigrgegofrlﬁiﬁl o Q?H%E@%Thelybﬂgetﬁ?fgﬁé't

used, in 1l0a pet eum h sol vent~. 0035 e react

tenperature of tBebRe] fIERHERALIRE poBAKYEMYIetE hfig1 StHRDBOHRGe PR e t he

radi cal polynerization ihitiator uséd. Thé reaction téenpérature is

usual Iy from 20 hylshefyl ahéts pofaivailylent castoAOil pol §OGethiiair t he
reaction tenperature is | ower than 20C, the polynmerization rate

15gets | ower andhydregeodtythessiorafl] alkylallyHfogrildeyaegendersedt hat it is
not econom cally preferable. When the reaction tenperature is higher

than 110C, it wopblgokeethylehe etherts, palyogmthydertegat] yafypoop wererblaelt i on, so
that it would be difficult to snmoothly carry out the reaction.

[ 0036]10n t he pr oceptymer, pelyosyctbylenhpolyoxymopylialkdrethess) pol yeghydemt r ol

of the 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 preferabAIe, 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



20particle size of the primary particles during the first-step
pol'ymer i zation can be carried out, for exanple, by changing the
rotational speed of stirring during the polynerization reaction using
the various kinds of stirring blades. As the stirring blades, it is
possi ble to used, for exanple, a propelltér bl ade, a paddl e bl ade, an
anchor bl ade, a turbine blade, a 25Phaudl er bl ade, a ribbon bl ade, a
Ful | zone bl ade (manufactured by Shinko 15 Pantec Co., Ltd.), a
MAXBLEND bl ade (manufactured by Sum tonmo Heavy | ndustries, Ltd.?, a
Super-M x bl ade @aike weddpeabéwithihgiebosaenbanedsyufastaaht The polymerig
), and the like. Usually, when the same kinds qf stirgin | ades are
used, the higher dispersing agenppsad lgﬁlééﬁﬁ @Fﬁﬁq@wﬁﬁﬁ-mﬁm@w g

i cl i f i i ¢l es. ddition, the.,
par o1 5122 OF i) B b TS, KL B B

hi ck h | uti f th f OL. i
e
f | e, hyd . . .
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pol yacryl am de, m ne, dextr

pol yvi nyl al coho J i : : i t he
lmaIeHQlaMl}({E}de?hdg\ﬁBfﬁﬁér,d&ﬁé‘dlcr%?hﬁéf‘é;%gﬂeﬂé{saﬁg]%gﬁ?yn&ﬁ

| i ke can be used. Usual the rotational ring are

the same, the hi gRmizedfolyetRfiesd, evhyMneldegylioRM Espbymel, eiﬂyq)Femﬁoéé?e

nononmer, the larger the particle si'ze of the prinmary particles.

[ 0038] Accor di ngl ¥thybRydrok gethydelliisy, apdithé ﬁk@SAhﬁJ\ﬂgﬁﬂerﬁ, AERian

particle size (d) of from30 to 130 gm are obtai ned. Anmong them the

medi anigparti cl e sninelride-modified ablyetylant d@ldioaniddride-rhedifitdr

preferably from50 to 20110 m and particularly preferably from50 to

100 gm so that pblypuipylafe, makeipamdyentdeimedfied othykne-propylemsagpolymer,
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 fafty 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



[ 0039] The primary particles having the nedian particle size as

menti oned above are selected, whereby the primary particles closely
aggl onerate after the second-step pol ynerization, so
that the secondary particles having 25a high aggl onerative strength,
an appropriate particle size, and a nardéw 16 particle size

di stribution are obtained. [0040] When the primary particles have a
medi an particle size of smaller than 30 n1 it Is not preferable

because the particle siz econd ticles gets 1t ,
aﬂd the particl e SEO9EL, &PEFYSPBI} oggRate gﬁ%rar)f HaTSIC@g&F% h h

130
m it s ot prorbEy f‘é"f‘edﬁead%iﬂ} a”r%ciési eI TER tefbetm@%éce%wﬁﬁw

particles gets tqo

Po041] A a et hoaecc?fwegﬁﬁ’@w%aﬂ? RS AP Y65 SRR ha¥ el AT
particles, for e’ﬁ?ﬂfb'leest{%@géﬁ@ 1J the nononer for the second step

used, 10based on hyI eni cal |l y unsat urated nononer

for the fi rs{ﬂﬂ%ﬁﬂ Zathééé‘rd!is?gmd?{ st@?ﬁz&?%'u@gd fneeﬁpﬁg@ﬁﬁ‘lro‘? fPquﬁ 81 fohe

first- step p ion I's varied, to change t egree o

preci pitation Of Sﬁlﬁs%ﬁﬂﬁs%ﬂb@fe@&ﬂl} frof 0. 2%‘@6}%% b?h’ﬁas@%atsb&bﬁ si ze

of the secondary rti ¢cles can be adjusted. 15 42]Tn the present

i nvention, the V‘@D@baﬁ@by%z@s@fhﬁé'a@ﬁé&@'sbhtlﬁﬁ%ﬂwﬁbﬁ&n@f&fm{ flmmg
in the second step Is added in an anount of preferably from90 to 2 0

parts by mass, mii erdef &F Rivakibly keepridisbkkidrostd8 Of piey Aguebys sG6Son eNle

even nore pr ef erably from 120 to 160 parts by mass, based on 100

parts by nmass of nidnememnodebtairoin disgerfion sffesttaepoudﬂhgrtotlre.amaumrused, 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 biade, a paddle blade, an anchor blade, a turbine blade, a
25 Phaudler blade, a ribbon blade, a Fullzone blade (manufactured by Shinko



20sol ubl e ethyl enically unsaturated nononer for the second step is
added in an anmount of less than 90 parts by nmass, a nononer required
for aggloneration of the primary particles runs short, so that
particle size distribution gets wi der, and aggl onerative strength of
the particles tends to get weaker. In adsition, when the

wat er - sol ubl e et hyl enically unsaturated 25nononer for the second step
is added in an anount of nore than 200 parts 17 by nass, a polyner
of fine particles is ggpera ed_ from excess mgnoner, so that particle

size di stributi okanigad tlddget MAUBLENT)bledp (Manuiariugedy SWBHIPHE t he
The” i sper si on SHiHY TR E00s SeRY YohpBa LaRBifaetBl oy Shaks” ©
FEE R B R A N R R
!spers!onsa! I ( | ? )
PRt Bt T R e R A
i pist ation, { ' t det i ned
Vi sual Ty or “acoont H01e5 % PRk Sl BRPARIGAIES s ccondar v
particles obigyzard aqhqphing tthP gfaﬁﬁlé%i?%yﬁgﬂfg‘b?iﬁkggﬁic?és éaﬂ%e%gﬁsf% 0

i nvention have a nedi'an partic sl ze range of fr

to 500 gm and pﬁﬁf)%zaalahiﬁgfi ARKkERG th ARfheR sdIAPGPOMME d¥ner for the
secondary particles have medi an particie size of smaller than 200 m

and are used in gfst3Rpab RRANgeRE Sist@itydT thé'8qlebli®solution.SAR®e thickener,
15pref erabl e because a phenonenon in which diffusion of liquid is

i nhibited, in otk@rexampls hy@ekysthpcdellnthse) Bydroxs@rypitl @clalose, phathigl, and
uniformty is inpaired due to transfer of the particles. Wen the
seconda@ry parti ctdldsey earboxyanéthpl qedluidse) polgaczrdiomicid,dpaenlly hasutfdi@edm
and are used in an absorbent material or the like, it is not

pref erabl e becaupmdubis ofipslyabentic agiipokyethylene glydokgiofyacoylbmigearti al | 'y

hard, and flexibility is inpaired. ) ) ) )
polyethylene imine, dextrin, sodium alginate, pelyvinyl 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 pm, further preferably from 50 to

20 110 pm, and particularly preferably from 50 to 100 wm, 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



[ 0046] Further, the median particle size of the secondary particles

(Dy, based on the nedian particle size of the primary particles (d),

is wthin the range of the fornula, 5d/3+150<D<5d+150. [0047] Her e,

when the particle size of the secondary particles is smaller 25than

t he above range, the nunber of the primdby particles that are 18

agglonerated is too small, so that the particle size distribution of

the secondary particles is susceptible to a particle size

di stribution of the, prinar articles, g a particle size

di stribution of AL %&'6?18%?‘9’“6’8?1@%?@?“5 ts wider, and additionally
e less likely . to closel nmer at

h | 5 d
e el et ¢ Bt ngt ef s ity igrtlele et B gedian B &F’ee%%?%m%ﬁft he
th hand, wh t h ti.cl h d t i
e than then datCa PRl ks Sotdréfriti bOSHITRE BARIole BEE bt e RBodsiiary, o
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likely to be gen par 1e7siPPe s W der,

therefore, it 'Saa&iloﬁ%ﬁ@rt ﬂ{ejﬁcar _ gﬂ:@ésllﬁv&a ﬁgﬁﬂﬁdb@%mﬂ%er

post - crosslinking treatment by a

post - crossl i nki ng, ROEY 11Nt §s ﬁﬁtgﬁefefa%ig l?écta@ge thgé/at %I%Q‘”EE S 18P secondary

pol ymeri zation to dry|ng wher ey an excel [ ent er absorption

capacity under phefRHsgetaido F@%ﬂ'tﬂ@ﬂggléﬁkﬁﬁ@@kﬁé@th gets lower.
post - crosslinking agent” as nen i oned above can i ncl ude conpounds each

having two of004®] e r eRch methddusfadon@bRingdhi®pasiclesintltes sdchadaf
include glycidyl group-containing conmpounds such as (poly)ethylene
gl ycol di gl yci dybparictes; for epanplegtheaetiobf (heohetjoptey Coxithk seddndrstep used,
(poly) propyl ene glycol diglycidyl ether, and (poly)glycerol

di gl ydiodyl 20et hbased(quahy petdrsobride ghyleoically posay)pted pyoremecrdby thel first
(poly)glycerol; pentaerythritol; ethyl enediam ne; polyethyleneim ne;
and the |ike. An@tng, rsrvemd,(q@dhwmlmglt@neergw@@ﬂterdhgﬁy&tﬁm et her,

(pol y) propyl ene gl ycol  diglycidyl ether, and gl ycer.ol
di gl yci dyl et her P%%’Bl%la?‘tl@ltﬁl"a'*ﬂp? tsﬂéﬁ@gfaﬁbpéegrmegéreswanem 858 nki ng

agents may be us al one
g y ggper&%n staﬂnhzer 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



25conbi nati on of two or nore kinds. 19 [0050] The post-crosslinking
agent is added in an anmount of preferably in the range of from 0.005%
by nmol to 1% by nol, and nore preferably in the range of from 0. 05%
by nol to 0.5% by nol, based on the total anmount of the nononer, from
t he vi ewpoint of not |owering the water jabsorption 5 capacity of the
resul ting 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
timng for addi n@ytraesspdgelysres o fingRartiglea degrner e Hompeycescmpapmgrt, so
limted, as long as the post-crosslinking agent is added after the
second- 10step pdh%ﬁ@ﬁﬂ%%ﬂ?%H$U¢W§056§¥Eg@§§§WFﬁking agent is added

preferably ip t presence o ter in the rapnge of from1l to 400
parts by rrasﬂ’,ﬂ‘lgire %%efgp lﬂgﬂlr?evqiy@%%@&@ndﬁa%neﬁomfm1ﬁéhff gFﬁje

bresence of v e Pniq EtPAG o ASberiiin thoRizeRoke Faine PritEe bage
esin. e star oc Ay A GEbA G0 Bt atapHRRE of HRRESHERon

. i nki i ) : - .
Fosi n parti ol 6o SPEARRE ditferf Bty Wlon MK of B8 dBeRicARICAEN:

e rhrrace of iERhal bek Lotsulh! BLtaneend OindlleBEEALLE MR 0 |

absorption capacity under pressure c e achPeve (
post - cr ossl i nki ngpegefitd Wﬁit@ﬁﬂﬂéﬂy?g&é&%?ﬁfﬁﬁh ifatigh SR thst Belcusihg My

be used as a solvent’ as occasi on demands. hydrophil1 ¢ organic

sol vent i ncl udes terh¥ra@¥ea & dot@nifie SN o atbeiaimsStonBulbilinteohol
et hyl al cohol, n-propyl alcohol and isopropyl alcohaol; ketones such

as acefoone gfd@44pt hyl Ties Rydndeey padiclcebbrifediedrdary @itké pidduetitier
25di oxane, and tetrahydrofuran; am des such as N, N-di net hyl f or mam de;
20 method of the present invention have a median particle size (D) of in the
range of from 200 to 500 um, and preferably from 250 to 450 pm.
[0045] When the secondary particles have a median particle size of smaller
than 200 wm 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 pwm 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



sul f oxi des such as di nethyl sul foxide; and the |ike. These
hydropht i c organic solvents may be used al one or in conbination of
two or nore kinds. [0053] As nenti oned above, the water-absorbent
resin particles subjected to 5the post-crosslinking treatnent after
the polynerization are further dried. Th& final water content of the
wat er - absorbent resin particles is 20%or |ess, and preferably from5
to 10% Wen the water content of the water-absorbent resin particles
exceeds 20% it is not preferable _because flowability as powders gets

| oner. 10[ 0054] TREEIRECEIehIsSBr BBA- SodbRtthp AT e GStrimEop of thent

an-excel | ent - deghGOnUR RFAGTS/e RYRBRUge AAPUI s ArutnfBnle “a””
Lest, ana 1 urt nePIa LERBFIeBr RSk e i o RELaliB BoSiapaiies
br osauro after pintane: Auf gt g8l Pise Bkl RO AR5
e S obspr pen: PRSI 4l SMRILEIEN ol QYU B 2R, RS bbb sed

material. [0055] Harife ofiRE hAtY qufcﬂit%é/ Ejzﬂgg%%?zeﬂff tﬁ’@éécioﬁhfr]y?gft?cles is.

distribution, the retention rate o article size a particle

col lision test, IaPﬁ‘er‘@ﬁ’ér?ﬂhe%Qé@bgﬁﬁlg&,it%‘nﬁﬁﬁé‘iﬁéftt}ie Pﬂﬁff‘ﬁy Bhrgie R ftRat agnd
the retention rate of the water absorption capacity under pressure

after particle Cﬁ%}élb&bﬁﬁbd@ﬁ to@?rﬁm&ﬁ%@lﬁﬂ't Redons aggldineention ik IBs likely
determ nati on nethod described in anpl es set forth bel ow

[ 0056] When the watlergemeraed)and puaklasipadisiribueion ger wided tlesefard, i 18 not
25absorbent material, if large particles abound, it is not preferable
becaudé an 21 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.



absorbent material after conpression gets partially hard, and if
smal | particles abound, it is not preferable because the particles
are likely to nove in the absorbent material, and uniformty is

i npai red. Therefore, a narrower particle size distribution is
preferable, and a smaller uniformty 5degree is good. Fromthe above
reasons, the uniformty degree of particle size distribution is
suitably in the range of from1.2 to 2.2, preferably in the range of

from1l.2 to 2.0, and nost preferably in the range of from1.2 to 1.8.
[0057] Wien t H95(ht er Bipspesherasslinking ageat is added ihareamigunt af preferabining o

cbsorbent et | S eae F i s e b e e A st
i stribution s R Hogr RLEOR ST Sl A Toft AR andh edefnount
Theref ore, the. r 8 BT AOTE: do “th?#2%&5%*?0?@@%@@%%3%@2%v%ﬁ?aﬁ%oeptéon

I | i.si i .800 ) . %
more,  dnd most - peuRSRLThERsN e RoRl- ARl Ben Pl BT Aok ©"
wat er absorbent - FRILAIAAG hbdiGonthéir elod nBar tHeiD sAPRR1BRhance the

g i
hi g ra t er

material, those having a r wat e sorption capacity un

pressure can absWaEhr'ab%i{;;ﬁoﬁEﬁ?ach?uﬁ@er‘sﬁé‘ssﬁf&ﬁjer | oad. Therefore, the
20wat er absorption capacity under pressure is preferably 30 m/g or

nore and fur[pbsi] pr efEHeAhing33r Addiflg te pooL-Erosdiinkindeigent BaSepirdivildya
hi gher retention rate of the water absorption capacity under pressure

after particle ciiliifed] sslohgak tieagostaiosdlBikingigepeistaddsd sftertthe€second-
absorbent material. Therefore, the retention rate of the water

absor g0i on capacstey pohaeerizatios.s Whe pedticesssibipag bgait és adledipséforablent i s
preferably 80%or nore, further preferably 85%or 22 nore, and nost
preferably 90% otherpresencExAwRteES theoatg®] offvomd de 400 pars/bymash mérel be
further specifically described )
preférably 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 isopropyt alcohol; ketones

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

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



her ei nbel ow by Exanpl es, and the present inventionis not limted
onty to 5these Exanples. [0060] Exanple 1 A cylindrical round
bott onmed separabl e flask having an internal dianmeter of 100 mm

equi pped with a reflux condenser, a dropping funnel, a nitrogen gas
inlet tube, and a stirring bl ade having2& two-step four 10pitched
paddl e bl ades having a bl ade dianeter of 50 mMmas a stirrer was
prepared. This flask was charged with 500 mMl of n-heptane, and 0.92 ¢
of a sucrose stear haV|ng an 3 (manuf act ure

Vi t subi shi Kagak SR S@ﬂ%é&é@%lw% péf gt gune @k@ewﬂsm@fomco 02
g of a maleic anhydrjde:nodifie ene- pr g&%ene cogo
(manuf act ured 15B@ARCSOIEnESHBRAY %1 ail‘?ﬂ:eo“ﬁlc KafIpg DA W é“%{aded
thereto. The te erature was raised to 80C to dissol ve the di spersi on
stabilizers, and 1% eafter the sol ution was cool ed to 50C. [ 0061] On

the of her hafssian il chums bRk of R R e TR hergadhpitfRa o
20201 dg and. 15 ol B P B ROURT AP M S S

added ropw se t W rom exter 0 neu | ze

by mol. Thereaf tgg, flgaljvg‘atgr &ﬂ(nté?ﬂroﬁﬁé' #&P%ﬁ%dﬁﬂ&ﬂ?ﬁﬁn@}eg 1snﬂ)%for

N, N - net hyl enebi sacryl am de were added thereto to ssol ve,

prepare an aqueopgss, 'ﬁﬁﬁ'?fﬁéraﬁ@lf%mmofm%t%eﬁ'tﬁ@ivaﬁr%@ntent of the water-
25[ 0062] Setting thé rotati onal speed of the stirrer at 450 rpm the

above 23 aqueoiloffenpfsin li¢led Otev@sS20MIde s A préterabobaggpar abl e
flask, and the m xture was kept at 35C for 30 mnutes while the
internal of the Bysilitwapovaieiagadiondrh nitrogen. Thereafter, the
mxture in the flask was inmersed in a water bath at 70C to raise the
t enpedft ur e [0@54 t heThpetayerebsabhentansingarticdgsrafabe presenttiovaitioa thus
slurry after the first-step polynerization. (Incidentally, this
slurry after theohpaingdrbaverant appmopiate partickesized andalag enexeglent degree of
distillation of water and n-heptane using an oil bath at 120C to
distill off onl yunikermitytod pasticds sia¢ distribubien.sa/kigh reteation rdie pbietparticle

n- hept ane was evaporated and the m xture was dried. The resulting
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



10spherical primary particles had a nmedian particle size of 85 m
[0063] Gn the other hand, an another Erlenneyer flask having a vol une
of 500 M 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

sodi um hydr oxi de was added dropw se the gto with cooling from
external to neutralize 75% 15by nol. Théreafter, 0.16 g of potassium
persul fate and 12.9 ng of N, N - nethyl enebi sacryl am de were added
thereto to dissolve, to prepare an agueous nonomer solution for the

second sten,  andyidifndi® ARG iEr B8Ok bR RaltEfd MsrpftoU

25C. [0064] The rotational spee Lrrin ve slurry after

the 20pol yneri zagjq c%ﬁ%lﬁﬂi?ﬂgﬁﬂolt efe? e bBRuse %rp%?tﬁélf'{ areiligkgl urry

was cool ed to 25C, the abové aqueous nononer sol utiion for second

step was added tﬂlowﬁi‘}ﬁ@ta%(ﬁﬁlm%at%ﬂﬂ NG LR rd stinﬁaiﬁréd?t'f’ﬁ&eﬂﬁé a

kept for 30 minutes while the internal of the systentwas replaced

wi th nitrogen. [pRaRIAGRarble 526 did@Btionas 8%&%6&?%(1 DsRaM@ BlifoRRb at

70C to raise the 25tenperature, and the polynerization was carrie

out, te give a SHdpréd/isalob8l Fratft thd'8bovRGeAEnS tRPuBBd TR depddd Sfparticle
[ 0066] Subsequentlé;g thggfterrperature was raised using an %3\?‘% %{Eh at

120C and the sl wife/dMabusidRiLaliB1Y A tBE BRgk O Plog U236 akdfernbdf in
wat er and n- heptane, whereby 264."7 g of water was distilled off to
external of the the range of from 1.2 to 2.0, and most preferably in the range of from 1.2
to 1.8.
{0057] When the water 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 Jess 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 mil/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



5system under refluxing n-heptane. Thereafter, 8.83 g of a 2% aqueous
soluti on of ethylene glycol diglycidyl ether was added thereto, and
the m xture was kept at 80C for 2 hours. Subsequently, n-heptane was
evaporated, and the m xture was dried, to give 231.2 g of
wat er - absorbent resin particles in an ag?lonerated formof the
spherical particles. The 10secondary pafficles had a nedian particle
size of 332 mand a water content of 6.3% The determ nation results
of each property are shown in Table 1. [0067] Exanple 2 The sane
procedures as i ”n%&@,’@lﬁn&st‘ﬁéf@ra%ﬁ@d‘f%r%e except that 15the

S

conposition of the agueou noner’ sol ution during the second-step

pol yneri zati on ed to 174.8 g of an 80.5% by nmass aqueous
sol ution of acr%f— 237.4 g of a 24.7% by nmass aqueous sodi um

hydr oxi de, Og%rgg?a% d’gﬁ} ﬁ%?dn?' mvﬁﬁﬁ&i’{v lgB@flﬁ'mér SpfectidiBly YesNid-

met hyl enebi s and further t anount “of (ljéeﬁﬁydratlon by a

reflux 20of n- hel%fb'i}ﬁ)c?évb%g Ex*aﬁlpfe.%%’rﬁﬂt‘né??e‘éclﬂqwé}ﬁfoh%%bﬂ'i‘mi’i@é only to
changed to 313.9 g, and the anount of a f

% aqueous solution o

et hyl ene gl ycol eigkyshapleset her after the dehydration was changed to
10.7 g, to give 278.8 g of water-absorbent resin particles in an

aggl oner at ed[(ji)g(} of Emlﬂgmeri cal particles. The secondary particles
had a nmedi an particle siZe of 468 gm 25and a water content of 5.6%
The determ nation resAlkyBndiicabasiid BoRPREL YepaZdbl@flgsks amintédpke 1.
[ 0068] Exanple 3 A cylindrical round bottoned separable tlask having
an internal di andiagteterfof 100 mim cadppddpeith Mréfluxecondénsex, Ldrogpingdunnd,
dr oppi ng 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 m! 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 gof 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



5a 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 nmas a
stirrer was prepared. This flask was charged with 500 m of

n- hept ane, and 0.92 g of a sucrose stearate having an HLB of 3
(manuf actured by M tsubi shi Kagaku Foods %or poration, Ryoto sugar
ester S-370) and 0.92 g of a 10mal ei ¢ anhydri de-nodified

et hyl ene- propyl ene copol yner (manufactured by Mtsui Chem cals, Inc.,
H -wax 1105A) were added thereto. The tenperature was raised to 80C

to dissolve the dihedfkheHbnsdrablutibA ¥as.adaéitd theaBevd Ripafbl: SlKUbA@he
was cool ed to 50C." [0069] On the other hand, an Erlenneyer fTask

having a vol une efix@POwab kdfwss o asrFEomiutdy WHilOthefinethaBof B R¥tefRSS
aqueous solution of acrylic acid, and 154.1 g of a 20.0% by naS$s

aqueous sodi um hyds @eplaleedwaith atidesn dThevehfier, tHeanhre th tiie faglwag from
external to neutralize 75% by nmol. Thereafter, 0.11 g of potassium

persul fate and 9immegsedfin bl.vter baeti fty?02Qabirsiae thel tamipelative) sdateed
thereto to dissolve, to prepare an 20agueous nonomer solution for the
first step. [007pbSaidrizagon Was catial ioah)ad gspeectduoy afttveths firstrseep at 500
rpm the above aqueous nononer solution was added to the above
separ abl e fl ask, palytherizetion. x{Incidentaldy, ki tslaty &€ thopol$thenzaidrewashi | e
the internal of the systemwas replaced with nitrogen. Thereafter,
the mixture in thjédtedio amstrapic distillatan bfiwatenane n-leatane asinga@ dibbath
raise the tenperature, and the 26 polynerization was carried out, to
give a slurry af ael20°@gofdistidh off bely wubytomxiteraaliafrihe §ystam cmdtthédenfter
this slurry after the polynerization was subjected to azeotropic
distillation of wWdcptang s evipnsatadend thengixdwreovas driadh The rendting o
distill off only water to external of the system and thereafter
5n- hegfane was esisoicakmimanydartidesiadiamediaa aticlesize Th&S pasll ti ng
spherical pri mar]y particles had a nedian particle size of 60 m

h

[0071] On tHB0®her Kk osher dnwd.rharanpther Rrsyaeyen fhask haamigragvcslux)n@mj me
ol ut i on of - acryseemhaien charged 168 5% B0 3. SHo Farnacicap digon o
sodi um hydr oxi deacrylic 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 sclution 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



10was added dropwi se thereto with cooling fromexternal to neutralize
75% by nol. Thereafter, 0.18 g of potassium persulfate and 14.7 ng of
N, N - net hyl enebi sacryl am de were added thereto to dissolve, to
prepare an aqueous nononmer solution for the second step, and the
tenperature of the solution was kept at ,gbout 25C. 15[ 0072] The
rotational speed of stirring the above slurry after the

pol yneri zati on was changed to 1000 rpm Thereafter, the slurry was
cooled to 25C, the above aqueous nononer solution for the second step

was added to the thg$eebiddsteplipolyitersaasivem and the mixture was kept for
30 mnutes while the internal of the systemwas replaced with

ni trogen. 20[0D8&P] AgaSubsctilmtlly| thekemparaiumerens edsedrusingwit @l bathtah120°C
70C to raise the tenperature, and the polynerization was carried out,
to give a sl urry aad tler sluhg vescobjdeted épazeotrpperdistdtation of water and n-

[ 0074] Subsequently, the tenperature was raised using an oil bath at
120C haptdnt,ehertby 264. Wgof seatgrevasalistiliedaft ot extgrnal of the
distillation of water and n- 25heptane, whereby 284.5 of water was
di stillSed of f tosestemrumder wfluxing n-eptanes t Erereaiiger8.8%g k)gaizﬁgaqucous

n- heptane. Thereafter, 9.57 g of a 2% aqueous sol ution of ethylene
gl ycol di gl yci dybolatineof etiyleng gderol Higlyaidy!l ethed wan @ddedithgreso,wad thept
at 80C for 2 hours. Subsequently, n-heptane was evaporated, and the
T xture was. dr i emixties iy Sepise S5°G for2 hewrer Seiteavanéy ndeptshe was

particles in an aggl onerated form of thg,scgherj cal _partjcles. The
secondary parti cPEPorad.anddhe BHxyE Vat ddeds to give 233842 of WalgT-abspabent

' Tabl e 1. [ 007SPEKBAFES 3 1 oBER A 0ROt TR BER e cIi abl o
flask 1'66‘“ ng an Lencto?lagr?(lparticles 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



di ameter 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 pitched paddl e bl ades having a bl ade di aneter of 50 nm
as a stirrer was prepared. This flask was charged with 500 m of

n- hept ane, and 0.92 g of 15a hexagl yceryk nonobehenyl ate havi ng an
HLB of 13.1 (rmanufactured by, N ppon G| & Fats Co., Ltd., Nonion
GV-106) and 0.92 g of a nmaleic anhydride-nodified ethyl ene-propyl ene
copol ymer (manufactured by Mtsui Chemicals, Inc., H-wax 1105A) were
added thereto. Thee sleweimdtablelwas rai sed to 80C to dissolve the

di spersion stabilizers, and 20t hereafter the solution was cooled to
50C. [0076] O0068¢ ot hEBxamypa@ an Erl enneyer flask having a vol ume of
500 M was charged with 92 g of an 80.5% by mass aqueous sol uti on of
acrylic acid, and 154Axyljnéficad rqmddwstomedseparak]odlasis havap amirgmebxi de
was added dropwi se thereto with cooling fromexternal to neutralize
75% by 25nmol . Theliaagteref 108 mm, gqwppesovih gireflypeondgnseis & deppginesfunnely
of NN - 28 nethyl enebi sacr%/I am de were added thereto to dissol ve,
to prepare an aqddiiiegsisasilet wge.andastitgng blade hayiag adwepstep four

[0077] Setting the rotatio ed, of the stirrer 450 rpm the
above aqueous mﬁ&ﬁ@?dawdgﬁa%’]éag ying pflads aﬂ‘f@ré’lggbén@éﬁé‘r%lﬂeéwas

[lask, and the S LuLP HES kPl Bt 200 LoF PO I e Lo BE o

e |t L R e R S Gugier .

oL e PP AR RO SUTIE b B by o

2o 0 e RS Ay e YO Bt Gl B

cuapor e n g Mgl ergen it o TR0 S8 eI

hand, an anot her (&g bRy ®hs 380 8O Rdisor R #ERIiPkrsion stabilizers, and
thereafter the solution was cooled to 50°C.

[0069] On the other hand, an Erlenmeyer flask having a volume of 500 m!

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



15500 m 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

sodi um hydr oxi de was added dropwi se thereto with cooling from
external to neutralize 75% by nol. Thereafter, 0.16 g of potassium
persul fate and 25.8 ng of N, N - nethyl eggbisacryl am de were added
thereto to dissolve, to prepare an 20aqueous nonomer solution for the
second step, and the tenperature of the solution was kept at about
20C. The rotational speed of stirring the above slurry after the

pol ynmeri zati on waslyaitizgtion was th0Rdopmto ghveraesidirgaftet the fiaktytey was
cooled to 20C, the above aqueous nononer solution for the second step
was added to thep@hnmrization. ficiibretaBy,shssjurgnaftdriize polymerieatiers wkept
for 30 mnutes while the 29 internal of the systemwas replaced with
ni trogen. [0079] swyrecied tchazebirapik distBlatiomef wettr and a-heptane Usatghanatil GAE
to raise the tenperature, and the pol ynerization was carried out, to
give a slurry af ael20°Rdoskstidheff snlypvater ipnaxtdrnaltafdhe system, and thereafter
5[ 0080] Subsequently, the tenperature was raised using an oil bath at
120C afAd the sl uRthgptigie vasisyvaparatgdiagd sheemixtensi easgiriad: | ThetiesHtisg wat er
and nheptane, whereby 269.7 g of water was, distilled off to external
of the system unéihericglprimanyPaiticiephadomedisa partidesize of 60 kbt a 2%

her ot o, “and0PAl Tomn theoteadtin ApoTsh Erichmeseniskaey iR vyt

nhept ane vas ey aRSLOLed gl LG T U a5 et L0 clve 2343 ¢

70 of 355 m ant HIGALGr SLHCANE G 211369 TS GRterR AR TER RER: <

of eagj propertyyag ?dc?elaocvf@p\;vﬂe W&Ql%k%ﬂ%m&h%%%ﬁﬁ?@ﬁﬁ 3 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



A cylindrical round bottomed separable flask 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 20pitched paddl e bl ades having a bl ade dianeter of 50
nmas a stirrer was prepared. This flaskywas charged with 500 m of

n- hept ane, and 0.92 g of a hexagl yceryl nonobehenyl ate having an HLB
of 13.1 (manufactured by, N ppon G| & Fats Co., Ltd., Nonion GV-106)
and 0.92 g of a nmleic anhydride-nodified ethyl ene-propyl ene

copol yner ( manuf agstemeuhdoy refmvngsnthe i Eledreafter, 1657 gldf aviddk aquama)
were added thereto. The 30 tenperature was raised to 80C to dissolve
t he di spersion siselsitioh séethylensglyded digdyaieyl ethee vesladdedbiheviie, andshed to
50C. [0082] On the other hand, an Erlennmeyer flask having a vol une of
500 Ml was char g&ixtire wagkepi a580n (@02 Bowrpy Sukssquenilyeahepise Wason of
acrylic 5acid, and 154.1 g of a .20.0% by .mass aquegus sodi um

hydr oxi de was ad&¥ePUnishvingddhe puxrowas 5%% SO RIVR g EronPEwatsFahsorbent
neutralize 75% b

nol . Thereafter, 0.11 g of potassi.u ersul fate and
18.4 ng of N, N - Yot H@ﬂﬂsﬂém&ewp%w femoibrmberifemarices The
di ssol ve, to prepare . an aqueou nomer sol uyti.on the first step.
107 0083] Set 1 hg SO AABFIE ha BBGIER IRMEISHE PLISLIEY 1 B ne
above aqueous nononer i added to the.abgve separabke .
ok, “and the nrRRERS L, dthe BB Pl e ARG RERT BN Gwn in
internal of the §¥§%3p1mas replaced with nitrogen. Thereafter, the
m xture in the fl'ask Wwas immersed in a water bath at 70C to raise the

tenperature,[ogzg]the Aopplygeri zation was carried out, to give a
slurry after the first=-si pol ynmeri zation. (lIncidentally, this

slurrygafter the pol W%frliiﬂcﬁléanbu‘fYa%o&Hﬁiegﬁéﬁa@aﬂlf’ﬂﬁﬁ@ﬁ’éﬁﬁé’winct:ernal

distillation of water and n-heptane using an oil bath at” 120C to

distill off onlydiictér dfa00 @ Blipsid W1k a sofhleéBndenddr.t h@oppinleSunnel,
n- hept ane was evapor ated and the mxture was dried. The resul i ng

20spheri cal pri mamjtrapentdas ket tibel aad et Pladé hatigg singe-sedfp foar m )
[ 0084] On the ot her hand, an another Erlenneyer flask having a vol une
of 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’-



500 mM was charged with 156.4 g of an 80.5% by nass aqueous sol ution
of racrytic acid, and 212.4 g of a 24.7% by mass aqueous sodi um

hydr oxi de was added dropwi se thereto with cooling fromexternal to
neutralize 75% 25by nol. Thereafter, 0.19 g of potassium persulfate
and 31.3 ng of N,N - 31 nethyl enebi sacpygl am de were added thereto to
di ssolve, to prepare an aqueous nononer solution for the second step,
and the tenperature of the solution was kept at about 20C. [0085] The
rotational speed of stirring the above slurry after the

5pol yneri zat i on westhyeaehisadrylamideovere pddedrtheregamfa dissolvda ¢o prepareyanias
cool ed to 20C, the above aqueous nononer solution for the second step
was added to the agueausiagnopmersplation derdiie fisfidtabhe mi xture was kept for
30 mnutes while the internal of the systemwas replaced with

ni trogen. [OUWEVhgai mettingthe ratafiona] spedehafithe stirrer af 438 upm, Higaboxe 70C
Lo Gvea oty SARARE OB BB Pt e Bl ASE, 2 e
120G ari the. o urtiinges fpet Bt fo bt rutce tr el phibedy et o
oxternal of the JaSyGntseRiiptiogp TGt ud miire fhaRdlskdres s
g of a 2% aqueouiraﬁ}%ks%ﬁiil?g“pzfter%fﬁgj}sllltﬁ@gpqg?ﬁg%ggit%}ﬁ%aﬁ.%’ffraglhqﬁé was

added thereto, a € mXxture for

Subsequent Iy, n- Sﬁéﬁggﬁ‘%@%éﬁ%ébﬁﬂm gﬂg atﬁuﬁrfhﬁéﬂhgﬁ‘éﬁist led, to

give 260.8 g of w sor t resin’particles 1n an ag rat ed
formof the sphephfalerRafib.C{IfSdentiiy, this slurry 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 pum.}

[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



20secondary particles had a nedian particle size of 322 mand a water
content rof 6.8% The determnation results of each property are shown
in Table 1. [0088] Exanple 6 A cylindrical round bottonmed separabl e
flask having an internal 25dianeter of 100 mm equipped with a reflux
condenser, a dropping funnel, 32 a nitr6gen 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 mMmmas a stirrer was prepared. This flask was
charged with 500 m of n-heptane, and 0.92 g of a hexagl yceryl
nonobehenyl at e ha\WWj‘laﬁthQLSBSTSm‘IQS.IPPl@ﬁ%WthdFE@&f@- by, 5Ni ppon Ol &

Cenperatur e was [SPECAG B B0 ATELAH D ¥ Fec et Foh e ASBTY a8t
Egﬁdf :;E:? Lgﬁnie?’gﬁssﬁglf’ﬁi%%ﬁﬁﬁg&%ﬁfy% of Csoé"ﬁ"’ﬁé]iféhzt‘seﬁt wth
g of a%20. ooktgtmes SeBiUa% B Shnblrbfiis e Al Ll o iR d20C
Ther eat ter . 0. 115 e ST S Biiateel B PRSI hfaich BY wiRigang n-
15met hyl enebi sachybapd %éﬁ‘@fﬂwg%f LRSI R diiflaSPloEeterh@ HgPAT €

an aqueous monomer solution for tRe first step. [0090]Setting the

rotational speedgsgterhh@der iefluRingiPh&Rshe! PMRerddfRr,aPeY 8 of 4 2eR HgudTABOMer
sol ution was added to the above separable flask, and the m xture was

kept at 35C for g8lutibmuf ehyWnk lobydoheigh yi® ReHer @astai@ebtheictt)) aAAURS
replaced with nitrogen. Thereafter, the m xture in the flask was
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 pm 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



imrersed in a water bath at 70C to raise the tenperature, and the
polymert zation was carried out, to give a slurry after the first-step
pol yneri zation. (lncidentally, this slurry after the polynerization
was subjected to azeotropic distillation of water and n-heptane using
an oil bath 25at 120C to distill off onhy 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 nedi an
particle size of 43 m) [0091] On the ot her hand, an anot her

Erl enmeyer fl ask ttrap¢ratyrerwas raisesl tof805000 dissalse thendisppasionistahilizes, andy
of an 80.5% by mass agueous sol ution of 5acro)él ic acid, and 162.4 g of
a 24.7% by mass dkgresfiss thosnlutemyas epoletbtodsCadded dr opwi se thereto
with cooling fromexternal to neutralize 75% by pol. Thereafter, 0, 14

01 pesel Ul s Ptk i el s i el
ioitlon o (s SEACHh e ehg rmAIT R ke
L il gl onpicag il
solju% ihgnmf )(2[ u'; ge agg%o%(?\ﬁ@fsé% %ﬁg’ \g]g]_gg%o Pf@ ttf?fﬁ e”%%tnééﬁﬁ?ﬂt @?a {Zﬁzg%logfgm
Systemuas rept ali drpicafh Sod o bt il A 1RHREL 10N -
mersed in 2 wahfindiedsidr Eglgd%%err@'h&&dttﬂfretoeﬁpcﬁww f prapstelae

pol yneri zation was carrie 0 give a slurry after

second-step pol ya&ﬁé&@%&ﬁmég&%]ﬁﬁﬂﬁﬁaﬁﬁi‘%i , the tenperature was
rai sed using an oil bath at 120C 20 and the slurry was subjected to

azeot rigpi ¢ dﬁ(}BBﬂ | at iStin} theab@iiond) dpstdeitRsirréthe 580 Yprd Sfe Abgved
water was distilled off to external of the system under refl uxing

n- hept ane. Ther eafjisdius nfordmeg soltian % addsgaushs shaviei separabledladly, andehe
gl ycol diglycidyl ether was added thereto, and the m xture was kept
at 80C for 2 houmsxtufinyaehemmnat By C forl36phianteswedle 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, 0.1¢ g of potassium persuifate and 31.3 mg of N,N’-



25evaporated, and the m xture was dried, to give 228.3 g of
water - absorbent 34 resin particles in an agglonerated formof 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 each property are shown in Table 1. %] 0095] Exanple 7 A
cylindrical round bottoned separable flask 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 pi metedepsbdsiiceylihidgoverhaddadghereht toddiswilearde prepafe 8O mm
as a stirrer was 10prepared. This flask was charged wth 500 m of

n- hept ane, and 02Queoys gronemassplytien forcdhe sgcond atepnanditherempefatige of the
(manuf actured by M tsubishi Kagaku Foads Corporation, Ryoto sugar
ester S 370) andSs@lution yasikent Habaitc20akhydri de- nodi fi ed

et hyl ene- propyl.ene cqpol yner (,manufactur.ed by M tsui emcals, Inc.,
[ -viax 1105400881 6 adtdOIAHOREBOCI RS HTERS HiFHRY 6 ST T S ed 1 0 80C
to dissolve the dispersion stabilizers d t eafter the sol ution
was codt ed to SoroEuEGATEn Ve ghehEls Hdlyer ThER L Ty

havi ng a vol une qf o harged wi th 92 of ..an 80.5% b SS
aqueous sol uti ong%(?lg'gg}gﬁj id(,ﬁgec"igb ,vegﬂﬂe%g}%o&egfso%m?&'fg%h%;e%qep
aqueous sodi um h ! . gﬂﬁq 8%9'41 t j L Ng
from ext er nal to%éggééﬁoﬁéﬁ% y rr%?g e’faglgftﬁgglﬁkﬁl.r%gk%@%}

pot assi um per sul . : L i rykam re
added thereto toggﬁgggsﬁllg (gﬁ%lrn g%gér\ﬂg}] zti%e S?q%teg%t@g r%?)&rrgr‘%?g Jﬁ)i%giril\{efor

e LSt smmae] ST honad ol sl RSt et
separ atpl e flask, temjfritle, 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,



35 m xture was kept at 35C for 30 minutes while the internal of the
system was replaced with nitrogen. Thereafter, the mxture in the
flask was immersed in a water bath at 70C to raise the tenperature,
and the polynerization was carried out, to give a slurry after the
first-step 5polymnerization. (Incidentall3, this slurry after the

pol yneri zati on 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 system and thereafter n-heptane was evaporated and

the mxture was driiBagemgas iplestnbe; sy sPHERE blade havingatwonstep £0Ws had
Another £ | enioy Piicht CRRINEORHE BARA HRBIS Passterar “e%c%?af‘%w%sh
T62. 4 § o Z“ziof?/é’%ﬁqm“ﬁésg%%%%‘égﬁg%é% tﬁ&&ﬁ@?@ﬁ&g@arﬁe&éﬂ@ ot
Thereat ter. 0. 14° e%?gl%%%’rnga%aﬂﬁ%wiﬁ I e A B Y Tl GRadytidieaTy,
15met hyd enebi saciyag 86 Yar,s GHCPH (05HEh &Y 908) SREI¥E S &G e

- an aqueous nononer ’second st ep tenperat ure

of e sol ution yeg fERLyaly &mmy S} R@L@m%&efmggérgﬁgé%@g%?d of

stirring the above urry a ter t'h rz

1000 rpm Ther eafigdui dh@ﬁnédlé”lﬁé’ Hﬁ%ag(i%?}&g%e}@ad%ﬁ@thér% aﬁﬁve

aqueous nononer solution for "t he’ second step was added to the

internal of the %&Hﬁur@ﬁﬂs tdig:dnth 80BC fo WRSoIYE Rie dlﬂiers?an giabiizess, W | e
the internal of the systemwas replaced with nitrogen. [0100] Agal n,

the flask was | mipr&detritie soladewadeddieddo AOC.t 0 rai se the

tenperature, and the polynerization was carried out, to give a slurry

after @bt he KNOBONd- st@p theodthierehandadnd Brienmeyer 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



36 [0101] Subsequently, the tenperature was raised using an oil bath
at -+120C-and the slurry was subjected to azeotropic distillation of
wat er and nhept ane, whereby 255.2 g of water was distilled off to
external of the system under refluxing n-heptane. Thereafter, 8.46 ¢
of a 2% aqueous 5sol uti on of ethyl ene gi3gcol diglycidyl ether was
added thereto, and the m xture was kept at 80C for 2 hours.
Subsequent |y, n-heptane was evaporated, and the m xture was dried, to
give 224.6 g of water-absorbent resin Earticles in.an aggl onerat ed

form of the spheri-bentansavas evaparatefandd e BU¥YFs, WandHsG | B wapltiggnedi an
ot or i nat i on 1+ cSAMRISA PIBABHDBHES RS 5 BICCSHRRICN: At Shrd Hm.)

et exar TN Db R ke SRR SR el
having 3 tvio- ot e UPam v R RN 4Bl a8 B0 20 Bxdndt ghiklR sBlR o
o1 of 15 hept ane. 2eiHcgUB5 R ERRARhE Dk fon AR R 0ARG HypbRR
Coter a0y any Bl SopLAgARUCIPOR ORROR G Albrp AR HIR 75%

et hyl ene- pr opyl e'BZ RSP ARt T %@Pﬁ&éﬁ%rﬁ?eﬂhiﬁﬂéian%[‘j I NNC.
H -wax 1105A) weré& added thereto. The tenperature was raised to 80C

to dissolve the dicipgesdbdactilakideivwdt sddeaileichtoadidotre, tdgrepatelin On
was cooled to 50C. [0103]On the other hand, an Erlenneyer flask

havi ng a vol une afjué&fe mdnodrasiutiba f@ete wédond Spgamf thaneBPerabeordwf s s
aqueous solution of acrylic
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



37 acid, 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 75%
by nol. Thereafter, 0.28 g of hydroxyethylcellul ose (manufactured by
Sum tono Sei ka Chemicals Co., Ltd., HEC AW 15F), 0.11 g of potassium
S5persul fate, and 18.4 ng of N, N -net hyl ahebi sacryl am de were added
thereto to dissolve, to prepare an aqgueous nononer solution for the
first step. [0104] Setting the rotational speed of the stirrer at 400
rpm the above aqueous npnoner solution was added tq the ahove

separ abl e fl ask, resHyPartigles g egglamgraicddopn of thesspherigp] pagticlesuFlss

while the internal of the systemwas replaced wt | trogen.
Thereafter, the PRRAGRYY paidlerchad aa@ﬁd\ﬂmaﬁwﬁfeﬁlé%ap 290 WIS VRIS h at

70C to raise the t er e,.and, the polynerization was, carried aut,
{0 give a ot urry O Pm Ot e; THe et on s SEbapro et A hEniy
this slurry afte:'mtlhs1 pol ymeri zati on was 15subjected to azeotropic
distillation of l?g “and n-heptane using an oil bath at 120C to

distill, off wat ternal of the system and thereafter
S Wa@ﬂ%;y/]a %mh&ﬂ@%l

n- hept ane por the m xture was dried. The resulting
spherical primary parg |.gkeg; ! I i ; ey
[ 0105] On t he ot her hé%]gfll"gﬁlcgﬁ%flﬂg?Egar)@g%ﬁg{?gdrbq# ﬁgs Kaﬁ/éﬁ %Iéﬁge voﬁ) une
of 20500 m was &ﬁﬁ{e@ﬁ%f\afobhﬂrﬁ}&bﬁp&&d%iua@re%ﬂjx%@nlaynﬁﬁ,sﬂsdﬁﬁﬁﬁgtfﬁnml,
solution of acrylic acid, and 149.9 g of a 24.7% by mass aqueous

sodi um hydr oxi de; wAfgRA @S ifléanyé, 2/d bREFHIOIMEE Ravif®h tWE-sidpofur
external to neutrali zgg %% by nol . Thereafgﬁ’ar, 0. 1%?9 of potassium

persul fate and 1ﬂii1éheﬁgaadﬂleﬁiléﬂes hawinpyl ardisaetey bAS0 d6n wen etifddwds
thereto to dissolve, to prepare an 25aqueous nonomer solution for the

second0st ep, andpreperetie Mhéy Aaskrveasathatged willBSGbnlibf nthepase kayt0.92 g of
about S0C 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



[ 0106] The rotational speed of stirring the above slurry after the
polymert zati on was changed to 1000 rpm Thereafter, the slurry was
cooled to 30C, the above aqueous nononer solution for the second step
5was added to the internal of the system and the m xture was kept
for 30 mnutes while the internal of thgssystemwas replaced with
nitrogen. [0107] Again, the flask was imersed in a water bath at 70C
to raise the tenperature, and the polynerization was carried out, to
give a slurry after the second-step pol ynerizati on.

10[ 0108] Subsequemuixfure g kepimd 86 ¢ &e1e3 Ovmnutes while heiimgrnahobihie system at
120C and the slurry was subjected to azeotropic distillation of water
and nhept ane, whétasygplrasl with niroggns dhesgakicr thetmixterg infhe Haskexaser nal
of the system under ref]l uxi ng! n- heptane. Thereafter, 8.10 g of a 2%
aqueous sol ut i on l@Mmezsagyinasaten Baslppt ‘GG to apigg thedewmperafie, anddhe
thereto, and the 15m xtur.e was kgioh'| at 80C for 2 h urt;. Subsequent |y,
n- hept ane was evEPOMAIEAN0RNAS cziefiont bp SINRASIVNY atier g figsialer 13 9 g

f -absorb in. icl j I faormof th
phor i cai - part 1 cPaymeRiE: Onfargai @ BT IS RlmiiZin VY .

[ f 482 . Of 4% ' '
of “cach proper ty e BN Bt EibBE Hinaar 8 walE A hleRRR VAL Al ol

A cylindrical royng,petlonad; S@RAfARME: o AtknNaf tRYs At U th&eatter
wth”’a re e a dropping

di aneter of 100 nm ™~ equi ppe ux condenser,

funnel, a nitroger [ j r'%gd a | a
two-step four 253{1}(6%%213 ‘{)ﬁgﬁﬁg&gﬁgggg eg??ﬁ%{eaw Iégg' ?ﬁlgﬁ%%{r}ﬂ%f 50
mmas a stirrer ric§9prli’ﬁ1§ Bclesida kank paRFICHaE Sﬁﬂl%hﬂ 500 m
of n-heptane, and 0.92 g of sucrose stearate having an B of 3

(manufigct ur e[qmbg] M t sopileittkadrkd, MoRdthceBrRamaYEMask A aSudame of
ester S-370) and 0.92 g of a nmaleic anhydride-nodified
et hyl ene- pr opyl efe0 efpadsydirerged weEthul 1906 gioédn 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 sturry 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.



5by Mtsui Chemicals, Inc., H -wax 1105A) were added thereto. The
tenperature was raised to 80C to dissolve the dispersion stabilizers,
and thereafter the solution was cooled to 50C. [0110] On the ot her
hand, an Erl ennmeyer flask having a volume of 500 mM was charged with
92 g of an 80.5% by nmass aqueous solutigg of acrylic 10acid, 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 75% by nol .
Thereafter, 0.11 g of potassium persulfate and 9.2 ng of N, N -

met hyl enebi sEHO¥] ani denbsequendlgidibd terhperetuoe wes diisedaising, ant ajl patbpail 20°4h
aqueous nonomner solution for the first step. 15[0111] Setting the
rotational speedand thenduisy iwas subjgeted fpazegtropiciidstilotior ob#iatss @8d monomer
sol ution was added to the above separable flask, and the m xture was
kept at 35C for BertnhUvkesehin?y%? g1k waltrayasistdledoibtosgdera afibe
replaced with nitrogen. Thereafter, the mxture in the_flask was

i nmmersed in a waf¥tt rﬂwﬂeh&cﬂws@gﬂbhmm'%me#@ﬁ&‘iﬁtdg of 8 2%angcons

20pol i i i . Qi I f h

2000 YIB! 22 on B ey S W Yol B S
BT NN AT A N T T R,
120C to distill t -

120C L9, 91st1 11 Bl AERL b0 1AL R DR PPy,
(ULt 00 Phen! o BRI BFELLShERUIR IO hendl ANALE e 2o

having a vol une Qefc]pﬁg%ygﬁartmésﬁ%ﬁ:{gﬁgja\g‘gﬁgic@si?cgfﬁS &R £9 288y ness

aqueous solution o I C acl g of a 24.7% by nass

aqueoyg sodi um hyghiemi otey. (e The R eRSmeelWiret BEERNDrdbdrty £eGhbRE in
fromexternal to neutralize 75%

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 $-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



by nol. Thereafter, 0.08 g of potassium persulfate and 6.4 ng of
N, N - net 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 25C. 10[0113] The
rotational speed of stirring the above shurry after the

pol ynmeri zati on was changed to 1000 rpm Thereafter, the slurry was
cooled to 25C, 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 ninutes whil e achle anchis4.Aa ofar 2.0/ byysase avwess sediackyiirokidh was

ni trogen. 15[0114]Aga|n the flask was immersed in _a water_ bath at
70C to raise the addeshdropmisecthergirawith soglingfiemiexternad o newiralize75&iby ut |
to give a slurry after t he secaond- stmg pol yeri zati on.

[ 0115] Subsequent Mol {ihereatep ik aipEhydiex yeddedninse (aanniagiuredy h at
120C and the slurry was ted o az ofr tion of water
and n- 20hept ane, “W’I@r‘%cbsc‘ 9%‘ I&E@”H&sfﬁ)b égl(ﬁcqfﬁo(gassmm

of @ 2% aqueous. SEUTAENAG] 157 ef'&?ﬁ%r@@ﬁ%ﬂ%‘?@feﬁgﬁt i
2
Subsequent 1y, " n- Rstie el 8t adlcat Wohfhsl ol BE L abs Bt 1o

give 163.4 g of er - absor bent 25r esi n particles in an aggl onerated
formof the spherl al particles. The 41 secondary particles had a
medi an parti ize %

determ natio uI ts%?g%@g h%%{r]grﬁ)agrs %@Hg{féﬁégﬁ%r\%’q?talt ﬁéq'g%rﬁ ﬂl?[-gﬂgve
[0116] Comparat i vs Ghoter 30fidh wa@aamltotwmv@% EpanBd (RERAAthe
flask having an i tern iameter of 100 mm equi ppe a re

condenger, a dr OgRkfige 48 E@ﬂ)t at 95‘@ dr30eRindRS whileGhe I#ifal Gte §ystem
stirring blade having a two-step four pitched paddl e bl ades having a

bl ade di aneter oivab@eplieedswith itiogEr Théeafforohentdturd i the fflagk kvavas
charged with 500 m of n-heptane, and 0.92 g of
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 pm.)
[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



10a sucrose stearate having an HLB of 3 (manufactured by Mt subi shi -
Kagaku Foods Corporation, Ryoto sugar ester S-370) and 0.92 g of a
mal ei ¢ anhydri de-nodi fi ed et hyl ene-propyl ene copol yner (manufactured
by Mtsui Chemicals, Inc., H-wax 1105A) were added thereto. The
tenperature was raised to 80C to dissol 3 the dispersion stabilizers,
and 15t hereafter the solution was cooled to 50C. [0117] On the ot her
hand, an Erl enneyer flask having a volune of 500 mM 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 mabdioayrsdest ¥abprud®{dr oxi de was added dropwi se

thereto with cooﬁi ng fromexternal to neutralize 75% by Z%HDI .
Thereafter, 16]g of Theorotpdionalspsed sfistirang thegpoye slury efterthey -

t hyl bi | am de. dded t to di lve, .t
Toueous monomer” SONRTAGPER oS REaneeq 0 T00L | Ghaapiich teytrpase ="
tati | d of, th b t 500 th )
Fotoous mononer  SoPsti AT e ehS il AovisI s sOBXoR for therseaend stepg
t he 25m xt k 5C 3 i nut ile. i f
(e 2o xture v aBlflo ARG AR Aot b ML RhRGlr L |,
the flask was i m%rn?ﬁgte\r; Y He MR ﬁﬁerggit&tﬁ‘é %fs?&n%ﬁsrr?ﬁlﬁfedt\pﬁh nitrogen.
tenperature, and the polynerization was carried out, fo give agspurry

after the fi ["0?13)7ft eps,;g%i,y Nhé hé%l{ é{vggirm%sga Fri’"ﬁ Wit BafRXATRFE 3 r%{ké the

this tinme point,-thi urry e polynerization was subjected

to azeotropic di fFéﬂl;!mérﬁ’th'ké?Fn@fhevﬁﬁﬁheﬁfﬁioﬂ\%%ﬁ{&l il fﬁggi@é‘a@,idrr)gﬁ‘té}

at 120C to distill off only water"to external of the system an

t hereafter n- heptwcmsﬁygg}yﬁmti@md the m xture was dried. The
resulting spherical primary particles had a nedian particle size of

60 m)1010[ ODADE) t heSubkérfreniinbe tedipeamtaidess faisee ngikan dil bal aha20@
a vol une of 1@30% was cﬂgge% V\,ite%'rp211.6 g of an g%}.gS% by mass

aqueous sol uti onand tectyty wassubjecteditb 28atrdpig distillati@d of Watey andsis
aqueous sodi um hydr oxi de was added dropw se thereto with cooling from
external to neut heptawe WiBHN24501 g of ates afas alistillod 25f i caxterpat efgbe um
persul fate and 21.2 ng of N, N - 15net hyl enebi sacryl am de were added
thereto to di ssobyséemunderreBuxing arheptane. 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



aqueous nononer solution for the second step, and the tenperature of
the solution was kept at about 25C. [0120] The rotational speed of
stirring the above slurry after the polynerization was changed to
1000 rpm Thereafter, the slurry was 20cool ed to 25C, the above
aqueous nononer solution for the second;gtep was added to the
internal of the system and the m xture was kept for 30 m nutes while
the internal of the systemwas replaced with nitrogen. [0121] Agai n,
the flask was inmersed in a water bath at 70C to raise the
t enper at ur e, andptdparquol Phneflegatwaochargsd with 5@ thl @din;heptang] smed @92 lguntr y
after 25the second-step polynerization. 43 [0122] Subsequently, the
tenperature was Railcrese stekmte kaving an HaBnofad (mandciurdd bpdgsubishy- was
subj ected to azeotropic distillation of water and nheptane, whereby
353.4 g of wat er KagekwiFeeds Cesgorstipns ByetptsegarasteoS-1719 ang 81928 efaler
refl uxi ng n-heptane., Thereafter, 12.14 g of a 2% aqueous 5sol yti on_of
et hyl ene gl ycol Hadgiqankydridsrnadifigd sthydenscpropiders eppoyaer (angfactuipd
was kept at 80C for 2 haurs. Subsequently, p-heptang S evapor at ed,
and the mxture &&é’héﬁ‘%l P“’t‘ﬁ’?ﬁgiti%s ﬁ?li“.a% léog‘ﬁ?%g{eeﬂd-dﬁ%ﬁ@nt esin
particles in an aggl omerated form qf the spherical particles. The
secondary part i clOPRAHVARIHSH tggbt% RlgE i AisgBEon Stihzersg,

0 : .
Locontent of 7. Serhir ARSI 4RGP SoicOf each property are

[0110] On the other hand, an Erlenmeyer flask having a volume of 500 mi
was charged with 92 g 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



[ 0123] Conpar ati ve Exanple 3 The sane procedures as in Exanple 1
were carried out except that the stirring rotational speed during the
first-step polynerization was 15changed to 1000 rpm to give 232.8g
of wat er-absorbent resin particles in an agglonerated form of the
spherical particles. The secondary partygles had a nedian particle
size of 144 mand a water content of 6.6% The determ nation results
of each property are shown in Table 1. (Incidentally, the slurry
subjected to the first-step polynerization at a stirring rotational
20 speed of 1000 papmlasige ofi®} putled to azeotropic distillation of

wat er and nheptane using an oil bath at 120C to distill off only

water to extHHA3] of ©néhesgtherdnd ancanober Ealenmieyer-flasktharinggagolume of
evaporated and the m xture was dried, The resulting spherical_ prinmary
particles had a REBMHWIscharged wvith 640 grofan 8h5% by niess aqugaws sphitionp Of
Exanple 4 44 A cyljndrical d_ bottoned Je flask.
ha\allirrﬁgean intern&Fry&Fcy g?é %@8503%%-7%31!%%&‘15\; lﬁrsg&u%& oxide
condenser, a dropping,funnel . nitrogen gas inlet tu and .a
CTrri Ry bl ade napAgded figvisednerionts Fod s amanebtl faaltuide 5ge
EI Iatrj(rel d;‘:]ameflere OB SOami\ as sh?srer ﬂlﬂ)s Spre (grgl q Thi s4fla §I ga
charged wi th 500 KEdl HERaeR e £otpiysiy bepttite and bdmg LA
havi HLB of 3 i shi
Cor porat i on. - ryol SRS AEL frhlle R bRy iRl BURSUe B epare an
hydri de- nodi f i =
M tou Chem cal s (Y RAS HEREACARNNERT oRabHTTen FRHC AR he
10t enperature vvagolﬁﬂj)ﬁ sk@ptﬁ%%&ﬁﬂi’é?o' ve the dispersion

stabilizers, and thereafter e solution was cooled to 50C. [0125] On

the otjper hapdi3pn ErfiRnaRYiehallshéskof MiviiNgthd abeldisBrifafePhem was
charged with 92 g of an 80.5% by mass aqueous sol ution of acrylic

acid, and 154.1 golnedizdfod¥adyhaiBed 1000080 HE. SDbreancAHE ehugew RS
15added dropwi se thereto with cooling fromexternal to neutralize 75%

by nol . Ther eaft esole@t?B5°C, dife dbyele acpypub ylanehier balation foarnhé sajond attpby
Sum tonmo Sei ka Chem cals Co., Ltd., HEC AW 15F), 0.11 g of potassium
persul fate, and %agaddpdab th iternatafyheesysirins acd yheamixdereweasckeqpd derd
thereto to dissolve, to prepare an aqgueous nonomer solution for the
first 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



20step. [0126] Setting the rotational speed of the stirrer at 350 rpm
t he above aqueous nononer solution was added to the above separable
flask, and the m xture was kept at 35C for 30 mnutes while the
internal of the systemwas replaced with nitrogen. Thereafter, the

m xture in the flask was 25imersed in aiwater bath at 70C to rai se
the tenperature, and the 45 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 wereadagrparticlpeladmmedisnmpgrizale size ob20hpax ambawatey
distill off only water to external of the system and thereafter
5n- hept ane was e¢aMEREEY2 %nd heristarminatioa regdis of each property ke ghopmgn
spheri cal prinarﬁ‘gﬁrticles had a nmedi an particle size of 172 Rm)
[0127] On the ot H@PeHand, an another Erlenneyer flask having a vol une

of 500 m rged.with 156_4 of, an 80.5% by mass aqueous

ol ution o:‘lva@&igfi C M& of a 24.7% by mass aqueous
Sd' d ide 10 ded opwy se thereto with.cool.ing from

odi um roxi de r :

oxternd Lo neutrali 22cqusisgl Rt v3iahed stiacth muC ERuee f 8Tt m
per sul fate and 15,645 Gl ik ARSI epRRl-sar W amhdle Nereoaddedhc

thereto to disso 0 prepare agqueous Hmonofer so

d step, d i t t
266 15[ 0158] Thod PfoARIRE ALUGE Ah Wil HhUORaRZa (FBH BP0
after the pol ynegﬁ?g:ﬁié%gd}%‘-!ad%gﬁﬁﬁﬁg alfad LB meNof 30818 a6 bi&firret Has

slurry was cool e t he above aqueous nononer solution for the

second step was pederdt q"hﬁmaéknmrdm}geafwﬁmso@Mﬁbemhe?fa@le,tzhﬂ MOxiglyre
was kept for 30 mnutes while the internal of the systemwas replaced

with notrogen. 20kcka$ Agahte hating ol MEB of3Y mamificaeed bin Mitstdishi- bat h
at 70C to raise the tenperature, and the polynerization was carried
out, to give a sKagaku BdddsrCorperatiendybis bwgar peky 8370y add 092 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



[ 0130] Subsequently, the tenperature was raised using an oil bath at
120C - and the slurry was subjected to azeotropic
distillation of water and n25heptane, whereby 294.3 g of water was
distilled off to external of the 46 system under refl uxing

n- hept ane. Thereafter, 9.94 g of a 2% aggeous sol ution of ethylene
gl ycol diglycidyl ether was added thereto, and the m xture was kept
at 80C for 2 hours. Subsequently, n-heptane was evaporated, and the
m xture was dried, to give 259.9 g of water-absorbent 5resin
particles in an ad§irepheced withmgrogeas Thawalpn, die mixturp ap thedilask waphe
secondary particles had a nedian particle size of 1122 iimand a
wat er content of imngygedifea ‘ﬂ@?b‘?fﬂg Ab{Q Srtoraise thedemperativ a9ddberty are

shown in Table 1. [013]1] Conparative Exanple 5.  10The same procedures
as in Exanple 8 R@iyé“‘tr PR aé&f‘”’éﬁ@é‘bt“’ﬁh"&ta ey é’gﬂﬁgggﬁtﬁ@of t he

S TonOTE e AL RS SR S ES RS RS M B
id, 75.0 f 24. 7% i hydr.oxl. de, ..0. 0 f
e 0.8, o AR R ARG RE PR ey B
d furth th f {4 o | tX.1:0fce - t ft
end Turiher o SRpY s IS B RA ESC e B Spies e
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wat er - absor bent  gfgiuie AL HHEH SFhd fbsﬁ‘ﬁingggh&fﬁlﬁf @fllﬁ\gra/f PRI8S hid'$ medjan

spherical 20 particles. The secondary ticle a nedian particle
size of 302 m anga@cpadigd oLOMLgNt of 6.2% The determ nation results
of each property are shown in Table 1. [0132] Conparative Exanple 6 A

cylindoi cal [0ae9d botd®Rbthétandirtardotlis Erleamie i fak ihatviapaalolume of
25di aneter of 100 mm equi pped with a reflux condenser, a dropping
funnel , 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 siurry 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.



47 a 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 nmas a
stirrer was prepared. This flask was charged with 500 m of

n- heptane, and 1.38 g of a sorbitan nonostearate having an HLB of 4.7
(manuf actured by N ppon 5G| & Fats Co.43Ltd., SP-60R) and 0.46 g of
a mal ei ¢ anhydri de-nodified ethyl ene-propyl ene copol yner
(manufactured by Mtsui Chemcals, Inc., H -wax 1105A) were added
thereto. The tenperature was raised to 80C to dissolve the dispersion
stabilizers, [Qalﬁg? t heradiseguentpche timpergnramias el adingansgidath at 120°C
10[ 0133] On the other, hand, an Erlenneyer flask having a volunme of 500
nm was charged wiap® theslyrpvag gutgectedionzenmapic diftidlatien ebwater and af

oL S0, e SR BB TS, SRR S M e O
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slurry after thesé&hé%?{aﬁ&l&ﬁﬂﬁ'ﬂnﬂ?&i&ﬁﬁﬁﬂti@[&-si;(e' mﬁ%%m&wé@ﬂ S
slurry after the poly ization was 48 subjected to azeotropic

di stilfpation of y&itent cFrFhbR: MapHsRANINGT IS red]tObf edeftphodrtylad8 Ghdwn in
distill off only water to external of the system and thereafter

n- hept ane was ev@pledt ed and the mixture was dried. The resulting
spherical primary particles had a nedian particle size of 146 m) 5
[0135] On tHé123Jher IComtparativediratipde 3Er| enmeyer flask having a vol une
of 500 M was charged with 92 g of an 80.5% by nass aqueous sol ution
of acrylic acid, andThesamegraskeduregas mEtamptad sverquenies awdkeapt that
hydr oxi de was added dropw se thereto with cooling fromexternal to
neutral i ze 75% bipestiringnotativask speed during Gedirstodempelymerigetiuvest e and
9.2 nqsof N, N -

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 pm.)

25 [0124] Comparative Example 4



10net 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 22C. [0136] The rotational speed of
stirring the above slurry after the polynerization was changed to
1000 rpm Thereafter, the slurry was 15@gol ed to 22C, the above
aqueous nononer solution for the second step was added to the

i nternal of the system and the m xture was kept for 30 mnutes while
the internal of the systemwas replaced with nitrogen. [0137] Agai n,
the flask was i nmmersed cyindricshreamdiwttomed sgpaeahlo flask bavingen internal
tenperature, and the po&ynerizatiqn was carried out, to give a slurry
after 20t he secofpmsterip®0ymey pquippeshwith @ 1e@)eamlenseen dxpppingelunnel,
tenperature was raised using an oil bath at 120C and the slurry was
subj ected to azed®tERACH 435 dilpl lube, and aottirtipg Blade havingadwarfiep e eby
225.8 g of water s distilled qoff to external of _the system under
refl uxing n- hept Biigiednuddicdlpdss hayinge blads digmster 9f Al SR8 28 SSHFTGE W38 of

cihyene ol veol Bl S Shel SRR, 0T P gk o (82 ot
cuaporated,  and | RGeS S Lo S B By -
soher eal Bar | ko RGBSR IR ShiR R ST T RY M ELS,
of each propertypgfe& mﬂa\ﬁ?idie—rlnodified ethylene-propylene copolymer (manufactured
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 fo 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
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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

spherical primary particles had a median particle size of 172 pm.)

[0127] 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%
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.

[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.

[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-

heptane, whereby 294.3 g of water was distilled off to external of the
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system under refluxing n-heptane. Thereafter, 9.94 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 259.9 g of water-absorbent
resin particles in an agglomerated form of the spherical particles. The
secondary particles had a median particle size of 1122 um and a water

content of 5.8%. The determination results of each property are shown in

Table 1.

[0131] Comparative Example 5

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’-
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
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

diameter of 100 mm, equipped with a reflux condenser, a dropping funnel,
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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 1.38 g of
a sorbitan monostearate having an HLB of 4.7 (manufactured by Nippon
Oil & Fats Co., Ltd., SP-60R) and 0.46 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 thereafter the solution was

cooled to 50°C.

[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
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

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

polymerization. (Incidentally, this slurry after the polymerization was
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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 146 um.)

5 [0135] On the other hand, an another 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 124.9 g of a 24.7% by mass aqueous sodium hydroxide
was added dropwise thereto with cooling from external to neutralize 75%
by mol. Thereafter, 0.11 g of potassium persulfate 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 fo 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
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mixture was kept at 80°C for 2 hours. Subsequently, n-heptane was
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]



vc tic o minenCl tnvnNCOCOc I-- in .cl- 1-11-1 51 [0140] The
wat'er absorption capacity, the nedian particle size, the uniformty
degree of particle size distribution, the retention rate of the
particle size after particle collision test, the water absorption
capacity under pressure, and the retentpon rate of the water
absorption capacity 5under pressure after particle collision test, of
the wat er-absorbent resin particles obtained in each Exanpl e and
Conpar ati ve Exappl e were determ ned in accordance with the foll ow ng

net hods. [0141] {\ater Abgorption Capacity) A 500 nL beakerl was
h o .
charged with 50)5%.9%“ @ % by mass saline, 10and thereto Wwas added
2.0 g of the vvarggﬁl%@ ot FeRip HAB @ dtesS ahd  hed mixtfure was
. [T b . .
stirred for 60 s u;ﬁ@s}g’ mass WA (g) of a JIS standard sijeve havi ng
an opening of 7% mwas=pieviously determ ned, and the conffent in the
above beaker waf filtered using this sieve. Then, the sieye was
allowed to stanjhf§o§§3,Q inutes in a state so that the sigve was
tilted at a 15t %to{ah e|gf sahonty 30 Wegreewt g the hworigontal to
filter out exce%a@@eﬂv. A mass W (g) of the sieve ¢ontaining
the wat er - absor ped gé&l vv%is determ ned, and the water absofption
capacity was obtained byjthe follow ng fornmula: Water Absdrption
Capacity (g/g) F;C@ _- W)/2.0
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20[ 0142] (Medi an Particle Size of Primary Particles) Into 50 g of
t he wat ér-absorbent resin particles was nixed 0.25 g of an anorphous
silica (manufactured by Degussa Japan Co., Ltd., Sipemat 200) as a

| ubricant. [0143]JIS standard sieves, sieves having openi ngs of 500m
250 25180 m 150 m 106 m 75 m and 385k and a receiving pan were
52 conbined in order fromthe top. The above water-absorbent resin
particles were placed on an uppernost sieve, and shaken for 20

[o1aa] Next ,  (R07cr 5, TARERep bRl LRl S BB Br i lRETE th ant an
Sinteqral of & s RoaBAYBE Bl LA EARSPIRERIcABRINRATh ol o5

remai ni ng on the sieve on a logarrthmc pro

paper by cal cul a:?iaﬂﬂ:lé 5ge IRESaticlt B6111RL%Es 3RS WaReAbsdipfbM chRcliy Cl s

remai ni ng on each sieve as a ‘nass percentage to an entfre amount, and

accumul ati ng t he ,FBSSHRQUEE Ah@ARSreteRtiOh RRE of Rleatdtérhsbfptith (CAPASLy
havi ng | arger particle sizes. 10A particle size corresponding to a

50% by srass cunuhaliénsesiassaRe paaitaealivies t¢de fof fedy e r-abdRbémResin
particle size of the primary particles by joining the plots on the

| ogari thm c probabiticldsyobipdApel in each Exhinpledhid CongaratilBRA P dverd
Particle Size of Secondary Particles) Into 100 g of the
wat er - absor bent deisrmiredrih bcdoedanvasvith the dolfbvang nofthddsan anor phous
silica (manufactured by Degussa Japan Co., Ltd., Sipernat 200) as a
| ubricant. [[@48] | n t(AVated&bsarplicraCapacityanong 13 J1S standard si eves
(sieves having openings of 2.36 nm 1.7 nm 1.4 nm_ 850 gm 600 gm
500 m 355 m 300 m 42500 mL beakenywag olsarged wih 300 grod 04%%Hy, mass saline,
consecutive 7 ' _
and thereto was added 2.0 g of the water-absorbent resin particies, and the
mixture was stirred for 60 minutes. A mass Wa (g) of a JIS standard sieve
having an opening of 75 um 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 pm, 250 pum,

25 180 wm, 150 pm, 106 pm, 75 um, and 38 um, and a receiving pan were



20si eves are used. [0147] The above water-absorbent resin particles
wer'e placed on the top of a sieve conbined with sieves having

openi ngs of 600 gm 500 gm 355 m 300 m 250 m 180 m and 106 m
and a receiving pan in order, and shaken for 20 minutes with a ro-tap
shaker (a rotating and 25t appi ng shaker2 53 [0148] Next, the

rel ati onshi ps between the opening of the sieve and an integral of a
nmass percentage renmaining on the sieve were plotted on a logarithmc
probability paper t he wat er - absor hent

by.cal.cul i h .
Do a ] P abe cambiriitif oagr S L i R ShoVAGale B aroE Rt gesta Biigles
ti t, d | ati th 1 in. d
Starting from t hOE REGTHGE Fa Adessl T e 8nd foaken 10 AL Mimppwih 2 o-
di t ti t def i d
2 & modian part 4 i‘%g%% fgﬁﬁ?‘ﬁé}f@?@%#&?’ﬁﬂ%ift "cl 65 by j o ning the
plots on thegyagari thaig a9RaRildhi ARSI tho oBerih Bt BRLidveNfr an

10[ 0149] When" éi ther thé husSs percentage r-absorbent resin

remai ned on the %g%ﬁagﬁiﬁ ﬂﬁisf%&cé}fta thé GARIS I‘BE'?]ttr §P§Bﬂﬂé@5t

tray exceeded 15. rmt egree set fort w was not
accurately obtai peflainifpeseihesRve Whee SRMRH Bﬁ%'lg%hé'ﬁ?ﬁ?@ﬁf%g%]it))/ﬁapér b?’e

sieves was reselected fromthe above sieves, e nedi an “partic

size was 15 redetgleiatifg tifeghsstdfake WhART-ABSHbAR TEHA padiRlc8freibBRing on
wat er - absor bent resins renmai ned on the uppernost sieve and that

remai ned on the vadhediensds 4 mag peecedtab® t8 Yn entite@it®dunt [AAd 0L alatiog thd y
Degree of Particle Size Distribution) In the above determ nation of

t he medi an parti alags perzentagestiherddssating drom firse haviag largeqsarticle lsizes.
size corresponding to a 15.9% by nass
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 pum, 600 um, 500 pm, 355 um,
300 pm, 250 pm, 180 pm, 106 pm, 75 pm, 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 wm, 500 um,
355 wm, 300 pm, 250 pm, 180 pm, and 106 pm, and a receiving pan in
order, and shaken for 20 minutes with a ro-tap shaker (a rotating and

25 tapping shaker).



cunul ati ve mass percentage (X1) and a particle size corresponding to
an'84.1% by mass cunul ati ve mass percentage (X2) were obtained, and
the uniformty degree was obtained by the follow ng formula:
Uniformty Degree = X1/ X2 25l n other words, when the particle size
distribution is narrow, the 54 wunifor@didty degree gets close to 1,
and when the particle size distribution gets wider, the uniformty
degree gets larger than 1. [0151] (Retention Rate of Particle Size
article

f i [1is] T .The. i f .the,
ATECAT Yo IR e TR NG SR RN R
par €15 v obaoes oPY oS! RIS S RRDhLE) LA LB,
p e Usi 0 . Leshl it ARORESIRL B OLSRGHAA RSB RGN
hopper 1004 11 2 disbore it BRRSUERTAH ] QLIS R 20

pressurg zed air iaﬂtegﬂ{f’éﬁ&hb&ﬁ, ﬁﬂ@ﬁcgmhﬁti}'lgtt}éé)ﬁlﬁéé rédhtdet lﬂ?ofd@%%f:ﬂﬁhg

of the hopper 1, an e I njection nozz I'S connected to t

hopper 1. The pr cfﬁﬁmﬂo%e@laﬁhg 14rér AL k2Bs.t ABRrklb &se é‘dilrré‘sﬁnbﬁﬂﬁ@toa
dianeter of 3.7 mmand an internal dianeter of 152.5 nm The

i njection nozzle 5@%1353 nls Exchelafivd midbApeRtditagdiwal dofinedds b MRl
diameter of 6 mMm and a length of 300 mm The collision plate 4 is

made of SUS304 amdrtivhessiae bﬁihelsa@mﬂagffdpa%tiﬂas bjudninp ehadpldisaiictbe bet ween
the end of the injection nozzle 3 and the collision plate 4 is fixed

at 10 mm The f| dogaritlemicoprobatalifyympexinsustiaightdinet he fl ow rate of
pressurized air is 2050 ms at the end of the injection nozzle 3.

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 formuia:

Uniformity Degree = X1/X2

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



[0153]1n the testing apparatus X having the constitution as descri bed
above, ‘first, 100 g of water-absorbent resin particles 6 of which
nmedi an particle size before collision (Al) has been previously
determned is placed in the hopper 1, and the lid of the hopper 1 is
cl osed. Subsequently, the 25pressurized54&ir of which pressure was
adjusted is introduced fromthe 55 pressurized air introduction tube
2, and the water-absorbent resin particles 6 are injected fromthe
injection nozzle 3,10 the collision plate 4. WAter-apsorbent resins
after injecting ZRHOEBIY ﬁagrﬁagﬁtﬁé?%ﬁ?t? T eansi b h pat fige fistibution
the particle size distributia term ain a 5Snmedi an

garti cle Zi ze af tggﬁ‘?gﬂ’i I%QWHP%@')V%Eng ge:[?(;igfrg@} ﬁ'ﬁ‘g:)]tresyl ting
bar t1 ¢l 6 col (STL' « dReefeh Kl Ry SAcARE PfipR o ifafinss)
Retention Rate of Par ecljc?enﬁ'gﬁ ‘la‘at@‘fok e p!égt'iélé §1%§ il&géf(ltai'gfei:;%ﬂis-{gf {e)st(g@théoz

[ A2/ A1] x 100 [0154] (Vat'er ADSOrpti on paci ~Pressure
The watser absor plj.fh. 20RCh{ ks An A& wAPGRLNEN by LERMRIMA leGaficle
usi ng ppar at u own in

under pressure was determ ne a neasuring

Figure 2. 15The Qr“zé%i&hii&ﬁi(ﬁﬂpgérﬁ%%vaYer%QMe'ﬂeﬁh%&?&l@s FORRINIRRR B

buret section 1, a |ead tube a neasuri ng boar and a neasuring

section 4 placeda@plisith pIRANI eﬁﬂ%réb#ﬁratﬂ_@(tomvlﬁéﬁ Sit1iR€ Glak QRovin 3 €

connected a rubber plug 14 on the top of a buret 10, and an air

i ntroduction tubgjskte and a cock 12 at the bottom portion of a buret
10, and further, the air 20introduction tube 11 has a cock 13 at the
end. The | ed@1s2pe 2 Tiz tasti grahstXekowi heFigureel comptisedn Hopped t he

measuring board 3. The lead tube 2 has a dianeter of 6 nm A hole of
a di ant er of 2 (with s lihdeampresdueized airi@troduetion arbed?, ah ligje otbmasnozzieg3,
board 3, and the lead tube 2 is connected thereto. The neasuring
section 4 has a sygbllinterpla® 4 aedia flofvnRitend. gl leeshressarizét gir dmtrovschon 1
adhered to the bottom part of the cylinder 40, and a o
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



56 wei ght 42. The cylinder 40 has an inner dianmeter of 20 mm The
nylton nmesh 41 has an opening of 75 m (200 nesh), and water-absor bent
resin particles 5 are evenly spread over the nylon nesh 41 upon the
determ nation. The weight 42 has a dianeter of 19 mm and a mass of
559.8 g. The weight is placed on the wat¥r-absorbent resin particles
5, so that a 2.07 kPa | oad can be applied to the water-absorbent
resin particles 5. [0155] Next, the determ nation procedures wll be
descri bed. The determ nation is carried out in a roomat 25C. First,
the cock 12 and tRiessugesd aig iroduglioniwbe 2, sudthegratar-ghserhenbissia, and
0.9% by mass saline djgsted_lOto 25C i s, poured fromthe top of the

buret 10 and t he RRBFIET 0 arsanisgledfrom thy injrstian ez 8@ thepblesionplals 4.4.

Thereafter, the ck 12 anpd the cock .13 at th ret sectjon 1 are
e e Nt - " n VR kr BfsctBentrhgng S8 iRt colBRE tATES BHOUY APRas

the | evel of surface of t 0.9% by .mass sal.ine flew.out froma | ead
Lube port §n ¢ he BURGPd Sndde? paticiRsf S BRLOR R s RO 1 BT ¢ he
upper surface of t e in ar . ar t the sane height.

[ 0156] Separ at el y,m%ﬁ?fbp%ﬁgk %]%eig?v\%tcgpggjﬂs@%ent resin particles 5is

i ght 45 15 pl aced onhdRGiePEmg Abcr R aRe IRIEEn ith 10 ]

ent res par

prepare the meas ;ﬂ%fc}f@e ﬁgﬁggﬁﬂl [t%gtiélle c%ﬂﬁ?\‘!ﬁ%isyobtﬁiﬂ@d Wﬁégﬁﬁ&g%ngw ‘h

section 4 is pla So t central section is 1n-alignnmen
a | ead tube port ghmdihe central section of the neasuring board 3.
[0157] The vol une reduction of 0.9%by mass saline in the buret 10,

:Néte er - absorbent r es;[ nm?gggﬁ?g?gg @gﬁwvé%)gi(zrgﬂm;&?m??h?dgggagfﬁg H?Ira% ;nmg) E |hrere
poi nt mhere the water-=[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



57 absorbent resin particles 5 started absorbing water. The water
absorption capacity of the water-absorbent resin particles 5 under
pressure after 60 m nutes passed fromthe begi nning of the water
absorption was obtained by the follow ng formul a: 5Water Absorption
Capacity Under Pressure (m/g) = W/O0.105¢ 0158] (Retenti on Rate of
Wat er Absorption Capacity Under Pressure After Particle Collision
Test) One-hundred grans of water-absorbent resin particles of which

b ' ' d f i cl [1i si

Laet (B0 *1bhad BTNy oAy ndrs b HE e dse CBPIFeSE0 e Themog
Gubj ceted o part MERRILER R pBeREGE 75 HEcaParigh: 84 HeiG o ore Koa
subj ecte 0 par )
described in the retenticon rate of the tigle si after, particle

i si "° SR e bl gt d iy i ot el S BebR B | of e,
tC(r)\e :/v:tltgp agzgsor&é@i gn. A, c'# nﬁjla [ES3ure, wa ain glgi;rarlmp 23
according to the F%I& d‘glgc? %gglg ﬁ %ﬁ%s \ el eét‘i’i&?g?'?‘c?ﬁ c?atgg%iogy
under peessure. Loo 8% 3hih Folfl IR BhAd ShtchIRGEY BRI K ©

after particle co on tes resurtrng

determ ned val ue, thta{‘§2.r0@tlﬁ}tlbﬁ’d"ce[rpﬁee @flig% F!fth‘é@&a%r-z?o%{%%ﬁf fétgjbr?%rtr%‘%l s 5,

capacity under pressure after partic I'sion test was y

the fol | ow ngoisvs]rml aNREUROHéOmiTAiSh Hocliire wiPROAREHBG, CRRaci ty
Under Pressure After

determination is carried out in a room at 25°C. First, the cock 12 and the

cock 13 at the buret section 1 are closed, 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-



Particle Collision Test (%9 = [B2/Bl] x 100 [0159] (Water Content)
25The arfount 2 g of the water-absorbent resin particles was precisely
58 wei ghed out (Wl (g)) in an alum numfoil case (No. 8) previously
wei ghed. The above sanple was dried for 2 hours with a forced
convection oven (manufactured by ADVANTEZ) set at an internal
tenperature of 105C. Thereafter, the dried sanple was all owed to be
cooled in a desiccator, and 5 a mass W (g) of the water-absorbent

resin particles after drying was then determ.ned. The water content
of the wat er-abs&bB%WFnP’ééi“rP%%é?ﬁEF‘ége fesog Pﬁﬁ‘laéqfegfhﬁy”fttﬁreacbsmpﬂon

APPLY CABL LI v 10{ 9RO AR B oo Jﬁ%’%@éﬁ%ﬁ'ﬁ%ﬂfﬁﬁﬁgﬂ%&@t g
opr opr i at e par t100 BEFGpRR0ERRIN hadblaR B ek ARHBER T
hi gh particle st ro%rg%é@do fnﬂ% QQO@%O\%@F&: wat er absorption capacity

under pressure can ai ne efr - absorbent resin particles
havi ng ¢ he above- nent4 d i j L

gl oni > materi al BRI G ea R G R R e TR
Ll A schemal 1561 ew S{Héfion¥atl Ut WG Absolfiforr CAfle) WrldePPRs @R After
apparatus fof conducting collision test. [Figure 2] A

schematic view shoyidlg Gelisied Tedp of the constitution 20of an
apparatus for determ ning the water absorption capacity under

pressure. One-hundred grams of water-absorbent resin particles of which
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 coilision 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



EXPLANATI ON OF NUMERI CAL SYMBOLS [0162] Xcol li sion testing appar atus
lhopper *252pressurized air introduction tube 59 3injection nozzle
4col lision plate 5fl owmreter 6wat er-absorbent resin particles

5[ 0163] Yneasuri ng apparatus lburet section 10buret 1lair introduction

tube 12cock 1013cock 14rubber plug 58

10

15

20

25

weighed out (Wd (g)) in an aluminum foil case (No. 8) previously weighed.
The above sample was dried for 2 hours with a forced convection oven
(manufactured by ADVANTEC) set at an internal temperature of 105°C.
Thereafter, the dried sample was allowed to be cooled in a desiccator, and
a mass We (g) of the water-absorbent resin particles after drying was then
determined. The water content of the water-absorbent resin particles was
calculated by the following formula:

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

[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

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
of an apparatus for determining the water absorption capacity under

pressure,

EXPLANATION OF NUMERICAL SYMBOLS

[0162] X collision testing apparatus
1 hopper

2 pressurized air introduction tube



2l ead tube 3nmeasuring board 4neasuring section 1540cyl i nder 41nylon
mesh 42wWei ght 5wat er - absorbent resin particles 60 CLAI M5 A
nmet hod of produci ng wat er-absorbent resin particles in which a nedi an
particle size of primary particles (d) and a nedian particle size of
secondary particles (D) satisfy the rel @i onship of the formla,
5d13+150<D<5d+150, conprising the steps of: (1) subjecting an
acrylic acid, a nethacrylic acid, or an alkali netal salt thereof to
a first-step reversed phase suspension polynerization reaction, in a
pet r ol eum hydr ocar bor sol veHECUGNNAZEE presence of a di spersion
stabilizer, to give s hericaJ.E;Egary particles having a nedian
particle size (d) of 4rom 88O PIYEm ~ (2) cooling the

pol ymeri zati on reactngn SokﬁtEﬁi to precipitate the dispersion
stabilizer: and (3) btarryiRy™4" a second-step reversed phase

suspensi on polynerization reaction by adding.a water-soluble

et hyl eni cally unsat u?éat ed Wﬁ%ﬁé or]bg% TFHE p&&bci?fd step to the

pol yrmerd zat i acti@n so i t onerate the primry
3 G3EACLIPD <OLihlihd Bplfl:

particles, t e secondary par aving a nedian particle size

(D) of from200 to 500 m wh E}?ﬁ!eﬂoﬁhe wat er - sol ubl e ethylenically
unsat urated nononer used in e second step is added in an anount of

from 110 to 190 partsgpoy nggsibased on 100 parts by mass of the
nmononer for the first step.

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



\.

Thé]nethod according to claim1, wherein the dispersion stabilizer is
ap/least one nenber selected fromthe group consisting of sucrose
fatty acid esters and pol ygl ycerol fat%% acid esters. The nethod
7according to claim?2, wherein at |east "One nenber selected from
mal ei ¢ anhydri de-nodi fi ed pol yet hyl ene, mal ei c anhydri de- 61
nodi fi ed pol ypropyl ene, mal ei c anhydri de-nodi fied et hyl ene-propyl ene

copol yner, oxidi zed pol yet hyl ene, a%ﬁ&ene- acrylic acid copol yner
is used together as the dispersion zer. The net hod
according to any one of clainms 1 to 3, characterized in that a
post-crosslinking treatnent is carried out by adding a crosslinking

agent_aftefyjthe SecaifelanfiGARY RRASSDIBARISHRDLALLIRL WARH £"

reaction. Wat er- absor be resifa particles 1'nan-+taggl oner

formof the sp i: Li [ ined in
any one of cl a?ﬁrrésdl%?b%ﬂ%?é \g/wl%éﬁ)zpﬁﬁ?%gp\%g?c é?%/g@gglgbr%{ﬁ{%afagyanrﬂgf& 1Jl‘gec {(ras
have a uni form ]ﬁ%?‘fr, R i i . 1 .2 to 2.2
V\ater5 - absorbentSEérloem g?@?eﬁo@ éla‘rE]lE nﬁgggﬂagkﬁg%@’ éﬂ(f‘t #‘gr@%ﬁlfé?lglt he
spherical partisgles,5008334 PP ¥otRfis tﬂ?gtf%§ Oq\,efi ned in any one of
clainms 1 to 4, erein the watér-absofrbent resin particles have a

retention rate ( oy twg&_ %Lg%rsf!)ié Qclf a%%&éry@éq%%@fofrﬁaﬁaag%ﬁ bt salt

collision test ent resin pa

aggl oner at ed f%é’fb@ftotehflrs?%tﬂﬁf {&%{stegﬂta'k%e enﬁ%ﬁ%’lﬁ%eﬁ%aﬁ%&ﬁ%ﬁ@d

as defined in any one of clal'ns elrnt ter-a

resin particl e%r[l)g?:\g?roiacu‘f@hﬁgf%ggégfﬂdw&tfﬁl%ﬁiptré’sg:?lt:e%@a@ié&rﬁ%nmr e

under pressure re part Ision test "and a retention rate of

Ito Qret1pglt er Cglblsio éii%g;]l?zt&é,g{%@% s¥h&icad QUnry PRkl LN A inBSR 8 ¥lah (AE&E size
(d) of from 30 to 130 pum;
(2) cooling the polymerization reaction solution, to precipitate the
dispersion stabilizer; and
(3) carrying out a second-step reversed phase suspension
15 polymerization reaction by adding a water-soluble ethylenically
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 um, wherein the
water-soluble ethylenically unsaturated monomer used in the second step
20 is added in an amount of from 110 to 190 parts by mass based on 100 parts
by mass of the monomer for the first step.
(2] The method according to claim I, wherein the dispersion stabilizer
is at least one member selected from the group consisting of sucrose fatty
acid esters and polyglycerol fatty acid esters.

25 [3] The method according to claim 2, wherein at least one member

selected from maleic anhydride-modified polyethylene, maleic anhydride-
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(4]

[5]

61

modified polypropylene, maleic anhydride-modified ethylene-propylene
copolymer, oxidized polyethylene, and ethylene-acrylic acid copolymer is
used together as the dispersion stabilizer.

The method according to any one of claims 1 to 3, characterized in
that a post-crosslinking treatment is carried out by adding a crosslinking
agent after the second-step reversed phase suspension polymerization
reaction.

Water-absorbent resin particles in an agglomerated form of the
spherical particles, obtained by the method as defined in any one of claims
1 to 4, wherein the water-absorbent resin particles have a uniformity
degree of particle size distribution of 1.2 to 2.2.

Water-absorbent resin particles in an agglomerated form of the
spherical particles, obtained by the method as defined in any one of claims
1 to 4, wherein the water-absorbent resin particles have a retention rate of
the particle size of 80% or more after particle collision test.

Water-absorbent resin particles in an agglomerated form of the
spherical particles, obtained by the method as defined in any one of claims
I to 4, wherein the water-absorbent resin particles have a water absorption
capacity of 30 ml/g or more under pressure before particle collision test
and a retention rate of the water absorption capacity of 80% or more under

pressure after particle collision test.



