-1- DESCRIPTION Title of Invention: METHOD FOR PRODUCI NG WATER- ABSORBI NG
RESI N Techni cal Field 5[0001] The present invention relates to a
met hod for producing a water-absorbent resin, and a water-absorbent resin
obtained by the nmethod. Mdre specifically, the invention relates to a

met hod for producing a water-absorbent Tgsin usi ng reversed- phase 10
suspensi on polynerization, the nmethod being environnentally friendly by
reduci ng the anount of petroleun1hyBFﬁgg}%gﬁnhispersion medi um rel eased to

the out si dej ofe tJ¥e Thoaat 1 6M: MatHOD FOR PHODICTRE WATEIEI ARGORBIRG tREqINOdUCe a
wat er - absorbent resin having a high water-retention capacity and

wat er - absorption 15 capacity under a |load, and a small anmount of water
sol ubl e coppapenRtz; FRgignvention also relates to a water-absorbent resin
obtained by this nmethod. Background Art 20[ 0002] In recent years,

wat er - dsof @kl resin has been widely used in various fields, including

hygienic materials, mauohas. i SROSAPLE, dieaBens A9ch SRAHLA YoP KRR ng

agricultural and horticultur mat er , such as water-retal ning agents
and soi |l 25 waoredi-abenebent argbimndastra aratreat-ebsarents ystsias opbaEredbycki ng

agents and, agent.s f.or preventing. congden i .on. ,
wat er - absoF%%rﬁet?lé)gi‘n D?Osr rsé’ﬁﬁégﬁg?/ L}’s’e&ﬂ?n,i%t’én&%fﬂolﬁrgéggg,g 1f1°ygﬁ (Ianﬁlﬂécd
mat eri al s, featigrogncdhgpasedter -dibapebsnantkssianutany repEtisesi-pB8§H003]

As the water-absarbent _resin, for exanple rol ysates of

st ar cht%cr Y SRA PP PG ERET Yaitid e RS Tl 0%?)?}8 BrodRsnspL Ly

st ar ch- acr yradR11gr aft reepeingaihe, afoRenidi @@ tpbodud {1ty @ocarbyh
acetate-acrylic ester copolymers, and crosslinked products of 35 })arti ally
neut ral i zeBrSREEAIOR REAHIPOTSARASEdaFe o antsids. of oltpy reaction systei,q

vat er - absoghenthe geicAoliSbaBid) ab1Rr eguseshdde sUbhesEtlAsdrpeateresal ubl e
et hyl eni ¢ unsaturated nononer to reversed-phase suspension pol ynerization
or aqueoush%YﬂQﬁiaohigh water-retention capacity and water-absorption
15 capacity under a load, and a small amount of water soluble
component. The invention also relates to a water-absorbent resin

obtained by this method.

Background Art
20 [0002]

In recent years, water-absorbent resin has been widely
used in various fields, including hygienic materials, such as
disposable diapers and sanitary napkins, agricultural and
horticultural materials, such as water-retaining agents and soil

25 conditioners, and industrial materials, such as water-blocking
agents and agents for preventing dew condensation. Of these,
water-absorbent resin is frequently used in, in particular,
hygienic materials, such as disposable diapers and sanitary
napkins.

30 [0003]

As the water-absorbent resin, for example, hydrolysates
of starch-acrylonitrile graft copolymers, neutralized products of
starch-acrylate graft copolymers, saponified products of vinyl
acetate-acrylic ester copolymers, and crosslinked products of

35 partially neutralized acrylic acid polymers are known.



5 polynerization. O these nethods, the reversed-phase suspension

pol yneri zati on uses an organi ¢ solvent as a dispersion nedium Therefore,
the environnmental inpact, such as the em ssion of organic solvent to the
outside of the system e.g., to the air, nust be taken into consideration.
Further, for exanple, provision 10 of anZorganic sol vent recovery systemis
required tr @revent organi ¢ solvent em ssions caused by the high heat of
pol ymeri za PeRibr a rapid reaction. [0005] Further, in hygienic nmaterials,
such as disposabl e thelvaper-absbhBeit B8siaPser henhly gfioducedrsguired to
have, as a desirable property, a _high water-absorption capacity under a

| oad to refuRicFHE%ROUAECHI S RIBASt EERYLSHE Uprasitrerq JoReperetCafter the

absor pti onp@fefsdd -Pnlse! Bustichdidan pb@yhevi Nt 13nhbgha@d fls 8L ERLHON _
capacity. Further, "having a small anmount of water 20 sol uble conponent is
al so arP i npetyegnizaddonr efifntthese peidvads.i fhearsvesnds PhREe dSHFRARSIPRCKI ng
to the ski AN i.ffi . L f t P i ng a
wat er - absol BER T Fa Ao 58 AL Ea s B S Sobh) Shee anong "Chegk
properti esTh¢0Be ,25he paviraulegtali impacis sofhaasaths -eatisesibenet r esi n,
the water-retention.capacity..and the.water-absorption capaci.t n a | oad
tend to op?)]g aenlecacsl?lg’te ﬁgrké 1heerozlijlttlsgfiei ér’ll'eotrh ersg)’tS gg%bt%igﬂ' ’a%ﬁi éﬂg QlEIl’,

wat er - r et emtis Oroec aakent yntéd heororidesht hém Ng Fdensét y fofr ekamphé erpivdetbent
resin nust ge | ower edq. Hoywever, a reduction in 30 cro§%£inking degsity

| over st he®Get™ STTIRGENSOHERS G VERY ST R (o hCHA -1 He WaPEFYEDSor pti on
capacity upggin®: |seadenkushieiond cadyediwp the hhghcrassidmki ng density of
a wat er-absorbent resin increases non-crosslinked conponents. Therefore,
when the rBIVNSIELAFAQHhPT | MtIFRIGhEEEET P h a fluid, the water soluble 35
conponent L§od,cj,j<ely to be dissolved. As a result, when the resin -3- is
used in a hygienic material, etc., a rash may be caused due to the water
sol ubl e conponent. FOOY$Tr Asirng hvgdRpiguUeatediialipr BYFMPS K SpPopRER i es of

vater -5 agsrdent tﬁagshateffe;@dmnft%eyg fQf MeRg; FEY eF S gfliRage guspensi on
pol yneri zation using a specific amount of a specific surfactant (see Patent
Li t er at ur edegirableepimonerty . pedfighnivager esgogediphagepatisiyeisden a load

o1 YTer | 2L} Ofldlbd MROLmBREL B SRSLEREEL AR pLLELAL U Bbi 180 RIMA0 T Of
perfolLm ng rever sed-pﬁase suspensi on pol ymer PZatton using-a specific
anmount of theealsmdrptdbe af a folidedinzaddbidmitoi having sediht water-

e v a0 2UENEY, L2 UELRS IR SR GRS KRB e
agent Jsees®hnileld dompenahtres 4glscamd fiportdes, retreiitémentofose grel&dfisly
a viscous fluid from sticking to the skin. However, it is
difficult for known methods for producing a water-absorbent resin
to sufficiently achieve a balance among these properties.
[0006]
25 In particular, in terms of a water-absorbent resin, the
water-retention capacity and the water-absorption capacity under
a load tend to oppose each other. Generally, in order to obtain a
high water-retention capacity, the crosslinking density of the
water-absorbent resin must be lowered. However, a reduction in
30 crosslinking density lowers the gel strength, resulting in a
reduction in the water-absorption capacity under a load. Further,
a reduction in the crosslinking density of a water-absorbent
resin increases non-crosslinked components. Therefore, when the
resin is brought into contact with a fluid, the water soluble

35 component is likely to be dissolved. As a result, when the resin



However, the water-absorbent resins produced by the nmethods disclosed in
Patent Literature 1 to 3 cannot sufficiently satisfy all of the properties,
i.e., a high water-retention 20 capacity, a high water-absorption capacity
under a load, and a small anount of water sol uble conponent. Further, in

t he reversed- phase suspension pol ynerizadiron disclosed in the Exanpl es of
Patent Literature 4, a water-soluble azo initiator for radical

pol yneri zat$ owbed iis &ghvaigniamedezidlintetmi @nrash I & raYsey s 400 on

or a rapi deReapdiddn so1apubt édighdnanithe organic solvent being rel eased to the
outside of the reaction system thus, the environmental inpact is not

consi deredl@¥&tkin. [0009] 30 Citation List 35 Patent Literature PTL 1:
Japanese Unexanm nedaBap eplcririilueC 2bk- Oy iREL tRe %&&%ﬁ%suafwé}ed

Pat ent Publication No. PTL 3: Japanese ‘Unexam ned Patent Publication No.
PTL 4: Japabpezantexasiineda Pegtdid Pabl peafidiovnNoreHerSA5®hase3- 227301

H6- 287233 - 17.657Q --4- gﬂmr tiqn.Techni cal o .0010]
5The prese%‘?%@%xg/sel%i r?l a8  been nnw)s/l g};? nE%//i ﬁco?lghéﬂ%ﬁgﬁf%spgféeg%% t he
af or enent | smethqirandr (aee. Pé&tqut Aditpabtag €ct; af mehkodrBse perfoveing on is to

provi de a novel e@sEt E%d for produci ng a wat er-.absorbgnt resin U%L‘n

rever sed- phase s §Foﬁuﬂgﬂﬁfﬁr‘i PRLYRA L35 10Ri &R HHR EnitF8n | i npact

can be | essedebat@nty Liedbstune t2)e anmnmeitodffopepeofetmiy deveasddiphase

di spersion nmediumrel eased to the outside of the Sé%tem q%gg whi ch makes it
e

possi bt% t BUHI 1P a PRAYBPL LGB HE 1 Re T FREGHEAG A AiYh PEF¥-ditti®on

capacity aad ygiaymelRsehPio®nitianacbly(s8Kleatanondtatatilie 33Meaid g, and
al so having a small anount of water soluble 15 conponent, and to provide a

wat er - abs FPEMY FO%i HS4BY af AL By SPhEb hetarst AngSEatPHrE o TPASEREM [ 0011]

polymerization in the presence of a specific internal-

crosslinking agent (see Patent Literature 4), and the like, are
15 proposed.

[0008]

However, the water-absorbent resins produced by the
methods disclosed in Patent Literature 1 to 3 cannot sufficiently
satisfy all of the properties, i.e., a high water-retention

20 capacity, a high water-absorption capacity under a load, and a
small amount of water soluble component. Further, in the
reversed-phase suspension polymerization disclosed in the
Examples of Patent Literature 4, a water-soluble azo initiator
for radical polymerization is used in a large amount, which

25 causes heat generation or a rapid reaction, resulting in the
organic solvent being released to the outside of the reaction

system; thus, the environmental impact is not considered therein.

[0009]
30 Citation List
Patent Literature
PTL 1: Japanese Unexamined Patent Publication No. H6-345819
PTL 2: Japanese Unexamined Patent Publication No. H3-227301
PTL 3: Japanese Unexamined Patent Publication No. H6-287233
35 PTL 4: Japanese Unexamined Patent Publication No. 2006-176570



20The present inventors conducted extensive research to achieve the above
object. As a result, the inventors found that by using a specific anount of
a water-soluble azo initiator for radical polynerization as a

pol ynmeri zation initiator, and by perform ng reversed-phase suspension

pol ymeri zation of a water- 25 sol uble ethyl enic unsaturated nononmer in the
presence of a specific anmount of a hypophosphorous conpound, the anmount of
organi ¢ solvent released to the outside of the reaction system can be
reduced, agdumMAber 1APSRFRANt resin having at the same time a high

wat er-retention capacity, a high water-absorption 30 capacity under a | oad,
and a smal | T&RBOAREALIPHAIEM sol ubl e conponent can be produced. Thereby, t he
pr esent |nwﬁﬁt don has been acconplished. [0012] Mor e

speci fical the present invention provides a 35 nethod for producing a
wat er - #sor bent r esThe m@s@t\/\eneﬁntlorsha@bbeebemdef dgi NigWt af ndw by t he
nmet hod, as, e ho r odu

wat er - absor‘gﬁﬁeq{er legglgﬁgc%%q%laﬁf&re en j ect Trﬂaéast ﬂo%]gﬁ@\%tpe.dﬁ- gg?g%fe

et hyl eni c m@s@ﬂum&badnnunmmeﬁnmm nevemﬂﬂdnphase sospensitiwedpbbyneri zat i on
in a petroleu hydr ocar q? on ned n% - the rever%§% phase
suspen5|onpf) %? i Zat't %EB% 885dﬁ%?%ﬁjqf ﬁg 8V%ﬁﬁﬁ% 5°6. DOE ol of

wat er - sol updBmaza zh0ibni ttbgatvmlc{no mheaelm\m}onnehymarmﬁtam ra:apebe nbdssehetihe
wat er - sol ubl e et hyl eni ¢ unsat ur at ed nonomer sed n the gresence of

6 00000 LB A BS e ML BB RE e bSAEBCAD o/ HBF Lo1.0% L

wat er - sol upd R4y k8Nt Be UASEE 1der b@d t R N&fRfent, 0ahe Mﬁﬂm nake 2t The net hod
for producing a water-absorbent 15 resin accordlng@to Item 1, wherein the

wat er - sol [BASSIPAG {tAi PPERHR 3 SfateadrRRPTRINIY KEFID RGN & Riohe¥RteTone

memrber 53'f€%éﬂii%h°@hb8§1£ﬁ(BHB.%%@ékséﬁéﬁkﬁﬂlo% SapAFPB} Hnder a load at
am di nopr opane) di hydrochl ori de, 2,2'-azobis(2-[1 %

hydr oxyet hitg -sanenitdme ol 294 AhHA bﬁUp&@neﬁ dinpldr gBANRE |2fe Waded soluble
2,2 - Th%&%&% el DRayes Et)&lc)u%te el Lyd.er Rl ESRE“ A gl LR Engf She,

Item for producing a water-a ent resin according to Item
1 or 2, whreediad .t he hypophosphorous conmpound is at | east one nenber
sel ected fromthe group

Solution to Problem
[0011]

20 The present inventors conducted extensive research to
achieve the above object. As a result, the inventors found that
by using a specific amount of a water-soluble azo initiator for
radical polymerization as a polymerization initiator, and by
performing reversed-phase suspension polymerization of a water-

25 soluble ethylenic unsaturated monomer in the presence of a
specific amount of a hypophosphorous compound, the amount of
organic solvent released to the outside of the reaction system
can be reduced, and a water-absorbent resin having at the same
time a high water-retention capacity, a high water-absorption

30 capacity under a load, and a small amount of water soluble
component can be produced. Thereby, the present invention has
been accomplished.

[0012]
More specifically, the present invention provides a

35 method for producing a water-absorbent resin, and a water-



25 consi sting of hypophosphorous acid and sodi um hypophosphite. Item 4. The
nmet hod for producing a water-absorbent resin according to any one of Itens

1 to 3, wherein the water-soluble ethylenic unsaturated nononer is at |east
one nmenber selected fromthe group consisting of (nmeth)acrylic acid and 30

salts thereof. Item 5 The me¥hod for producing a

wat er - absor bent resin according to any one of Itens 1 to 4, wherein the

reversed- PRI FEAIN oPP IR PY z B¢ d1e e oAR LR BT 1SSt RBLYY - nor e

steps. Item 6 The nethod for producing a water-absorbent 35 resin
according to any one of Itens 1 to 5, wherein post- -6- crosslinking is
conduct ed by addi ngl&e®r dss2| nakhery fajemrogcéndt hewebeptangasvest rpgin
reversed- ph SUsReNsi on pol ynerization of the water-soluble ethylenic
unsat ur at ed nomer. Item 7. A water-absorbent resin
producéd by any onesubjéctirg mit hedst agind waterisoulge [e@bydgnic The

nmet hod for i -.ab r esi e Ly ion is
descri bed LIHE a?ﬁ#%t{%%b@iﬁg@égﬁo%%%&?%%?—%g 5 o(r“g;]zllgéo u%‘f“né’%%&%%l&%em
Resi n in a petboéemat hpdirdcarbonodilspergianvakdiuapsor bent resin of the
present invention c rises subjecting a water-soluble ethylenigc
Preatur at od monamer Che. etaEtrbhRat cuhelRneh RO bR iRt JhP B0 | 1
pet r ol eum &yihaarEbasify SPerEl o taedi 00 1d kR 1r eyewses-Huas®lsuspensi on

pol ymeri zati on bei ngacondu_ct ed usi ng{a speci fic ampunt of a water-sol uble

azo i ni% i atRFt¥HCT 28T cHRIHFY ROAVRSFI 128 Repolghetf 226 BATERTIITAMOdE i n

the presensenPlend cSRRSAthSa P Wdhofbr 2t MURORBRAPNAT BS fp‘x‘é@léﬁé@dof 20[ 0015]
According to this net hogq,)?/]tq)% usi ng a specific anount of a water-soluble azo

initiator 904G &al Op MAaOF oRYRRPROSPOIOYREF | SRRV RPFI BRbrof t he
amount  of e pRLOLEHTLIY HGRABIR GheDAIHeR HBALMR &) 8aSded 0 the

outside of the reaction system 25 can be reduced, and a reversed-phase
suspensi on pol yneri Zhemoh. rBecmethod afrih@reotupling perageredbs@ybdnir t her

usi ng Specif nf 0 fypgph Qp%ro c I e r wth the
af or er:rlént i]g%éld{ \%/ac?grgag%?u%?zi azoqi’ n?’tﬁl at or L&?lgr grgg%cr%h%%gy%rg?i zation, a
wat er - abs oimigitatogs fpracadsna Ingpod yweti zaiticd®0 igr epeleass ogienuenbereousl y,

s o BB GEBHCPRLON SERRELLY AN 19t o1 sbaenglop capectty under s
amidinopropane)dihydrochloride, 2,2’ -azobis{2-[1-(2-
hydroxyethyl)-2-imidazolin-2-yllpropane}dihydrochloride, and

20 2,2’ ~azobis[N-{(2-carboxyethyl)-2-
methylpropioneamidine]tetrahydrate.

Item 3. The method for producing a water-absorbent
resin according to Item 1 or 2, wherein the hypophosphorous
compound is at least one member selected from the group

25 consisting of hypophosphorous acid and sodium hypophosphite.

Item 4. The method for producing a water-absorbent
resin according to any one of Items 1 to 3, wherein the water-
soluble ethylenic unsaturated monomer is at least one member
selected from the group consisting of (meth)acrylic acid and

30 salts thereof.

Item. 5 The method for producing a water-absorbent
resin according to any one of Items 1 to 4, wherein the reversed-
phase suspension polymerization is conducted in two or more steps.

Item. 6 The method for producing a water-absorbent

35 resin according to any one of Items 1 to 5, wherein post-



[0016] -7- [0017] (1) Starting Conpound (i) Water-Sol uble Ethylenic
Unsat ur at ed Mononer The production nmethod of the present invention uses a 5
wat er - sol ubl e et hyl eni ¢ unsaturated nononer as a starting material.
Exanpl es of the water-sol uble ethylenic unsaturated nononer include
(nmeth)acrylic acid (as used herein, "acr9r" and "nethacryl" collectively
refer to "(neth)acryl;" the sa applies. hereinafte and salts thereof;

% (et hy act TS AREDE 16 i oo B nedai T CRAEP oL G POSE HEr T

(et h) acr ytiae éenp1¥thiodi 8Bt fyd (Rkhsag a8 @@spension polymerization of

2- hydr oxyet hyl (met h) acryl ate, Nmet hyl ol (net h) acryl am de, pol yet hyl ene

gl ycol nonbeetdbdsdcsPlabée ey iarde” HosR BHiatefoRBReRe: -

N, N-di et hyl am noet hykémey h)2gratkat gpsMNrdbdt eB8Yh a5t SRRIAPYY ( 8By HRC LY at e,
15 di et hyl am nopropyl (net h)acryl am de, and |i ke am no group-contai ni ng
unsatuﬁhteﬁhﬁﬁﬁﬁﬂﬁﬁé,Oﬁnﬂtﬁmaﬂeﬂﬁaﬁy conpounds thereof. These water-sol ubl e
et hyl eni ¢ unsaturated nononers nmay be used singly, or in a conbination of
two or nore thereof. [0018] 20OF these, (neth)acrylic acid, salts thereof,
(meth)acryl@3e. N, N-dinethylacrylamde, and the |like, are preferable, and
(nmeth)acrylic acid, I r.eof the |ike, ar.e re.prefe

because they are eagﬁ y&§9§?f§§ epFﬁ J%I£1§IW?EQ§5%%ﬁ%gf%t rgglﬁqg!%?ﬁe

af or enent | presentatiereanslobl £s eldspiréebed imshkttaiat bdlomnoner can be used in
an aqueous 5&# tion to increase the dispersion efficiency in a petrol eum
hydr o r boh é%ersion medi um when rever sed- phase suspensi on pol yneri zation

i s conductmréthci) fbie peeaeenid ldtet-abséer®RRERA | N such an aqueous
solution is not particularly Timted, and is usually 20% by nass or nore to

a saturated concent Fafi BRI FOLsPrRuF iR R YassT 1 PSPRBY FESE: Andbhfor e
pref er abl yp3sdrit 99%RY i8R SSomdr3@28] s3bYeninghe water-solupikeeehivd By C

unsat ur at ed nononer ) ) )
unsaturated monomer to reversed-phase suspension polymerization

15 in a petroleum hydrocarbon dispersion medium, the reversed-phase
suspension polymerization being conducted using a specific amount
of a water-soluble azo initiator for radical polymerization as a
polymerization initiator in the presence of a specific amount of
a hypophosphorous compound.

20 [0015]

According to this method, by using a specific amount of

a water-soluble azo initiator for radical polymerization as a
polymerization initiator, the amount of the petroleum hydrocarbon
dispersion medium released to the outside of the reaction system

25 can be reduced, and a reversed-phase suspension polymerization
reaction can be stably performed. By further using a specific
amount of a hypophosphorous compound, together with the
aforementioned water-soluble azo initiator for radical
polymerization, a water-absorbent resin achieving excellent

30 properties simultaneously, i.e., a high water-retention capacity
and water-absorption capacity under a load, and a small amount of
water soluble component, can be obtained.
[0016]

The method for producing a water-absorbent resin of the

35 present invention is described in detail below.



-8- contains an acid group as in (neth)acrylic acid, 2-

(met h) acryl am de- 2- net hyl propanesul fonic acid, or the like, those in which
the acid group has been neutralized in advance with an al kal i ne
neutralizing agent may be used, if necessary. Exanples 5 of such al kaline
neutralizing agents include, but are nof7barticularly limted to, sodium
hydr oxi de, éﬁ&fﬁSiUﬁ\hydroxide, and |ike alkali nmetal conpounds; ammoni a
and the Iik . particul ar, these al kaline neutralizing agents can be used
in the formpfstartdguecospsatditi on to sinplify the neutralization. The 10

aforenenti oped_al kal i ne_peutralizing agents y.be used singly, or in a
corbi nat i (Wﬁ—%i@mﬂl w el E8C ?W.ﬁ‘ira‘_tg% Monomer the degree of
neutralization of tirRevgiGdus@lonbhetRédirerhe PReSént alnedniDER B esMat h an

al kaline neutralizing agent 15 is not particularly limted. The degree is
consi det edw%l‘émf‘r?é’lél‘@g?eét]&ffl% URPAYAF R Jrnamer & HA@T§iBaps of the

vat er - sol ubl e &Y ek fmpinsalol 8hE Ay JMRNOEBH ub PO ki1 1484 Rl hYsdQila@ed00% by
nol, and nore preferably 30 to 80% by nol, in order to increase the osnotic

pressure ofordwer dagilufng(nektlacalydor beeid A@sr 8sPA kerpiro 'REFEbY andbrove
t he absor p*'rhé’trha‘%!rgﬁer EXliQ@EﬁPJJ]y E—@ﬁafl' &9 1 (heRh9GEPPIr LQLIURE ies
afety e I'i ke pres

di sadvant ages 1 n or t ue to the nce of an excess
al kal i ne neetteiglaftiemy agénsaliDah2ke¢fi )2-Hatertdl) eanyHyrdidsc@-bon Di spersion

Medi u 5EX I f e tral.e hydr.oc n_di sper.si.on 4, I nclude
e hexa. R cBant B R o RO UL N AR} BRI AN TR 17 LS
3- et hyl penti aejimethyl dmeth pancytliakd dal | pHatdroxiygdhpt emdxdnsscryyatehakane,

nmet hyl cycl ohexane,, ¢ opent ane, net hyl | opent ane

rane. 1 5 O ORI ER LR O RERT LatE dec; BotYs G soR BUPRGH cypnospespApeeyiate.
trans-1, 3-ghdeting apal opestmdtomeaidd Nikeadiadthg e fodygfioGRtBYASTy Bt ,
benzene, toluene, xylene, and |i ke aromatic hydrocarbons. These petrol eum

hydr ocar bot ¥ LB Rl PehB ) g &liengi y, or in a conbination of two
or norg t heteafy1 X aBBLesy Dimér Hiiaxeg1 Mo aaon i gk Saefs) groapdi um 35

conprising a mxture of two or_nore petrol eum hydrocarbon -9-_ dispersion
nedi a i ncl CRREEDISG VREBEARRLYD MNPEEHS by 21k X B IGEHRFY CoPRRY Htdortheaeaf xed

hydr ocar bof, & ReRei-08o B &M 13RAkA1 81 (itkatifaTRUEMMERIRAE HaS: b8~ &R ane,
2- met hyl hexane, 3-net hyl hexane, "and

singly, or in a combination of two or more thereof.

[0018]

20 Of these, (meth)acrylic acid, salts thereof,

(meth)acrylamide, N,N-dimethylacrylamide, and the like, are
preferable, and (meth)acrylic acid, salts thereof, and the like,
are more preferable, because they are easily available
industrially.

25 [0019]

The aforementioned water-soluble ethylenic unsaturated
monomer can be used in an aqueous solution to increase the
dispersion efficiency in a petroleum hydrocarbon dispersion
medium when reversed-phase suspension polymerization is conducted.

30 The concentration of the monomer in such an aqueous solution is
not particularly limited, and is usually 20% by mass or more to a
saturated concentration or less, preferably 25 to 70% by mass,
and more preferably 30 to 55% by mass.

[0020]

35 When the water-soluble ethylenic unsaturated monomer



met hyl cycl ohexane). O these petrol eum hydrocarbon di spersion 5 nedi a,

n- hexane, n-heptane, cycl ohexane, Exxsol Heptane, and the |ike, are

pref erabl e because they are easily available industrially, stable in
quality, and inexpensive. [0023] The anngnt of the petrol eum hydrocarbon
di spersion 10 mediumis not particularly°Timted. In order to easily renove
Lhe neat ofoRolaiPrbzation.and Le. cntidln evigaclian vemerature in the
rever sed- phase suspen5|on rlzat the pe edn1hydrocarbon
dlsperS|on(m&xhxﬂunySam$éd—2+maﬁhyapnupaneﬁunﬂoaﬁera@i@ 51 ttbhe6Dlkearth®sby
mass, and por rably.100 to, 550 arts relative, to 100
barts by MRSTIEN fBearis SR PEZer Rt AR rahiatir it GHURBRGNEH Fo2a)
(i) D speriediomeShabttaZeLiing agent may be Ased, dispesciseargt aliidampees used
in the reversed-phase_20 suifen5|on 8 EH%Srfrerlzatlon a surfactant may be

used. Bxanpf e8Fr adkapire RFYEALdALR e 186LPESe Fukt BFCalPH esters,

pol ygl yceryird@idira¢l difste] Lo ,SebRL iR My@bKY 8! sbesQlum nP@Fyedeet hyI ene
sorbitan fatty acid esters, pol yoxyet hyl ene glycerine fatty acid esters,

sorbitol fandlike alksiructals compyBRYE: RMORdasendths 1ikety ki d esters,
pol yoxyet hél%m%lﬂ'aﬁﬁw thé rélka‘i‘i'n)éofi fml"z'lﬁgaééé(ﬂté)*l%@b"oe%géé Sm the

pol yoxyet hyl ene castor oil, polyoxyethyl ene hydrogenated castor oil, alkyl
allyl for nmmm;fd@ncqumcsqdoﬂtyoxy‘efp hsdmpdd £yt hee sneyialatdzgeiony! effbe

B nr 0 R 865 RRPLYTE BeuRRYRIE QUCRPE R MR P\ Y

gl uconam des,impa yonpihayleneff athyoacncd:eamhdeepfpol yoxyet hyl ene

al kyl am ne :ﬁgosphates of pol yoxyet hyl ene al kyl ethers, phosphates of
polyoxyeth§9e al kyl allyl ethers, and the like. O these, sorbitan fatty
acid esters, 35 pol yg¢ydainde &t hyguecall atiensof stits eagelrakbyulsld d esters,

and -10- the like, are refe able, interns o e dispersion, stablllty of
an aqueous® %ﬁ(ﬁ?&rc EBF?IF FEDREE (Y z%‘i‘té‘aﬁﬁ ri?é“g adinghy,a%htin a
conbi nat i o;ns afott WArQH.cHDéﬁlji hargetd. [ @BdShegdde ﬁer‘o@@E_aeired Sagig@d in an

anount of 1 to 5 parts by mass, preferably 0.2 to 3 parts by nass,
rel ative t%em O&r PeubTakiralion pRealhtidie §’6’I19b9’é°‘élish)ﬂfeﬁf‘€ HA%SE ur at ed

mononer, sg,idialke le@hymsnp@tddya%%hgérmn@n dhapes siRiu1m9di oMo albos
excel | ent di spersion state of the water-soluble ethylenic unsaturated 10

nmononer i sSPYEiHt-aPREdTOEd PReIGreper sPOnt@F0&c byt Bat . oy r&EsEnE_ to the
amount  usef}, 1,5 QR 8h8€Gsmotic pressure of the resulting water-absorbent

20 resin and to thereby improve the absorption property thereof, and
also in order not to cause any disadvantages in safety or the
like due to the presence of an excess alkaline neutralizing agent.
[0022]

(ii) Petroleum Hydrocarbon Dispersion Medium

25 Examples of usable petroleum hydrocarbon dispersion
media include n-hexane, n-heptane, 2-methylhexane, 3-methylhexane,
2,3-dimethylpentane, 3-ethylpentane, n-octane, and like aliphatic
hydrocarbons; cyclohexane, methylcyclohexane, cyclopentane,
methylcyclopentane, trans-1,2-dimethylcyclopentane, cis-1,3-

30 dimethylcyclopentane, trahs—l,3—dimethylcyclopentane, and like
alicyclic hydrocarbons; and benzene, toluene, xylene, and like
aromatic hydrocarbons. These petroleum hydrocarbon dispersion
media may be used singly, or in a combination of two or more
thereof. Examples of a mixed hydrocarbon dispersion medium

35 comprising a mixture of two or more petroleum hydrocarbon



[ 0026] Together with a surfactant, a polyneric dispersion agent
can be used as a dispersion stabilizer. Exanples of usable 15 polyneric

di spersi on agents include mal ei c anhydri de-nodified pol yethyl ene, maleic
anhydri de-nodi fi ed pol ypropyl ene, nal ei c_anhydri de-nodi fi ed

et hyl ene- propylene copolyner naleic anh%dride nodi fi ed EPDM

(et hyl ene ic a drid di
polybutadlg%éﬁy |c anﬁyﬁn eyg%xe?%$? g“%oﬁ%?ﬁ%§¥§1%§]§ Sh Mobil
anhydri de- ¢mrngﬂaﬂmancopohyxmﬂ hymabearb@mhywnxﬁsienrmédmum-pbnpgimﬂng as
copol ymer, nml ei ¢ _anhydri de-but adi en
ol ypt opy| B SRIREHGE or BT ACCop TS HBPRoGRPE P e eioNy BERGPenend

oxi di zed padsprIeR1eRexan) di D@dtﬁéé'é’|p%t@omé@ﬂ>’ﬁ§ﬁil®da@b6hyaﬂper&tlbﬁ| ene- 25
acrylic acid copolyner, ethyl cellulose, ethyl dr oxyet hyl cellulose and
the |iKe. fdthedsherane; ARG E eSHOH ‘%’@&epog ?gl%?éanﬁal ¢ th

anhydri de- PDehi f ize¢ BQEY@f@@M&Qﬁ%ﬁu@E'@h&yaﬁﬂyéabﬁfyrEVHfldﬁde

et hyl ene-pro erne copo mal ei ¢ anhydri de-et hyl ene copol ymer, maleic
anhydri de-}? rdRd 130 éé@%leyri@r AuUARLEY ¢ akhyaexBen®iYRH ene- pr opyl ene

copol yner, “ﬁgkwethylene pol ypr opyl ene, ethyl ene-propyl ene copol yner,
oxi di zed pol yet'hyl ene, oxidi zed pol ypropyl ene, oxidi zed et hyl ene- propyl ene
copol yner, and t he Thkeameuret pfeftbe apéieroliewmt bydsocAriidne ddspeesisiron
stablllty e u IS0 i Thes I i i rsj.on
agent & ey s i 4 OHES B PROMRI T ) B "1 oty RE, LIS Auphe 2he

t hereof . [ 7]of polymerlzaﬂiun mmbynarcmntﬁcapehelD@a@@ﬁﬂﬂ tiegipes&cliden ian
anount of Egeferablg % to 5 art ,Tor e regerabl¥ 9 2 to 3 parts
5 by mass, “FelTat Ve toPhd epsaur §n8§/°Pra%% %?ert’-ﬁé er o RTS8 €y eni c
unsat ur at efflydfei®on 82spépdidm nicdeuei$ alsdni Ry dn ogrsbion odi ppefatayly

medi um an_excel l ent dispersion state of the water-sol uble _ethylenic

unsat ur at et ihSM8r PRt RePhitaSed 2NGnBeLe AreFeraPon ¢ é‘_(?[ SPRaP2EGt P¥sponds
to thesannpdls UsRdaitsvadOtobidd pRets[ BPIRsd iof) tWet patselddie1édzo I nitiator

for Radi cal Polynerlzatlon The present invention requires the
use of a vebwrleadcyuBraatyertefl MOREHRTf or radi cal pol ynerization as a
[0024]

(iii) Dispersion Stabilizer

As a dispersion stabilizer used in the reversed-phase

20 suspension polymerization, a surfactant may be used. Examples of
usable surfactants include sucrose fatty acid esters,
polyglyceryl fatty acid esters, sorbitan fatty acid esters,
polyoxyethylene sorbitan fatty acid esters, polyoxyethylene
glycerine fatty acid esters, sorbitol fatty acid esters,

25 polyoxyethylene sorbitol fatty acid esters, polyoxyethylene alkyl
ethers, polyoxyethylene alkyl phenyl ethers, polyoxyethylene
castor oil, polyoxyethylene hydrogenated castor oil, alkyl allyl
formaldehyde-condensed polyoxyethylene ethers, polyoxyethylene
polyoxypropylene block copolymers, polyoxyethylene polyoxypropyl

30 alkyl ethers, polyethylene glycol fatty acid esters, alkyl
glucosides, N-alkyl gluconamides, polyoxyethylene fatty acid
amides, polyoxyethylene alkylamines, phosphates of
polyoxyethylene alkyl ethers, phosphates of polyoxyethylene alkyl
allyl ethers, and the like. Of these, sorbitan fatty acid esters,

35 polyglyceryl fatty acid esters, sucrose fatty acid esters, and



15 polynerization initiator. As the water-soluble azo initiator for radical
pol yneri zation, either an azo conpound that exhibits water solubility as is
or an azo conpound that exhibits water solubility when neutralized to salt
may be used. [0029] 20By using such a water-soluble azo initiator for

radi cal polynerization in an anpunt w tBPn the specific range mentioned
bel ow, the polynerization reaction, can stably proceed, and a_ . ...

wat er - abs o‘i’kgee Mt kPesfhe h%’fﬁt}‘?&ag’iéel }‘éﬁfterﬁpoﬁg r HQ%S TEREP B 158t 8F ned.
In additiofh sRueslidmeRbNERIIALEOR. I eacke OsutRitthe ta5may evenised, sihgreby
reduci ng the anount of petrol eum hydrocarbon di spersion nediumrel eased to
t he out si d& df @heoriRe N HFstBm oF 0TS tgﬁéﬁ‘?gi c exanpl es of the

wat er - sol updg»=azo initiator for radical polymerization usable in the
present invention 30 include azo conpounds such as

1- { (1- &yano- 1- net hyTke hsunfasdpnt of gratfiede 1n2ap' aesy; §F20¢ N PhenPe&kFdi no)
pr opane] di hl gr | 2 o 3Z0RI (25 - r

am di no] pr g‘%‘(e%)%di ﬁ%’?‘%‘é e 0,2 QQ%E%I[Z%%({SQ%% %%I%MIVL to 100 parts
hydr oxyphery Inessi dif nbherwpareseilhple cztiivdende, urs@turgteli BpRoner. 3%

benzyl am dji.n ropane] di hydroc i - i - -12-

al 'yl ani di#\%a)%)pﬁgpgﬁgl é?%@%f%’g‘hF{%ra%éggrbz"%’z%lg%g%%%‘e@%“‘“ & excellent

am di nopr ocpiperdiibydsbate orfi dte RaPéramdhitde2efyléhric unsaturated

hydr oxyet hyl ) am di. no] pr opane) di hydrochl oride, 2 2'-azqbi s[2-(5-

ot hy 205 {HRGI 1. BEpTEBknaTt: fy U B GPP dbE£e S Hd b Gt Tespapas

(2-1 m dazotd ithe whpphopase] dishyotaché®r i de, 2, 2' - azobi s[ 2-

(4,5, 6, 7-tetrahydro- 1H 1, 3-di azepi n- 2-yl ) pr opane] di hydrochl ori de,

2, 2" - azobi 8J92815- hydr oxy- 3, 4, 5, 6- t et r ahydr opyri ni di n- 2-

yl') propane] di hydr ochb g&irts: waAtR add@btadtdmltl- & 2pbinaiediyetihyber<ron

i m dazol i n-2-yl ] propane}di hydrochl oride, 2,2'-azobis[2-(2-_ 10

i mi dazol i negenf )cgrloganw?d A'a g3 5peEF Rettplligey, 1Fxamples of usable

bi s ( hydr Ox%m?f@éi%- 1 BYQr oL L BT O QRRAMEE S i ¢ Zarhy 34 @RLBbd1If1ed
met hyl - N-[1, I- bi s(hydroxynet hyl") et hyl | propi onam de), 2, 2' - ]
azobis[2-rmnﬂﬁﬁthmleaehymﬁlﬁéfe@mywﬁpi@@ﬁmﬂé%ﬁhﬁé]Poéygﬁanx%Sﬁﬁs(Qalelc

met hyl pr opi .de) di i - - bi.s: ovgahekjc 15 acid,

2 2" agob ST AR HLBLELRE b eilyathie SrebrRRDLBpd AN IpgeEe

(2-i m dazodnhydzdye)ypodpiied HEDM f ethy éin drepy lere diepeoliiespNiyger) ,

b t hyl.) -.2- hyl i i.dj ‘s
a2obt oL o MAIE ARG ORI PR, Shite A byt ge-
azobi 202- antldilleopr cppokymkihy dradelhboanttgirizie2 prappbess 2dpblyRer 20naleic
hyd thyl)-2-imd in-2-vyl i_hyd h i d 2. -
Db oL K (TR SRS BRAEHIP AP GoTaneAra: Te] Tt AIRYAFAER and the
li ke, are miwi@eatl eopsiyifdtepolgethplendiepoalybovpyenepolethgleaat i on

tenperature, etc., |ntheémlwnﬂLzmionre ction o
propylene copolymer, oxidized polyethylene, oxidized

polypropylene, oxidized ethylene-propylene copolymer, ethylene-

25 acrylic acid copolymer, ethyl cellulose, ethyl hydroxyethyl
cellulose, and the like. Of these, maleic anhydride-modified
polyethylene, maleic anhydride-modified polypropylene, maleic
anhydride-modified ethylene-propylene copolymer, maleic
anhydride-ethylene copolymer, maleic anhydride-propylene

30 copolymer, maleic anhydride-ethylene-propylene copolymer,
polyethylene, polypropylene, ethylene-propylene copolymer,
oxidized polyethylene, oxidized polypropylene, oxidized ethylene-
propylene copolymer, and the like, are preferable, in terms of
the dispersion stability of the agueous monomer solution. These

35 polymeric dispersion agents may be used singly, or in a



to be easily adjusted, and that they enable a water-absorbent 25 resin
havi ng a high water-retention capacity and water-absorption capacity under
a load, and a small anount of water sol uble conmponent, to be obtained.
These water-soluble azo initiators for radical polynerization may be used
singly, or in a conbination of two or mdrde thereof. 30[0031] The

wat er-sol ubl e azo initiator for radical polynerization is used in an anount
of 0.00005°WiRagdoR6hoFve HEeMOrsbFYeEPY0007 to 0. 00013 nol, per nol of
the water-ggdatpl e ethyl enic unsaturated nonomer. An anount of initiator
exceeding 35 the aforenentioned range is not preferabl e because such an
amount - 13- of i ni Thatpelewaries daspepiiPrpapphtris disesh ifedkt @R aPEowi ng
t he petrolﬁ}%? rho i M =To IV £as] ehe he
out si de of e reagc?og gggézﬁﬁﬁ%nggontras?bE?hgfﬁse lhxébtgoaiﬁgf%ﬁgﬁnunt
of the5i nity amass.i yehatiye eferldd pabbs v @asgchf abhs viateamsodebleri ti at or
requires a, si. der i t yaer t tion, and al so
makes the %S-%ZQBF%E‘B’?%%‘% |Hg;§l°&%‘[§t %fe tl?]cc)llatl F[EV\F:I% I%ehe O[])% mer of the

wat er - soILﬂ&draaahpbandtspemﬁﬂqn’a@ddumvnannaxcbmleatidyspﬁyyaegaSEatq(mf32] 10
(v) Hypop hor.ous ¢ un . The present invention I oV des a
mater-absoqﬁgﬂFu$ﬁéFﬂgﬁ§€#ré}9¥%%Péﬁ ﬂﬁf%vagggnW?%ﬁn Capac eyt A Yh

wat er - absasifd i@ icppasidy ettt ahhoadordthondsons cthd emiouat wedé@rissol ubl e
conponent, by subjecting a water-soluble ethylenic unsaturated 15 nononer
to reJé%se -%%ﬁﬂﬁg'suspension pol ynmeri zation in the presence of a
hypophosphpg@iss; conpound in a specific anount of nonomer described bel ow

[ 0033] Exanpl es of usable hypophosphorous conpounds |nclude 20

hypophosp 0¥ \Ou dSosabl ¢ AR, daakad ber tFor Rada PRINsEARBERPR t e

cal ci um hypophosphi ¢ge ﬁ%gé{m h¥ReRROSPhid i raBTPRL U ORNGSAkI L e, and
the like. O these, hypophosphorous acid and sodi um hypophosphite are
preferables¢kuhﬁQ:h@ovi@mkmﬁtﬂrtﬂ¢§tr@ﬁé@@ﬂ(ﬂﬂ#ﬁ@@ﬁé%é@#Qﬁ|§ﬁd@str|aIIy easily
avai |l ghl e 31 2291 BHO ‘éﬁt ®s ac'%% (288 £ SSid NaYbNgn A 11197
wat er -ret enti‘on capaC|ty wat er sorption capacity under a oad and
a | ow conteatiaafl mﬂwesmmgl .c@mbbﬁenan drioe sempgpp Hdgpthexbisitonpounds

may be use I commbi nat i r e r.eqf 0034]
The am)unt"gl‘m?S Iﬂ%oﬁ_u g‘rsﬂlo r%suslsrg%rlfpghn useé‘{p gﬁlggg.%%g%fggt%ag%mﬁ nol
per nole oéohuhxmitSOthhenenﬁndlmmbd tossdltr atagdbaonsedr, with 0. 000025 to
0. 00012 nngggﬁhng preferable. Wien the anount of the hypophosphorous
conmpound u

20 By using such a water-soluble azo initiator for radical

polymerization in an amount within the specific range mentioned
below, the polymerization reaction can stably proceed, and a
water-absorbent resin having excellent properties can thereby be
obtained. In addition, a rapid polymerization reaction can be
25 prevented, thereby reducing the amount of petroleum hydrocarbon
dispersion medium released to the outside of the reaction system.
[0030]
Specific examples of the water-soluble azo initiator
for radical polymerization usable in the present invention
30 include azo compounds, such as 1-{(l-cyano-l-methylethyl)azo}
formamide, 2,2'-azobis[2-(N-phenylamidino)
propane ]dihydrochloride, 2,2'-azobis{2-[N-(4-chlorophenyl)
amidino ]propanel}dihydrochloride, 2,2'-azobis{2-[N-(4-
hydroxyphenyl )amidino Jpropane}dihydrochloride, 2,2'-azobis[2-(N-
35 Dbenzylamidino)propane]dihydrochloride, 2,2'-azobis[2-(N-



35 is too small, the resulting water-absorbent resinis likely to -14-
have poor water-retention capacity and water-absorption capacity under a

| oad. When the anmpbunt used is too large, it increases the content of water
sol ubl e conponent. [0035] 5 (vi) Internal-crosslinking Agent 1In the
present invention, a crosslinking agent-12ay be used if necessary when a
wat er - sol ubl e ethylenlc unsat urated nononer is subjected to reversed-phase

suspensi onabbYWlﬂat)péﬂPawlﬁyﬁo@ﬂlw cPe3st##Mifd Zagent (herei nafter
referred t&nﬁﬁrﬂo%pr%@anle%fﬁ rl%:??’lhé”ki Y -ageBis)2l FN net particularly

limted. For exa a co un having two or nore pol ynerizable

unsat ur at ehhf@m}mhmyamedmerSpeeMﬂw@mhébesdm %.Li’dhaéghvpﬁ)h'hdsfS-l ncl ude
di- or tri I| er f . yehy lycol
(herein, fr(%%@]i arrplﬁe(1 d’gﬁgf%%t%ﬁ%ﬁg%%g%f%%l ?ioéfé%yl)zetrzle é yco o are
col | ecta ve[gl—imifcmzb&dnt-z g.‘s)px(qp@h'xyz)]dnhydimcéﬂ@trydel, ‘2, Z'h@zgatre[appl i es

hereinafte ro t t.h

pol yoxyet h 60? ;yF)SgFaR%éﬁ 9?%%‘?2?"%}9 fcglll?pgﬁ%% Bl%{ f/‘% d%?/cgréfr‘)%ﬁlde
wth Eﬁaﬁﬁfamaa“t”ebfgi. ﬁb”?i“ch”‘é’s’angfgfﬁ*%r?md%“mﬁmﬁf? g oned pelye
Wi

bi sacryl an¥-HEECORAREH AABYHEPFRAHIEE s%n%t?f’) %ﬁn'wnP (ﬂYdrSF‘YethYl) -2-

tri (meth) aghydd £o189-0L §1 PpEGHAIRA diYylesshlda a@, Pl yemzeui@ [ei-th-a
(meth)acrylic acid; carbanyl esters of di(neth) acr%xl Cc_aci d obt ai ned by

react idfy alPHlarstiinsgcyanaEeranaloh2a3’ t%?%léﬁ@df“?‘é Yd¥dtle lor
hexanet hyl gnediJ£AR2hE1 Wi%ﬂ@&?éYﬁ%ﬁ}ﬂr@ﬁbﬂ%ﬁﬁ&ﬂ aten 'abkbﬁ)ﬂfx{eﬂ-

starch; allylat'ed cellulose; drall hal at e; triallyl

i socyanur am%thialndl-dllvﬂn?ib@'mb?mmFGDBB]e@mlriP&QEiLPn@ﬁld‘ft} t Bel' -

above- desc S ].Bgi 1 a WU ed
groups, coér%%glﬂsa[czoﬁg% Q ngy \Ag ct| ve #ﬁn?t %ongﬁag%ﬁéps may
al so be usmdtraslpﬁm@lpnammda} deIythIchﬂ]krn@e agler4t -aExahpt £syehogateric
|nter Cross CI g 0 35
such as (p%ﬁ: e% eﬁé § E%I ]il Py%rgglgg?ﬁgff%gr o@p% e%g&@ éij[%d

gl ycol di gtz/eixmdaz@tlhar-s yhmhc(gmmle)a)igbybﬁam dihgtivatelyl2 &X'herzebis [N-(2-
(boby) et 20 Blakigh PRHALRL SR, ShEal dr i LRl YABL ISRl 2 o -
gl yci dyl ( netdy agray-matay1and( 1-hgydriockge tAPERR-dpioaanate Tr 095! thkseng 25 2agent s
may be used gé{]sg(lzy axnldllngp?oga?n Id?%gzldggcg{oglvane or [gzcgbr}esr{%o[l (2~
20 hydroxyethyl)-2-imidazolin-2-yl]propane}dihydrochloride, 2,2'-
azobis[N-(2-carboxyethyl)-2-methylpropioneamidine]tetrahydrate,
and the like, are preferable, considering that they allow the
polymerization temperature, etc., in the polymerization reaction
to be easily adjusted, and that they enable a water-absorbent
25 resin having a high water-retention capacity and water-absorption
capacity under a load, and a small amount of water soluble
component, to be obtained. These water-soluble azo initiators for
radical polymerization may be used singly, or in a combination of
two or more thereof.
30 [0031]

The water-soluble azo initiator for radical
polymerization is used in an amount of 0.00005 to 0.00016 mol,
preferably 0.00007 to 0.00013 mol, per mol of the water-soluble
ethylenic unsaturated monomer. An amount of initiator exceeding

35 the aforementioned range is not preferable because such an amount



[ 0037] In particular, (poly)ethylene glycol diglycidyl ethers,
(poly) propyl ene glycol diglycidyl ethers, (poly)glycerol 10 diglycidyl
ethers. N, N -net hyl enebi sacrylam de, and the |ike are preferable in terns
of high reactivity at |ow tenperatures. [0038] Although the

i nternal -crosslinking agent may be added 3o a di spersion medium the

I nternal -crosslinking agent is 15 preferably added to the above-descri bed

monomer i n°5r¥ﬁ§tﬁﬁ§°§fF E?%%tq3F4R%QDHQ%YQRQ§4?WQ?Bf?%Eﬁtﬁﬂqodﬁééaw%ﬁgfqﬂ?

i nternal - gsesS1dumkivRgosderdn di@p3%kidheredig kbt BE NedsiarOsel éadddGoagent
is used, the 20 anmount used is preferably 0.0000001 to 0.01 nol and nore
pr ef er abl ytiee opoTd et £0t RS IAAT I8, SHBEEN of INatHIGSTtub RS 1y |%nRctoo
unsat ur at egn PN QR nti BEOLAET141% 1#BEOYE ddie piRFeraBhs Wddchen phapelt i es of
the resulting water-absorbent resin. [0040] 5% (2) Reversed-Phase

Suspendi onaFUntefi iadtdataetrrsmires a considerpRlyhkong dsiget fPRVEM i on, a
wat er - sol u g et hyl eni t ]E;gy %;gg_r-i y the
reversed-pﬁ% suéﬁggéﬁoﬁggg$§%gr%ggpgg%gﬁ% odtﬁgiﬁgta 56€%$€?§ anount of
a wat er - sotedutteicez anstabilat ol ¥awingathe apojpmieymefi k¢ iwatanisal@Bleet r ol eum
hydr ocar bon, di sper si.on di cont ai ni t he .above- descri bed di spersion
stabiIizereF?VﬁgéicppggsggﬁaﬁgaEQQﬂgg Ff?% %ﬁﬁﬁ}ﬁtgggr?%%a%bove-described
hypophosphpo@iss]) conmpound. At this time, the above-described

|nterqﬁl-czgfﬁgkgghggpggggasrgg&gg%ngsed, i f necessary. 35[0041] -16-

The present invention provides a water-absorbent resin
having a high water-retention capacity, a high water-absorption
capacity under a load, and a low content of water soluble
component, by subjecting a water-soluble ethylenic unsaturated

15 monomer to reversed-phase suspension polymerization in the
presence of a hypophosphorous compound in a specific amount of
monomer described below.

[0033]

Examples of usable hypophosphorous compounds include

20 hypophosphorous acid, sodium hypophosphite, potassium
hypophosphite, calcium hypophosphite, barium hypophosphite,
ammonium hypophosphite, and the like. Of these, hypophosphorous
acid and sodium hypophosphite are preferable from the viewpoint
that these compounds are industrially easily available and can

25 produce a water-absorbent resin having a high water-retention
capacity, a high water-absorption capacity under a load, and a
low content of water soluble component. These hypophosphorous
compounds may be used singly, or in a combination of two or more
thereof.

30 [0034]

The amount of hypophosphorous compound used must be
0.000015 to 0.00015 mol per mole of water-soluble ethylenic
unsaturated monomer, with 0.000025 to 0.00012 mol being
preferable. When the amount of the hypophosphorous compound used

35 is too small, the resulting water-absorbent resin is likely to



In the nethod of the present invention for producing a water-absorbent
resin, water in an anmount of 10 to 200 parts by nass may be used relative
to 100 parts by mass of the above-described petrol eum hydrocarbon

di spersion nmedium The anount of 5 water used is preferably 10 parts by
mass or nore fromthe viewpoint of inprdd¢irng the dispersion state of the
wat er - sol ubl e et hyl eni ¢ unsaturated nononer. Also, the ampunt of water used

is prefer dB%e POOTpUREET Hie tiemdd oBr CRRAGL Y SRt Wates @hSOFRELR FHRNCT¥ng

| ndustrial g Qduct ,08, WakhNthe mqmgahlys%e nabbe, 10[9R4Rhses the

Al t hough tlhe reaction tenperature of the polynerization reaction varies
dependi ng omtend wit eateoladiublezeompendardt-or for radi cal pol ymeri zati on
used, it EO t pref erabl e when the reaction tenperature is too | ow (bel ow
200), because the 15 polynerization tine will be long. The upper limt of
the reacti oni) é@eta&h*mo@hmkﬁagamepﬂloc in or der to renove the heat of

pol yneri zati on and rf rma snoot.h merl zat 0 se

Vi ewpoi nts, the reactl tgﬁﬁg‘?% ulrne e|n§ usUa‘?I f%ltrlgﬁ%&%ébegﬁd%g}' tPerabl y
40 to 90C uddsnall )Aecéh@azl‘}eaﬂielnoa waterdsol2b1pr etleybéai:y: @ngataratdibur s.
(0043] n the present |nven t he reversed hase ) ensi on
pol yner i zdﬁ?W%ﬁ'sbﬁuBé‘?‘? & FRVoOh® tpg‘[?SSr SPAPERA g’f‘%]bjsz L{—1‘1 t\wo or

nore. The METhepeObrSEEHS ¢fos1@r1eﬁﬁm@lage&tor(haréimmﬁehe rafevieana nis of
i nprovi ng productivity. [0044 Rever sed- phase susgen5| on

pol ymé0i zaan or%qtﬁréééhc’écfsgtlﬁé‘ gofgeRhd b8l uRTHE t i HFL 1ia rfor med
by the sang,eihadias anccsxﬂﬁ;&ddr BhvSh &Py oF WbPE mteerlzaawbl e ethylenic

30 unsaturated nononer wt he reaction m xture obtai ned by the
pol yner i zagmsatureged ﬁﬁowﬁ t“??éf ber ysedt efraciEic reapEPied- phat¥suspensi on

pol ymeri Zaéén&{bdnﬁs Sﬁc%ﬁ(ﬁétdlSt SR k$i BREAIPIATRY 1 DY é@@ex%b%\fepEJ@?&Ié bedicn

nmet hod. The reverse ase suspension polymerization in each of the second
and subseqmer(tposwépshrrhsm@eﬂ%qiemerm Meexm@%aﬁ@@@ﬁﬁhﬂm as
descri.hed in the ahqve by ni tiator
for ra@l ca?f%cq yrrgrglgza?t%%iene lggg%os‘% o?gggeggxrr\%% 'fglaﬁ 8%

i nt ernal cr'ogsdllynlerthglagerglj)(c.«ﬂ"chthe sm‘ulaehppﬂmechm:rrg,a)ftem addition to

the water-sol.u Ie et eni sat ur at ed nomer ove- 5 menti oned
range of P&FPXE%’P o4 n%ﬁ@?fmfleci é)tm?gh‘ta’o Sﬁ?gcev\r%t er-sol ubl e
et hyl eni c We&hgdeﬁ@n@rﬁ&fql b@eeﬂowpﬁdwlamuglyml I lemdawat er - sol ubl e
et hyl eni c unsaturat ed nopnoner addea eve %{1 e _suspensi
dPS t 3’5’

pol yner i zatROW iGHYESERL o A Eats §e8 ?l Ieth bﬁ%ﬁ%%( 3)

Post - Gpossabhdikd tdntioned polyol with an unsaturated acid, such as maleic

acid or fumaric acid; bisacrylamides, such as N,N'-
methylenebis(meth)acrylamide; di- or tri(meth)acrylic esters
obtained by reacting a polyepoxide with a (meth)acrylic acid;
carbamyl esters of di(meth)acrylic acid obtained by reacting a

25 polyisocyanate, such as tolylenediisocyanate or
hexamethylenediisocyanate with hydroxyethyl(meth)acrylate;
allylated starch; allylated cellulose; diallyl phthalate;
N,N',N''-triallyl isocyanurate; and divinylbenzene.

[0036]

30 In addition to the above-described compounds having two
or more polymerizable unsaturated groups, compounds having two or
more other reactive functional groups may also be used as the
internal-crosslinking agent. Examples of such internal-
crosslinking agents include glycidyl-group-containing compounds,

35 such as (poly)ethylene glycol diglycidyl ethers, (poly)propylene



In the present invention, post-crosslinking treatnment is carried out by
addi ng a post-crosslinking agent in the process after the conpletion of
pol ymeri zation of the water-soluble 15 ethylenic unsaturated nononer and
before drying of the resulting resin, thereby increasing the crosslinking
density of the surface portion and naklﬁ “it possible to obtain a

wat er - absorbent. resin havin npr ove bsor pt i ro S, such as
the wat er -HESO PGy SEPEE i€ eﬁﬁde‘?ng Qf’ég)g C?]ngl 6131915(9%@%% t% ®X8d being
20 sui t abl @d19n) hngiené CgRIAr;T absly raueds Hayddig t(\mlgr}gmeecdleactl ve
functional groups can be used as such post- crossllnkln agents. Exanpl es

t her eof i rRAIGSIFEhYHEQL: Kidwlsaediayinsgie Polyebhyl €ne gl ycol ,

1, 4-but ane&ﬁlﬁytﬂ(inaﬁﬁraép}ﬁt%paaﬁd ShyoanQl., RRINOXHebhYABNEdBkYEking
pol yoxypr opyl ené gl yco and 25 polygk%gerol pol ygl yci dyl conpounds, such

as (polby) eigﬁﬂt@nélag’l ly@ollls@i Flip@ildly | oetHeds coppdny Jé{%;ﬂfeﬁéfog??d’&ﬂre

triglycidm% gther, (poly)glycerol diglycidyl ether, (poly)glycerol
triglycidy ef% (pol y) propyl ene gl ycol polyglycidyl et her, and
(poly)glchﬁQﬂ?]polyeg0|dyI et her; hal oepoxy conpounds, such as

epi chl orohydrin, 30 GplroTRlyar! ”@n;ﬁe@ RS ARIER QEgINeldyn: gagpounds

having two or nore réact Funct i exanpfe yanate'
conpounds(pmmyhpaspglénéogywﬂmmdMg$pcy@mnmﬁhand haxanaﬁﬁybeneﬂi|socyanate

oxet ane coppqunds, .such as - oxetane t hanol 3-oxet ane
met hartQ! éiﬁﬁ}ﬁ v3. 8&%?5%e§§§ﬁnﬁ¥%a¥&)ne STECH Fmggoxé¥§5§g% %ﬁﬁﬂare
3-ethyl - 3- -Spetead® 16t hanedims -ok8higRdrdadttinity3aexebangngieranakes oxazol i ne

conmpounds, such as 1, 2- ethyl ene bi soxazoline; and carbonate conpounds,
such as etHA38de carbonate. O these, polyglycidyl compounds, such as

(poly)ethylene gl yCCAlﬁidngYlC'tﬂéf' mﬁéthai,-ceeQéyirﬁw,\g a@@ngl &P bed added

triglycidyl ether, (poly)glycero |dyI ethers, (poly)glycero
triglycidyto e WélSPeFEBP‘}/)Tb?%W eﬁéeglL H%W@F%%anetaﬁéflt 5d

(pol y)gly éiﬁk erl2@h %aaze&'yéo e&ﬂée%baes B ipdaambioRé et 81 dler dhese

post - cross I ng gents may be used singly, or in a conbination of two or
nor e t her exffici@nodg6fiemonstrate thgheffrmst DHedsspanky deadaferraladded in

an anount i range of 0.00005 to 0.01 nol and nore
preferablygéﬁ%gﬁ% ngOQ%%E@ per nole of the total anount of
wat er - sol upd@s 9t hyl eni c unsaturated monomer used in reversed- 15 phase

I t th
suspensi on pol yneri |o&h%eac%é£%%l d%%qgﬁk% Qgg*ﬁp%engggguqﬁ{on in the

wat er - absor ption capatit 8- PEsUTY sor resin and to
i ncreasve tautoaskinks ngreffrsEly onoomommbﬂxtbe0$um¢haﬂmt0mraprove t he

;Sgin?u;ssprpolpeefréfa%iy [)084340120-@%}05? rﬂgl f;?err ?n%ql ngft he rosstol%{)935| I nking
ethylenic unsaturated monomer, in order to improve the water-
absorption properties of the resulting water-absorbent resin.
[0040]

25 (2) Reversed-Phase Suspension Polymerization Method

In the present invention, a water-soluble ethylenic

unsaturated monomer may be polymerized by the reversed-phase
suspension polymerization method using a specific amount of a
water-soluble azo initiator for radical polymerization in a

30 petroleum hydrocarbon dispersion medium containing the above-
described dispersion stabilizer in the presence of a specific
amount of the above-described hypophosphorous compound. At this
time, the above-described internal-crosslinking agent may be used,
if necessary.

35 [0041]



not particularly limted as long as it is added after polynerization is
conpl eted. The post-crosslinking agent is preferably added in the presence
of 1 to 400 parts by nmass of water, nore preferably 5 to 200 parts by mass
of water, and nost 25 preferably 10 to 100 parts by mass of water relative
to 100 parts by mass of solids of the wder-absorbent resin. [0048]

When the post-crosslinking agent is used, water or a hydrophilic organic
sol vent may be used Hs thessEyBad of theoPREsRRS dryentighpfes RICIHGERS A | i c

organi ¢ soly&Ht %HSBFBQH@ LOYE!  @heoholS arSWaBLAE FRBUIYltoahBohGhnt L1RY!

al cohol, n-propyl alcohol, and i'sopropyl alcohol; ketones, such as acetone
and net hylm@sswyrlaykémneed ardiatd vestie hl G R@lrétsh?Y masrerof ghexabeve-and

t et rahydr glq_] Japd 3 | fexhee such
as di met hy(lfk!’(g Oﬁ”hg%% %H‘?%g%fscl Ela%%esegi%&%gg hycfﬁthl ﬁ‘}géjor gah?céf

sol ventss metedre useddisi pgéi;eramyl mOapmmmyatnaea of nome dromotle t her eof .

The hydrophl | i c.organi ¢ sol vent y.al.so he used. as xed | v vmth
wat er . [00439“3]‘mé)f“frll Pgaﬂ?ﬁ%vﬁ%ﬁgg a?hﬁ:’%er SO he%%g%toértorﬂfs n ?nsgoelr eact i on

i s preferabtiyizhitcourb8CirdatydE mohoher abhys60 tie BdGhtyef warer msefietabl y

60 to 140C, and still nore preferably 70 to ]ﬁJOC Furt her, gth ugh the
post - cr os SPTHIGEH Wed 0P| A1 Y E‘Sﬁﬁo‘fr DESFehEPY T5P SHEMPPILB cause it

varies depﬁ.lwdian@n1hb@sﬂ§151e§%aaati&mpmwr €s bydonadlagoassinibiehe
cr ossl i nki n(gﬁﬁ%ent etc., the post-crosslinking reaction tine is typically

lto s and preferably 5 to 200 mnutes. [0050] (4) Drying 15In

the present i nventi %tﬂdﬁﬁhdrtxénﬂemo%eteﬁﬁéffa;&llfofueﬂ@r S0fiERli ZREESSUT €
or reduced pressure, and fmay al so be carried out under a nltrogen stream or

the |ike |Teagtdon verinerderanding qnytlmg weptercpehele \#ren iREIREYT T s
carried ouf,4ndgr BBQ?HE ?étejg%;“‘h%e djst &3 F)Eg?éfé”él%f Gnks Pheferably 70
rereranly to

to 20 250 nor e yet nore nore preferably 80 to
140C, and Jseddﬂlonmrtempeeamlai)liys @00t bow_S((l:@ldMéﬁ°Che kirgAusg thecarri ed out

e e S 3a58 Ay L SOPT S S oS Vol Ao
wat er - absotdgdratesenisbpeefachbly 1 he® @boverdescto beemowst tbe, héedae of
o o el Do 51 T B ST VBB SSOPLED), b o
order to pti®ddl&iewpoints, the reaction temperature is usually 20 to 110°C,
and preferably 40 to 90°C. Usually, the reaction time is
20 preferably 0.1 to 4 hours.
[0043]

In the present invention, the reversed-phase suspension
polymerization may be performed in one step or in multiple steps
of two or more. The number of steps is preferably 2 or 3 from the

25 viewpoint of improving productivity.
[0044]

Reversed-phase suspension polymerization in each of the
second and subsequent steps may be performed by the same method
as in the first step by mixing a water-soluble ethylenic

30 unsaturated monomer with the reaction mixture obtained by the
polymerization reaction in the first step after reversed-phase
suspension polymerization in the first step is performed by the
above-described method. The reversed-phase suspension
polymerization in each of the second and subsequent steps may be

35 performed under the same conditions as described in the above



30 flowability. Further, anorphous silica powder may be added in order to

I nprove the flowability. [0052] The water-retention capacity
of saline solution of the water-absorbent resin of the present invention is
preferably 40 35 to 60 g/g and nore preferably 40 to 50 g/g, in order to

i ncrease -20- the absorption capacity-aid to decrease the anount of
re-wetting of fluid when the water-absorbent resin is used in gi enic

mat eri al s. "¢ PYSRAAIRE 2 WateTREP e R SFPpiPOR R Padi Ay FBALCHE i ne
sol ution upsiBmetilze@doRf 4 rkpdpRdsphofdes \WRBbuAAS e Hn Haseindf- t he

present invention is preferably 15 nl/g or nore and nore preferably 20 nlL/g
or nore, |Frtdénkipgdegerhasetiink & edfify BeGREFINY wHenag@ktion to

wat er - abs %zt@matreﬁs581&@1@S&%ﬁl%nwgﬁﬁé&&rk@em@ﬁ&eéﬁ and +tREESSMHL i S

applied to the hygienic materi'als after the absorption of fluid. [0054] The
cont ent> ofmepitienedorabte e mpdmenratio tdfe eaghe compeReirth agilatd¥e ntpfthehe

present i W&@ﬂ—%%lhﬁllgrg{ 1%6 %gg%pé(r%t%a i Sofbr! %e%-lg{llng{lg ﬂoeafn%r abl'y

18% by mass or |'eSs, I'n order to preven I my, Viscous om
sticki ng tof tthe skitarwhehulthe ethiyéenabsordaduiratedi mongnars edded dygingni ¢

materi als. [0055]. The nmedian particle size of the water- rbent resin 20
Tl Cabre TErVea pfee s S BAbh, B Pttt oh! £ VA o 3RE Ehode

use" Ve same
i s preferamy 2AMetjaehOO0steps nore preferably 250 to 550 pm and still nore
preferably 300 to 500 pm [0056] The above-descri bed water content,
wat er -1Pet eFi9%H 25 capacity of saline solution, water-absorption capacity
of saline g®] Utds@ncupderiskimpad of 4.14 kPa, content of water soluble
conponent and nedi an particle size of the water-absorbent resin are val ues

deternmined by the nmelsUHEBRESRRE HBHECTAdoBY | BRI 1GT A 1BR AP LA HERE i bed
bel ow) . 30; Advantiagegus & f&fdidf at P6st M&H19Aking agent in the process

after the completion of polymerization of the water-soluble

15 ethylenic unsaturated monomer and before drying of the resulting
resin, thereby increasing the crosslinking density of the surface
portion and making it possible to obtain a water-absorbent resin
having improved water-absorption properties, such as the water-
absorption capacity under a load and the gel strength, and being

20 suitable for hygienic materials. Compounds having two or more
reactive functional groups can be used as such post-crosslinking
agents. Examples thereof include polyols, such as ethylene glycol,
propylene glycol, 1,4-butanediol, trimethylolpropane, glycerol,
polyoxyethylene glycol, polyoxypropylene glycol, and

25 polyglycerol; polyglycidyl compounds, such as (poly)ethylene
glycol diglycidyl ethers, (poly)ethylene glycol triglycidyl ether,
(poly)glycerol diglycidyl ether, (poly)glycerol triglycidyl ether,
(poly)propylene glycol polyglycidyl ether, and (poly)glycerol
polyglycidyl ether; haloepoxy compounds, such as epichlorohydrin,

30 epibromohydrin, and o-methylepichlorohydrin; compounds having two
or more reactive functional groups, for example, isocyanate
compounds, such as 2,4-tolylenediisocyanate and
hexamethylenediisocyanate; oxetane compounds, such as 3-methyl-3-
oxetane methanol, 3-ethyl-3-oxetane methanol, 3-butyl-3-oxetane

35 methanol, 3-methyl-3-oxetane ethanol, 3-ethyl-3-oxetane ethanol,



[ 0057]
pr oduci ng

rel eased t
by the net
capacity,

According to the nethod of the present invention fo

r

a wat er-absorbent resin, environnental inpact can be 35 | essened
by reduci ng the anmount of petrol eum hydrocarbon -21- dispersion nmedium

o the outside of the system and the water-absorbent resin for
hod has excellent properties,-18uch as a high water-retention
a high water-absorption capacity under a load, and a | ow conte

nmed

nt

of 5 wat era’d| I YdoAperriine PhEARP b ©XA%0d 1RGt EPIRBEESheALR &5 i -dbt ai ned

by the net
mat eri al s,
10[ 0058]

baty Qnet BEsBLESENnd ;NURAt EQFb St el eonpblidi Y shefdab Netindiepai C
such as disposabl e diapers. Brief Description of the Draw ng
carbonate. Qfritfesg] polydisirddvd oPBRPWIISM §YCR @eneral structu

of a devic

LN = rat. C ht d. 15
Descripti anp% ’f@%g%n@‘{*’g‘o@%ﬁ#ﬁe %r eeg:télr?? gi’ n%ﬁﬁ’ﬁt h?gggép %l&{dr?l:g-d in

det ai | el

opigdivdidyéf erkerce (ol ghptesclandoCynpdyhtetherBxanpl es; howeve

th ' ti ' t, . 1.m t | 0060
L N .

The wat er -

was eval uapelygllydi€@yisethet heandat polye pyilerirolwadeygletieiytli ehheapaci ty of

saline so
4.14 kPa,
by the fol

uti.on, .water-absorption capacity. of sali,ne.solution under | oad
RS- a1 ngr?\%? €0l u ecé’ﬁ%aﬁ%’ﬁ?s,sﬁﬁ%lﬁgd?%%mbsaﬂaiycF% si z
hswd g ngeyhods. id QD &bhbsMét eon Gmicedt srAbond thegeof. t he

wat er - absorbent. resin was precisely 30 weighed out (VWa (g)) in a previou
wei ghdd al b¥4fUm foil case (No. 8). The above sanple was dried for 2 hours

in a hot air oven (prRdyerq ByoSMANEES aght afs altidedl €hnah dnjiperature
105C. Thereafter, the dried sanple was alowed to cool in a desiccator,

the mass VBrekprabilyt he Hhe agnget of- AbeRBeie Pel8l nmapsnd pore

15

20

25

30

35

preferably 0.0001 to 0.005 mol per mole of the total amount of
water-soluble ethylenic unsaturated monomer used in reversed-
phase suspension polymerization reaction, in order to prevent a
reduction in the water-absorption capacity of the resulting
water-absorbent resin and to increase the crosslinking density on
or near the surface to improve the various properties.

[0047]

The timing for adding the post-crosslinking agent is
not particularly limited as long as it is added after
polymerization is completed. The post-crosslinking agent is
preferably added in the presence of 1 to 400 parts by mass of
water, more preferably 5 to 200 parts by mass of water, and most
preferably 10 to 100 parts by mass of water relative to 100 parts
by mass of solids of the water-absorbent resin.

[0048]

When the post-crosslinking agent is used, water or a
hydrophilic organic solvent may be used as a solvent, if
necessary. Examples of hydrophilic organic solvents include lower
alcohols, such as methyl alcohol, ethyl alcohol, n-propyl alcohol,
and isopropyl alcohol; ketones, such as acetone and methyl ethyl
ketone; ethers, such as diethyl ether, dioxane, and
tetrahydrofuran; amides, such as N,N-dimethylformamide;

sulfoxides, such as dimethyl sulfoxide; and the like. These

re

r,
| e

of
e

sly

of
and



determ ned. The water content of the water-absorbent resin was cal cul ated
by the follow ng equation: Water content (% = [WAa-W]/Wa x 100 [0062] 5
<Water-retention Capacity of Saline Solution> 500 g of a 0.9% by nass
aqueous solution of sodiumchloride (saline solution) was weighed out in a
500- nL beaker. 2.0 g of water-absorbent1Pesin was di spersed therein so as
not to formlunmps while stirring the solution at 600 rpm The solution 10

was |eft th 1i6r OBYAH G Fd ¥R ES It Per Baedt 3o SFf thciently swel |

the water - aQganReRbn! 681 fyo WDaBYNCM b0l NOrRO I 8pn Vasc RAYa@dci Nto a
cotton bag (Cottonbroad No. 60, 100 mm (W x 200 mm (H)), and the upper

part of tHolyentonapagly@Pe luseddani @ MixeduppéyedarttitiTWétedtt on bag was
dehydr at ed [fo%r493f 15 m nute using a dehydrator (produced by Kokusan Co.,
Ltd., product nunmber: H 122) that was set at a centrifugal force of 167 G
and thé mass W (g) Tfe theectiéby dremnedatore on Bdp eostatnosylinkdnten gel was

nmeasured. The.same.proce r 1 g%cﬁ]j o
vvater-absorrebaecrtftlope:sngngg%n%rﬁmyﬁgsggﬁfg)’%%pgﬁ%r e ya(g)ﬁ1 Xi Eg 5% 1e8r(r)ptC y

cott on bagyetasomreasueeratihe ofater 1 4@t@ntandnstaphondne \waefeabioly attedoby t he
follow ng e tion: ter-retention capacity of. sal.ine_solution(g/g) =

[ V- W] (g)]/Z(r]Pg s ofu% %F&?baﬂ%rfgﬁnp%géﬁos(sg%l §3fe§%€l°“ Uifke

<Wat er - abs@riotOBeCgeAerd V1 ispeat FNea ssddduseniunderidoadpehdind ok Rae

The wat er - absorption capacity of saline solution under a_|load of 4.14 kPa
of watlér - SISETHERL TRPBRPTA WHE e aBEr 8 (MG taChe e FHRF S&é{}?&%g xagent,
schemati caldy, Shawnpbdt Fbfbsshink9h§06ddction time is H®IBAIYN L NEb di ce X
shown in Fig. 1 conprises a burette section 1, a tube 2, a neasuring board
3, and a riidsifesngndepreRrab iy &cél 90 ttHéUkEHsuri ng board 3. The burette
section 1 jqydgydes a rubber plug 14 connected to the top of a burette 10,
35 and an air i'ntroduction tube 11 and a cock 12, which are -23- connected
to the | owet) pawtihen of the burette 10. Further, the air introduction tube
11 has.a cock 13 at ti eo The,; hS P Qvige

bet weér? the burette lfsrgc *ﬁlégﬂ’%%sgﬁ% Jfrﬁ}él‘nt&ggéﬂrf%% alr gbg‘agT%% tub\égegi ats a
di anet er afn@mmmorkal- phessm arereduded epresstive neand mavh@lsenber of the

measuri ng bhoar.d .3 nd_the tuh i cted e asuring
section 4 %aéf'srlgdc?}l?n‘d%éeﬁda, a rIf)%/) 851 %@%4f%a5h§r}ég§? 28{ %gd%gﬁ%nran of the
cyl i nder, antremseeithbtddindleffdyliendgr #HBehasherdnyimgr idi eaetigyd oait2. 0 cm
The nylon nesh 41 has openi ngs 7 m (200 mesh). 10 Water- orhent
resin 5 is® nWr@Bieﬁge t %&en%‘gw%fﬂ‘%fag%r‘? red tqrr?eegagﬁ%a@u%é)nent .
The weipght252 d)amoge dpadEéRab16f 8D. QoCMB@IT, FetbBsrofmdiAd freferdbby va® ght 42

is placed on the water- absorbent resin S5 sq that_a |oad of 4.14 kPa can be
uni f or my Hppi4%ed t BPEnetikt ST BEFEEAP e OntSs. 13%[(806&‘3‘1 the drying

is carried out under reduced pressure, the drying temperature is
preferably 60 to 100°C, more preferably 70 to 90°C.
[0051]

25 Water-Absorbent Resin

In regard to the water-absorbent resin obtained by the
above-described method, the water-absorbent resin after drying
preferably has a water content of 20% or less, more preferably 1
to 15%, and still more preferably 3 to 10%, in order to provide

30 flowability. Further, amorphous silica powder may be added in
order to improve the flowability.
[0052]

The water-retention capacity of saline solution of the

water-absorbent resin of the present invention is preferably 40

35 to 60 g/g and more preferably 40 to 50 g/g, in order to increase



The neasurenent using device X having such a structure was perforned as
described below. First, the cock 12 and the cock 13 at the burette section
1 were closed, saline solution adjusted to 25C was poured fromthe top of
the burette 10, and the top of 20 the burette was plugged with the rubber
plug 14. Thereafter, the cock 12 and thé0cock 13 at the burette section 1
were opened. Next, the height of the neasuring pboard 3 was_adjusted so that

the |evel Bte APECEREION FHRAIHaDd Jf0 desTeaft r Hie FoRsn b T e Yeagur i ng
board 3 beganm fikewAaRerRs wdtdk-abséierd rekbhels Qfsdd@n2hygidnidt roduction

tube 11. [0066] Separately, 0.10 g of the water-absorbent resin
5 was everf3tediigpérsed over the nylon mesh 41 in the cylinder 40, and the
wei ght 42 | aced on the water-absorbent resin 5. 30 Subsequently, the

measuring sectiion 4 was placed so that its center was aligned with the tube
openi ng i n the cent duntherhetheamidmgbborpti@ Japesily Wiersaliae

wat er - abso . resj tart abs J 5 t i .reduction
o oal o SoinrBnohier £ RAERECRTED fgh chE rer MOSBRBUN RetheRl

sol uti on atisorpgredgehy tineemaitosr iabpoefmrabliyedbnmb/g W (moirk) amdsmaxent | nuous| y

read off. The water-_absorption capacity of saline solution_under the |oad
of the Wat%rre-ffﬁég’ﬁgeﬁﬁ 'F?Iéfg ﬁrSmQFGG&%%&egs%gf %%(Frefaﬁséa téc%‘ §r?ﬂ%€&vﬁtf er 5
absor pt i onrevas:tdehgr whae dctyy walterf absendeng eguahi D6 udédlt en- Apgosmitd on '
capacity of saline solution under a |oad of 4. 14 kPa

a (. = e /0. 10
(g) [0068)matEHiteAt aBF RIS -GpFRP HSTh SReits &W&‘&n"gg‘%?ﬁ{%}e%%&#r

5000. 1 g ofhesAsBepEbNtdOFIMAY . Wei ghed, a magnetic stirrer bar (8 nm
(diameter) x 30 nm wthout ring) was placed therein, and the beaker was

pl aced on @%%gnetic stirrer (produced by luchi, nodel nunber: HS- 30D).

Subsequently, the rogfl iRAtBht (e WHRIRCELEuSTd [ddpoRdht Was &l yaled-to 600
rpm 15 and the bottom of the vortex generated by the rotation of the

magnet i ¢ sabgqrdensaresds @fdjtipst egesent naventigasls oeafeFaplghzOaddve the
magnetliSC %égg S QQES ér%)fh%re preferably 18% by mass or less, in order to
prevent a slimy, viscous fluid from sticking to the skin when the
water-absorbent resin is used in hygienic materials.
[0055]
The median particle size of the water-absorbent resin
20 suitable for absorbent materials and absorbent articles that use
the same is preferably 200 to 600 pm, more preferably 250 to 550
um, and still more preferably 300 to 500 um.
[0056]
The above-described water content, water-retention
25 capacity of saline solution, water-absorption capacity of saline
solution under a load of 4.14 kPa, content of water soluble
component and median particle size of the water-absorbent resin
are values determined by the measurement methods described in the
examples (described below).
30
Advantageous Effect of the Invention
[0057]
According to the method of the present invention for
producing a water-absorbent resin, environmental impact can be

35 lessened by reducing the amount of petroleum hydrocarbon



Subsequently, 2.00.002 g of water-absorbent resin was 20 di spersed by being
qui ckl y added between the center portion of the vortex in the beaker and
the sidewall of the beaker, followed by stirring for 3 hours. The

wat er - absorbent resin dispersion after stirring for 3 hours was filtered
through a standard sieve (openings of #2lpn) and the resulting filtrate was
further 25 subjected to filtration under reduced pressure using

Ki ri yamar ofitepgrsilbnenegiyercelnesedctd Bie ADVARTECT delsYRGABeranddhes) .

[0070] 80Q, Q005 a%sgi'bzaﬂ? %&%LH ek by ﬁxtet YR Fodeh A&l defl 1814 00- ML beaker

havi ng a constant wel dried 1na air 30 oven (produced b
ADVANTEC, pmi&zlrtnﬁsbesuch\ASB 20hight watemrreatensionl capaqidivat areigt 140C

until it re ched a_cgopst ant t re r t he
sol i ds coH%%ﬁ?TaPSPHB Tty é%ﬁhg suﬁeggure digat 08%@] g@%Fég% ure
descri Ised wdoate sedsbper éanpratent.t thdrefozs, ﬂhenQMKheahabebemmsmmbent resin

to measure the ids content of.the filtrate nd the
content of ORit n%énggPéq%ﬂﬁﬁgﬁéﬁf%aﬁspEﬁﬁe ER ﬁPQIﬁ§nf falﬁumabé?L
equation: & emt hgbmﬁi@rmmdmlallg,cmowmé%babmm)aperb[ (W -

5Wg) x(500/ 80) 1/ 2] x100 [0072] <Median Particle Size> 0.25 g of anorphous
silica (Degussa Japan, Sipernat 200) was m xed as a lubricant with 50 g of

a wat er - absofdye e sl@1 pESON off ARXE3brdkthgt andard si eves having openi ngs of
850 pm 600 pm
10 [0058]
[Fig. 1] A schematic view showing a general structure
of a device for measuring the water-absorption capacity under a

load.

15 Description of Embodiments
[0059]

The present invention is explained in detail below with
reference to Examples and Comparative Examples; however, the
present invention is not limited to the Examples below.

20 [0060]

The water-absorbent resin obtained in each Example and
Comparative Example was evaluated in terms of the water content,
water-retention capacity of saline solution, water-absorption
capacity of saline solution under load of 4.14 kPa, content of

25 water soluble component, and median particle size by the
following methods.
[0061]
{Water Content)

About 2 g of the water-absorbent resin was precisely

30 weighed out (Wa (g)) in a previously weighed aluminum foil case
(No. 8). The above sample was dried for 2 hours in a hot air oven
(produced by ADVANTEC) set at an internal temperature of 105°C.
Thereafter, the dried sample was allowed to cool in a desiccator,

and the mass Wb (g) of the dried water-absorbent resin was



500 pm 425 pm 300 pm 250 pm and 150 pm and a receiving tray were
conbined in that order fromthe top. Water-absorbent resin 15 were pl aced
on the top sieve of the conbined sieves, and shaken for 20 m nutes using a
Ro- Tap Si eve Shaker to conduct classification. [0074] After classification,
the mass of the water-absorbent 20 resi-22renmai ni ng on each sieve was

cal cul ated as the mass percentage relative to the total nass, and the nass

per cent agedskarminedyr athel vaket cSerifi th g Eot e rwalie iy aPEPEPRN & | ZAS INTHEE eby

the rel ati onshiR thet Weend Ne18ieYR g(?k;gﬂgmand the integrated value of the
mass percentage of the water- absor ent resin remaining on 25 the sieve was

plotted on a | ogaritWaier moolyabt| (¥ pdperWbBWaondd®éting the plots on the
probabi | i ttl (pba%er with straight lines, the particle size corresponding to
the 50% percentile of the integrated nmass percentage was obtained as the
medi an Spar{Wdﬂear—siez:entBGI[zomtﬁa]ci[tExaﬂwailie Aolutimy} i ndrical round-bottoned

separabl e fl ask havj al, dianeter of 110 qukp wth a
stirrer, a two pi tchgg Ie |Eﬁe}1)¥é?as g@?o‘llsoxsoclon 8rlllse# ‘%coé“m I ng part:
Al lihn 35 ﬂm’tjiﬁlmer(sah.ﬁﬂ@tdfblﬁﬁoﬁV)wa@ whighedngut uhmed ,508RaLabeakeragen gas

-26- inlet_tube was prepared_.in a draft chamber the coolin art
cool ant ha¥ihd &% ¥ @Fg"f‘?ﬁ@t@[“ LSECHAR a5 %&ISBF’éﬁeESV?‘?d:e&nc%l g%p

circul ati Ofbla\pumbuwipé oshtiGed ny tHO kyen Riikbak bk as 06 arpm. Lt dihie EME{;&L&%OO_
ACE CA-1112). 5[0076] 290 g of n-heptane was placed_into the flask, and

0.74 ¢O%f ¥esJatés&osetardikoy &Po@ﬁ%‘éﬁe%fnl\/lat SHBFERE -K&f&k E°Foods
Cbrporat'0@bfﬁ§6¥é%t§?9§%effﬂﬁﬂé %a%gg)aﬁgBkﬂénz4rgsﬂﬁ aSHBE@%Féntly, the

anhydri de-nodi fi ed et hyl ene-propyl ene copol yne pr oduced
solution was poured into a cotton bag (Cottonbroad No 60, 100 mm
(W) x 200 mm (H)), and the upper part of the cotton bag was
closed with a rubber band. The cotton bag was dehydrated for 1
15 minute using a dehydrator (produced by Kokusan Co., Ltd., product
number: H-122) that was set at a centrifugal force of 167 G, and
the mass Wc (g) of the dehydrated cotton bag containing swollen
gel was measured. The same procedure was repeated without adding
the water-absorbent resin, and the mass Wd (g) of the dehydrated
20 empty cotton bag was measured. The water-retention capacity was
calculated by the following equation:
Water-retention capacity of saline solution(g/g) =
[Wc-Wd](g)/mass of the water-absorbent resin (g)
[0063]
25 {Water-absorption capacity of saline solution under ILoad of 4.14
kPa>

The water-absorption capacity of saline solution under
a load of 4.14 kPa of water-absorbent resin was measured using a
measuring device X schematically shown in Fig. 1.

30 [0064]

The measuring device X shown in Fig. 1 comprises a
burette section 1, a tube 2, a measuring board 3, and a measuring
section 4 placed on the measuring board 3. The burette section 1
includes a rubber plug 14 connected to the top of a burette 10,

35 and an air introduction tube 11 and a cock 12, which are



10 Mtsui Chemcals, Inc., H -wax 1105A) were added thereto. The
tenperature was raised to 80C while stirring to dissolve the surfactant,
and thereafter the solution was cooled to 50C. [0077] Separately, 92 g
(1.02 mol) of an 80% by mass aqueous 15 solution of acrylic acid was pl aced
into another 500-nL Erl enneyer flask, add-146.0 g of a 21% by nass aqueous
sol ution of sodi um hydr oxi de was added dropw se thereto under external

cool i ng t ccPBIEcEemh ¥8 Hpp awen partien idh thenbpeetterll 0. DEFHeT 0193 Mol )

of 2,2'-azppi %%-rsahéw&waﬁ)aenghdhg%d%%ﬂkoabdst 3 u%ge&agss@ion
pol ynerization initiator, 0.010 g (0.0649 mol) of N N'-
met hyl enebtlsawofl. arfitde tabead iatprovildedr bstvearkithg dysatte saft4os hyand

(0.0434 rm,BI f i o] [t rat h phprpus
conpound vver‘a“)em;l%él égg{‘ﬁe%%%&g g‘;hridsgﬂbésstgﬁb\ggg?g%%eé?éﬁfﬂlﬁgﬁagfgﬁmgﬁ rajlzguée)ous
nmononers samidi@amefter hbke fig sforsiedpin2bid0#Biter of the medheriegt boardnbunt

i ack.  andP b MenEuPRof b1 GHBeeySacht it SaFPr o iy g AR i

ni trogen. Hawreakiiendet heo f laaslky1oasméshrerisedhened vattdie batbomtof7 @Get 0
raise the 30 tenperature, and the first-step Eowrreri zati.on g/a%r erformed

for 30 ni rERiEQdernefBRyA oMY A4 -t Fee rEdrds {3 & PR test ep.

[0079] Seps# at.@ ¥m.1l2$he3 164 ASsH ) Rk 8PeSRIPHFMESSLRS( 2opleRes) sol ution
of acrylic acid was glﬁace i nto anot her_ 500-nmL_ -27- Erlenneyer flask, and

159. 01§ ofWatexrapsgrharts ZRfidods 1§0PYRR bh SPreaddPYRr Hye oxilae BRE ddded

dropwi se therglo (ypdeps Gl LM aneGe0! +g W gher k9T Ay % MlaHeRertsali zat i on.
Thereafter, 0.039 g (0.144 mol ) of
2, 2' - azobi @ 2rgradinaeprebahnld) ¢ 9y dbe Wesidhde 43sia Blacad €Al thelWakaTi-zat i on

initiator, 7, rgrql]go ;/(\Insc I } hLam,des
i nternal - cardgssog[ﬁal%r?% %‘gsg%eﬁt, an t6'.t:l4%rrg (?%63%%)%)8%{%’ b%ggﬁgmgﬁnﬂ’n

hypophos phagrel irgin shy theat wa taesc -abisppbehbspEsdnobs  conpound wer e added thereto
and di.ssol t her eby preparing an aqueous nononer solution for the second

st ep. 1 0[O 51 The reaction mxture of the first step was cool ed

to 28C. The aqueousTh®muesuresedti osidodevheeskdondirgt epchag stddedutrher et o

at the sane tenperature, and al.lo o0 be_absorhed for. 30 mnutes. At the

S ¢ o v PUEEPEPES A5 0 bgt: Brl e TEESUr TR SRETy 7 GBhCDY GPER

nitrogen. ihereahkeburébee fdaatiionas agod rclioxed’, sedlime aolaittednbad justied70C

to raise the tenperature, and the second-step Bol nerizati og V\ﬁs t%erf r med
[:13 s

for 30 nintR & CTHES nPRRTRATE FetBEsELP tf tHhe e 0 ah P&t ng

the reyer sats Ree t8 USRS NS JyaOkY RB! tEalHdbe-eptad 0Ty WathegehEest £Gtné0 by a
trap in the ref lux condenser, and the nass thereof was neasured after

conpl et i nge%e 1FoPPAeEhe £98n 134kt thd. Puted tensamtion 1 were opened.

Next, the height of the measuring board 3 was adjusted so that
the level of the end of the tube 2 at the central portion of the
measuring board 3 became the same as that of the air inlet of the

25 air introduction tube 11.

[0066]

Separately, 0.10 g of the water-absorbent resin 5 was
evenly dispersed over the nylon mesh 41 in the cylinder 40, and
the weight 42 was placed on the water-absorbent resin 5.

30 Subsequently, the measuring section 4 was placed so that its
center was aligned with the tube opening in the center of the
measuring board 3.

[0067]
When the water-absorbent resin 5 started absorbing

35 water, the amount of reduction in saline solution in the burette



of n-heptane released to the outside of the systemwas 4.52 g. [0081] After
the second-step polynerization, the reaction 25 m xture was heated using an
oil bath at 125C, and 248 g of water was distilled off to the outside of
the systemwhile ref |uxing n- heptane using azeotropic distillation of
wat er and n-heptane. Thereafter, 4.42 g2¢0.51 mol) of a 2% by mass agueous

sol ution of ethylene glycol |§%I Clg'g? et her was adlg)ﬁ%a%) and the 30
mi xture wat sdpjfect 8BSt PUHMoOF - ERALERS SN GOR BT f"%ﬁ ® "hours.
Subsequentdpgorifagtl 8851 0N MeX{HE.G) Wass RRAkeHuESs Y rAd0bES battheakadle®C and
dried by evaporating n-heptane, thereby obtaining 230.5 g of

wat er - abs GFEPAEB| ﬁaPWPetheFaéb%r%MthésP Fadhe %ﬁéiia‘hf paticle size

of 400 pmgand.a aW@B?BeﬁP@é‘srltn @f a§56& Iﬁi(?utjé@blafté-r siHg thbe @@%ﬁegnent
results of each property. -28 [ Exanpl e 21 he sane

proceddr e azsduptEranphe cleﬁﬁa@meéeby e@%ﬁ@é&@W%MterQﬁmunt of

2,2' -azobis(2-a h r r |on
it ator used | {ReapEPEpELh MekReaD 0r Sa1aRs GhAthah Bl ThnifR

t hat used o 4.Hd &Peoflwlsdlep Was(mh}mgeld) t(g)0. 028 g (0.103 nmml ), and the
anount of é&(féaﬂm hypophosphi t e nonohydrate as a hypophosphorous conpound
used in th rst step was changed to 2.8 ng (0.0264 nmol ), and 10 that
used in thecaaeondost eptemsaubngedotgorir®>ng (0. 0368 mol ), thereby
obtaining 230.7 g of water- abs rbent resin. The%a nt of 5}6?5 t ane

rel easdd to the out 5P dd WO e ?%‘f’émEr?é’agu}eﬁ st DE KR Thd'as

conpl et i onyeifgHdae aemgldgl SEE P RAS @ re Y SN S( 80 AmP Qb Y Ak t At ix0BoWas, 2vi%hogt The
wat er - absorbent resin had a nedian 15 particle size of 4008§m and a water

content of TYoFaFaBLacad SHiske it e W ddify OFEHET ¥_TIRIGSEA 85 ch TABEAEy.
[0083] [ Exgnper3 p;fbéuéédr&ayprx%ﬁ@unﬁo@él inmBXarPie- Jopyas seRrajfuedtexcept

20 that the amount of 2,2'-azobis(2-am di nopropane)di hydrochloride as a
radi cal po‘FT}ﬁré?théthBnof nihe AegrefsedstineePAFr €3S sIEShEd EPa e dPio

0- 03519 ( ri'zfgch Bk toft i ! tv‘c&%@@x'&ﬁél%t%ﬁcei?dtﬁé &R MRS o haagaek to 0. 049

g (0. i um hypophosphi te honohydrate as a hypophosphor ous
conpound Lmﬁgnaulcthelrr¢stbag;@ps adjusted so that it was located right

above the magnetic stirrer bar.
[0069]
Subsequently, 2.0+0.002 g of water-absorbent resin was
20 dispersed by being quickly added between the center portion of
the vortex in the beaker and the sidewall of the beaker, followed
by stirring for 3 hours. The water-absorbent resin dispersion
after stirring for 3 hours was filtered through a standard sieve
(openings of 75 um) and the resulting filtrate was further
25 subjected to filtration under reduced pressure using Kiriyama-
rohto (filter paper; produced by ADVANTEC, model number: No. 6).
[0070]
80+0.0005 g of the resulting filtrate was weighed in a
100-mL beaker having a constant weight and dried in a hot air
30 oven (produced by ADVANTEC, model number: FV-320) set at an
internal temperature of 140°C until it reached a constant weight.
Thereafter, the mass Wf (g) of the solids content of the filtrate
was measured.
[0071]

35 The procedure described above was performed without



25 was changed to 0.012 g (0.113 nmml ), and that used in the second step
was changed to 0.017 g (0.160 nmol ), and the anmount of water distilled off
to the outside of the systemafter the conpletion of the second step was
changed to 241 g, thereby obtaining 231.8 g of water-absorbent resin. The
anmount of n-heptane released to 30 the-@@tsi de of the system neasured at
the time of the conpletion of the reversed-phase suspensi on pol ynerization

was 5.78 giSifge thet BrtabisubernteEehithd® Fepsdrantisamesel @gsf%g %t t880 pm

and a wat efo G @Bht8ht SoB%nelabherdtshour the sBdsdHe®NatEsWdi1mmak each
property. 35[0084] -29- [Exanple 4] The sane procedure as in

Exanpl e 1 G@Rponepsaved ex atedaby2the foldewisg Nequatd@boxyet hyl) - 2-
met hyl pr opi i di-n r t M\@&] g i cal ol ymeri zation
initiator p%ng tmeggn{g%%t e?(lg)g% g(s)e |ég&$ge ???nslééésj}t ep [v[vgg?adj usted to
0. 035 & (WO 500uBY) 1 Atk tdat used in the second step was adjusted to
0.049 ¢ (OIO]Of% mmol ), thereby obtaining 229.3 g of water-absorbent resin.
The anmount”™ 0 Hhept ane released to the outside of the system nmeasured at
the 10 ti nrMeafiahhPacoipletsize>of the reversed- phase suspensi on

pol ymeri zati on was gaig fThe ter-ahsarbent resin had a pedi antparticle
size of 410 pm and & fAtECcERPEREOYT U'9G TABYESF SHERE  t AEPHessur ement

resul ts of2@pckapr ppeed Yas [H0%pritdhExaig 605y of a water-abberisaie
procedure as in Exanple 1 was repeated except that the hypophosphorous
conpodfd we&Sithanged to hypophosphorous acid, the anount used in the first
step was adjgisfied to 3.7 ng (0.0561 nmmol ), and that used in the second step
was adjusted to 20 5.2 ng (0.0788 mmol ), thereby obtaining 229.8 g of

wat er - absor bent res?hS Standaygufieves ﬁ“—Wé-ﬁ*SaﬁEeWéP%‘%@éd%g tRe R sMde of

the systemggpasir @dsabmt Nend e 950t iR, CAIEPhSH! 0R, Odnd @&%&%ﬁ?ﬁ-ﬂ%’&%e
suspensi on polyrerization was 4.38 g. The water-absorbent resin ad a
medi an parveéxns eombinedf inOthgimoadarafyen dhep5opontiateropbsogosntrageeén 1
shows jthe fEASURGIERL of el t%0%1 896 Mo PT AR o1 hOR 8 \Ie@"gﬁ&aéﬂaﬁfe Exanpl e
1 1 e} si o} combi e y n
1] Thé sane prg)ceg%re as m%?arrp?e | “was repeated except 30 that the
anmount of 212'20amébixsé2-wesirdi @oRoefapedikivey Ghekht ot¢ deorakicd r adi cal
pol ynerizat'qerS:.Li ni g%:ator used in the first step was changed to 9.2 ng
(0.0339 mﬁ)é) 5%8 hat used in the second step was changed to 0.013 g
(0.0479 mui0Q741As a result, the polynerization reaction in the second step
becane unstable and, 35 th ol.ynmer of t wat er - sol ubl e et hyl eni
unsat ur at ed nDnonerAEEer é34%31 1cat10n,t¥%e mass og éhe wa%er—absor ent
20 resin remaining on each sieve was calculated as the mass
percentage relative to the total mass, and the mass percentage
was integrated in descending order of particle size. Thereby, the
relationship between the sieve opening and the integrated value
of the mass percentage of the water-absorbent resin remaining on
25 the sieve was plotted on a logarithmic probability paper. By
connecting the plots on the probability paper with straight lines,
the particle size corresponding to the 50% percentile of the
integrated mass percentage was obtained as the median particle
size.
30 [0075]
[Example 1]
A 2-L cylindrical round-bottomed separable flask having
an internal diameter of 110 mm, equipped with a stirrer, a two
pitched paddle impeller, a reflux condenser (cooling part: Allihn

35 condenser, length: 60 cm), a dropping funnel, and a nitrogen gas



-30- aggregated. The amount of n-heptane released to the outside of the
system neasured at the tine of the conpletion of the reversed-phase
suspensi on pol ynmeri zation was 2.16 g. Due to the aggregation, the
properties could not be nmeasured. 5[0087] [Conparative Exanple 2]
The same procedure as in Exanple 1 was- 26peat ed except that the anount of

' -azobi s(2- am di nopr opane) di_ hydrochl ori de as a radical Xmeri zation
| ni t| at or Jtlé‘@d( tHDE HEas RraPaZedpihed HGEEnShgRET 0 6208 dj% g 128 eP I )
and t hat %%ollantheaaﬁ@rad tehBBrieg L hanged & Bideh1atéd. 2bihgmaol ),
t hereby obtaining 231.2 g of water-absorbent resin. The anount of n-heptane
rel eased tQPOtlHQQOWQ‘S@deCJGTrCQ%l@?sQMW&%ﬁBEP@%C%@Yt FREYQ fRijggikal
conpl etio [e aS@nSHEP on pol ynmerization was 9.59 g. The
15 wat er - a sor%‘gﬁt r%ﬁ%hﬁa%%d?}gn%%)tr cle size of 380 pmand a water
content of[(@73% Table 1 shows the neasurenent results of each property
[ 0088] [ Conparative mpl.e 3 The a S
repeat ed except tha gq(ﬁ;e afenﬁlulﬁ?gg?l{%s(‘)’%rggﬁtl%/%%p ofpﬁ?lt%efg%%h%r at e7?§’§ a
hypophospr‘g)rama sQopose ts tesaad tien ( bhadddeds bysMipswieishdh&agealgu tRpolds) g

(0.00943 nmol t used in the s ste h 4 ny
(0.0132 nffY orﬁﬁaot’hi}? HSURIIBE TR %‘%qus??‘? H"gﬁ; %f%? ﬂﬁe oll]ftsr de of

t he Systerarﬁi‘ytdeﬁdehﬁo@m&&&tdt@meﬁetm@eeﬁadcsp@mmms (plhadgest thy 252 (g,

t her eby obt ai ni ngBZZ8 g of water-absar ben> resin o&hn- hept ane

rel ead@d tMoi&sve F@%ﬁ%l%'f In%e - sL TR el eHeER qqﬂ?%te'

conpl et i on: QfperR@ut-6Vieas ki iRRAS @0 SEFRERAI08 @etyﬁmgwa@asm 45 g. The
30 wat er - absorbent resin had a nedian particle size of 400 pm and a water

content ofsurfgstamsp| and WrERaftRE MASAISHAR Yo% Faded tEaE‘Pt Cr operty

[ 0089] [Co[rmﬁrﬂtr ve Exanpl e 4] 35The sane procedure as in Exanple 3 was
repeat ed except -31- that the anount of

2, 2' -azobi s( 2- am di Pepaci®ie) dPRydr defi2ompde af an rB0di OH MpoT \ARIECHEt i on

i nitiator e S4de 9 1 nmol), and
t hat ﬁtged %tdcﬁggségo%dfi]fslecpsd\tfgg C a toq(r)ﬁ:g%n (0. 5(1)91 lq"lrrréml , sodi um
hypophosprﬂztleerﬁteyanoﬁ;zw}at eangks la6h9p@mﬁ)§pr2ér“ob¥ m@mougew YtioRe first

step was changed to. 0.019. 0.1 ond step
nes changett Lo 27 o S st Rhlomls® bGte 5 3] pREcaRA
wat er - abs afdadlriingr €8i perfduwem arto ol 2 oheuwtredptzanéonel e&aeedafbelt.hé) -duBsgde of

Suspensi ont GaBFP L Phrt ks SroRie b At epePBas L B Pl R RS g8 Bese

medi anopartddilcals paeyRér 4240 on andt dated 210 .0aot gntoaf64E9 @eto1Tabf &N, N'shows

t he nmeasurenent. results of each propert
methylenebisacrylamide ag ag QErAai crLssllnklng agent, and 4.6

mg (0.0434 mmol) of sodium hypophosphite monohydrate as a

hypophosphorous compound were added thereto and dissolved,

thereby preparing an aqueous monomer solution for the first step.
25 [0078]

The entire amount of aqueous monomer solution for the
first step was added to the separable flask, and the interior of
the system was sufficiently replaced with nitrogen. Thereafter,
the flask was immersed in a water bath at 70°C to raise the

30 temperature, and the first-step polymerization was performed for
30 minutes, thereby obtaining the reaction mixture of the first
step.

[0079]
Separately, 128.8 g (1.43 mol) of an 80% by mass

35 aqueous solution of acrylic acid was placed into another 500-mL



15 [ Conparati ve Exanpl e 5] The sane procedure as in Exanple 3
was repeated except that potassium persul fate was used as the radical

pol ymeri zation initiator and the anount used thereof in the first step was
adjusted to 0.028 g (0.104 mml ), and that used in the second 20 step was
adj usted to 0.039 g (0.144 mvol ), thereBy-obtaining 230.5 g of

wat er - absorbent resin. The anmount of n-heptane released to the outside of

the systenfiEdEsred &tathe Ame 58t Ot hePle Smpl &t PHABTS PHECPEY T ¥t PRase

suspensi oMo P TR BHEF&F MAal- 4338 dipwiabetnaRsY keakr &stérhad a
medi an particle size of 25 410 pn1and a water content of 5.2% Table 1

shows the ¢RESCGeffenpPerEam (7S apléareliyradgention. - Thereghien. PabfpPe 4

Rad | tHs "p
Typ'ecgmun{cwﬁ[d Eﬁ%h? Not rﬁ a%)%%L(%Q@ﬁ%&%gf@g&l&mwechwm@%uat

radical polymerlzatlon initiator, 0.012 g (0.0778 mmol) of N,N'-
methylenebisacrylamide as an internal-crosslinking agent, and 6.4
mg (0.060 mmol) of sodium hypophosphite monohydrate as a
hypophosphorous compound were added thereto and dissolved,
thereby preparing an aqueous monomer solution for the second step.

10 [0080]

The reaction mixture of the first step was cooled to

28° C. The aqueous monomer solution for the second step was added
thereto at the same temperature, and allowed to be absorbed for
30 minutes. At the same time, the interior of the system was

15 sufficiently replaced with nitrogen. Thereafter, the flask was
again immersed in a water bath at 70°C to raise the temperature,
and the second-step polymerization was performed for 30 minutes.
The n-heptane released to the outside of the flask during the
reversed-phase suspension polymerization reaction was collected

20 by a trap in the reflux condenser, and the mass thereof was
measured after completing the polymerization reaction. The amount
of n-heptane released to the outside of the system was 4.52 gd.
[0081]

After the second-step polymerization, the reaction

25 mixture was heated using an oil bath at 125°C, and 248 g of water
was distilled off to the outside of the system while refluxing n-
heptane using azeotropic distillation of water and n-heptane.
Thereafter, 4.42 g (0.51 mmol) of a 2% by mass aqueous solution
of ethylene glycol diglycidyl ether was added thereto, and the

30 mixture was subjected to a post-crosslinking reaction at 80°C for
2 hours. Subsequently, the reaction mixture was heated using an
oil bath at 125°C and dried by evaporating n-heptane, thereby
obtaining 230.5 g of water-absorbent resin. The water-absorbent
resin had a median particle size of 400 pm and a water content of

35 5.1%. Table 1 shows the measurement results of each property.
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[0082]
[Example 2]

The same procedure as in Example 1 was repeated except
that the amount of 2,2’ -azobis(2-amidinopropane)dihydrochloride
as a radical polymerization initiator used in the first step was
changed to 0.020 g (0.0737 mmol), and that used in the second
step was changed to 0.028 g (0.103 mmol), and the amount of
sodium hypophosphite monohydrate as a hypophosphorous compound
used in the first step was changed to 2.8 mg (0.0264 mmol), and
that used in the second step was changed to 3.9 mg (0.0368 mmol),
thereby obtaining 230.7 g of water-absorbent resin. The amount of
n-heptane released to the outside of the system measured at the
time of the completion of the reversed-phase suspension
polymerization was 2.91 g. The water-absorbent resin had a median
particle size of 400 um and a water content of 6.0%. Table 1
shows the measurement results of each property.

[0083]
[Example 3]

The same procedure as in Example 1 was repeated except
that the amount of 2,2’ -azobis(2-amidinopropane)dihydrochloride
as a radical polymerization initiator used in the first step was
changed to 0.035 g (0.129 mmol), and that used in the second step
was changed to 0.049 g (0.181 mmol), sodium hypophosphite
monohydrate as a hypophosphorous compound used in the first step
was changed to 0.012 g (0.113 mmol), and that used in the second
step was changed to 0.017 g (0.160 mmol), and the amount of water
distilled off to the outside of the system after the completion
of the second step was changed to 241 g, thereby obtaining 231.8
g of water-absorbent resin. The amount of n-heptane released to
the outside of the system measured at the time of the completion
of the reversed-phase suspension polymerization was 5.78 g. The
water-absorbent resin had a median particle size of 390 um and a
water content of 5.8%. Table 1 shows the measurement results of
each property.

[0084]



Conparative Exanple 1 V-50 0.000033 Sodi um hypophosphite 0.000043
Conparative Exanple 2 V-50 0.0(1018 Sodi um hypophosphite 0.600043
Conpar ati ve Exanple 3 V-50 0.00070 Sodi um hypophosphite 0.0000092

Conpar ati ve Exanpl e4 V-50 0.00015 Sodi um hypophosphite 0.00018 Conparative
Exanpl e 5 PPS 0. 00010 -29-

[Example 4]

The same procedure as in Example 1 was repeated except
that 2,2’ -azobis[N-(2-carboxyethyl)-2-
methylpropioneamidine]tetrahydrate was used as a radical

5 polymerization initiator and the amount thereof used in the first
step was adjusted to 0.035 g (0.103 mmol), and that used in the
second step was adjusted to 0.049 g (0.143 mmol), thereby
obtaining 229.3 g of water-absorbent resin. The amount of n-
heptane released to the outside of the system measured at the

10 time of the completion of the reversed-phase suspension
polymerization was 5.53 g. The water-absorbent resin had a median
particle size of 410 ym and a water content of 4.9%. Table 1
shows the measurement results of each property.
[0085]

15 [Example 5]

The same procedure as in Example 1 was repeated except
that the hypophosphorous compound was changed to hypophosphorous
acid, the amount used in the first step was adjusted to 3.7 mg
(0.0561 mmol), and that used in the second step was adjusted to

20 5.2 mg (0.0788 mmol), thereby obtaining 229.8 g of water-
absorbent resin. The amount of n-heptane released to the outside
of the system measured at the time of the completion of the
reversed-phase suspension polymerization was 4.38 g. The water-
absorbent resin had a median particle size of 400 ym and a water

25 content of 5.8%. Table 1 shows the measurement results of each
property.

[0086]
[Comparative Example 1]

The same procedure as in Example 1 was repeated except

30 that the amount of 2,2’ -azobis(2-amidinopropane)dihydrochloride
as a radical polymerization initiator used in the first step was
changed to 9.2 mg (0.0339 mmol), and that used in the second step
was changed to 0.013 g (0.0479 mmol). As a result, the
polymerization reaction in the second step became unstable and

35 the polymer of the water-soluble ethylenic unsaturated monomer



Sodi um hypophosphite 0.00011 Table I (continued) The anount of the
petrol eum hydrocal bon di spersion nediumrel eased to the outside of the
syst em Wat er - absor bent resin performance Water-retention rapacity of
saline solution Water-absonation capacity of saline solution under a | oad
of 4.14 kPa Water sol uble -30-

aggregated. The amount of n-heptane released to the outside of
the system measured at the time of the completion of the
reversed-phase suspension polymerization was 2.16 g. Due to the
aggregation, the properties could not be measured.

5 [0087]
[Comparative Example 2]

The same procedure as in Example 1 was repeated except
that the amount of 2,2’ -azobis(2-amidinopropane)dihydrochloride
as a radical polymerization initiator used in the first step was

10 changed to 0.051 g (0.188 mmol), and that used in the second step
was changed to 0.071 g (0.262 mmol), thereby obtaining 231.2 g of
water-absorbent resin. The amount of n-heptane released to the
outside of the system measured at the time of the completion of
the reversed-phase suspension polymerization was 9.59 g. The

15 water-absorbent resin had a median particle size of 380 uym and a
water content of 5.2%. Table 1 shows the measurement results of
each property.

[0088]
[Comparative Example 3]

20 The same procedure as in Example 1 was repeated except
that the amount of sodium hypophosphite monohydrate as a
hypophosphorous compound used in the first step was changed to
1.0 mg (0.00943 mmol), and that used in the second step was
changed to 1.4 mg (0.0132 mmol), and the amount of water

25 distilled off to the outside of the system after the completion
of the second step was changed to 252 g, thereby obtaining 228.7
g of water-absorbent resin. The amount of n-heptane released to
the outside of the system measured at the time of the completion
of the reversed-phase suspension polymerization was 4.65 g. The

30 water-absorbent resin had a median particle size of 400 ym and a
water content of 4.9%. Table 1 shows the measurement results of
each property.

[0089]
[Comparative Example 4]

35 The same procedure as in Example 3 was repeated except
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that the amount of 2,2’ -azobis(2-amidinopropane)dihydrochloride
as a radical polymerization initiator used in the first step was
changed to 0.041 g (0.151 mmol), and that used in the second step
was changed to 0.058 g (0.214 mmol), sodium hypophosphite

5 monohydrate as a hypophosphorous compound used in the first step
was changed to 0.019 g (0.179 mmol), and that used in the second
step was changed to 0.027 g (0.255 mmol), thereby obtaining 232.1
g of water-absorbent resin. The amount of n-heptane released to
the outside of the system measured at the time of the completion

10 of the reversed-phase suspension polymerization was 7.48 g. The
water-absorbent resin had a median particle size of 420 pm and a
water content of 6.8%. Table 1 shows the measurement results of
each property.
[0090]

15 [Comparative Example 5]

The same procedure as in Example 3 was repeated except
that potassium persulfate was used as the radical polymerization
initiator and the amount used thereof in the first step was
adjusted to 0.028 g (0.104 mmol), and that used in the second

20 step was adjusted to 0.039 g (0.144 mmol), thereby obtaining
230.5 g of water-absorbent resin. The amount of n-heptane
released to the outside of the system measured at the time of the
completion of the reversed-phase suspension polymerization was
1.73 g. The water-absorbent resin had a median particle size of

25 410 pm and a water content of 5.2%. Table 1 shows the measurement

results of each property.
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[0091]
Table 1
Radical polymerization initiator Hypophosphorous compound
amount amount
Type [mol a)] Type [mol a)]
Example 1 V-50 0.00010 Sodium hypophosphite 0.000043
Example 2 V-50 0.000072 Sodium hypophosphite 0.000026
Example 3 V-50 0.00013 Sodium hypophosphite 0.00011
Example 4 VA-057 0.00011 Sodium hypophosphite 0.000043
Example 5 V-50 0.00010 Hypophosphorous acid 0.000055
Comparative Example 1 V-50 0.000033 Sodium hypophosphite 0.000043
Comparative Example 2 V-50 0.00018 Sodium hypophosphite 0.000043
Comparative Example 3 V-50 0.00010 Sodium hypophosphite 0.0000092
Comparative Example4 V-50 0.00015 Sodium hypophosphite 0.00018
Comparative Example 5 PPS 0.00010 Sodium hypophosphite 0.00011

Table 1 (continued)

The amount of the
petroleum Water-absorbent resin performance
hz?;oeﬁg?‘n ‘Water-retention Water.absorption
medium released capacity of saline cap'acity of saline ‘Water soluble
1o the outside of solution solution under a load component
the system of4.14kPa
[mass %) le) [l /g] fmass %)
Example 1 1.6 46 24 13
Example 2 1.0 48 20 12
Example 3 20 46 26 18
Example 4 19 48 21 17
Example 5 15 47 22 15
Comparative Example 1 0.7 Immeasurable 9
Comparative Example 2 32 45 23 14
Comparative Example 3 16 46 1 12
Comparative Example 4 28 46 23 45
Comparative Example 5 0.6 48 13 24

5 a) per mol of water-soluble ethylenic unsaturated monomer used
b) relative to the petroleum hydrocarbon dispersion medium used

in reversed-phase suspension polymerization



b) relative to the petrol eum hydrocarbon di spersion nedi umused in

rever sed- phase suspensi on polynerization -33- c) due to aggregation of

pol ymer <Abbrevi ations for radical polynerization initiator> V-50:

2, 2' -azobi s(2-am di nopropane) di hydrochl ori de VA-057:

2,2' -azobi s[ N-(2-carboxyet hyl )-2- 5 netBglpropi oneam di ne]tetrahydrate PPS:
potassi um persul fate [0092] As is clear from Table 1, the nethods of

Exanpl es 1C} slupQ 15 paduegatinn gfonaiyesr t he petrol eum hydrocar bon

di spersion Me‘\’}l‘aﬁ gased- 1 fihg 0 W&%? t% Isgl%%ther eby | essening

adver se ef ects on the environnent. Exarrp es 1 to 5 nmade it
possi bl e t6-%bt &i.8’ aamb'm(mmdbaqprmmeﬁdhaydr@cmldﬁi@h wat er-retention

capacity sor aC| a load, and a | ow content
of wat er g‘(l)n‘zp“udgﬁ % Hogg é{gﬁgﬁ%sf% in Conparative Exanples,
when t Ise aimmlpﬁrbpmaheamlmidjlﬂeeraﬁwaudl ator for radical polynerization
was smal | aé‘% e., Coggaratlve anpl el), t her ever sed- phasesuspensi on 20

pol ymer i zathon RS MNRILHHE R t he pol ymer of water-sol ubl e et hyl enic
unsat ur at ed nononer aggregated. When the anount of the water-soluble azo
initiator for radical polynerization was large (i.e., Conparative Exanple
2), alt houbqua?]vxat er - absorbent resin exhibiting high performance in various

properties was obtapgegs c&%atzh%ramlé)fl U hRe pRE A RUBEhEERSRSPAN to

di spersion nmediumrel eased to the outside of the system was undesirably

| ar ge 1ur t herattice, thReamewt ffothe BELIREWRY PEAROSHIRML (4 SEERPHRMD was
smal | (. geq{RRRBLEYE & AR %u%)-udé hee rt%%”%ﬁrb@&m Wﬁre&?sﬂ?égﬁéﬁlrfges' n

had a | ow wat er-absorption capacity under | oad, en t he anount of
t he hypophadyshmeoes feohpoemdheasnivargemegrit e Th@mq:témdsl 0t Eanplles 4)toa
wat e.r'abso%ﬁ%&e &5 ost.lyijQ:o oD dB, CONFAL- %slé%]@x{rb%%s%' ﬁa&ﬂ@%e”t was

obt ai ned. en a persu I nstead of a water-s I'e azo ator for
radi cal pdhi,gremaz:atrmetemasomsmpaaity hend aditeal apsdypieirdnz gapaoi{y .umder3s

Oorrpa tlve le.5 a_ wat r bent i_n,havin alow - 34-
wat er - bso?’ pfxag#p@ﬁf}a% %?/WLﬁ?d’e n Pga‘ﬁa% ngﬂﬁe MEGREN s nat i on of
nuneri cal Byodsdl s]
In contrast, in Comparative Examples, when the amount of water-
soluble azo initiator for radical polymerization was small (i.e.,
Comparative Example 1), the reversed-phase suspension
20 polymerization became unstable and the polymer of water-soluble
ethylenic unsaturated monomer aggregated. When the amount of the
water-soluble azo initiator for radical polymerization was large
(i.e., Comparative Example 2), although a water-absorbent resin
exhibiting high performance in various properties was obtained,
25 the amount of the petroleum hydrocarbon dispersion medium
released to the outside of the system was undesirably large.
Furthermore, when the amount of the hypophosphorous compound was
small (i.e., Comparative Example 3), the resulting water-
absorbent resin had a low water-absorption capacity under a load,
30 and when the amount of the hypophosphorous compound was large
(i.e., Comparative Example 4), a water-absorbent resin having a
high content of water soluble component was obtained. When a
persulfate, instead of a water-soluble azo initiator for radical
polymerization, was used as the radical polymerization (i.e.,

35 Comparative Example 5), a water-absorbent resin having a low
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[0094]
X Measuring device
5 1 Burette section
10 Burette
11 Air introduction tube
12 Cock
13 Cock
10 14 Rubber plug
2 Tube
3 Measuring board
4 Measuring section
40 Cylinder
15 41 Nylon mesh
4?2 Weight

5 Water-absorbent resin



10 initiator for radical polynerization per nol of the water-soluble

et hyl eni ¢ unsaturated nononer to be used in the presence of 0.000015 to

0. 00015 nol of hypophosphorous conpound per nol of the water-sol uble

et hyl eni ¢ unsaturated nononer to be used. 15[ C aim 2] The net hod
for producing a water-absorbent resin agéerding to claim1l, wherein the

wat er-sol uble azo initiator for radical polynerization is at |east one
menber sel ected fromthe group consi stGlagmsf

2,2' -azobi s(2-am di r e) di hydrochl ori de, 20
2,2'-azobis(2-[1-(2ﬂﬁ§%$§39ethyl)-2-inidazolin-2-

yl | propane} di hydr ochlmetidel fandpPodiciazohi shiex Absarberyetdsydn - 2-

met hyl propi oneam.di ne]tetrahydrate. [C aim 3] 25The nethod for producing a
wat er - abs ST B8 SH8Ef n according to claim1 or 2, wherein the

hypophasphor ous conpgsiuttinigabt! eesdt one webbersciridet edhyramd he group
consi sting of hypophosphorous acid and, sodi um hypophosphite. 30[ Cl.ai m 4]
The net hod FFTISAE8E CRARPEE I Ce FERBET hakESPesT %ﬁ%ﬁﬂndPﬁBYT%Fié%%%Bﬁe of
claims 1 tfh 3 paeebebintifirdiaebos odidlersQbRyheaiwn Unsat urated nononer is
at | east one nmenber selected fromthe group consisting of (neth)acrylic

acid and salts theres reveggedrphagenzispension polymegd zaitlbdP'd9 produci ng
a “ﬁter‘ahﬁgﬁﬁﬁﬂédrSéiﬂgQ§RR$@Bngot9.GUBQQDRBlOBfC&éﬂ%?@s%lhﬁlé,a%ﬁere'n the

rever sed- phase suspension polynerization is conducted in two or nore steps.
5 [ O di0m 6Ginitiator for Hadiqedt podyherizatddncpay molvatfethgbWakereriolugden

accordi ng .0n i , rei.pLpost Lkl IS
conduct ed %@“é%%ﬁ%gsﬁg%F%%§¥¥fH%F%ﬁegg%%?ﬁa %g? t éigéﬁgﬁé%ﬁéﬁq%% of the
rever sed- phaE®046s pensi @0 Ifo mpie pf zaypaphosphbheusata@pospdubere rehyfeni c

unsaturatet én%% g%ESOluble ethylenic unsaturated monomer to be used.

15 [Claim 2]

The method for producing a water-absorbent resin
according to claim 1, wherein the water-soluble azo initiator for
radical polymerization is at least one member selected from the
group consisting of 2,2’ -azobis(2-amidinopropane)dihydrochloride,

20 2,2’ -azobis{2-[1-(2-hydroxyethyl)-2-imidazolin-2-
yllpropane}dihydrochloride, and 2,2’ -azobis[N-(2-carboxyethyl)-2-
methylpropioneamidine]tetrahydrate.

[Claim 3]
25 The method for producing a water-absorbent resin
according to claim 1 or 2, wherein the hypophosphorous compound
is at least one member selected from the group consisting of

hypophosphorous acid and sodium hypophosphite.

30 [Claim 4]

The method for producing a water-absorbent resin
according to any one of claims 1 to 3, wherein the water-soluble
ethylenic unsaturated monomer is at least one member selected
from the group consisting of (meth)acrylic acid and salts thereof.

35



[Caim7] A wat er - absor bent resin produced by any one of
the 15 nmethods of clains 1 to 6.
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[Claim 5]
The method for producing a water-absorbent resin
according to any one of claims 1 to 4, wherein the reversed-phase

suspension polymerization is conducted in two or more steps.

[Claim 6]

The method for producing a water-absorbent resin
according to any one of claims 1 to 5, wherein post-crosslinking
is conducted by adding a cross-linking agent after the completion

10 of the reversed-phase suspension polymerization of the water-

soluble ethylenic unsaturated monomer.

[Claim 7]
A water-absorbent resin produced by any one of the

15 methods of claims 1 to 6.



