12 July 2006 1 DESCRI PTI ON METHOD OF PREVENTI NG COLORATI ON OF

WATER- ABSORBI NG RESI N 5 TECHNI CAL FI ELD The present invention 12ejulst 2606t 0 a
nmet hod for preventing discoloration of a water-absorbent resin. Mre
specifically, the present invention relates to a nethod for preventing

di scoloration of a water-absorbent resin which can be 10 suitably used as an
absorbent for an absorbent article for hygienic materials such as paper

di apers and sanitary napki ns. BACKGROUND ART Wt er - absorbent resins have
been wi dely used as absorbents form 15 articles for hygienic
material s such as paper diapers an apkins, utilizing the feature
that a water-based liquid, for instance, a body fluid such as human urine,

bl ood or sweat is qui ckly absorbed in a large anount, so that the |liquid
once absorbed is not d 0 Lwl

wat er - absor bent resi ..a JIB@SJQ%S wgﬁ;fm raatm, . absor bent
resins are likely to discolo i ﬁ’ r the li ke by an external

factor such as heat or hum di al l owed to stand.
Particularly, in the field of the above-nenti oned hygienic materials, when
the water-absorbent resin discolors in the absorbent article such as paper

di apers and__ sanitary kins, the commercial value as an absorbent article
is drasti cl@%@%@ﬂg&g Therefore, even when the water-absorbent resins
usabl e for absorbent 12 July 2006
The present 1nvent10n relates to a method for preventing discoloration of a
water-absorbent resin. More specifically, the present invention relates to a
method for preventing discoloration of a water-absorbent resin which can be

10 suitably used as an absorbent for an absorbent article for hygienic materials such

as paper diapers and sanitary napkins.

BACKGROUND ART

Water-absorbent resins have been widely used as absorbents for absorbent
15 articles for hygienic materials such as paper diapers and sanitary napkins,
utilizing the feature that a water-based liquid, for instance, a body fluid such as
human urine, blood or sweat is quickly absorbed in a large amount, so that the
liquid once absorbed is not released even under a load.
Conventional water-absorbent resins have some problems that the water-
20 absorbent resins are likely to discolor into yellow, brown or the like by an
external faétor such as heat or humidity when the resins are allowed to stand.
Particularly, in the field of the above-mentioned hygienic materials, when the
water-absorbent resin discolors in the absorbent article such as paper diapers and
sanitary napkins, the commercial value as an absorbent article is drastically

25 lowered. Therefore, even when the water-absorbent resins usable for absorbent



2 articles are allowed to stand under severe high-tenperature, high-humdity
envi ronment such as storehouse in the sumer tine, there has ledaldzeier ed
not to discolor the water-absorbent resin. As water-absorbent resins having
an effect of preventing discoloration, ; t here have been known, for

i nstance, a high water-absorbent polynmer® conposition in which an

or ganophosphoric acid conpound or a salt thereof is added to a high

wat er - absor bent pol yner (Japanese Patent Laid-Open No. Hei 5- 86251); an

cbsorbent._GRmOsLlJ M FOIR Lahanal aSLM kRl iRl e nrRRsl | kel
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I nvention égﬁﬁ)?szmta%:sogbzen‘g %L)X]p%gg{%n comprising an acidic water-swellable
crosslinked polymer, a basic water-swellable crosslinked polymer, a
10 discoloration preventive and/or an antioxidant and/or a boron-containing
compound (Japanese Patent Laid-Open No. 2000-230129); an absorbent
composition comprising a water-absorbent resin, and an organic carboxylic acid
and/or a salt thereof (Japanese Patent Laid-Open No. 2000-327926) and the like.
However, these compositions do not exhibit a sufficiently satisfactory effect
15 when allowed to stand under severe high-temperature, high-humidity
environment for a long period of time.
An object of the present invention is to provide a method for preventing
discoloration of a water-absorbent resin capable of preventing discoloration even
when allowed to stand under high-temperature, high-humidity conditions for a
20 long period of time.
These and other objects of the present invention will be apparent from the

following description.

DISCLOSURE OF INVENTION

25 Specifically, the present invention relates to:



3 [1] a nethod for preventing discoloration of a water-absorbent resin nade
from an unsaturated carboxylic acid as an essential nononer, th3dabc2086i zed
in that the method conprises addi ng an am nocarboxylic aci d-based net al
chelating agent to a systemin at |east, any one of the stages during a
preparation process of 5 the water-absorbent resin or to the water-absorbent
resin obtained after the preparation; and [2] a nethod of use of an

am nocar boxyl i ¢ aci d-based netal chelating agent for preventing
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addi ng an 20 ami nocarhoxylic acid-based met al chelating agent to a systemin
at | east aﬁgﬁpéf?él%fa he stages during a preparation process of the

wat er - absogbent re n.or. to the water-absorbent in optai.ned after the
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acid, 12 Julg
aturated carboxylic acid as an essential monomer, characterized in that the
10 method comprises adding an aminocarboxylic acid-based metal chelating agent
to a system in at least any one of the stages during a preparation process of the
water-absorbent resin or to the water-absorbent resin obtained after the

preparation.

15 BEST MODE FOR CARRYING QUT THE INVENTION

The method for preventing discoloration of a water-absorbent resin made
from an unsaturated carboxylic acid as an essential monomer of the present
invention has a feature that the discoloration of the water-absorbent resin is
suppressed even under high-temperature, high-humidity conditions by adding an

20 aminocarboxylic acid-based metal chelating agent to a system in at least any one
of the stages during a preparation process of the water-absorbent resin or to the
water-absorbent resin obtained after the preparation.

The aminocarboxylic acid-based metal chelating agent usable in the
present invention includes, for instance, iminodiacetic acid,

25 hydroxyethyliminodiacetic acid, nitrilotriacetic acid, nitrilotripropionic acid,



4 et hyl enedi am netetraacetic acid, diethylenetriam nepentaacetic acid,
triethyl enetetram nehexaacetic acid, trans-1, 2-di 12 July 2006
am nocycl ohexanet etraacetic acid, N, N-bis(2-hydroxyethyl)glycine,

di am nopropanol tetraacetic acid, ethylenedi am nedi propionic acid,

hydr oxyet hyl enedi am netriacetic acid, glVycol 5 ether diam netetraacetic
aci d, di am nopropanetetraacetic acid,

N, N - bi s(2- hydroxybenzyl ) et hyl enedi am ne- N, N-di aceti c aci d,
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am nocar boxy) | ¢ aci 4- based net al l.ating agent to a. water- containjng
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above- nent i oned am nocar boxyli c aci d-based netal chelating agent to a water-
absor bent h‘%& AABARE AReay qeﬁ@fleqthménq@pmegfs aﬁ’éﬂder-bl endi ng the above-
ment i oned armi nocar boxyl j c, aci d- hased netal chel ating agent with a water-
absor bent fehyleaetedraming hexpacels agidnirpRtd, o AIACRYCIOREX HISAAEIREHET oned

am nocar boxy] j ¢ aci d- hased. net al cr{ﬁl at |(ﬂ% agent to a wat ﬂi absorbent resin
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fromthe . . .
effect of preventing discoloration.

In order to add an aminocarboxylic acid-based metal chelating agent to a
system in any one of stages during the preparation of a water-absorbent resin, or
to a water-absorbent resin obtained after the preparation, there are included (i) a
15 method of adding the above-mentioned aminocarboxylic acid-based chelating
agent to an aqueous solution of the monomer comprising an unsaturated
carboxylic acid before the polymerization; (ii) a method of adding the above-
mentioned aminocarboxylic acid-based metal chelating agent to a water-
containing gelated product after the polymerization; (iii) a method of adding the
20 above-mentioned aminocarboxylic acid-based metal chelating agent to a water-
absorbent resin during drying; (iv) a method of powder-blending the above-
mentioned aminocarboxylic acid-based metal chelating agent with a water-
absorbent resin after drying; (v) a method of adding the above-mentioned
aminocarboxylic acid-based metal chelating agent to a water-absorbent resin

25 dispersed in an organic solvent, and heating and removing the solvent from the



12 July 2006 5 m xture; and the like. In the present invention, it is
preferable that the am nocarboxylic acid- based netal chel atiJwdg2006i s

di spersed in the water-absorbent resin by a convenient nethod, or dispersed
honbgeneously on the surface of the water 5 absorbent resin as nuch as
possi bl e, fromthe viewpoints of maintaihing productivity and highly giving
an effect of preventing discoloration. In order to obtain a water-absorbent
resin in which the am nocarboxylic acid-based netal chelating agent is
honogeneousl.y, di spersed., especially (ii) a nmethod of adding the

above- nment i %Bﬂeaﬁrﬁﬁ§§PS%xy|ic aci d-based netal chelating agent to a 10

gy X LT A U i
LRSS PO O B D2 e

Che .19, AR e B ST o S e B i ¢ 0
oo et oSSR P8P BT GRS TR 3 souaer
o OSSO S RRRR 5 o PP eGP et
Siigiee oo KRR E G e

hom)geneoushé/l?di spersed .in the water-absorpent r.éaﬁi Here, . the particle

n. )
¥(psa Bethed phpdding| at i ng

si ze of the&n¢laHBE 38GRlls homegraequslytisnasdsd; esreck
agent is ngot particularly lim te%olt_ [ s_grefe abl e hiatg' 80% by wei ght of
the entiret Qver@enianed paHReF wylicacigbasesh mpta chetading 3geaitite Ae

10 water-containing gelated product after the polymerization; (iii) a method of

adding the above-mentioned aminocarboxylic acid-based metal chelating agent
to a water-absorbent resin during drying, and (iv) a method of powder-blending
the above-mentioned aminocarboxylic acid-based metal chelating agent with a
water-absorbent resin after drying are preferable. |

15 It is preferable that the embodiment of adding an aminocarboxylic acid-
based metal chelating agent is, but not particularly limited to, an embodiment of
adding a solution prepared by dissolving a liquid or powder aminocarboxylic
acid-based metal chelating agent in a hydrophilic solvent such as water, or an
embodiment of adding a fine powder of an aminocarboxylic acid-based metal

20 chelating agent in a powdery state, in order that the aminocarboxylic acid-based
metal chelating agent is homogeneously dispersed in the water-absorbent resin.
Here, the particle size of the fine powder of the aminocarboxylic acid-based
metal chelating agent is not particularly limited. It is preferable that 80% by
weight of the entire particles have particle sizes of 100 um or less, from the

25 viewpoint that a satisfactory effect of preventing discoloration is obtained when



25 viewpoint that a satisfactory effect of preventing discoloration is
obt ai ned when 12 July 2006 6 the anpunt of coarse grain porti aRJuiys2006al | er
The amount of the above-nenti oned am nocarboxylic aci d-based net al

chel ating agent used is preferably from0.001 to 6 parts by weight, nore
preferably from0.006 to 3 parts by wei ght, nost preferably fromO0.01 to 2
parts 5 by wei ght, based on 100 parts by wei ght of the unsaturated
carboxylic acid, which is an essential nononer for preparing the

wat er - absor bent of obtaining a satisfactory

ef fect for B %WQHPFR@C%F{TE%I%FE’PF%‘?P Wgﬁﬂla I%Bt ai ning the effect corresponding
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obtained after the pre ation he wat er - absor bent resin made_from an
unsat ur at edVagh bwm ga\r@m&Qm&ﬁ OLRISRATNG e 1yd sprksm reun; ombiepr esent
i nvention includes crass]inked 20 products of acrylate Jpolyners, crosslinked
products oVieWRRIBISfARaInAgE a§@ta$féﬁtoaw Pﬁ&f@r@f@fqnt P%‘QF@IO%@QQSI i nked
products of vinyl alcghol-acrylate ynmers, crosslinked products of

mal ei ¢ anh@Btaigagghectisat %Qﬂr%ﬂoﬁanatloégﬁémounéiué%%lthﬁ@d hedr®ut yI ene- mal ei c

anhydri de copol yners, partially neutralized
econornically advantageous.

10 Therefore, according to the present invention, there is provided a method
of use of an aminocarboxylic acid-based metal chelating agent for preventing
discoloration of an obtainable water-absorbent resin made from an unsaturated
carboxylic acid as an essential monomer, characterized in that said method
comprises adding an aminocarboxylic acid-based metal chelating agent to a

15 system in at least any one of the stages during a preparation process of the
water-absorbent resin or to the water-absorbent resin obtained after the
preparation.

The water-absorbent resin made from an unsaturated carboxylic acid as an
essential monomer prepared in the present invention includes crosslinked

20 products of acrylate polymers, crosslinked products of hydrolysates of
starch-acrylate graft copolymers, crosslinked products of vinyl alcohol-acrylate
copolymers, crosslinked products of maleic anhydride-grafted polyvinyl alcohol,
crosslinked isobutylene-maleic anhydride copolymers, partially neutralized
crosslinked products of polyacrylic acid, saponified products of vinyl acetate-

25 acrylic ester copolymers, and the like. Among them, preferable are the



crosslinked products of polyacrylic acid, saponified products of vinyl
acetate 25 acrylic ester copolyners, and the |ike. Anmong themi2gabf2006bl e
are the 12 July 2006 7 crosslinked products of acrylate polyners which are
capabl e of absorbing a | arge amount of water and retaining absorbed water
in the nol ecul e even when a certain load is applied. The unsaturated
carboxylic acid includes, for instance, acrylic acid, 5 nethacrylic acid,
mal ei ¢ acid, naleic anhydride, fumaric acid and the like. These can be used

alone or in adm xtyre of t or nore Kkinds. .The unsatuyrate arboxylic acid
may be.par CFAIPREL PR DI B AGHAIE SR MMRANT ifBasF Coratihal Bpserbiima (aree
especially acrylic acid, thacrylic acjd, and an alkali netal salt thereof,
such as  SGMAHALGH %@5@%& fhiag 5?%?@?%%%%@@ meatle expVEITeht | oned
unsat urated carboxyl.ic acid may be copolynerized wth other nononers as
occasi on d&fBAYSIoadyip@pPRethoners include, for instance, nonionic,

hydr ophi I i ¢ group-contai ni ng npnoners ,such as (neth)acryl am de,
["(meth)acryl-" prsatyated carbaxyiic aid paelpdes, for mstancgaderyhc aciderred to
the sane], N-substjtuted (neth)acrylam de, 2-hydroxyethyl 15 (neth)acryl ate,
2- hydY oxy pregprciyhistagidanglers ecid mmaleas gplaydrideynmaacgicidand thenker) acryl at e,
and pol yet hyl ene gl ycol (neth)acrylate; unsaturated am no_ group-containing
nonomer s s UdiesasanbrrusEdalong eminssrigiure ofdwa)adngredkiads. The unsaturated

N, N-di met hyl am nopropyl (nmeth)acrylate, N N-dinethylam nopropyl

(et h) acr yicamaxlicagid arycbapagiayssatrabacshwith @U@lﬁahgn@taﬁyx thel lilmiandaci d,
20 styrenesul fonic acid, 2-(neth)acryl am de-2-nethyl propanesul foni c aci d,

2- (et h) acegpesipldy pendiciacidrimethasrdicacid, sadian alkal angtal sdtitherneof, sueh ans t he

pol ymeri zati on nethod for the above-nentioned water-absorbent
sodium or potassium are preferably used.

10 The above-mentioned unsaturated carboxylic acid may be copolymerized
with other monomers as occasion demands. Other monomers include, for
instance, nonionic, hydrophilic group-containing monomers such as
(meth)acrylamide [“(meth)acryl-” means “acryl-” and “methacryl-;” hereinafter
referred to the same], N-substituted (meth)acrylamide, 2-hydroxyethyl

15 (meth)acrylate, 2-hydroxypropyl (meth)acrylate, methoxypolyethylene glycol
(meth)acrylate, and polyethylene glycol (meth)acrylate; unsaturated amino
group-containing monomers such as N,N-dimethylaminoethyl (meth)acrylate,
N,N-dimethylaminopropyl (meth)acrylate, N,N-dimethylaminopropyl
(meth)acrylamide; sulfonic acid-based monomers such as vinylsulfonic acid,

20 styrenesulfonic acid, 2-(meth)acrylamide-2-methylpropanesulfonic acid,
2-(meth)acryloylethanesulfonic acid and salts thereof; and the like.

As the polymerization method for the above-mentioned water-absorbent
resin, representative preparation processes such as reversed phase suspension
polymerization method and aqueous solution polymerization method are usable

25 without being limited thereto. The reversed phase suspension polymerization



resin, representative preparation processes such as reversed phase
suspensi on polynerization nethod and aqueous sol ution pol yneid? daly 2006net hod
are usable 25 without being limted thereto. The reversed phase suspension
pol ynmeri zation 12 July 2006 8 net hod mﬁlé be exenplified hereinbelow. In the
reversed phase suspension polynerization®nmethod, the polynerizationis
carried out by using, for instance, a polynerization initiator in a state

t hat an aqueous solution of the nonomers is dispersed in an organic 5

solvent in_t resence, of .at t .one of the surfactants and the polyneric
protecti ve"begﬁ?cgiwdg%el?an%pliﬁ%(ig&%mbﬁ?‘ﬁat t he concentration of the nononers
in the above- rrﬁn& oned aqueous sol utiaon Qﬂf t he ﬂononéhs i\sp from 25% by
weight to a sa AR B L F SEPRSASIAN P Y HC 128HOD 88’0 &- nent i oned
aqueous solution.of.10. the.nmpnoners .may.be added at .once. or. may. be added in
Givi ded poPPIGRErIFHTIGTS CAFIY T Y, ASEn O dRgecn, o RHEMEBBIHoRN R

organi ¢ sol vent .includes ali h?ti c hydrocar bon. aol vents such as. n-pent ane,
n-hexane, ASHGIRAEN aguFops golufign of (e mAnomers i$ifisearssgin 4BIF8RARIS such as
cycl gpent ane, nef h%l:?cl{rcl opent anfﬁ@ﬁcéd opexane, 15 and nethy]l cycl ohexane;

aronet i ¢ hyehveebiy gianchof at {fast que ghheasvatactantsy and thepelymiiriie: and t he
i ke. Anbng them n- E‘?Qt ane and cycl ohexane are preferably used. The anount
of the or gRMECEY GRS sed is preferably from50 to 600 parts by weight,
nore preferably_ from 100 to 550 parts by. weight, based an 100 parts 20 by
wei ght of the té‘t’élprﬁééﬁmf: that tgﬁéomm,oﬁpﬁrﬁ‘?q@?ﬁséﬁ/ﬁ ¢ APQVGY renovi ng

heat of polynerization, thereb king it easy.to trol the polynerization
P m)(entloneg aqueous solution of the monomers 1syfrom f?‘% by weig ttg a Y

saturated concentration. In addition, the above-mentioned aqueous solution of
10 the monomers may be added at once or may be added in divided portions in the
polymerization reaction.

The above-mentioned organic solvent includes aliphatic hydrocarbon
solvents such as n-pentane, n-hexane, n-heptane, and ligroin; alicyclic
hydrocarbon solvents such as cyclopentane, methylcyclopentane, cyclohexane,

15 and methylcyclohexane; aromatic hydrocarbon solvents such as benzene, toluene
and xylene; and the like. Among them, n-heptane and cyclohexane are
preferably used.

The amount of the organic solvent used is preferably from 50 to 600 parts
by weight, more preferably from 100 to 550 parts by weight, based on 100 parts

20 by weight of the total amount of the monomers, from the viewpoints of removing
heat of polymerization, thereby making it easy to control the polymerization
temperature.

The above-mentioned surfactant includes nonionic surfactants such as
sorbitan fatty acid esters, monoglycerol fatty acid esters, polyglycerol fatty acid

25 esters, sucrose fatty acid esters, polyoxyethylene hydrogenated castor oil,



tenperature. The above-nenti oned surfactant includes nonionic surfactants
such as sorbitan fatty acid esters, nonoglycerol fatty acid dgtJins2006

pol ygl ycerol fatty acid 25 esters, sucrose fatty acid esters,

pol yoxyet hyl ene hydrogenated castor oil, 12 July 2006 9 pol yoxyet hyl ene

| aur at e hydrogenated castor oil, polyoxy%thylene triisostearate

hydr ogenat ed castor oil, pol yoxyethyl ene al kyl phenyl ethers, pol yoxyethyl ene
| auryl ethers, and pol yoxyet hyl ene hexyl decyl ethers. The above-nentioned

I [ [ | oid i nclud hyl 5. cell ul hydr. hyl
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Cor poly mer SYBEURMEISH ST S ORI PR ON GTTE kb0 T RLERRIERE oni
Tvo or - mor dagohaBer Fogso R TR e E BERUABEHe B o the pol ymeric

protective coll qids . nenti oned above can be used together wt n ani onic
Surt actant. - The His e menhpaed Bt mSitd Rieestyel GodloR 1n pdgs %igivﬁs,

al kyl benzenesu| f onat es, al kyl t hyl taurates, .pol yoxyet hyl ene_al kyl phenyl

et her? sul f&F@ul%SFelF ,rogsas?@afig;%lﬁw wlmtﬁyﬁne@%% polyatbsheanegidicthe. | i ko.

15 The anmount, of the surfagctant and/or the polyneric protectjve colloid used
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parts by weight, based on 100 parts_by weight of the, total unt of the
ononer s, pﬁ?ay#flﬁéilﬂneekﬁﬁaﬁlxv@rgm%ﬁ;ﬁﬁ%yﬁa&mkﬁf%@wﬁu&,@ﬁértgsz €of the

aqueous solution_of noponers,. obtaining an effect corresponding to the
anmount used, andhssf mgninieserfactapisand plymsrs paetestive collbids may be used

in admixture of two or more kinds.

10 The nonionic surfactant and/or the polymeric protective colloids
mentioned above can be used together with an anionic surfactant. The anionic
surfactant includes salts of fatty acids, alkylbenzenesulfonates, alkyl methyl
taurates, polyoxyethylene alkylphenyl ether sulfate esters, polyoxyethylene alkyl
ether sulfonates and the like.

15 The amount of the surfactant and/or the polymeric protective colloid used
is preferably from 0.1 to 5 parts by weight, more preferably from 0.2 to 3 parts
by weight, based on 100 parts by weight of the total amount of the monomers,
from the viewpoints of having satisfactory dispersion of the aqueous solution of
monomers, obtaining an effect corresponding to the amount used, and being

20 economically advantageous.

The above-mentioned water-absorbent resin can be prepared in a self-
crosslinking reaction without using a crosslinking agent. Also, the resin can be
crosslinked using an internal crosslinking agent having two or more
polymerizable unsaturated groups or two or more reactive groups. The internal

25 crosslinking agent includes a compound having two or more unsaturated



The above-nenti oned wat er-absorbent resin can be prepared in a self-
crosslinking reaction without using a crosslinking agent. A s@2 Julye2008si n
can be crosslinked using an internal crosslinking agent having two or nore
pol ymeri zabl e unsaturated groups or two §r nore reactive groups. The
internal 25 crosslinking agent i ncl udes ! conpound having two or nore
unsaturated 12 July 2006 10 ethylenic groups in one nolecule, such as
N,N'-nethylenebis(neth)acrylanide ethylene gl ycol di(neth)acrylate,

di et hyl ene col nmet h) acr et o di acr | at e,
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wei ght  of the total .anount of the above-nentjoned nononers, fromthe
vi ewpoi nt seproraBodydpneard My kike (aeor maee s |taeseaan ke vsed ¥ROT esul t i ng
wat er - absorbent resin by an, appropriate prossllnklng and showi ng a
sati sf act ofNSidedng AMstsapkNity andyeatpbsalweility i thsnpqlymerizatipnisysieauel is adi cal
polymerization initiators such as potaSS|un1persquate sodi um per sul f at e,

ammoni um pprefarable that peesempound haxingd Worgidnotes! ythd greneps in one

1,1 -azobi s(cycl ohexane-| -carbonitrile)
10 molecule is used as the internal crosslinking agent.

The amount of the internal crosslinking agent used is preferably from
0.001 to 3 parts by weight, more preferably from 0.003 to 1 part by weight, even
more preferably from 0.005 to 0.5 parts by weight, based on 100 parts by weight
of the total amount of the above-mentioned monomers, from the viewpoints of

15 suppressing the water-soluble nature of the resulting water-absorbent resin by an
appropriate crosslinking, and showing a satisfactory water absorbency.

The polymerization initiator includes radical polymerization initiators
such as potassium persulfate, sodium persulfate, ammonium persulfate, benzoyl
peroxide, hydrogen peroxide, 1,1’-azobis(cyclohexane-1-carbonitrile),

20 2,2’-azobis(2-methyl-butyronitrile), 2,2’-azobisisobutyronitrile,
2,2’-azobis(2-amidinopropane)dihydrochloride, 2-cyano-2-propylazoformamide,
dimethyl 2,2’-azobis(2-methylpropionate). The radical polymerization initiator
as mentioned above may be used together with a sulfite or the like as a redox-
system polymerization initiator.

25 It is desired that the amount of the polymerization initiator used is from



20 2,2'-azobis(2-methyl -butyronitrile), 2,2'-azobisisobutyronitrile,

2,2' -azobi s(2-am di nopr opane) di hydr ochl ori de, 2-cyano-2-propyigggﬁqﬂmgnide,
di mret hyl 2,2'-azobi s(2-nethyl propi onate). The radical polynerization
initiator as nentioned above may be used together with a sulfite or the
like as a redox- system polynerization ilhitiator. 25 It is desired that the
anmount of the polynerization initiator used is from12 July 2006 11 0.005 to
1.0 nol per 100 nol of the total anmount of the above-nentioned nononers,
fromthe viewioints of shortening the tinme for the polynerization reaction,

pr event i ng 0d103uter b8 goelapsrd Qomphef theaota amrauad of dhe abene-mestionedt i ng t he

control of the polynerization reaction. 5 The surfactant and/or the
pol yneri c prasromersyEogoiheoiiewpeimts oheslorignng thestimgifos the,polyimerigationgani c
solvent, and the m xture of the above-nentioned aqueous solution of the
nmononers, r¢astion) preventing aprunreasonablsrpodymieripation kaactos, anidiéatilimtingibe
above-nentioned organic solution. The m xture is heated while stirring, and
subj ect ed tontrelef thepopyrasuzatipesastion. pol yneri zation in a water-in-oi
system 10 The reaction tenperature of the above-nentioned polynerization
reactS on di f f er Thecapfantinhgndfooithe helynierisprotedtive qodlojdnendnt siniedrabiome is at or
and the nononers used, or the concentration of the aqueous solution of the
monorer s. dfssolveddhianrorgamicpehanty and the pnixtereadfl the ibowe-20erttmnkiqueowns e
preferably from40 to 80C, fromthe viewpoints of rapidly progressing the
pol yner i zasolationsifah¢ erdinogndbethe poppingrieati arainidator and théddkeareaddahiocal |y
favorabl e, naking the renoval of the heat of polynerization easier, and
snoot hl y cérerabavg-mentiomed omanid solutidhe Theeaixtureris heatedi whils satring, fandm 0. 5
to 4 hours. The resulting water-absorbent resin may be subjected to surface-
subjected to reversed phase suspension polymerization in a water-in-oil system.
10 The reaction temperature of the above-mentioned polymerization reaction differs
depending upon the kinds of the polymerization initiator and the monomers used,
or the concentration of the aqueous solution of the monomers. The reaction
temperature is preferably from 20° to 110°C, more preferably from 40° to 80°C,
from the viewpoints of rapidly progressing the polymerization, shortening the
15 polymerization time, being economically favorable, making the removal of the
heat of polymerization easier, and smoothly carrying out the reaction. The
reaction time is usually from 0.5 to 4 hours.
The resulting water-absorbent resin may be subjected to surface-
crosslinking by treating the water-absorbent resin with a crosslinking agent
20 having two or more functional groups having reactivity with carboxyl groups.
The surface-crosslinking agent includes, for instance, those capable of reacting
with carboxyl groups in the water-absorbent resin, for instance, epoxy
compounds such as (poly)ethylene glycol diglycidyl ether, (poly)propylene
glycol diglycidyl ether, (poly)glycerol polyglycidyl ethers, and glycidol;

25 halogenated epoxy compounds such as epichlorohydrin, epibromohydrin,



crosslinking by treating the water-absorbent resin with a crosslinking agent
20 having two or nore functional groups having reactivity w th2Jdaly200¢|
groups. The surface-crosslinking agent includes, for instance, those capable
of reacting wth carboxyl groups in the water-absorbent resin, for

I nstance, epoxy conpounds such as (pol fethylene gl ycol diglycidyl ether,
(poly) propyl ene glycol diglycidyl ether, (poly)glycerol polyglycidyl

ethers, and glycidol; 25 hal ogenated epoxy conpounds such as

epi chl or ohydrin L bronphydrin 2 Jdul 006 12 a-nethyl epj chl orohydri n;
ol yhyar ¢ G Ry SEREn: Ry hSane alachplEngibeiiad sk & oty ER Gy | ene
gl ycol, (pol | ycerol I ols nt anedi ol s exanedi ol s, .

Pr et hyt brEelalT firap ee eyl polAEL e, ARS R e iolschvpgesiole. Arong
them the epoxy, compound i r rreferably used. These surface-crosslinking
5 agents céﬁ”t%hﬁé’ggoa?%éﬁ%tgg?ﬁagﬂ%i tr%waélp?%weoﬁn f'e{l f-n 4¥NORg, e
anount of the syrface-crosslinking agen sed i efera from.0O.0l to 5
parts by, wihgs the 105y SBRRRUE| 15 oG B esablsghssdo AHESE T s GHEIBHER rmor e
preferably from0.Q3 to 3 parts.b jght, hased on 100 parts by wei ght of
the Xotal 3gfBisRANdIc ¥s5d aég'éﬁ/@[ H’egﬁr\ﬁg‘rﬁ’gﬂoﬁﬁ’gé\’}‘@rqr MEEKINHE vi ewpoi nts of

obt ai ning 10 satjsfactory | strength gnd. water absorbency during water
absor ption of the :@,@pg@t%fg@g,sggt{qpechgﬁs nkingeagest Hefks @fpfﬁg’d?lh]d IJtfﬂ’é‘ 0.01
above-nentioned surface-crosslinking agent is not particularly limted. The
met hod i nclt@deRArtst Ry Wiekght amose p&ffﬁ@%% ogbfh8ki teifpartuby weaghtagven more
surface-crosslinking aﬁ)%at to a water-absorbent resin dispersed in an 15
organi ¢ solpselerably fram todpartsbygveighbypased opd 09martscdey wetgld1afike ng agent
to a water-absorbent resin with a spray or the like while stirring; and the

like. The tetahpmguat of e shavermentiprrd miaome{ HeBL theodewpaiatngl abiing

I ncl udes the stage of the . .
10 satisfacfory gel strength and water absorbency during water absorption of the

water-absorbent resin.

The method of adding the above-mentioned surface-crosslinking agent is
not particularly limited. The method includes, for instance, a method comprising
adding the surface-crosslinking agent to a water-absorbent resin dispersed in an

15 organic solvent; a method comprising spraying the surface-crosslinking agent to
a water-absorbent resin with a spray or the like while stirring; and the like. The
timing of the addition for the surface-crosslinking agent includes the stage of the
water-containing gelated product obtained after the polymerization; the stage of
the water-containing particles during drying; the stage after drying; and the like.

20 Among them, a method comprising adding the surface-crosslinking agent to a
water-absorbent resin dispersed in an organic solvent at the stage of the water-
containing gelated product obtained after the polymerization, and a method
comprising spraying the surface-crosslinking agent with a spray or the like at the
stage of the water-containing particles during drying are preferable.

25 The embodiment of adding the surface-crosslinking agent is not



wat er - cont ai ni ng gel ated product obtained after the polynerization; the
stage of the water-containing particles during drying; the si2dulya2006ér
drying; and the like. 20 Anmong them a nethod conprising adding the
surface-crosslinking agent to a wat er-ggsor bent resin dispersed in an
organi c solvent at the stage of the water- containing gelated product
obt ai ned after the polynerization, and a nethod conprising spraying the
surface-crosslinking agent with a spray or the like at the stage of the

wat er - cont ai ni n articles durjn ryving.are preferable, 25 The enbodi nent
of addi ng Pﬁglgﬂ?ﬁﬁé@ﬁ?c&{ﬂ ?rrd?fﬂbaqé%eeﬂ?ff?%e'ﬂp&tsseli 158268086 13 particul arly
limted. In order that the surface-crosslinking agent LS 0 neously
ndded o t DoTEeaebUTy g 1 ISR Ric PSP eBl ki abRebrelctableBar he
surface-crosslinking,.agent is dissolved.in a hydrophilic solvent such as

wat o bet SRAAGTIRUARING agsdt 5 ARSRIES in EATHERPIIAE FolehsSieh 1 wafdty

expl ai ned 3eﬁfi nbel ow by neans of Exanples, without intending to limt the
present i nPEMICAIIHOY, o these Exanples. 10 Exanple 1 Fi ve- hundred
mlliliters of n-heptane was added to a 1000-m five-necked cylindrical

round bottomed fl ask equi pped with a stirrer, a reflux condenser, a

droppi ng funnel,_a thermneter an nitrogen gas inlet tube., Thereto was
added 1.38 g ofThfemrsgfrrvd@Y%ﬂth;bwﬁégﬁéa?Ca igally gxplamedhherembrbsor PyQ 1855, 15
manuf act ured by Taiyo Kagaku Co., Ltd.) having an HLB.of 5.0 and di spersed.
The t enper &as AiExameplas.opidheutdntending to Lmit the ppseabinmention anlyrtadhesst , and

thereafter cooled to 55C.
Examples.

10 Example 1

Five-hundred milliliters of n-heptane was added to a 1000-ml five-necked
cylindrical round bottomed flask equipped with a stirrer, a reflux condenser, a
dropping funnel, a thermometer and a nitrogen gas inlet tube. Thereto was added
1.38 g of decaglycerol pentastearate (surfactant: SUNSOFT Q-185S,

15 manufactured by Taiyo Kagaku Co., Ltd.) having an HLB of 5.0 and dispersed.
The temperature of the dispersion was raised to dissolve the surfactant, and
thereafter cooled to 55°C.

Separately from the above, 92 g of a 80% by weight aqueous solution of
acrylic acid was added to a 500-ml Erlenmeyer flask. Thereto was added

20 dropwise 102.2 g of a 30% by weight aqueous sodium hydroxide solution while
externally cooling, to neutralize 75% by mol of acrylic acid, to give an aqueous
solution of a partially neutralized salt of acrylic acid. Further, 50.2 g of water,
0.11 g of a polymerization initiator potassium persulfate, and 18.4 mg of a
crosslinking agent ethylene glycol diglycidyl ether were added thereto, to give an

25 aqueous solution of a monomer for a polymerization.



Separately fromthe above, 92 g of a 80% by wei ght aqueous sol ution of
acrylic acid was added to a 500-m Erlenneyer flask. Thereto yag, 20
dropwi se 102.2 g of a 30% by wei ght aqueous sodi um hydroxi de sol ution while
externally cooling, to neutralize 75% by nol of acrylic acid, to give an
aqueous solution of a partially neutralldzed salt of acrylic acid. Further,
50.2 g of water, 0.11 g of a polynerization initiator potassium persulfate,
and 18.4 ng of a «crosslinking agent ethylene glycol diglycidyl ether were
added thereto, tQ give an 25 aqueous sol ution of a nonomer for a
pol ymeri zat i on. Thg enkirg apyt Pgthiﬁé%ﬁ@lisr@lhﬁﬁ%‘mf ther meRpEIEsdOEdUS sol ution
of the nmononer for a polynerization was added to the above-nenti oned
fi ve- necke@okymemzatiainwas added tpberabouva-mentsqned faes-neekead ¢ lindiital apwiskr sed.
After the internal of the systemwas, sufficiently replaced with nitrogen,
t he tenper qup@edfﬂaskeurrdewﬁrr@l&@%d dispsesgd. H\Herdthenntepral\afdhe systesnwasact i on
was carried out for 1 hour while keeping its bath tenperature at 70C. To a
wat er - cont aufficientljereplecedowlmdtroggn, dhe tenaperaturt whthomixisfre was raised,
pol ynmeri zation was added 0.66 g of a 14% by wei ght aqueous sol ution of
t et r dsodi uand n}ampely,rmermaamrma@tmrbwexaaﬂtee{maefoeﬂatmrazehllamk@ﬂpmgctarbtadxy| ic
aci d-based netal chelating agent under stirring. Subsequently, water of the
10 wat er - ctemhpenaturg ag@0&Ce d a vatertcomsgininggelatedi protihet afwerehaatrminatibe
system by azeotropic dehydration. To the resulting gel ated product was
added 4. 14ofjtlef palyng¥iZagioney ghadded b6t g ofal 14%dry wkight gheoes splytioh of
di glycidyl ether, and water and n-heptane were further renoved fromthe
m xt ure bytaiasbdiunatians;1,2dlamocyclodicsarctomsaattiteds ahamgineead®dx@lig of a
wat er - absor bent resin. 15 Exanple 2

| acid-based metal chelating agent under stirring. Subsequently, water of the

10 water-containing gelated product was removed to the external of the system by
azeotropic dehydration. To the resulting gelated product was added 4.14 g of a
2% by weight aqueous solution of ethylene glycol diglycidyl ether, and water
and n-heptane were further removed from the mixture by distillation, and the
residue was dried, to give 93.0 g of a water-absorbent resin.
15
Example 2
Five-hundred milliliters of n-heptane was added to a 1000-ml five-necked
cylindrical round bottomed flask equipped with a stirrer, a reflux condenser, a
dropping funnel, a thermometer and a nitrogen gas inlet tube. Thereto was added
20 0.92 g of sucrose fatty acid ester (surfactant: S-370, manufactured by
MITSUBISHI CHEMICAL CORPORATION) having an HLB of 3.0 and
dispersed. The temperature of the dispersion was raised to dissolve the
surfactant, and thereafter cooled to 5S5°C.
Separately from the above, 92 g of a 80% by weight aqueous solution of

25 acrylic acid was added to a 500-ml Erlenmeyer flask. Thereto was added



Five-hundred mlliliters of n-heptane was added to a 1000-nil five-necked
cylindrical round bottoned flask equipped with a stirrer, a raqblyly 2006
condenser, a dropping funnel, a thernmoneter and a nitrogen gas inlet tube.
Thereto was added 20 0.92 g of sucrose fatty acid ester (surfactant: S 370,
manuf actured by M TSUBI SH CHEM CAL CORBPEORATI ON) having an HLB of 3.0 and
di spersed. The tenperature of the dispersion was raised to dissolve the
surfactant, and thereafter cooled to 55C. Separately fromthe above, 92 g of
a 80% by wei ght aqueous solution of 25 acrylic acid was added to a 500-ml
Erl enneyer diopswse TH2:2eg of ad8%abiyecight apiepus s0diunthydopides solutipnvhjlof a
30% by wei ght aqueous sodi um hydroxi de solution while externally cooling,

t o neut ral i egeftitylsoahnlg, tf newtratized’ 5% iby, mobofjamrglianchlyte gie asaljucduwsn of a
partially neutralized salt of acrylic acid. Further, 50.2 g of water, 0.11
g of a pol ysedufiambf arpartialiy aewtral petdaalti ofmopdicadiflatfarthendS@22 ofyjwafera 5
crosslinking agent ethylene glycol diglycidyl ether were added thereto, to
give an aduédysofsepulymerizition initimorpothssium parssifatsf &pd DA mgesfizat i on. The
entire anmount of this aqueous solution of the nononmer for a first step

pol yneri zat¢rosslivkingdgdent dthylehe ghjaol eigigoidyb et iwaere added eistrend, ito givecal
round bottoned flask under stirring and di spersed. After the internal of

t he syst em anfold ssliftioncwfeninoyoneplface firyd stép polynngesatiohhe tenperature of
the m xture was rai sed, and the polynerization reaction was carried out for

1 hour while keepPhegntitesathatit oft thigafiious eohitionWE. thd neoreahéefor d fisst step
pol yneri zation slurry was cooled to room tenperature. Further, 119.1 g of a

80% by wei ghilyamieation sedsuidded tothagboyd-meadiode dvdive-riczkad dglintfical mapdr at e
500-m Erlenneyer flask. Thereto was added dropw se
bottomed flask under stirring and dispersed. After the internal of the system was
10 sufficiently replaced with nitrogen, the temperature of the mixture was raised,
and the polymerization reaction was carried out for 1 hour while keeping its bath
temperature at 70°C. Thereafter, the polymerization slurry was cooled to room
temperature.
Further, 119.1 g of a 80% by weight aqueous solution of acrylic acid was
15 added to a separate 500-ml Erlenmeyer flask. Thereto was added dropwise
132.2 g of a 30% by weight aqueous sodium hydroxide solution while cooling, to
neutralize 75% by mol of acrylic acid. Further, 27.4 g of water, 0.14 g of
potassium persulfate, and 35.7 mg of ethylene glycol diglycidyl ether were added
thereto, to give an aqueous solution of a monomer for a second step
20 polymerization. The aqueous solution was cooled in an ice water bath.
The entire amount of this aqueous solution of the monomer for a second
step polymerization was added to the above-mentioned polymerization slurry.
After the internal of the system was again sufficiently replaced with nitrogen, the

temperature of the mixture was raised, and the second-step polymerization

25 reaction was carried out for 2 hours while keeping its bath temperature at 70°C.



132.2 g of a 30% by wei ght aqueous sodi um hydr oxi de sol uti on whil e cooling,
to neutralize 75% by nol of acrylic acid. Further, 27.4 g of12\hilgr2000. 14 ¢
of potassium persulfate, and 35.7 ng of ethylene glycol diglycidyl ether
were added thereto, to give an aqueous solution of a nononer for a second
step 20 pol ynerization. The aqueous sol dbi on was cooled in an ice water
bath. The entire amount of this aqueous solution of the nononmer for a second
step polynerization was added to the above-nentioned pol ynmerization slurry.
After the internal of the systemwas again suffici ent!yy replaced with
ni trogen, tdéer theipraninatipr obthe pelymetizatieny@s3rgapke 40 %ahy waightsaqusays st ep
pol yneri zation 25 reaction was carried out for 2 hours while keeping its
bat h t enpesatuion oft pentgsodiym sieth ylenggiamginsperiaacetatetwsasraddad amamf t he
pol ynmerization, 0.53 g of a 40% by wei ght aqueous solution of pentasodium
di et hyl eneaminatarbps)liaacidtbased megiak ingagent taai walercontayning gedatad based
metal chelating agent to a water-containing gelated product dispersed in
n- hept ane praductsispersedgin rsheptege andeystimage rSubkseqiantlyaveatesofidet water-ng
gel ated product was renoved to the external of the systemby azeotropic
dehydr at i ogonfEoningegelasd produst gedsacmdvpd dolthet extemahofi gt Systemdypof a 2% by
wei ght aqueous sol ution of ethylene glycol diglycidyl ether, and water and
n- hept ane aecardpictdebydrationy kb theawsultieg gekited praductiveasidddadiSoéd gaofdh t he
residue was dried, to give 214.8 g of a water-absorbent resin. 10 Exanple 3
Fi ve- hundr €6 bylweight aqieons sohitentfreshylese gticed digl yeidiD6therjlarfd watarecked
cylindrical round bottoned flask equi pped with a stirrer, a reflux
condenser, aad ndhegipneyetefurdier ramolved fne tls maxwrabpidistibeiongaadithe et t ube.
Thereto was added

residue was dried, to give 214.8 g of a water-absorbent resin.

10

Example 3
Five-hundred milliliters of n-heptane was added to a 1000-ml five-necked
cylindrical round bottomed flask equipped with a stirrer, a reflux condenser, a
dropping funnel, a thermometer and a nitrogen gas inlet tube. Thereto was added
15 0.92 g of sucrose fatty acid ester (surfactant: S-370, manufactured by
MITSUBISHI CHEMICAL CORPORATION) having an HLB of 3.0 and
dispersed. The temperature of the dispersion was raised to dissolve the
surfactant, and thereafter cooled to 55°C.
Separately from the above, 92 g of a 80% by weight aqueous solution of
20 acrylic acid was added to a 500-ml Erlenmeyer flask. Thereto was added
dropwise 102.2 g of a 30% by weight aqueous sodium hydroxide solution while
externally cooling, to neutralize 75% by mol of acrylic acid, to give an aqueous
solution of a partially neutralized salt of acrylic acid. Further, 50.2 g of water,
0.11 g of a polymerization initiator potassium persulfate, and 9.2 mg of a

25 crosslinking agent ethylene glycol diglycidyl ether were added thereto, to give an



15 0.92 g of sucrose fatty acid ester (surfactant: 5-370, manufactured by

M TSUBI SHI CHEM CAL CORPORATI ON) having an HLB of 3.0 and di $pgase®o6The
tenperature of the dispersion was raised to dissolve the surfactant, and
thereafter cooled to 55C. Separately fromthe above, 92 g of a 80% by wei ght
aqueous solution of 20 acrylic acid wad7added to a 500-m Erlenneyer fl ask.
Theret o was added dropw se 102.2 g of a 30% by wei ght aqueous sodi um

hydr oxi de solution while externally cooling, to neutralize 75% by nol of
acrylic acid, to give an aqueous solution of a partially neutralized salt

of acrylic agueaous salntibeof a5foRomenforvepaymerizafibng of a pol yneri zation
initiator potassium persulfate, and 9.2 ng of a 25 crosslinking agent

et hyl ene gl ycol Thegdntire dyowett loé thiseqeecoudesdutioe bétlog momogierfora 12 July 2006
17 aqueous solution of a nononer for a polynerization. The entire anmount of
t hi s aqueoyslywnttization whs hidedrtntreabovermentigddyfie¢-nzakédoyhedricaldednd o t he
above-nentioned five-necked cylindrical round bottomed flask under stirring

and di sper $etomidt féask ineler stiering hndidispeesedly sAften th@sinfersalf dfi the 8ptteyn wapl aced
with nitrogen, the tenperature of the m xture was raised, and the

pol yner i zatsufficie gy téplacetbwithafitrogen,atié tdmperhture wf théinligtuse episn@ideds bat h
tenperature at 70C. After the termnation of the polynerization, water of

the wat er agdnh@polyigerigdtRinedaptigitiues capted efoed Hourtwikilekegsinglitstath he
system by azeotropic dehydration. To the resulting gel ated product was

added 4. 14 1gmptraturtCit 70y AREOiNe tefhRatiSn D thd F@Iyn@ériﬁttibﬂ, Qe 1dbfGe!
diglycidyl ether, and water was renoved agai n together with n-heptane by

di stillati qraterlboitanfihg ?ela@ecﬂ radluef wad reukled td tHeedvimnef eid afsghgxaacetic
acid (87% by weight of the entire particles thereof having particlé sizes
of 100 m onzt&sepic\dRhyasdion. 'To iHeerek@itingUlated product was added 4.14 g of a
10 2% by weight aqueous solution of ethylene glycol diglycidyl ether, and water

was removed again together with n-heptane by distillation. Thereafter, 0.46 g of

a powder triethylenetetraminehexaacetic acid (87% by weight of the entire

particles thereof having particle sizes of 100 um or less) was added to the residue

as an aminocarboxylic acid-based metal chelating agent under stirring. The

15 mixture was further dried, and water was removed together with n-heptane, to

give 92.8 g of a water-absorbent resin.

Example 4

The same procedures as in Example 3 were carried out except that
20 triethylenetetraminehexaacetic acid in Example 3 was not added, to give 92.0 g
of a water-absorbent resin. Inside the polyethylene bag were added the entire
amount of the above-mentioned water-absorbent resin and 0.46 g of a powder
disodium diethylenetriaminepentaacetate (85% by weight of the entire particles
thereof having particle sizes of 100 um or less), and the mixture was thoroughly

25 blended, to give 92.5 g of a water-absorbent resin.



as an am nocar boxylic acid-based netal chelating agent under stirring. The
15 mixture was further dried, and water was renoved toget her W2 tIaly2096pt ane,
to give 92.8 g of a water-absorbent resin. Exanple 4 The same procedures as
in Exanple 3 were carried out except that 20 triethyl enetetram nehexaacetic
acid in Example 3 was not added, to givd892.0 g of a water-absorbent resin.
I nsi de the pol yethyl ene bag were added the entire anount of the
above-nmenti oned wat er - absorbent resin and 0.46 g of a powder disodi um

di et hyl enetri am nepent aacetate (85% by weight of the entire particles

t hereof having particle sizes of 100 (err)mor less), and the m xture was
thoroughly 25 blended, to give 92.5 g of a water-absorbent resin. 12 July
2006 18 ExZHA@Dls 5rive-hundred nilliliters of n-heptane was added to a

1000-m five-necked_ cylindrjcal rqund bottoned flask egui pped with a
stirrer, a refl Jivebnadresemilliditers of sphsniang wiasaddedita adPRBrBl Bvediegked

nitrogen gas .inlet tube. Thereto was added .0.92 g of sorbitan nonostearate
( sur f act antcylingriralrogpd bottomashilaskceqiippedy ithNcrtingess pseBux 6ANderserng an HLB
of 4.7 and dispersed. The tenperature of the dispersion was raised to
di ssdl ve t deoppingdunngls 2 theranameleeand emitogeegas mlggabe.sdhareio avas dddseh t he
above, 92 g of a 80% by wei ght aqueous solution of 10 acrylic acid was
added to aOs9gmf serhitannppapstearask(surfastast ONononSl6IR, mamactaradby?2 g of a
30% by wei ght aqueous_sodi um hydroxi de solution while externally cooling,
t o neut r al ING@FGopbyation) hetvingary HLB at# d, anddigpersedn Thquemperatsrd of thon of a
partially neutralized salt of acrylic acid. Further, 20.8 g of water, 0.11
g of a pol yispersianiveas rarsetitatdassopest the suthaciaat,sandfthereaftando@iedoorf) 6t a
Separately from the above, 92 g of a 80% by weight aqueous solution of
10 acrylic acid was added to a 500-ml Erlenmeyer flask. Thereto was added
dropwise 102.2 g of a 30% by weight aqueous sodium hydroxide solution while
externally cooling, to neutralize 75% by mol of acrylic acid, to give an aqueous
solution of a partially neutralized salt of acrylic acid. Further, 20.8 g of water,
0.11 g of a polymerization initiator potassium persulfate, and 23.0 mg of a
15 crosslinking agent N,N’-methylenebisacrylamide were added thereto. To the
mixture was added 0.23 g of a 40% by weight aqueous solution of pentasodium
diethylenetriaminepentaacetate as an aminocarboxylic acid-based metal chelating
agent, to give an aqueous solution of a monomer for a polymerization.
The entire amount of this aqueous solution of the monomer for a
20 polymerization was added to the above-mentioned five-necked cylindrical round
bottomed flask under stirring and dispersed. After the internal of the system was
sufficiently replaced with nitrogen, the temperature of the mixture was raised,
and the polymerization reaction was carried out for 2 hours while keeping its

bath temperature at 70°C. After the termination of the polymerization, water of

25 the water-containing gelated product was removed to the external of the system



15 crosslinking agent N, N -nethyl enebi sacryl am de were added thereto. To the
m xture was added 0.23 g of a 40% by wei ght aqueous sol uti on 02 Jalr20860di um
di et hyl enetri am nepent aacetate as an ani nocar boxylic aci d-based net al
chelating agent, to give an aqueous solution of a nononer for a

pol yneri zation. The entire anount of thil8 aqueous sol ution of the nononer
for a 20 polynerization was added to the above-nentioned five-necked
cylindrical round bottonmed flask under stirring and di spersed. After the
internal of the systemwas sufficiently replaced with nitrogen, the

t enper at ur by azeotnepici dehydeatias Tailwertsultingagel ite d pobgwetrw zoadded 4.68¢ obn was
carried out for 2 hours while keeping its bath tenperature at 70C. After

t he term nali%byofeighe agudousesol wain ofhethykenergl péol 2hglylced yiet keer; andtvaiten ng

gel ated product was renoved to the external of the system 12 July 2006 19 by
azeot r opi canhylthpadneowerelfurthee remoutd bpgligdlationd apd ok cdsidweswas dedd4t60 g of
a 2% by wei ght aqueous solution of ethylene glycol diglycidyl ether, and

wat er  andgivel®h8 anef averatertabisortsant resimved by distillation, and the residue
was dried, to give 93.8 g of a water-absorbent resin. 5 Exanple 6

Fi veshundred-and-fifty mlliliters of n-heptane was added to a 1500-ni
five-necked cylindrical round bottoned flask equipped with a stirrer, a
reflux coRdempds 6 a dropping funnel, a thernoneter and a nitrogen gas inlet
tube. 10 Thereto was added 0.84 g of sorbitan nonol aurate (surfactant:

o0, L5 20, s adad o B st a5 B, o
sur f act ant fivam@ckbeceBhdgeal roond editbmeddfask equipped with a stirrer, a reflux
condenser, a dropping funnel, a thermometer and a nitrogen gas inlet tube.

10 Thereto was added 0.84 g of sorbitan monolaurate (surfactant: Nonion LP-20R,
manufactured by NOF Corporation) having an HLB of 8.6 and dispersed. The
temperature of the dispersion was raised to dissolve the surfactant, and thereafter
cooled to 40°C.

Separately from the above, 70 g of a 80% by weight aqueous solution of

15 acrylic acid was added to a 500-ml Erlenmeyer flask. Thereto was added
dropwise 77.8 g of a 30% by weight aqueous sodium hydroxide solution while
externally cooling, to neutralize 75% by mol of acrylic acid, to give an aqueous
solution of a partially neutralized salt of acrylic acid. Further, 33.3 g of water
and 0.084 g of a polymerization initiator potassium persulfate were added thereto,

20 to give an aqueous solution of a monomer for a polymerization.

The entire amount of this aqueous solution of the monomer for a
polymerization was added to the above-mentioned five-necked cylindrical round
bottomed flask under stirring and dispersed. After the internal of the system was

sufficiently replaced with nitrogen, the temperature of the mixture was raised,

25 and the polymerization reaction was carried out for 3 hours while keeping its




Separately fromthe above, 70 g of a 80% by wei ght aqueous solution of 15
acrylic acid was added to a 500-m Erlenneyer flask. Thereto W Ju

dropwi se 77.8 g of a 30% by wei ght aqueous sodi um hydr oxi de sol ution while
externally cooling, to neutralize 75% by nmol of acrylic acid, to give an
aqueous solution of a partially neutral2(xed salt of acrylic acid. Further,
33.3 g of water and 0.084 g of a polynerization initiator potassium

persul fate were added thereto, 20 to give an aqueous sol ution of a nonomer
for a polynerization. The entire anount of this aqueous solution of the
mononer f orbath t@opyratuiczt706€. Wers theddatdr-icontaliminglpwlate dpno dwn efitef ithee- necked
cylindrical round bottoned flask under stirring and di spersed. After the

i nt ernal oftetthimnasipatafrthege] ymerfitatminewas yddeh0d56¢ of 4 H0f by eghght t he
tenperature of the m xture was raised, 25 and the pol ynerization reaction
was carri ecagmebus$ solusionafrpentdsodairk dégihplgnetrianlizepenmtpad@iog @Grbat h
tenperature at 70C. To the water-containing gelated product after the

t er m nat i oramihothoxyligraeid-basddometshsheldtiag a@edf’dndpratirdng.0Bubyequendlys
aqueous sol ution of pentasodi um di et hyl enetri am nepent aacetate as an

am nogar boxyatet ofichedwhagahmaihalg giefedtproducgess remnsiard totthe eiktgnal of the
Subsequently, 5 water of the water-containing gelated product was renoved to
t he externalys@m bbeazee&spi@rﬂdmgxdﬁammt rDiptie febMihipaidiaed produdienaesdddd ng

gel ated product was added 3.15 g of a 2% by wei ght aqueous sol ution of

et hyl ene gl3/t8le ¢fi PLICHWeighthRfucoudssiutioh of etiidene PBROAAR1YEINQ] Etiet her
renoved by di stgi Il ati ons,2| an% Fﬁ}(’a resi due vvasﬂ?rii ed,épj!t@o giﬁgvzﬁﬁ?i.o g of a

wat er - absordniatee ahd .n-Aépti@mere furthdiee maved byadisallatasn, anditRe Fxdtie € 5 were
carried out except that 1.21 g
was dried, to give 74.0 g of a water-absorbent resin.
10
Example 7
The same procedures as in Example 5 were carried out except that 1.21 g
of a 38% by weight aqueous solution of tetrasodium ethylenediaminetetraacetate

was added in place of pentasodium diethylenetriaminepentaacetate in Example 5,

15 to give 93.6 g of a water-absorbent resin.

Comparative Example 1

The same procedures as in Example 1 were carried out except that the
aminocarboxylic acid-based metal chelating agent in Example 1 was not alded,

20 to give 92.1 g of a water-absorbent resin.

Comparative Example 2

The same procedures as in Example 2 were carried out except that the
aminocarboxylic acid-based metal chelating agent in Example 2 was not aided,

25 to give 212.5 g of a water-absorbent resin.



of a 38% by wei ght aqueous sol ution of tetrasodi um
et hyl enedi ami netetraacetate was added in place of pentasodi uld July 2006
di et hyl enetri am nepent aacetate in Exanple 5, 15 to give 93.6 g of a
wat er - absor bent resin. Conparative Exanple 1 The sanme procedures as in
Example 1 were carried out except that #he ami nocarboxylic acid-based netal
chel ating agent in Exanple 1 was not added, 20 to give 92.1 g of a
wat er - absor bent resin. Conparative Exanple 2 The sane procedures as in
Exanple 2 were carried out except that the am nocarboxylic acid-based netal
chel ating agent in Exanple 2 was not added, 25 to give 212.5 g of a
wat er - absorbent resin, 12 July 2006 21 Conparative Exanple 3 The sane
pr ocedur es a re carried out except that the am nocarboxylic
aci d- based netal _chel ati ng agent iin_Exanple 3 was notf added, 5 to give 92.1
g of a wat er - abddrerame pr@gpﬁuresamféﬁn@ EVGTRIcaruedragt except PraddkRiur es as
in Exanple 1 were carried out except that an aqueous solution prepared by
di ssol vi ngamingcagbexylis agidcdased matal chepatipgragendie Exampledsvasiaeidsaddedpl ace” of
tetrasodiumtrans-1, 2-di am nocycl ohexanetetraacetate in Exanple 1, to give
92.85g of &0 giMee?2. Algsofr bwiaterrabsprbentedr at i ve Exanpl e 5 The sane procedures
as in Exanple 3 were carried out except that 0.46 g 15 of sodium
tripol yphosphate (90% by wei ght of the entire particles thereof having
particle sizes of 100 mor |ess) was added in place of

Comparative Example 4

The same procedures as in Example 1 were carried out except that an
aqueous solution prepared by dissolving 0.92 g of citric acid in 9.2 g of water
10 was added in place of tetrasodium trans-1,2-diaminocyclohexanetetraacetate in

Example 1, to give 92.8 g of a water-absorbent resin.

Comparative Example 5

The same procedures as in Example 3 were carried out except that 0.46 g
15 of sodium tripolyphosphate (90% by weight of the entire particles thereof having

particle sizes of 100 pm or less) was added in place of
triethylenetetraminehexaacetic acid in Example 3, to give 92.6 g of a water-

absorbent resin.

20 The discoloration test of the water-absorbent resins obtained in Examples
and Comparative Examples mentioned above was carried out in accordance with

the following methods.

[Discoloration Test of Water-Absorbent Resins)

25 Into a polypropylene vessel having an inner diameter of 3 cm and a depth



triethyl enetetram nehexaacetic acid in Exanple 3, to give 92.6 g of a water-
absorbent resin. 20 The discoloration test of the water-absor bduly2886ns
obtai ned i n Exanples and Conparative Exanples nentioned above was carried
out in accordance with the follow ng nethods. [Discoloration Test of

Wat er - Absor bent Resins] 25 Into a pol ypdpyl ene vessel having an inner
dianeter of 3 cmand a depth 12 July 2006 22 of 1 cmwas evenly placed 2.0 g
of a water-absorbent resin. This vessel was allowed to stand for 20 days in
a bench-type thernohygrostat set at a tenperature of 50 . 2C and rel ative
humi dity off b@mmmenmléee%%&vpﬁg waielsabypabentesiny cbig vessed Wasken out
fromthe therm)hygrostat and allowed to stand for sone 5 tine to cool to

r oom t enpedldevied 10 siaaddar 20 daysmimabesshtyre thermphyuprstaisat at a anperaiire he
vessel was added to a gl ass neasuring vessel having an inner dianeter of 3
em and Yeol 5 +RIGans relsievabemidianebP0eri%R) milecaltny mgrorsandahe h
doubl e beamtyf)e spectrocol ori meter Z-1001DP (nmanufactured by N ppon
Denshoku Keepgel wasltakeni @y frago.the thetmohygrosiati and xlowedd s@and: forsomeul us 10
val ues of the spectrocolorinmeter are corrected with a standard white board.
Yel | 6w | ndigmevascoohte an édmpyratiee. {Hid evirgrenuroi she watambsorberind Z
(tristinmulus values) of the resulting water-absorbent resin. Simlarly,

Yel | ow | nobsin bf theheesseltveas addedrtoenglasesieastraigvesschkatiagtandfinet | owi ng to
stand in the bench-type thernohygrostat for 20 days was obtained. The
above- nent diameder1&f 3 etrgand iéeliondndex ef thakweatet-absarbentaredimwas deteagenedsal ue
was applied. Yellow Index = 100 (1.28X - 1.06Z)/Y The am nocarboxylic

aci d- basedwithtaatiowtle batmty pegprrsocdedmete B0 B (manufactured by

Nippon Denshoku Kogyo Industries, Co., Ltd.), in which X, Y and Z, tristimulus
10 values of the spectrocolorimeter are corrected with a standard white board.
Yellow Index was calculated by the following equations from X, Y and Z
(tristimulus values) of the resulting water-absorbent resin. Similarly, Yellow
Index of the water-absorbent resin before the test of allowing to stand in the
bench-type thermohygrostat for 20 days was obtained. The above-mentioned
15 determinations were taken thrice, and an averaged value was applied.

Yellow Index = 100 (1.28X - 1.06Z2)/Y

The aminocarboxylic acid-based metal chelating agents used in Examples

mentioned above, and the results of the discoloration test for the water-absorbent
20 resins obtained in Examples and Comparative Examples mentioned above are
shown in Table 1. The amount inside the parenthesis in Table 1 is an amount

based on 100 parts by weight of acrylic acid.



12 July

i nside the parenthesis in
OO0 O HX XX XXX XWWWW

) a,

3

in Table 1. The anount

based on 100 parts by weight of acrylic acid.
NNNMNvNt-

shown
ri

ri

h N NNNNOO7NO 00000 O NNMRN XXXXX

and the results of the discoloration test for the
wat er - absor bent 20 resins obtained in Exanpl es and Conpar at i vE2 BEulyr2006s

ri

ment i oned above are
i's an anount
NMCd

ment i oned above,
Table 1
2006 23 00 O

WWW ~

101 00¢ 66

(s29°0) s1eydsoydLjodiry wnipog G "xg ‘dwo)
Lot Loz oot (s2°1) PRV 211D p xg “dwo)
€1l S'1¢ 01 (POPPY 10N) ¢ xq -dwoy
L 01 1'1e P01 (PopPY 10N) z *xq “dwo
't 6'1¢C 801 (P3pPV 10N) 1 xq *dwony
6’ 6'ST 001 (S29°0) 91eI190BEI)UIWEIPIUI[AYIF] WNIPOSBIII]. L xq
51 0L 55 (SZ1°0) 91e100ERIUAdoUIWEBIIOUI[AYISI(] WNIPOSBIUI] 9 'xg
0¢ 8l 86 (SZ1°0) 91e190RR URdoUTIIRIIISUS[AY)I(] WNIPOSBIUS] G 'xg
0t Lel 101 (s29°0) srereoeejuadouteI}OUIAYI21( WRIPOSI(] ¥ 'xq
0¢ 61 66 (S79°0) P1oE 21190BEXYUIWBI}I)IUIAYILIL € 'xg
ce 6l L6 (SZ21°0) 91m190ERIUadoUTWERIIUI[AYIST(] WNIPOSEIUI] rde |
I'e 9c1 56 (9Z1°0) 21€1908EI1}9)2UBXIYO[IAO0UTIIEY(]-Z T ~-SURT) UINIPOSBIIA ] 1 °Xq
XOpU] MO[[9X I}y uEWmM% 1S9, 210J9g (1y8rom £q syred) pury
Ul 90UQI9JJ1(] XOPU] MO[[9X X9pUJ MO[[9X
1S9 LUONIBIO[00SI(] 10} SI[NS9Y a8y SuneayD [BISN pased-pIoy dljAxXoqieoourury
[ 21qe],



WANYWV aa aaa E O000 UUUUU 12 July 2006 24 It can be seen from Table 1 that
t he wat er - absorbent resins obtained in Exanples in which the12 July 2006

am nocar boxyl i c aci d-based netal chelating agent is added have little
change in Yellow I ndex before and after the tests, so that the

di scoloration is suppressed. On the othéf hand, it can be seen that the

wat er- 5 absorbent resins obtained in Conparative Exanples in which the

am nocar boxyl i ¢ aci d-based netal chel ating agent was not added have a | arge
change in Yellow I ndex, so.th consi der.abl e di scoloration is fouynd.

| NDUSTRI AL APPLHiCoa8 b8 §senrfsome Laklai that B’et‘ﬁ%‘efﬂag%r enf IS QRIAINEAHBr ¢ can be
suppressed_the discol|loration . of a water-ahsorbent resin by preparing a

vat er - abs oFFMPI¢LM} Y{qulil ﬁlﬁﬁ@ﬂﬂ@@%@ﬁwl%m roas ﬁ%@af%hﬁﬂw £ 28edS based
metal chel at.i ng. agent. even under . severe envi ronpental conditions such as
i gh t enpeAddes bavs Hitle iengain o Qe tnslexfeetarecanshaien hhe destbrsosdiahtie hus
described, it will be obvious that the sanme may be varied in many ways.
Such vari atlissaloratien posuppsessedy EYyntetheshand, ety beseensthatihensatshi rit and
scope of the invention, and all such nopdifications as would be obvious to
one Ski | | e@bsarbemferesins obteinpd i GoseparativeExa@plasan Wiichithe t he scope of the

followng clainms. 12 July 2006 .
aminocarboxylic acid-based metal chelating agent was not added have a large

change in Yellow Index, so that considerable discoloration is found.

INDUSTRIAL APPLICABILITY

10 According to the present invention, there can be suppressed the
discoloration of a water-absorbent resin by preparing a water-absorbent resin in
the presence of an aminocarboxylic acid-based metal chelating agent even under

severe environmental conditions such as high temperature and high humidity.

15 The present invention being thus described, it will be obvious that the
same may be varied in many ways. Such variations are not to be regarded as a
departure from the spirit and scope of the invention, and all such modifications
as would be obvious to one skilled in the art are intended to be included within

the scope of the following claims.



25 CLAIM5S 1. A nethod for preventing discoloration of a water-absorbent
resin made from an unsaturated carboxylic acid as an essenti H JulyRéfer ,
characterized in that said nethod conprises adding an am nocarboxylic
aci d- based netal chelating agent to a systemin at |east any one of the
stages during a preparation process of the water-absorbent resin or to the
wat er - absorbent resin obtained after the preparation, wherein the anount of
t he am nocarboxylic acid-based netal chelating agent used is fromO0.125 to
0.625 parts by weight, based on 100 parts by weight of the unsaturated
carboxylic acid, whereby Yellow I ndex2df the water-absorbent resinis 15.9
or |l ess as neasured when allowed to stand at 50 + 2c, 90 2% RH for 20 days.
2. The nethod for preventing discol@raign according to claim1, wherein the
am nocar boxyl i c acid-based netal chelating agent is at |east one nenber
selected fromthe group consisting of diethylenetriam nepentaacetic acid,
triethyl enetetram nehexaacetic acid, trans-

1, 2-di am nocy A NG RIrré ARk discofsihon 8N4l waddrl sbsbfRheRSsin Mmadé et hod of
use of an am nocarboxylic acid-based netal chelating agent for preventing

di scol or afrd@mnQinsatirabd aaaky Be etk apks@nbiaNmon6mcr, dReRtéHRAMIAN
unsaturated carboxylic acid as an essential nononmer, characterized in that

sai d  netthedsaddniett cdeconasties adaingai dinitat fbsyylicadaibds@bgrelnet al chel ating
agent to a systemin at |east any one of the stages during a preparation

process ofheldiitighgeditoyn 366N Abatieae angflose o e stagsi duridg 4 prephtion
wat er - absorbent resin obtained after the preparation, wherein the anount of
t he am ngsracdsexy khcwar-dbbabent iesihar to the water-absorbent resin obtained

after the preparation, wherein the amount of the aminocarboxylic acid-based

metal chelating agent used is from 0.125 to 0.625 parts by weight, based on 100

parts by weight of the unsaturated carboxylic acid, whereby Yellow Index of the

water-absorbent resin is 15.9 or less as measured when allowed to stand at 50° +

2°, 90 + 2% RH for 20 days.

2. The method for preventing discoloration according to claim 1, wherein the
aminocarboxylic acid-based metal chelating agent is at least one member selected
from the group consisting of diethylenetriaminepentaacetic acid,
triethylenetetraminehexaacetic acid, trans- 1,2-diaminocyclohexanetetraacetic

acid, and salts thereof.

3. A method of use of an aminocarboxylic acid-based metal chelating agent
for preventing discoloration of an obtainable water-absorbent resin made from an
unsaturated carboxylic acid as an essential monomer, characterized in that said
method comprises adding an aminocarboxylic acid-based metal chelating agent to

a system in at least any one of the stages during a preparation process of the



chel ating agent used is fromO0.125 to 0.625 parts by wei ght, based on 100
parts by weight of the unsaturated carboxylic acid, whereby Y2Uhinw2006dex of
the water-absorbent resin is 15.9 or |ess as nmeasured when allowed to stand
at 50 + 2c, 90 2% RH for 20 days. 4. The nmethod of use according to claim
3, wherein the am nocarboxylic acid-based netal chelating agent is at | east
one nenber selected fromthe group consisting of
di et hyl enetri am nepentaacetic acid, triethyl enetetram nehexaacetic acid,
trans- 1, 2-di am nocycl ohexanetetraacetic acid, and salts thereof.

26

water-absorbent resin or to the water-absorbent resin obtained after the
preparation, wherein the amount of the aminocarboxylic acid-based metal
chelating agent used is from 0.125 to 0.625 parts by weight, based on 100 parts
by weight of the unsaturated carboxylic acid, whereby Yellow Index of the
water-absorbent resin is 15.9 or less as measured when allowed to stand at 50° +

2°¢, 90 + 2% RH for 20 days.

4. The method of use according to claim 3, wherein the aminocarboxylic
acid-based metal chelating agent is at least one member selected from the group
consisting of diethylenetriaminepentaacetic acid, triethylenetetraminehexaacetic

acid, trans- 1,2-diaminocyclohexanetetraacetic acid, and salts thereof.



