¢DESCRI PTI ON METHOD OF PREVENTI NG COLORATI ON OF WATER- ABSORBI NG RESI N 5
TECHNICAL FI ELD The present invention relates to a nethod for preventing
di scoloration of a water-absorbent resin. Mre specifically, the present
sinvention relates to a nethod for preveqpting discoloration of a

wat er - absor bent resin which can be 10 suitably used as an absorbent for an
absorbent article for hygienic materials such as paper diapers and

sani tary napki ns. BACKGROUND ART Water-absorbent resins have been w dely
used as absorbents for absorbent ISEQCRIPTEONf or hygienic nmaterials such
as paper diapers and sanitary napkins, utiTizing the feature that a

wat er - based |liquid, for instance, a body fluid such as human urine, bl ood

or sweat is quickly absorbed in a | arge anbunt, so that the 1liquid once
absorbed is not rel eaﬁgﬁgjl (ypdpRE@EmchgqugRAm@jNV@per absor bent
resins have sone prob at the water- 20 absorbent resins are likely to

di scolor into yellow, brown owAﬁI;TBLAbgcﬁyBﬂmG REsgNnal factor such as heat
alr T owe

or hum dity when the resins to stand. Particularly, in the
fieldof the above-nentioned hygienic materials, when the water-absorbent
resin-discolors in the absorbent article such as paper diapers and

sanitary n%@mléﬂi ﬁﬂmm al value as an absorbent article is

drastically

The present invention 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 factor 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



¢29 lowered. Therefore, even when the water-absorbent resins usable for
absorbent 2 articles are allowed to stand under severe hi gh-tenperature,

hi gh-hum dity environnent such as storehouse in the sunmer tine, there has
ybeen desired not to discolor the water-absorbent resin. As water-absorbent
resins having an effect of preventing discoloration, 5 there have been
known, for instance, a high water-absorbent polyner conposition in which
an organophosphoric acid conpound or a salt thereof is added to a high

wat er - absor pejlesRik wleivedia Rotdstdenbendre hagittdaseraioe, Hi?h-lﬁmiaﬁ% 1); an
absor bent conposition conprising an acidic water-swellable crosslinked

pol yner, a Bagienieniteuch s starbheuseifdhe sukifrr Piohe, Mére has beesldesieddnat i on
preventive and/or an anti oxi dant and/or a boron-containing conpound

(Japanese Pgf&Réolbailt WRR-abBerbéAPRs#30129) ; an absorbent conposition
conprising a water-absorbent resin, and an organic carboxylic acid and/or

a salt thereof (A@R@ﬂeﬁsbfé}b@;ﬂtmﬁﬁbﬂa%grhd\&fc&%@faré%ﬁﬁﬁ@)di@mbﬂah@nl i ke.

However, these conpositions do not exhibit a sufficiently satisfactory

ef fects 15 Wips ROV kiowh A8 iﬁ&?ﬂﬁfe,ﬁwﬁﬁawr%sbﬁﬁ%@ltgﬁeg&t of the

hi gh-hum dity environment tor a long period of time. An

present i nvﬁée}hiﬁﬁtibﬁ ih%}HEE}’i{é%ggﬁgﬁngﬂ)_rf@iciﬂ’E:Giﬂiﬁhhﬂ%r adafGREROREY ON of a

wat er - absor resin capa venting discoloration even when
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| ong period of time. “These an bj e of the present invention wll

be appar ent gg5 oM LhGbsdBbhCmMBosifsE bRptidihg I R4 eIVer-ShelIbbfeNT! ON

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:




225 Specifically, the present invention relates to: 3 [1] a nethod for
preventing discoloration of a water-absorbent resin nade from an

unsat urated carboxylic acid as an essential nononer, characterized in that
¥t he net hod conprises addi ng an am nocar b@xyl i c aci d-based netal chel ating
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 boxy1J ¢ aanethbdferprestating dskaloratioragbatvatéreabsprisent n¢simgade

di scol oration of an obtai nabl e wat er-absorbent resin nade from an

unsat ur at ed foat hpaykataraed dadoxglic asgleastanad ssemial Meonomég chataeterized inn t hat
the 10 met hod conprises addi ng an am nocar boxylic aci d-based net al

chel ati ng agenthe etiiodyshprisésadding eratinssarboeylirf adithbaséharesal dhelatinga
preparation process of the water-absorbent resin or to the water-absorbent
resin obt ai agehtabtacdystdne in pr kepstrantyi cae. ofthe BE\@ESMEE%E%@Wﬁ ddsd of HE

| NVENTI ON The method for preventing discoloration of a water-absorbent
resin grade tlg wmerabyshRutifeaiiedr wathb axater-sbagbentassiabesaedaftet theononer of
the present invention has a feature that the discoloration of the
mter-absor?mﬁargtﬁﬁ«j;@nas suppressed even under hi gh-tenperature,

hi gh-hum dity conditions by addi ng an 20 am nocar boxyl i c aci d-based net al

chel ating agent hanéthpdDFeRE b adlanlifecirbetylioasd-taked firtdllcheRSingligens a
preparation process of the water-absorbent resin or to the water-absorbent

resin obtai Rgdbrebésting BRcOlopRMAG AobtiliRbirvargaibeeEht fesat ddeFaad amet al
chel ati ng agent usable in the
unsaturated 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 OUT 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,




<present invention includes, for instance, imnodiacetic acid, 25
hydr oxyet hyl i m nodi acetic acid, nitrilotriacetic acid, nitrilotripropionic
acid, 4 ethylenediam netetraacetic acid, diethylenetriam nepentaacetic
gacid, triethylenetetram nehexaacetic acigd, trans-
| , 2- di am nocycl ohexanetetraacetic acid, N, N-bis(2-hydroxyethyl)glycine,
di am nopropanol tetraacetic acid, ethylenedi am nedi propionic acid,
hydr oxyet hyl enedi am netriacetic acid, glycol 5 ether diam netetraacetic

acid, diam Bﬂ\gﬂlmmtlﬁwtaméﬁ@ aéid| diethylenetriaminepentaacetic acid,
N, N - bi s(2- hydroxybenzyl) et hyl enedi am ne- N, N-di aceti c acid,

1, 6- hexanet ydthpRAtRManEinBhékabcetlé adidf trade eRidianthcbycolikxanttetrabdiceof , and
the Ilike. Anong them diethyl enetriam nepentaacetic acid,

triethyl eneqeld; NYNDSIREXBadRIxyEth§Eigllycine, diaminopropanoltetraacetic acid,
trans-1, 2-di am nocycl ohexanefetraacetic 10 acid, and salts thereof are

preferably ggfifen d'izﬁﬁlﬂe'ﬂﬁ)r‘lébﬁ%@hélﬂ, ﬁj‘rdrbgyémglea;earaﬂﬁhemacleﬁé 8€id, gfycol

preventing discoloration. I h order to add an”am nocar boxylic aci d-"based

metal ghel apiHag ddfRiHetdtPraBeti® ¥EHEMahlInapopanaefhaddtRORid,duri ng the
preparation of a water-absorbent resin, or to a water-absorbent resin

obt ai ned af N’Iﬂ?ﬁg%f&emé&%{ R dMRineN N sketiclacp, 15 et hod of

addi ng t he aBove-ment’1 oned ani rdocarboxylic acid-based chelating agent to

an aqueous Wiy : Liety . ic
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ment i oned amPg@gggggﬁdérﬁ @i%%}ﬁj%ﬁn[ﬁrp@htaﬁ&%i@édia,g agent to a water-

cont ai ni ng ge uct after the poltynerization; (iii) a nmethod of

Ry T e
powdefq bl end. 0 2h B SaROMEPeof are preferably used, from the viewpoint of having a greater
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




smentioned am nocar boxylic acid-based netal chelating agent with a water-
absorbent resin after drying; (v) a nethod of adding the above-nenti oned
am nocar boxyl i ¢ aci d-based netal chelating agent to a water-absorbent resin
¥25 dispersed in an organic solvent, and Heating and renoving the sol vent
fromthe 5 mxture; and the like. In the present invention, it is
preferable that the am nocarboxylic acid- based netal chelating agent is
di spersed in the water-absorbent resin by a convenient method, or

di spersed hdnigdigednd the ltke.t he surface of the water 5 absorbent resin as
much as possible, fromthe viewpoints of maintaining _productivity and

hi ghly givi ng an laftheptesent invenison.ithiy pietesahlethatithe aminoearbexylioacidbt ai n a
wat er - absor bent resin in which the am nocarboxylic acid-based netal

chel ati ng adesed metal ohslpsimgagsnyisdlisprssereid the syaser-absogbentirgsia hyea hod of
addi ng the above-nentioned am nocarboxylic acid-based nmetal chelating
agent to a ronvenient methas, or dispgeedhemqgeadoesly anithe surfecpof theavatent i on;
(iii) a nmethod of adding the above-nentioned am nocarboxylic acid-based
met al &Thel atabserbegerasin aomachas @ossiblee fiesn ther wswipoinis phmadnipiming and (iv) a
met hod of powder-bl ending the above-nenti oned am nocarboxylic acid-based
met al chel atproduciigettand kighly givingan affeetr ofeprevensingndiaceleratinny  Ingordeeto
preferable. 15 It is preferable that the enbodi nent of adding an

am nocar boxbtainacwatertahsemtbentresin iohwhighithe amirecarbexylinaciddbasehmetdul arl y
limted to, an enbodi ment of adding a solution prepared by dissolving a
liquid or pohdiatingrageot srlisonggansouslyidispsases espaciall (i) amethpdaefeadding a
hydrophilic solvent such as water, or an enbodiment of adding a fine
powder of arnheaboremendioned aminocirbedit sred-basabmekad (chelatiggagentta o a
powdery state, in order that the am nocarboxylic acid-based

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 pum or less, from the

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



shetal chelating agent is honbgeneously dispersed in the water-absorbent
resin. Here, the particle size of the fine powder of the am nocarboxylic
aci d-based netal chelating agent is not particularly limted. It is

ipreferable that 80% by weight of the entbire particles have particle sizes
of 100 mor less, fromthe 25 viewpoint that a satisfactory effect of
preventing discoloration is obtained when 6 the anount of coarse grain
portions is smaller. The anmount of the above-nenti oned am nocarboxylic

aci d- based et ahounhef cdarsggmgeportiomsds smaljeref erably from 0. 001 to 6 parts
by weight, nore preferably from0.006 to 3 parts by weight, nost
preferably from Thelaneurit afah¢ sbdvedinentiondd amirsadaxylitGigrbase] metalei ght
of the unsaturated carboxylic acid, which is an essential nononer for
preparing tgeelntihgmgatswsedds profesably fronp@00heo 6vpaztsdny weighdf mokd ai ning a
satisfactory effect for preventing discoloration, and obtaining the effect

cor r espondi pefeeabl €roam0LD6 taskpartd e weipht pmiosgpreferabbnfiroml 0.91 a0 2gpirsgeous.
10 Therefore, according to the present invention, there is provided a

net hos of wyeweighabased ord00paxy byoveightebheahsarirated catboxtyliogickjent f or
preventing discoloration of an obtainabl e water-absorbent resin made from

an unsat ur akfich éwdrbessehiigl mohomas f@prepainy ihel waenabsurbestvesiag from teed i n
that said nethod conprises adding an am nocarboxylic acid-based netal

chel ati ng ag@fpdiatscofldbtainiigeasatisfadtotyeeffectdoy proventing diseokirages, afid i ng a
preparation process of the water-absorbent resin or to the water-absorbent

resin obt ai gbehigingahe effect Sireddpbatingno thd emoeaheisel) dwrblenbeingsi n made from
an unsaturated carboxylic acid as an essential nononmer prepared in the
present i nveabididalgladvastageess! i nked
10 Therefore, according to the present invention, there is provided a method
of use of an aminocarboxylic actd-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




220 products of acrylate polyners, crosslinked products of hydrol ysates of
starch-acrylate graft copol yners, crosslinked products of vinyl alcohol-
acryl ate copol ynmers, crosslinked products of naleic anhydride-grafted

¥pol yvi nyl al cohol, crosslinked isobutyl &e-naleic anhydride copol yners,
partially neutralized crosslinked products of polyacrylic acid, saponified
products of vinyl acetate- 25 acrylic ester copolyners, and the |ike. Anong
them preferable are the 7 cross|inked products of acryl l.ymer s which

are capabl ecuFsslinkest prasycs cpfaacgblateam}umerwﬂm ye caﬁeblﬁé%%ﬁg Bd¥E8ed

water in the nolecule even when a _certain load is appljed. The unsaturated
car boxyl i ¢ aslognt pf MadrFand igiainiggabsebed xatgr Incthgdneleculs ayenyahenai ¢ acid,
mal ei ¢ acid, nmaleic anhydride, fumaric acid and the |ike. These can be
used al one eertpin lgadisppliedof two or nore kinds. The unsaturated carboxylic
acid may be partially neutralized with an alkali netal or the like, and
especi al |y acryl Theawisaturated wationylie acitingludesdfosingpnes, achbicacidy| t
t hereof, such as sodiumor potassiumare preferably used. 10 The
above-Jrent i omthacrybiangidmaleicackbmaleic aphivdridey fusantoudd prd the Be. wi t h
ot her nmononers as occasi on demands. O her pononers in¢lude, for instance,
noni oni ¢, hylthespran be ugedalons o imAAMIEURLALIVES or Bese Kinds. (The wnsatirgledni de
["(nmeth)acryl-" means "acryl-" and "methacryl-;" hereinafter referred to
the sane], Kathesslictagidmayhs:partially newiralizedowith ap @kkalt mgtal og the like, and
(meth)acryl ate, 2-hydroxypropyl (meth)acrylate, nethoxypo]yethyl|ene glycol
(et h) acr y| aspecialbyiagryligacit; nestbaeylie grid aad anatkali metd! sak dbgraphsugh a8 no
group-contai ni ng nononers such as N, N-di net hyl am noet hyl (neth)acryl ate,
N, N- di met hyisediumopr pptassigrene)pretejablyaisedy N- di met hyl am nopr opyl
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



,(meth)acryl am de; sulfonic acid-based nononers such as vinylsul fonic acid,
20 styrenesul fonic acid, 2-(neth)acrylam de-2-nethyl propanesul foni c acid,
2- (nmet h)acryl oyl et hanesul fonic acid and salts thereof; and the like. As the
spol ynmeri zati on nmethod for the above-nent 8oned wat er-absorbent resin,
representative preparation processes such as reversed phase suspension
pol yneri zati on nmet hod and aqueous sol ution polynerization nethod are usabl e
25 without being limted thereto. The reversed phase suspension
pol yneri zat imesh@ will be@xeinplifizd hexeinbelofv.ed herei nbel ow. In the reversed
phase suspension pol ynerization nethod, the polynerization is carried out
by using, for ingigeceversed@hysesispansion pohimératation methadsthet e that an
aqueous sol ution of the nononmers is dispersed in an organic 5 solvent in
t he presencgolyimaizatioads caniedoduttbyausing, far imnnge s golymeeriatipnEnitiator in
protective colloids. It is preferable that the concentration of the

nonomer s i Naishite 6a0wa-aqueRis suietdomafl drunoaoets edisPersddeinmamenganis i s from
25% by weight to a saturated concentration. In addition, the

above-grent i gs19eniguBe peeseatebi anleast o dffthe sorfacrens amdytho pohddedc at once or
may be added in divided portions in the polynerization reaction. The

above-nenti9ﬂﬁ&jﬁ&g§ﬂkﬁd§olvent I ncl udes al i phatic hydrocarbon solvents
such as n-pentane, n-hexane, n-heptane, and ligroin; alicyclic hydrocarbon

sol vents such as]cypreRedbladat thetddeaiationentitnmonoirroiiethendovédd and
met hyl cycl ohexane; aromati c hydrocarbon sol vents such as benzene, tol uene

and xyl ene; nagiohb@ abiksus sHNich SN mondraeisds fronn 35S %Y 6Y ehiiane aar e
preferably used.
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,



«The amount of the organic solvent used is preferably from50 to 600 parts
by weight, nore preferably from 100 to 550 parts by wei ght, based on 100
parts 20 by weight of the total anount of the nononers, fromthe

3vi ewpoi nts of renoving heat of polyneriz&ion, thereby naking it easy to
control the polynerization tenperature. The above-nentioned surfactant
I ncl udes noni onic surfactants such as sorbitan fatty acid esters,
monogl ycerol fatty acid esters, polyglycerol fatty acid 25 esters, sucrose
fatty aci d petyxyethydenwlayeatenydragengied sgstonvddpelyoxyethylane tgisostearate
pol yoxyet hyl ene | aurate hydrogenated castor oil, pol yoxyethyl ene
Lri1 sost ear Aydrogendedgmstared, pabosyetiionesdkyiphoey athemepolyryy ehslepe
et hers, pol yoxyethylene |auryl ethers, and pol yoxyet hyl ene hexyl decyl
et hers. Thelahgbahnmaahdmwwmﬂechw&@dfbth@r%oI l oid includes ethyl 5
cel l ul ose, hydroxyethyl cellul ose, polyethylene oxide, polyethyl ene
nmodi fi ed with ndheiaboantmentiated gudymbtic pddteakveroalididadchudenethyl ei ¢
anhydri de, ethylene- propylene-diene terpolynmers nodified with naleic
anhydr3 de, aeluloke, Hydrexyerhekeelndeteo polyethylénecoxide spalpethytangrmedidied
protective colloids may be used in adm xture of two or nore kinds. 10 The
noni oni ¢ sumittcimakdic anhlydride, lpolyinitydien¢ modificdvithvmalest anh yilridexetitylenced
above can be used together with an anionic surfactant. The anionic
surfact ant ipnapylers-dealetterpoldymatst modifiedswithinkaleiccamhydede, snshihedike. al ky|
met hyl taurates, polyoxyethyl ene al kyl phenyl ether sulfate esters,
pol yoxyet hyl ene &Hegé norionér sufddtantannd palymerepiatéativel®linids maybetusstl t he
surfactant and/or the polynmeric protective colloid used is preferably from
0.1 to 5 parin adimxtwed ghtwo oomorpkeidst ably from 0.2 to 3 parts

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



by weight, based on 100 parts by weight of the total anmount of the
nmononers, fromthe viewpoints of having satisfactory dispersion of the
aqueous sol ution of nononers, obtaining an effect corresponding to the
samount used, and being 20 econom cal |y attvant ageous. The above-nenti oned
wat er - absorbent resin can be prepared in a self- crosslinking reaction
W t hout using a crosslinking agent. Also, the resin can be crosslinked
using an internal crosslinking agent having two or nore polynerizable
unsat ur at edegiydeHis gedupsa ane moleeulegandli ¥eNgW burshylgiebis(meth)erylamide,
crosslinking agent i1ncludes a conpound having two or nore unsaturated 10
et hyl eni ¢ gegiydénd glyeokdif@etyutglate dibthatene glycol di(meth)acrylate, triethylene
N,N'-nethylenebis(%gah)ag?§ﬁgnﬁge, erﬁyleé%yglycgl d?(n%th)acryﬁate,
di et hyl ene glpcoddi(@dthRichylae] yiatehylélpropany ldéfmeth)agk ylat, trdmetist o)paopaneat e,

trimet hyl ol propane di (neth)acrylate, trimethylol propane tri(neth)acrylate,

trimethyl ol pi@Réehyactylate; thimetiplblpespeare, diemethhaliyliethdroamd tréallylomired;y gl yci dy!
et hers, such as (poly)ethylene glycol diglycidyl ether and gl ycerol

triglygidyl p@I)@fydid?Bétﬁ@ﬁ;DBﬁdﬂaﬁ@@*%eﬂgmglﬁeol dighiridyd eshérchidoglybgmali n and
nore o

epi bromohydrin;” and the |ike. One or t hese can be used upon

consi deri ngfifi§ciBAettey hMolglﬂfhtwépdxyS@dmbhlhﬂds)(sMh dsepiplloysieydriagndn
system It is preferab1 e that the conmpound having two or nore glycidyl

groups in O'BEib}QnﬁﬁbzﬁﬁH! #nd theusiad Ofic bhendroo@thbak can besisedlipog agent. The
amount of the interhal crosslinking agent used is preferably from 0.001 to

3 parts by wehéBbringPHeErdAEEYRY ahd Watéramlebi0Bin the bobynkriPatioresgiém. dvign
nore preferably fro%]ﬂ(i).OOS tigyO.S parts by \%gi ghtfb él))gged on 10)8&%arts by

wei ght  of theretM@tha RS mpbuidBaving t&ort: thoRNEcidyhgfoips infohem t he
vi ewpoi nts of 15 suppressing the water-sol uble nature of the resulting
wat er y@bsor bgdleciiless Dsétyasthe 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




.appropriate crosslinking, and showi ng a satisfactory water absorbency. The
pol ynmeri zation initiator includes radical polynerization initiators such
as potassi um persul fate, sodium persul fate, anmoni um persul fate, benzoyl
iper oxi de, hydrogen peroxide, 1,1 -azobis{tycl ohexane-I|-carbonitrile), 20
2,2 -azobi s(2-nethyl-butyronitrile), 2,2'-azobisisobutyronitrile,

2,2' -azobi s(2-am di nopr opane) di hydrochl ori de, 2-cyano-2-propyl azof or mam de,
di met hyl 2, 2'-azobi s(2-nethyl propi onate). The radical polynerization
initiator #@s00femt1.0moal pdrad8 mel obtheustad atmgat bEthewhoveamentidnade or t he

| i ke as a redox- system polynerization initiator. 25 It is desired that the
amount of t meormhgmsefromathiconewpointaobsharteming theftimenfdnthe. f@d$menzatién nol per
100 not of the total amount of the above-nentioned nononers, fromthe

Vi ewpoi nt s eéaction; prsvienting e unreasohabletpudymotigatiom watfiom anddacilitatng the
preventing an unreasonabl e pol ynerization reaction, and facilitating the
control of tchatrpbbftherpolainetinatiermpdaction. 5 The surfactant and/or the

pol ynmeric protective colloid nentioned above is dissolved in an organic

sol vens, and t he Theduifaetait antiorahopelymesrid proesttiveg wetloi] meatiohedabove ishe
nmononers, the polynerization initiator and the |ike are added to the

above- ment i @igelwddanincorgahictsobvent, il thexthixtereicf the abevt-nfeinkionsd aquéous, and
subj ected to reversed phase suspension polynerization in a water-in-oil

system 10 EbRiticeest the inérumersatherpol pinetibsti@bingatoe ahd drelikpaleyaddedzat i on
reaction differs depending upon the kinds of the polynerization initiator

and the nonaheabows atkntioaeéd bhganiossleribnalhemixturelie haspod wislesstimingpandf t he
nononers. The reaction tenperature is preferably from20 to 110C, nore

preferably fsubjectd foae88Eed phasesuspensior pphinérizatibnriapi whter{in-ojir gswimg t he
pol ynmeri zation, shortening the
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 te 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,



.15 polynerization tinme, being economcally favorable, nmaking the renoval of
the heat of polynerization easier, and snoothly carrying out the reaction.
The reaction time is usually fromO0.5 to 4 hours. The resulting

iwat er - absorbent resin may be subjected tB surface- crosslinking by treating
the water-absorbent resin with a crosslinking agent 20 having two or nore
functional groups having reactivity with carboxyl groups. The
surface-crosslinking agent includes, for instance, those capable of
reacting witmethwlepixhiorohydrpy pohyhyssiowlceholgompaveds suels pn (palp)ethylenance,
epoxy conpounds such as (poly)ethylene glycol diglycidyl ether,

(pol y) pr opy Ebesl, (@bloptopsileneglyagl (Raliglycqrpbidjglsl pareansdipls) hepapetin)s,
ethers, and glycidol; 25 hal ogenated epoxy conpounds such as
epi chl or ohy thimathydelpoopanshditthanoclaming, aed fryethanal amanes lapd the likpolAmong i ¢
al cohol conpounds such as (poly)ethyl ene | ycol, (poly)propylene glycol,
(pol y) gl ycetlsim, theepoxy sempensdiis more pesla vsed. Thesemurfage-sressbp
di et hanol am ne, and triethanol am ne; and the |ike. Anong them the epoxy
conpound i sagents cpn b arsedalongsedn combyratiany ¢khivee o mos¢ Knikdsng 5 agents can
be used alone or in conbination of two or nore kinds. The anmount of the
sur f ace- cr ossl i nKihegmemen tof ubesurfaceperetgdindding agerdmsed dslpreferablyptrems0.0y
wei ght, nore preferably fromO0.02 to 4 parts by weight, even nore
preferably tobpadts®y weight,maotesproferakliydnem (b2 tnd parts by weight; evgnwadrght of
the total amount of the above-nentioned nononer, fromthe viewpoints of
obt ai ni ng 1prefatabdy fomo Dy03gel 3 partebyweightdbasedean Hikpanteby ywedght ofgheat er
absorption of the water-absorbent resin. The nethod of adding the
above- nent i ¢oteHamonhbeftheabostimditiopedgronormer, from theayiewpoints (of obiainingd.
The met hod includes, for instance, a nmethod conprising

10 satisfactory 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




.addi ng the surface-crosslinking agent to a water-absorbent resin dispersed
I n an 15 organic solvent; a nethod conprising spraying the
surface-crosslinking agent to a water-absorbent resin with a spray or the

ilike while stirring; and the like. The 13nming of the addition for the
surface-crosslinking agent includes the stage of the water-containing
gel at ed product obtained after the polynerization; the stage of the
wat er - contai ning particles during drying; the stage after drying; and the
| i ke. 20 Ampagicubashy limited: Howrdemtbat thersgriagericmesstinkingiageats- cr ossl i nki ng
agent to a water-absorbent resin dispersed in an organic solvent at the
stage of thbommgeneousbyadded togthgevateeabinrbentaesiobit as peederablecthat the
pol ymeri zation, and a nethod conprising spraying the surface-crosslinking
agent with audpeeaygrosslinkioglagent iadissolvedsnageydsdphihbic satveat secnasivaterg
particles during drying are preferable. 25 The enbodi nent of adding the
sur f ace- cr obsfarakidddiomgent is not 13 particularly linted. In order that
t he surface-crosslinking agent is honbgeneously added to the
wat er -\absorbent resin, it is preferable that the surface-crosslinking
agent is dissolved in a hydrophilic solvent such as water before addition.
5 The present i nietpresennMinventiensyi¢ichd speaificallyaxiphiined hersimbaloelpw by
means of Exanples, without intending to limt the present invention only to
these Exanpicass of Exaxmpipd, evithdt vitehdmgrto dimit the piesentdnwéntiorheplytndheses
added to a 1000-nml five-necked cylindrical round bottomed flask equi pped
with a stirEaampdes.ef | ux condenser, a

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.



,dropping funnel, a thernoneter and a nitrogen gas inlet tube. Thereto was
added 1.38 g of decaglycerol pentastearate (surfactant: SUNSOFT Q 185S,

15 manufactured by Tai yo Kagaku Co., Ltd.) having an HLB of 5.0 and

di spersed. The tenperature of the dispelsion 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 acrylic acid was added to a 500-mi
Erl enmeyer flask. Thereto was added 20 dropw se 102.2 g of a 30% by wei ght
aqueous sodi um hiftie@ntideamount obthisvguesus sglutionaifithie ouoiomey,fora neutral i ze
75% by nol of acrylic acid, to give an aqueous solution of a partially
neut r al i zedpehinteridatinrwas addeditd.théaboveementioned Givofneakedcylindrical rgund  a
pol ymeri zation initiator potassiumpersulfate, and 18.4 ng of a

crossl i nki ngongmiet fetskyndeestifringadndddigpersediy After ber internal elttedystesr was, to
gi ve an 25 aqueous solution of a nonomer for a polynerization. 14 The
entire anousiffifierithi splapedovish aittegenp theotentpeeaturenaintle miature wgmotaysed; i zat i on
was added to the above-nentioned five-necked cylindrical round bottoned

f1 ask gunder afd e polynsrization peactiod. was taricd loat fort Ehoal while khepiagstsdmthas
sufficiently replaced with nitrogen, the tenperature of the m xture was

rai sed, 5 at@n?&l@nﬁelawm?@z&bi DOwatesaohtainingsgelated prathovaftef te termimationhi | e
keeping its bath tenperature at 70C. To a water-containing gelated product
after the tof mapslyaierizafion haspddydr6zgof arl4fhbyanelght aquweus sofutmniefs by
wei ght aqueous solution of tetrasodiumtrans

-1, 2- di am neaysbdhan araas-d;2-daeinet pclabeemetatraacetatebanar aminamarkbxydiged net al
chel ati ng agent under stirring. Subsequently, water of the 10

wat er - cont aiadidrigasgd| mttabiclps ating hgera sindenstirenhgt Sublsequeently; maiteradf thee syst em
by azeotropic dehydration. To the resulting gel ated product was added 4. 14
g of B 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: §-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

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



2% by wei ght aqueous sol ution of ethylene glycol diglycidyl ether, and
‘water and n-heptane were further renoved fromthe mixture by distillation,
and the residue was dried, to give 93.0 g of a water-absorbent resin. 15

: Exanple 2 Five-hundred mlliliters of n-phgptane was added to a 1000-m
five-necked cylindrical round bottomed flask equi pped with a stirrer, a
refl ux condenser, a dropping funnel, a thernoneter and a nitrogen gas
inlet tube. Thereto was added 20 0.92 g of sucrose fatty acid ester
(surfact ant drépwike. 102D g fodat30% bybyeight FRidBuSIsbdiTHENY dRAXideCRIPORNT wdide
having an HLB of 3.0 and dispersed. The tenperature of the dispersion was

rai sed to diggiehyiy tbeling o haatralize 750y inel efhtmlicaoid, ¢d give &b&ueous
Separately fromthe above, 92 g of a 80% by wei ght aqueous sol ution of 25

acrylic aci donamnestiepartialle rielftalizedsdleofmuyrelic htids Furilieey $0.2 grefswattded 15
dropwi se 102.2 g of a 30% by wei ght aqueous sodi um hydroxi de sol ution while

external |y @opl ghfa pelyieHizandn atiddYpblassinin pérsalfate| and 832 mg dfa gi ve an
aqueous solution of a partially neutralized salt of acrylic acid. Further,

50.2 gsof waksdslinkfhgldgeat @fhy@erﬁoglyti@lrdi%@tdidm etirdrtvrere anldpd tleexsioy e give an
persulfate, and 9.2 ng of a 5 crosslinking agent ethylene glycol diglycidyl

ether were agdesus {50860 of kan@ioteecfor adfrsestop pebimerizaionf a mononer for a
first step polynerization. The entire anount of this aqueous sol ution of

the mononer for arkd émireSnedunt pdkhisrgueais soutiasofibeadonamenfor a first step
above-nentioned five-necked cylindrical round bottoned flask under

stirring angoisparsech wak hdded ticthersbeveahemtforedeiveyseakedwytindfical round
sufficiently replaced with nitrogen, the tenperature of the m xture was
rai sed, 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 2 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.



.,and the polynerization reaction was carried out for 1 hour while keeping
its bath tenperature at 70C. Thereafter, the polynerization slurry was
cooled to room tenperature. Further, 119.1 g of a 80% by wei ght aqueous

ssolution of acrylic acid was 15 added td6a separate 500-ml Erl enneyer
flask. Thereto was added dropw se 132.2 g of a 30% by wei ght agueous sodi um
hydr oxi de solution while cooling, to neutralize 75% by nol of acrylic

acid. Further, 27.4 g of water, 0.14 g of potassi un}’{gg%rsulfate, and 35.7

ng of et hyl édterghgdenminnyey of the pdymerizaden i3t a Hi¥bdyoweight gnveousn
aqueous solution of a nonomer for a second step 20 pol ynerization. The
aqueous sol golutionvefspentatodinm diethyleaetrigmisepedadcetate vasradded ag@bunt of this
aqueous sol ution of the nononer for a second step polynerization was added
to the aboveminacirbaxylipacidritased matalrchelatingagenniq a wat¢recomaisinggelsted he
systemwas again sufficiently replaced with nitrogen, the tenperature of

t he m xt ur e preduat lispegsedainch-heptase oder- Kirepgp Supaequeatlyi watez Hf thewstatern was
carried out for 2 hours while keeping its bath tenperature at 70C. 16 After
t he t ¥ ni natcooteiningtgedatpd pyoduct wasiremovod sBthy exticraakobshssysismyby aqueous
sol ution of pentasodi um di et hyl enetri am nepent aacetate was added as _an

ani nocar boxykeetrepicdichydeationetT thetresuting gelagedhpradgchwas added 843 af ag

gel ated product dispersed in n-heptane under sti[ring. Subsequent |y, water
of the wat el2% byoweighhagugomsisatwionpadhidenoglycobdigleidybethps andivatehl of
the system by azeotropic dehydration. To the resulting gelated product was
added 8. 44 @ndfn-heptans Wereuurgiar ra@@@sﬁgrosmlmm@ﬁumbbﬂw%@mnga the
diglycidyl ether, and water _and n-heptane were further renoved fromthe

m xture by desidi¢ masidsied, kngiver’d4.§ g of auwatgerabsnrbent resis. gi ve 214.8 g of a
materigbsorbent resin.

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




.10 Exanple 3 Five-hundred mlliliters of n-heptane was added to a 1000-ml
five-necked cylindrical round bottoned flask equi pped with a stirrer, a
refl ux condenser, a dropping funnel, a thernoneter and a nitrogen gas
-inlet tube. Thereto was added 15 0.92 g bf sucrose fatty acid ester
(surfactant: S-370, manufactured by M TSUBI SH CHEM CAL CORPCORATI ON)
havi ng an HLB of 3.0 and di spersed. The tenperature of the dispersion was
rai sed to dissolve & rfactant and jhereafter cool ed to 55C.

Separ atel y PAABEAUSHOIGMIY aggmém@ﬁr for 3 POl et aqueous sol ution of 20
acrylic acid was_added, to 500- Erlenrre r fl n‘F Ther et 0. was added

dr opwi se 102.2 gTde ealt%w%efg%% a%‘&f't?é‘ét? %s ﬁm%m%ref%& ution while
externally cooling, to neutr ze 75% . cryll |ve an
Squeous  SoPabIBRTEAGR as pedad i the abpu-metionsd Esnecked tyBngtiuoRd ther
50.2 g of water 0.11 g ofapo rizati n|n|t

persul f at e, baHamedLlask lmdcastzgﬂlﬂ%@'w%sa ﬁj@ﬁ {rﬁvngﬁgfaé]eﬂé tm was
dlegC|dyI et her e added thereto, ive an 17 ueous sol uti.on, of a
nmonomeY f or SBff] H%i?l\}{\ﬁbéfqpﬂ%‘i‘?do‘ﬂ“ﬂﬁﬁéo% FIF%%M?FP"O‘P EXAPRERAS TRt | on of
t he nononer for a yoerjzati on was added to .t he, abov ntione
five-necked 28¢ Ith%BP]Oé%fF“W@Hdea%Wc“tWﬁ%ﬂarﬂegé’ﬂ“|§?1rd OEEW?‘PI%CE% gq]%zﬂgrsed
After the internal of the sy was 5 sufficgientl | aced with_.nitrogen,
the tenper attQFflEef@F“fFH’ém\ Gt Lﬁféﬂ& terapIaRion Oé Q‘imﬁb‘gw’l"%%ﬂ gh eac%J i on
was carried out for 1 hour

After the t&alfheentaining gF‘f‘i‘éedp%"ogﬁg‘(ra % QI%%\?BC{X@[IBF eﬁ?"’nﬁﬁé)afttﬁ&tgﬁatgg‘zgﬁcal ni ng
gel ated pr O%lég(gtr(\;\ﬁg Jeﬁ%&%%n? QI‘(;[ trlll?: rgé(lhtel{lg aglela?et,d fn%%ucy \%tag ad(li)é/d 414 gofa
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.



_azeotropi c dehydration. To the resulting gelated product was added 4.14 g
of a 10 2% by wei ght aqueous sol ution of ethylene glycol diglycidyl ether,
and water was renoved again together with n-heptane by distillation.

.Thereafter, 0.46 g of a powder triethyl &#hetetram nehexaacetic acid (87% by
wei ght of the entire particles thereof having particle sizes of 100 m or
| ess) was added to the residue as an am nocarboxylic acid-based netal
chel ati ng agent under stirring. The 15 m xture was further dried, and water
was renoved together with n-heptane, to give 92.8 g of a water-absorbent
resin. Exanple 4 The sane procedures as in Exanple 3 were carried out
except that ExX@niple &t hyl enet et r am nehexaacetic acid in Exanple 3 was not
added, to give 92.0 g of a water-absorbent resin. Inside the polyethylene
bag were added t fRivehundeed raithiliters of nitteptansovas adsieditonclPORamé fivebrenksa nt
resin and 0.46 g of a powder disodiumdiethylenetriamnepentaacetate (85%
by wei ght otylihdriealtrionad pattoimeddtaskrequippst widk arstirieara reflux eangessess a100 m
or less), and the m xture was thoroughly 25 blended, to give 92.5 g of a
wat er -ibsor deopping funnel ;18 thiermomeatesak ¥ sitragenrgas indet tubei tBheseigrwas Rdgedane
was added to a 1000-nmil five-necked cylindrical round bottoned flask
equi pped w 00ng ofisortétan monestearatec(sntfectent: Nenion SPopR nganubagtyred By
thermoneter and a nitrogen gas inlet tube. Thereto was added 0.92 g of
sor bi t an noMNEFd2orpbeatic) himingzan HLBoof 47 a9d-dispersedanlhatempeasatusg of Kigr
Corporation) having an HLB of 4.7 and dispersed. The tenperature_of the
di sper si on whispersion exhstraisgdse disselveltbe surfhctantand thardaftererasded to S@del ed to
50C. Separately fromthe above, 92 g of a 80% bg wei ght aqueous sol ution of

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 pelymerization.

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



10 acrylic acid was added to a 500-nil Erlennmeyer flask. Thereto was added
“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 nmol 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 polynerization initiator potassium
persul fate, and 23.0 ng of a 15 crosslinking agent
N, N - met hyl enebi sacryl am de were added thereto. To the m xture was added
0.23 g of abfQZedyopweidshydeationoUo thel resulting @klated pecstugdt wias added 4.60 g of
di et hyl enetri am nepent aacetate as an am nocar boxylic aci d- based net al
chel ating a@%hby weight sqguanusaqhemasofsshylene glyrol diglpeidybethegrand water
pol ymeri zation. The entire anmount of this aqueous sol ution of the nonomer
for a 20 pohpderhananowerafurtdrdecmoved by dadtidlationemd teedsidue evasadriast to
cylindrical round bottoned flask under stirring and di spersed. After the
i nternal of givee9hgst efa waser-ahsbfbient essin.y repl aced with nitrogen, the
tenperature of the m xture was raised, and the polynerization reaction was
carrietl out for 2 hours while keeping its bath tenperature at 70C. After
the termnnation of the polynerization, water of 25 the water-containing
gel ated pro@xampes renoved to the external of the system 19 by azeotropic
dehydration. To the resulting gel ated product was added 4.60 g of a 2% by
wei ght aqueous s®@ivg-hondrefl-atdafiftg meilljlitecodf oihgptanedyds addedito aakidOamder and
n- heptane were further renoved by distillation, and the residue was dried,
to give 93fRemerked cylihéricallroondbnttomediflask Bqmpped|veitipa stirrer, a reflux
Fi ve-hundred-and-fifty mlliliters of n-heptane was added to a 1500-m
fi ve- necked copdiémsdr,i cddoppingnfiminet, adhenindetsk agd ui ppegemgahindetduberer, a
refl ux

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




. condenser, a dropping funnel, a thernoneter and a nitrogen gas inlet tube.
10 Thereto was added 0.84 g of sorbitan nonol aurate (surfactant: Nonion
LP- 20R, manuf act ured by NOF Corporation) having an HLB of 8.6 and

- di spersed. The tenperature of the di speE®i on was rai sed to dissolve the
surfactant, and thereafter cooled to 40C. Separately fromthe above, 70 g
of a 80% by wei ght aqueous solution of 15 acrylic acid was added to a

500-m Erlennmeyer flask. Thereto was added dropwise 77.8 g of a 30% by

wei ght aquebath teotpenatung at X1 eTe the wiates-comtainingegalated proguat adler thg, t o
neutralize 75% by nol of acrylic acid, to give an agueous solution of a
partial |y néermiabtiowof the polymezization sas@dded Puk e pf a3973by vorighit er and
0.084 g of a polynerization initiator potassium persulfate were added
thereto, 2@queous spdutien afjpediasodivmdipdylerethaminepentaacesateaspyl yrer i zat i on.
The entire amount of this aqueous sol ution of the nononer for a

pol yner i zat aonnogarbaxyléciacid-hased mssalechelatingoigsat ander sistingd Sepsequenitlyal
round bottomed flask under stirring and dispersed. After the internal of

t he syst em weser aiitheiwatencoptainipg gcg@:d/\mdunt was grmovedile theeptaraalofethef t he
m xture was raised, 25 and the polynerization reaction was carried out for
3 hours whi sgsteaely ageatt@iqdebgé)mtmmﬂ"@rthc sesaltang gelatedprogdhet was added

wat er - cont ai ni ng gel ated product after the termnation of the

pol yneri zat 3old gaé a2fidy Weight aguesfussohnisnsf ethylgne glyepl diglycislyl gthesn of
pent asodi um di et hyl enetri am nepent aacetate as an _ am nocar boxylic,

aci d- based vt avatchandiniheptangeneredndber mmovadiyy distilgdonand the resifgeer of
the water-containing gelated product was renoved to the external of the
syst em by axestdrigsl, ¢o gizrey/d4.8t8 ofna watertabsorheatirasithg gel at ed product was
added 3.15 g of a 2% by wei ght aqueous sol ution of ethylene glycol

di gl ytd dyl et her,

Example 7

The same procedures as in Example 5 were carried out except that .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 he
aminocarboxylic acid-based metal chelating agent in Example 1 was not aided,

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 he
aminocarboxylic acid-based metal chelating agent in Example 2 was not aided,

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




and water and n-heptane were further renoved by distillation, and the

‘residue was dried, to give 74.0 g of a water-absorbent resin. 10 Exanple 7

The sane procedures as in Exanple 5 were carried out except that 1.21 g of

.a 38% by wei ght aqueous solution of tetr 2?500“ um et hyl enedi am net et raacet ate
y

was added in place of pentasodi um di et hyl'enetri am nepentaacetate in Exanple
5 15 to give 93.6 g of a water-absorbent resin. Conparative Exanple 1 The
sanme procedures as in Exanple 1 were carried out except that the

am nocar boxyl i ¢ aci d-based netal chelating agent in Exanple 1 was not

added, 20 to give 92.1 g of a water-absorbent resin. Conparative Exanple 2

The sane pr@@lﬂgﬁfﬁﬁeéﬁxdlﬁ%l@gaﬁpl e 2 were carried out except that the
am nocar boXyTTC acl ased netal chelating agent in Exanple 2 was not
added, 25 to gipRe gallﬁegr&eﬁflre% 2%4h Fxa QBtWéFe dafféd outldxepiBRd hd Ve
Exarrpl e 3 The sane procedures as in Exanple 3 were carried Out except that

the am noceﬁmgémlao&yﬁe'aerdame ﬂ&hﬁ&é}ﬁk%@%&ﬁ lﬁmh&as%ﬁ%@a&e\ﬂ% not

added, 5 to give 9271 g of a water-absorbent resin mparati ve Exahple 4
The sgnme prigeREkings ggfhmﬁé@mo%@m\@@glﬁ carried out except that an
aqueous sol ution prepared by dissolving 0.92 g of citric acid in 9.2 g of
water 10 was added in place of tetrasodi um

trans- 1, 2-di am nocycl ohexanet etraacetate in

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 um 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



,Exanple 1, to give 92.8 g of a water-absorbent resin. Conparative Exanple 5
The sanme procedures as in Exanple 3 were carried out except that 0.46 g 15
of sodiumtripol yphosphate (90% by wei ght of the entire particles thereof

. having particle sizes of 100 mor |ess)22vas added in place of
triethyl enetetram nehexaacetic acid in Exanple 3, to give 92.6 g of a
wat er - absorbent resin. 20 The discoloration test of the water-absorbent
resins obtained in Exanples and Conparative Exanples nentioned above was
carri ed out of h catwias ¢xpeky placgd 2.Drgeg}0@wwmomhmn. Thisseesisek was on Test
of Water-Absorbent Resins] 25 Into a pol ypropyl ene vessel having an inner
di amet er of alBowad &mataaddepB dags uf a beneh-typs tgvremlwgwaabaﬁt 21 @ tgmperajure
wat er - absorbent resin. This vessel was allowed to stand for 20 days in a
bench-type 0H&0heIR7Gr aut wiatéet humidity efnfYer 2% R, diftes@alloning tolstaatatheve
hum dity of 90 2% RH. After allowing to stand, the vessel was taken out
from t he theessohwgs takeatqutframadh¢ thesmohygrastatdaridoallavwerk teestandnéor someol to
roomtenperature. The entire amount of the water-absorbent resin in the
vessel5 was tuuetd cool fo e dempersiuten Jhecgdice ampunhof the wateerabsatbentt er of 3
cm and Yellow I ndex of the water-absorbent resin was determned wth a
doubl e beanrasyipin theewsssel cvaaddeditera glassomesyuringsvassel drayingiamynnesi ppon
Denshoku Kogyo Industries, Co., Ltd.), in which X, Y and Z, tristinulus 10
val ues of tHmmgecet dcol, andnteliow dndexcel the ovater-apsosbentgesingusddetarmimedoar d.
Yel | ow I ndex was cal cul ated by the follow ng equations fromX, Y and Z
(tristinul uwitha d@@ble&eaﬁh@mcuowome&r%ﬂgelBé’r(ﬁnaf%acﬁured BYlarly,

Yel Tow 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 - 1.06Z)/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.
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and an averaged val ue

nenti oned above, and
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4 -40 InN NNNNONOONO OOOOa WWWWW C.
0O000OO0OOUUUUUZ24 It can be seen from Table 1 that the
resins obtained in Exanples in which the am nocarboxylic
chelating agent is addéd have little change in Yellow

I ndex before and after the tests, so that the discoloration is suppressed.
On the other hand, it can be seen that the water- 5 absorbent resins

obt ai ned in Comparative Exanples in which the am nocarboxylic acid-based
netal chel ating dean beseemGomaliafele Inhakthg wategabsarhemigesing obtainedvin ndex,
so that considerable discoloration is found. |NDUSTRI AL APPLI CABILITY 10
Accor di ng t &Examaplps aswhich theaminoearbprplieacidrbased sugiplrehedating agent is

di scoloration of a water-absorbent resin by preparing a water-absorbent
resin in added have little change in Yellow Index before and after the tests, so that the

discoloration is suppressed. On the other hand, it can be seen that the water-

5 absorbent resins obtained in Comparative Examples in which the

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.



t he presence of an am nocarboxylic acid-based netal chel ating agent even
*under severe environnental conditions such as high tenperature and high
hum dity. 15 The present invention being thus described, it will be obvious
. that the same may be varied in nmany waygs Such variations are not to be
regarded as a departure fromthe spirit and scope of the invention, and
all such nodifications as would be obvious to one skilled in the art are

i ntended to be included within the scope of the follow ng clains. 25
CLAIMS 1. A nethod for preventing di sddL&iMS on of a water-absorbent resin
made from an unsaturated carboxylic acid as an essential nononer,
characterized in 5 that said nethod conprises addi ng an am nocar boxylic
aci d-based netal chelating agent to a systemin at |east any one of the
stages during a px emshed forpreyemimesdisaflotdtimnvedtewatebabstrent resgi made to t he
wat er - absorbent resin obtained after the preparation. 10 2. The nmethod for
preventing dimsahamshiusated carociyhig acd ad @i esséntiallmoremet, loharateriged iof t he
am nocar boxyl i ¢ aci d-based netal chelating agent used is from 0.001 to 6
parts Hy weitlghtsaidmedbdocompisgsaddnggn amingoarkdxliceaciddbased meta

carboxylic acid. 15 3. The nethod for preventing discoloration according to
claim 1l or Zhelavingragent tolesystéman at leaztydn come ofithostagts durimg aprepatatiop agent
is at | east one nenber selected fromthe group consisting of

di et hyl enet precdss of ¢t wateetadbsorbentiresint of & thy [veatet-abysosbéntahsinaddtained aci d,
trans-1, 2-di am nocycl ohexanetetraacetic acid, and salts thereof. 20

after the preparation.

10 2. The method for preventing discoloration according to claim 1, wherein the
amount of the aminocarboxylic acid-based metal chelating agent used is from
0.001 to 6 parts by weight, based on 100 parts by weight of the unsaturated

carboxylic acid.

15 3. The method for preventing discoloration according to claim 1 or 2,
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.

20
4. 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

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



.4. A net hod of use of an am nocarboxylic acid-based netal chel ati ng agent
for preventing discoloration of an obtainabl e water-absorbent resin nade
froman wunsaturated carboxylic acid as an essential nononer, characterized

i N that said nethod conprises addi ng an2am nocar boxylic aci d-based netal
chel ating agent 25 to a systemin at |east any one of the stages during a
preparation process of the 26 wat er - absorbent resin or to the
wat er - absorbent resin obtained after the preparation. 5. The nethod of use
accor di ng t ovateniabsothbentiresiai ot tohke sraternabsofbenih eestn abfamechaferndti c
aci d-based netal chelating agent used is fromO0.001 to 6 parts by weight,
based on 10@reparatoly wei ght of the unsaturated carboxylic acid. 6. The
nmet hod of use according to claim4 or 5 wherein the amnm nocarboxylic
aci d- based netal chelating agent is at |east one nmenber 10 selected from
t he group consisting of diethylenetriam nepentaacetic acid,
tri et hyl enetset r arffftreinestmaostt ise agcorling taaclaim 4, wherein the amount of the
1, 2-di am nocycl ohexanetetraacetic acid, and salts thereof.

5 aminocarboxylic acid-based metal chelating agent used is from 0.001 to 6 parts

by weight, based on 100 parts by weight of the unsaturated carboxylic acid.

6. The method of use according to claim 4 or 5, wherein the
aminocarboxylic acid-based metal chelating agent is at least one member

10 selected from the group consisting of diethylenetriaminepentaacetic acid,
triethylenetetraminehexaacetic acid, trans-1,2-diaminocyclohexanetetraacetic

acid, and salts thereof.




