12 July 2006 1 DESCRI PTI ON PROCESS FOR PRODUCI NG WATER- ABSORBI NG RESI N 5
TECHNI CAL FI ELD The present invention relates to a process fon2@ugpz006ng a
wat er - absorbent resin. Mre specifically, the present invention relates to
a process for preparing a water-absorbent resin having no discoloration
imedi ately after the preparation, and having excellent discoloration

resi stance, which can be suitably 10 used as an absorbent article of

hygi enic materials such as paper diapers and sanitary napkins. BACKGROUND
ART Wat er - absorbent resins have beeppgcRIPTIONd as absorbent articles for
15 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 |arge anmount, so that
the |iquid once mRhserred FORNPROPUEING WATERIABSORBRNG. RBSIXENt | onal
wat er - absor bent resins nave sone probl ens that the water- 20 absorbent
resins discolor into yellow even imedi ately after the preparation
dependi ng upon the preparation processes, or that the resins are likely to

di scol.or i A [ or the like by an external factor such as heat
or hur§1 dit ’? H,ﬁi FQEEhﬂs] are all owed to stand even if the resins are
whi te i mredi at el m)& bt ﬁxw'enﬁroﬁ%fa d&egéqﬁ)r“}irréﬂ)dﬁ xgea W!ﬁer absorbent

above- ment i oned enl Cc nater| B prote pap when a
water -absor bent stk Lpalitieah) rﬁe'p@e&%‘? iRRPIoRG8 ates to a process for preparing

a water-absorbent resin having no discoloration immediately after the

preparation, and having excellent discoloration resistance, which can be suitably
10 used as an absorbent article of hygienic materials such as paper diapers and

sanitary napkins.

BACKGROUND ART

Water-absorbent resins have been widely used as absorbent articles for
15 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.
Conventibnal water-absorbent resins have some problems that the water-
20 absorbent resins discolor into yellow even immediately after the preparation
depending upon the preparation processes, or that the 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 even if the resins are white immediately
after the preparation. In the field of the above-mentioned hygienic materials

25 such as paper diapers, when a water-absorbent resin discolors in the absorbent



12 July 2006 2 article, the comercial value as an absorbent article is
drastically lowered. Therefore, under severe high-tenperaturd? July 2006

hi gh-hum dity environnment such as storehouse in the sunmer tine, it has
been desired that a water-absorbent resin, does not discolor when the

wat er - absorbent resin or absorbent article is subjected 5 to storage for a
| ong period of tinme. As water-absorbent resins having an effect of
preventing discoloration, there have been known, for instance, a high

vat er - absor%ﬁﬂéler)gr mefQAPALE h@ﬁn'aesmﬁhaﬁmersgﬁamca@ phAgQElCc acid

conpound or a sa eof Is added to a high water-absorbent polyner
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conprising an aci di’c water-swel crosslinked pol’ymer asi c
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anti oxi dant "and/or” a boron-containing conpound (Japanese Patent Lai d- Qpen

No. 2000- 230h29hix BRcBRTAIRAhe WRERIBLIbOM COIFREI Mshibdh 1RG5 350Eben!

resin, and an organrc car oxy ic acr 15 an a salt anese
Pat ents Lai d 6@@?3 ,2% fd the i ke However t he above
corrposrtlons t ex |b|t asu f|C|entIy satisfactory effect of
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storage for a long perio t1me. Accordi ngly e present

I nvention | ?hr%r% VR Welf 1B oA, §6¢ 1n§&n%9%h%&'\%a(e?%‘b§oﬁ5@ﬁl ASlyTer (di scol orati on

i mredi ately after the re ar atron, and resse col oration even
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added to a high water-absorbent polymer (Japanese Patent Laid-Open No. Hei 5-

10 86251); an absorbent composition comprising an acidic water-swellable
crosslinked polymer, a basic water-swellable crosslinked polymer, a
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

15 and/or a salt thereof (Japanese Patent Laid-Open No. 2000-327926) and the like.
However, the above compositions do not exhibit a sufficiently satisfactory effect
of preventing discoloration when subjected to high-temperature, high-humidity
storage for a long period of time.

Accordingly, an object of the present invention is to provide a water-

20 absorbent resin having no discoloration immediately after the preparation, and
having suppressed discoloration even when subjected to a room temperature
storage or even to a high-temperature, high-humidity storage for a long period of
time.

These and other objects of the present invention will be apparent from the

25 following description.



time. These and ot her objects of the present invention will be apparent from
the 25 follow ng description. 12 July 2006 3 DI SCLOSURE OF | NYEhily $9be
Concretely, the present invention relates to: [1] a process for preparing a
wat er - absorbent resin nmade froman 5 a, (3qunsaturated carboxylic acid as an
essential nonomer characterized in that the process conprises allowing a
netal chelating agent to be present at any step 1in the process in an anount
of 0.001 to 6 parts by weight, based on 100 parts by weight of the

a, (3-unsaturated carboxylic acid; and adding a reducing agent or an
oxi di zing agent thereto in an amount of 0.001 to 6 parts by weight, based on

10 100 part sppycreIIREC hRVENPIGRsat urat ed carboxylic acid before
initiation MTYI‘HQ‘H‘I’FQ%F_&@ETI—ITQT ' rying of a gelated product containing a
wat er - absor bent gsﬁ&@tﬁg tﬁaiegﬁgséﬁ%(ilﬂ\%rﬁ(ﬁrﬂeﬁfé ; [2] a water-absorbent

i ss of the

resin ogt ai nabl e by the proc above [1], wherein theI
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in the process in an amount of 0.001 to 6 parts by weight, based on 100 parts by
weight of the a,B-unsaturated carboxylic acid; and adding a reducing agent or an
oxidizing agent thereto in an amount of 0.001 to 6 parts by weight, based on

10 100 parts by weight of the a,B-unsaturated carboxylic acid before initiation of
drying and/or during drying of a gelated product containing a water-absorbent
resin obtained by polymerization;

[2] a water-absorbent resin obtainable by the process of the above [1],
wherein the water-absorbent resin has Yellow Index of 12 or less, after allowing

15 to stand at 50°C and 90% relative humidity for 20 days;

[3] an absorbent comprising a water-absorbent resin obtained by the process
of the above [1], and a hydrophilic fiber;

[4] an absorbent article comprising the absorbent of the above [3], wherein
the absorbent is kept between a liquid-permeable sheet and a liquid-impermeable

20 sheet; and
[S]  a method for preventing discoloration of a water-absorbent resin made
from an a,P-unsaturated carboxylic acid as an essential monomer, wherein the
method comprises preparing the water-absorbent resin by a process comprising

allowing a metal chelating agent to be present at any stage in the process in an

25 amount of 0.001 to 6 parts by weight, based on 100 parts by weight of the a,f3-



[5] a method for preventing discoloration of a water-absorbent resin nmade
froman a,[3-unsaturated carboxylic acid as an essential nDNoRBRIyIMIGE! N
the method conprises preparing the water-absorbent resin by a process
conprising allowng a netal chel ating agent to be present at any stage in
the process in an 25 amount of 0.001 to 6 parts by weight, based on 100
parts by weight of the a, (3 12 July 2006 4 unsaturated carboxylic acid; and
addi ng a reduci ng agent or an oxidizing agent thereto in an amount of 0.001
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storage for a,lon eriod of time can be prepared by a process conprising
allowihg a W&Hpeﬁ?\%f(ﬁ{'i ng agent to be present at any step in the process in
an anount of 0.001 to 6 parts by weight, based on 100 parts by wei ght of
the a,p 15 unsaturated carboxylic acid; and addi ng a reduci ng agent or an
oxi di zi ng agg i ARLE 0. ﬁm&mby wei ght, based
on 100 part acid before
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has a feature in that a water-absorbent resin having no discoloration immediately

10 after the preparation, and having suppressed discoloration even when subjected
to a room temperature storage or even to a high-temperature, high-humidity
storage for a long period of time can be prepared by a process comprising
allowing a metal chelating agent to be present at any step in the process in an
amount of 0.001 to 6 parts by weight, based on 100 parts by weight of the a,3-

15 unsaturated carboxylic acid; and adding a reducing agent or an oxidizing agent
thereto in an amount of 0.001 to 6 parts by weight, based on 100 parts by weight
of the o,B-unsaturated carboxylic acid before initiation of drying and/or during
drying of a gelated product containing a water-absorbent resin obtained by
polymerization.

20 As the polymerization method for the water-absorbent resin,
representative preparation processes such as reversed phase suspension
polymerization method and aqueous solution polymerization method are usable
without being limited thereto. The water-absorbent resin can be prepared by
drying the water-absorbent resin obtained by the above-mentioned

25 polymerization method, and removing water and an organic solvent.



pol yneri zation. 20 As the polynerization nmethod for the water-absorbent
resin, representative preparation processes such as reversedipjaRe2006
suspensi on polynerization nethod and aqueous sol ution polynerization nethod
are usable wthout being limted thereto. The water-absorbent resin can be
prepared by drying the water-absorbent r%si n obt ai ned by the

above- nenti oned 25 pol yneri zati on nethod, and renovi ng water and an organic
solvent. 12 July 2006 5 At any step of preparing a water-absorbent resin,
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a fine pom%%w%er%]&%i%é tl(uzeh S}';&Fei_{}%nﬁ%%@ cLQlating agent with a water-absorbent
resin after drying; (v) a method of adding the above-mentioned chelating agent to
10 a water-absorbent resin dispersed in an organic solvent, and heating and
removing the solvent from the mixture; and the like.
It is preferable that the embodiment of adding a metal chelating agent is,
but not particularly limited to, an embodiment of adding a solution prepared by
dissolving a liquid or powder metal chelating agent in a hydrophilic solvent such
15 as water, or an embodiment of adding a fine powder of a metal chelating agent in
a powdery state, in order that the metal chelating agent is homogeneously
dispersed in the water-absorbent resin. Here, the particle size of the fine metal
chelating agent powder 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
20 viewpoint that a satisfactory etfect of preventing discoloration is obtained when
the amount of coarse grain portions is smaller.
The metal chelating agent usable in the present invention includes
phosphoric acid-based metal chelating agents such as pyrophosphoric acid and

tripolyphosphoric acid, and salts thereof; carboxylic acid-based metal chelating

25 agents such as citric acid, tartaric acid and phthalic acid, and salts thereof;



a powdery state, in order that the netal chelating agent is honogeneously

di spersed in the water-absorbent resin. Here, the particle sia2Jafy20ee fine
nmetal chelating agent powder is not particularly limted. It is preferable
that 80% by weight of the entire particlgs have particle sizes of 100 mor
| ess, fromthe 20 viewpoint that a satisfactory effect of preventing

di scoloration is obtained when the anount of coarse grain portions is

smal l er. The metal chelating agent usable in the present invention includes
phosphori ¢ agjidobaBEgyINehaY- A6l HdtI0CIRIAM S SURY sich Y IRBRASRRACILiACI d and
tri pol yphosphoric acid, and salts thereof; tcafboxylic acid-based netal
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preferably used, ect of ‘preventing
di scol orati ciflﬁ-hexamﬁthylenediamine—N,N,N’,N’-tetraacetic acid, and salts thereof; and the

10 like. Among them, phosphoric acid-based metal chelating agents,
aminocarboxylic acid-based metal chelating agents and salts thereof are
preferably used, from the viewpoint of the effect of preventing discoloration.
Especially, diethylenetriaminepentaacetic acid, triethylenetetraminehexaacetic
acid, trans-1,2-diaminocyclohexanetetraacetic acid, ethylenediaminetetraacetic

15 acid, tripolyphosphoric acid, and salts thereof are more preferably used.

The amount of the above-mentioned metal chelating agent used is from
0.001 to 6 parts by weight, preferably from 0.005 to 3 parts by weight, more
preferably from 0.01 to 2 parts by weight, based on 100 parts by weight of the
a,B-unsaturated carboxylic acid. When the amount of the metal chelating agent

20 used is 0.001 parts by weight or more, a satisfactory effect for preventing
discoloration can be obtained. Also, when the amount of the metal chelating
agent used is 6 parts by weight or less, the effect corresponding to the amount
used is obtained, and is economically advantageous.

It is preferable that the method of adding a reducing agent or an oxidizing

25 agent is a method of adding the reducing agent or the oxidizing agent before



Especial ly, diethylenetriam nepentaacetic acid,

triethyl enetetram nehexaacetic acid, 12 July 2006
trans-1, 2-di am nocycl ohexanet etraaceti c acid, ethyl enedi am netetraacetic 15
acid, tripolyphosphoric acid, and salts thereof are nore preferably used.
The amount of the above-nentioned netal chelating agent used is from 0.001
to 6 parts by weight, preferably fromO0.005 to 3 parts by weight, nore
preferably from0.01 to 2 parts by wei ght, based on 100 parts by wei ght of

the a, (3- t ' ' : f _
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10 homogeneously dispersed in the water-absorbent resin.

In addition, the order of addition of the metal chelating agent and the
reducing agent or the oxidizing agent is not particularly limited. Either one can
be added first, or they may be added simultaneously. A method of adding a
reducing agent or an oxidizing agent and thereafter adding a metal chelating

15 agent is more preferable from the aspect of the effect of preventing discoloration.

The reducing agent usable in the present invention includes sulfites such
as sodium sulfite, potassium sulfite, calcium sulfite, zinc sulfite, and ammonium
sulfite; hydrogensulfites such as sodium hydrogensulfite, potassium
hydrogensulfite, calcium hydrogensulfite, and ammonium hydrogensulfite;

20 pyrosulfites such as sodium pyrosulfite, potassium pyrosuifite, and ammonium
pyrosulfite; dithionites such as sodium dithionite, potassium dithionite,
ammonium dithionite, calcium dithionite, and zinc dithionite; trithionates such as
potassium trithionate and sodium trithionate; tetrathionates such as potassium
tetrathionate and sodium tetrathionate; thiosulfates such as sodium thiosulfate,

25 potassium thiosulfate, and ammonium thiosulfate; nitrites such as sodium nitrite,



10 honogeneously di spersed in the water-absorbent resin. In addition, the
order of addition of the nmetal chelating agent and the reducﬁggugggﬂﬁ or
the oxidizing agent is not particularly limted. Either one can e added
first, or they may be added sinultaneousl¥. A nmet hod of adding a reducing
agent or an oxidizing agent and thereafter adding a netal chelating 15 agent
is nmore preferable fromthe aspect of the effect of preventing

di scoloration. The reducing agent usable in the present invention includes

Sulfite ancunRORT UG et SioBe RO PRl blune The, dlinthe théd, '
hyd | i t [ d fite, |.Ci hyd | fi .and
ot um by U EE By FRRe 6, PR b GRNE e RO Eur ) SogiTht

t [ | fit. ' | fite;.dithionit h. di
Gt i oni e gats sodifm Py roRRrR R r peRs Aol 280 SR RM R e
and zinc dithioni ﬁﬁabw {lgeiéfnat es such as potassiumtrithionate and sodi um

trithionate; P&t PL such as potassium tetrathionate and sodi um
tetrathionate; thjosulfates such as,sodijumthiosulfate,. 2 ot assium

thi osuPfat e, and BRVERIdHPEARSELPTARIEM the Rreyand TavRntioningBigles chinTites buch 12
Jul'y 2006 8 potgssiumnitrite, cal.ci umFitri e, and é%nc, nitrite; and the

li ke. Anmong aStefumShieritee 8 YPASHPHIFSSIGH £5 58 l,urrbﬁyag IpFitee POLASSHIMI t hi oni t es
are preferable, and, sodium_ sulfite, saodium hydrogensulfite, potassium
pyrosul fit e,hmhmsapuaﬁcﬁﬁlﬁwﬂillfxeos‘ahlerltwreowés @%fdwyhxérea.en gengyade,

oxi di zi ng agent usable in the present jnvention includes chlorites such as
sodi um chl orSOdEIMPEERRE oPP aES UBY RGO R KIEs BAlaASTHIAY PorEpANganale, SOfuaLsi um

peroxoborate, benzoyl peroxide, and lauroyl peroxide; and the like. Among
10 them, hydrogen peroxide is preferably used.

The amount of the reducing agent or the oxidizing agent mentioned above
used is 0.001 to 6 parts by weight, preferably from 0.005 to 3 parts by weight,
more preferably from 0.01 to 2 parts by weight, based on 100 parts by weight of
the a,B-unsaturated carboxylic acid. The amount of the reducing agent or the

15 oxidizing agent used is 0.001 parts by weight or more, from the viewpoint of
obtaining a water-absorbent resin having little discoloration even immediately
after the preparation. In addition, the amount of the reducing agent or the
oxidizing agent used is 6 parts by weight or less, from the viewpoint of obtaining
the effect corresponding to the amount used, thereby being economically

20 advantageous.

In the process of the present invention, the combination of the reducing
agent or the oxidizing agent with the metal chelating agent to be added is not
particularly limited. The combination of a sulfite, a hydrogensulfite, a
pyrosulfite, a dithionite or a peroxide with a phosphoric acid-based metal

25 chelating agent and/or an aminocarboxylic acid-based metal chelating agent is



hypochl orite, and cal ci um hypochl orite; peroxi des such as hydrogen peroxide,
sodi um per oxi de, potassi um peroxi de, potassium pernmanganate, sDJaly006

per oxoborate, benzoyl peroxide, and | auroyl peroxide; and the |ike. Anong 10
them hydrogen peroxide is preferably usegd. The amobunt of the reducing agent
or the oxidizing agent nentioned above used is 0.001 to 6 parts by weight,
preferably fromO0.005 to 3 parts by weight, nore preferably from0.01 to 2
parts by weight, based on 100 parts by weight of the a, (3-unsaturated
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acid, ethylenediaminetetraacetic acid, tripolyphosphoric acid, and salts thereof

10 are more preferable, and combinations of sodium sulfite or sodium
hydrogensulfite with at least one member selected from the group consisting of
diethylenetriaminepentaacetic acid, triethylenetetraminehexaacetic acid,
trans-1,2-diaminocyclohexanetetraacetic acid, and salts thereof are even more
preferable.

15 Therefore, according to the present invention, there is provided a method
for preventing discoloration of a water-absorbent resin made from an a,f3-
unsaturated carboxylic acid as an essential monomer, wherein the method
comprises preparing the water-absorbent resin by a process comprising allowing
a metal chelating agent to be present at any step in the process in an amount of

20 0.001 to 6 parts by weight, based on 100 parts by weight of the a,B-unsaturated
carboxylic acid; and adding a reducing agent or an oxidizing agent thereto in an
amount of 0.001 to 6 parts by weight, based on 100 parts by weight of the
a,f-unsaturated carboxylic acid before initiation of drying and/or during drying
of a gelated product containing a water-absorbent resin obtained by

25 polymerization.



hi gh-tenperature, high-humdity storage for a |long period of time. Anong
them 5 conbinations of sodiumsulfite, sodium hydrogensul fitg2 Jpgt2896i um
pyrosulfite, sodiumdithionite or hydrogen peroxide, with at |east one
menber selected from the group consisti rlg of diethyl enetri am nepentaacetic
acid, triethylenetetram nehexaacetic acid,

trans-1, 2-di am nocycl ohexanetetraacetic acid, ethylenedi am netetraacetic
acid, tripolyphosphoric acid, and salts thereof 10 are nore preferable, and
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process of the present invention comprising adding a reducing agent or an
10 oxidizing agent and a metal chelating agent has very low Yellow Index
immediately after the preparation, and a subsequent increase in Yellow Index
with the passage of time is remarkably suppressed.
The water-absorbent resin made from an a,-unsaturated carboxylic acid
as an essential monomer prepared in the present invention includes crosslinked
15 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-
20 acrylic ester copolymers, and the like. Among them, preferable are the
crosslinked products of acrylate polymers which are capable of absorbing a large
amount of water and retaining absorbed water in the molecule even when a
certain load is applied.
The a,B-unsaturated carboxylic acid includes, for instance, acrylic acid,

25 methacrylic acid, maleic acid, maleic anhydride, fumaric acid and the like.



In a case of a water-absorbent resin obtained by a process conpri sing
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chelating agent, while Yellow Index inrediately after the preparation is

| ower than a case where the reducing agei;t or the oxidizing agent is not
added. Meanwhile, 5 Yellow Index of such resin increases wth the passage
of tinme at room tenperature or noreover under high-tenperature
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10 (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,
15 styrenesulfonic acid, 2-(meth)acrylamide-2-methylpropanesulfonic acid,
2-(meth)acryloylethanesulfonic acid and salts thereof; and the like.
The polymerization method of the water-absorbent resin according to the
reversed phase suspension polymerization method will be exemplified
hereinbelow.
20 In the reversed phase suspension polymerization method, the
polymerization is carried out by using, for instance, a polymerization initiator in
a state that an aqueous solution of the monomers is dispersed in an organic
solvent in the presence of at least one of the surfactants and the polymeric
protective colloids.

25 It is preferable that the concentration of the monomers in the above-



25 methacrylic acid, maleic acid, maleic anhydride, fumaric acid and the
like. 12 July 2006 11 These can be used alone or in adnixturelgﬂubmuumr nor e
kinds. The a, (3-unsaturated carboxylic acid may be partially neutralized
with an alkali nmetal or the like, and especially acrylic acid, nethacrylic
acid, and an alkali nmetal salt thereof, such as sodium or potassium are
preferably used. 5 The above-nentioned a, (3-unsaturated carboxylic acid may
be copolynerized with other nononers as occasi on demands. O her nononers
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and xylene; and the like. Among them, n-heptane and cyclohexane are
10 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
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

15 temperature.

The above-mentioned surfactant includes nonionic surfactants such as
sorbitan fatty acid esters, monoglycerol fatty acid esters, polyglycerol fatty acid
esters, sucrose fatty acid esters, polyoxyethylene hydrogenated castor oil,
polyoxyethylene laurate hydrogenated castor oil, polyoxyethylene triisostearate

20 hydrogenated castor oil, polyoxyethylene aikyiphenyl ethers, polyoxyethylene
lauryl ethers, and polyoxyethylene hexyldecyl ethers.

The above-mentioned polymeric protective colloid includes ethyl
cellulose, hydroxyethyl cellulose, polyethylene oxide, polyethylene modified

with maleic anhydride, polybutadiene modified with maleic anhydride, ethylene-

25 propylene-diene terpolymers modified with maleic anhydride, and the like.



a state that an aqueous solution of the nononers is dispersed in an organic
solvent in the presence of at |east one of the surfactants and2tjagy psgeyneric
protective colloids. 25 It is preferable that the concentration of the
mononmers in the above 12 July 2006 12 menfi oned aqueous sol ution of the
nmononers is from25% by weight to a saturated concentration. In addition,

t he above-nenti oned aqueous solution of the nononers may be added at once
or may be added in divided portions in the polynerization reaction. 5 The
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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

10 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
economically advantageous.

The above-mentioned water-absorbent resin can be prepared in a self-

15 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
crosslinking agent includes a compound having two or more unsaturated
ethylenic groups in one molecule, such as N,N’-methylenebis(meth)acrylamide,

20 ethylene glycol di(meth)acryiate, diethylene glycol di{meth)acrylate, trieihylene
glycol di(meth)acrylate, trimethylolpropane di(meth)acrylate, trimethylolpropane
trilmeth)acrylate, trimethylolpropane di(meth)allyl ether, and triallylamine;
polyglycidyl ethers, such as (poly)ethylene glycol diglycidyl ether and glycerol
triglycidyl ether; halogenated epoxy compounds, such as epichlorohydrin and

25 epibromohydrin; and the like. One or more of these can be used upon



pol yoxyet hyl ene | aurate hydrogenated castor oil, pol yoxyethyl ene
triisostearate 20 hydrogenated castor oil, polyoxyethyl ene al hplJneDoe

et hers, poiyoxyethylene |auryl ethers, and pol yoxyet hyl ene hexyl decyl
ethers. The above-mentioned polymeric prqyective colloid includes ethyl
cel l ul ose, hydroxyethyl cellul ose, polyethylene oxide, polyethylene nodified
wi th mal ei ¢ anhydri de, polybutadiene nodified with mal eic anhydri de,
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self- 15 cross ing reaction wt u5| ng a cross I'ng ag t he
resin can b %uppressmg the water-soluble nature of the resulting water-absorbent resin by an

appropriate crosslinking, and showing a satisfactory water absorbency.

10 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),
2,2’-azobis(2-methyl-butyronitrile), 2,2’-azobisisobutyronitrile,
2,2’-azobis(2-amidinopropane)dihydrochloride, 2-cyano-2-propylazoformamide,

15 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.

It is desired that the amount of the polymerization initiator used is from
0.005 to 1 mol per 100 mol of the total amount of the above-mentioned

20 monomers, from the viewpoints of shortening the time for the polymerization
reaction, preventing an unreasonable polymerization reaction, and facilitating the
control of the polymerization reaction.

The surfactant and/or the polymeric protective colloid mentioned above is
dissolved in an organic solvent, and the mixture of the above-mentioned aqueous

25 solution of the monomers, the polymerization initiator and the like are added to
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pol ymeri zabl e unsaturated groups or two or nore reactive groupg.Jul®06

i nternal crosslinking agent includes a conpound having two or nore
unsaturated ethylenic groups in one nol | e, such as

N, N - met hyl enebi s(net h)acryl am de, 20 et hyl ene glycol di(neth)acryl ate,

di et hyl ene glycol di(neth)acrylate, tricthylene glycol di(neth)acrylate,
trimethyl ol propane di (nmeth)acrylate, trimethylol propane tri(neth)acrylate,

ethers.such2aopseshodlinth Thpdlic Shllion. S it Bre 1§ APy hiR KLY At

EE,: oo br onoriaREied REcORARIASCRAREnC BANMI DRSS 1P S wERCE M BIARNEHL " 5N

J 2006 1 ' ' i Vi . i Li in.. ;
e e e s S
agent - The %@?ﬁh@fﬂ%iuéoﬁlﬁ?E&i%@%fﬁ%rpﬁ%@.eﬁ%ﬁ%@lg@%t%r aBGh Bosfivess %e‘s%' 7 om
5 0.00 3 ' '

wei ghts,1 te\?er?rqﬁ%%@n%%g%kﬁbéfﬁh%é%@%{?gﬁﬁgﬁ éf E{CS@PBSQ‘%%@P%H‘%%@BSQ on
100 b ' of I h o] - ' ° ,
froml"?Ltesvi éa%%‘sﬁagéreofﬁ préﬁi%bﬁiifﬂqrﬂé?i?ﬁﬁi@fgim?a?aﬁq‘féraﬁifbb%?%ﬁ ?@Sg‘@f |
e L S BRI BB b it s e B PR PO AT DYiing By S

a1 ol PO MRLLAREART e R oo SRR S e
L1 azobi s(eyeLpnex 188_e|el§i%9,ra%%nsilf[153thie)) ¢carrying out the reaction. The reaction time

10 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
having two or more functional groups having reactivity with carboxyl groups.
The surface-crosslinking agent includes those capable of reacting with carboxyl

15 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; halogenated epoxy compounds
such as epichlorohydrin, epibromohydrin, a-methylepichlorohydrin; polyhydric
alcohol compounds such as (poly)ethylene glycol, (poly)propylene glycol,

20 (poly)glycerol, diols, pentanediols, hexanediols, trimethylolpropane,
diethanolamine, and triethanolamine; and the like. Among them, the epoxy
compound is more preferably used. These surface-crosslinking agents can be
used alone or in combination of two or more kinds.

The amount of the surface-crosslinking agent used is preferably from 0.01

25 to S parts by weight, more preferably from 0.02 to 4 parts by weight, even more
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mentioned surface-crosslinking agent to a water-absorbent resin with a spray or

10 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
after the polymerization; the stage of the water-containing particles during
drying; the stage after drying; and the like. Among them, a method comprising
adding the surface-crosslinking agent to a water-absorbent resin dispersed in an

15 organic solvent at the stage of the water-containing gelated product after the
polymerization, and a method comprising spraying with a spray or the like at the
stage of the water-containing particles during drying are preferable.

The embodiment of adding the surface-crosslinking agent is not
particularly limited. In order that the surface-crosslinking agent is

20 homogeneously added to the water-absorbent resin, it is preferable that the
surface-crosslinking agent is dissolved in a hydrophilic solvent such as water
before addition.

The water-absorbent resin can be prepared by drying the water-absorbent
resin obtained by the polymerization method mentioned above, and removing

25 water and an organic solvent therefrom. The resulting water-absorbent resin may



10 is usually fromO0.5 to 4 hours. The resulting water-absorbent resin my
be subjected to surface- crosslinking by treating the water-abgoy, lﬁgﬁbodesin
with a crosslinking agent having two or nore functional groups haVing
reactivity with carboxyl groups. The squace crosslinking agent includes

t hose capabl e of reacting w th carboxyl groups in the water-absorbent
resin, for instance, epoxy conpounds such as (poly)ethylene glycol

di gl ycidyl ether, (poly)propylene glycol diglycidyl ether, (poly)glycerol
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limted. The nethod includes, for instance, a, nethod conprising
absorbent resin before being allowed to stand is preferab]y 2 or less, more

preferably 1 or less. Here, Yellow Index in the present invention refers to a
10 value determined by the measurement method described later.

In the present invention, an absorbent and an absorbent article can be
produced using the water-absorbent resin obtained by the above-mentioned
preparation process. The absorbent comprises a water-absorbent resin and a
hydrophilic fiber. The usable hydrophilic fiber includes cellulose fibers, artificial

15 cellulose fibers and the like, without being particularly limited thereto. The
hydrophilic fiber may contain a synthetic fiber. The proportion of the water-
absorbent resin and the hydrophilic fiber is not particularly limited. In addition,
the constitution of the absorbent includes, for instance, a mixing structure in
which a water-absorbent resin and a hydrophilic fiber are homogeneously

20 blended; a sandwich structure in which a water-absorbent resin is spread beiween
layered hydrophilic fibers; and the like, without being particularly limited thereto.

The absorbent article can be produced by, for instance, putting the above-
mentioned absorbent between a liquid-permeable sheet and a liquid-impermeable
sheet. The liquid-permeable sheet includes porous sheets or nonwoven fabrics

25 made of polyethylene, polypropylene, or a polyester, and the like, and the liquid-



addi ng the above-nentioned surface-crosslinking agent to a water-absorbent
resin dispersed in an organi c solvent; a nmethod conprising quggh[ygzm)he
above- nentioned surface-crosslinking agent to a water-absorbent resin with
a spray or 10 the like while stirring; and the like. The timng of the
addition for the surface- crosslinking ag nt includes the stage of the
wat er - cont ai ni ng gel ated product after the polynerization; the stage of the
wat er-contai ning particles during drying;, the stage after drying; and the
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absorbent and an absorbent art. i:l e, Yeld ow Index is preferably 12 or |ess,
freshness retaining materials such as drip absorbents and keeping cool agents;

horticultural articles such as water-retaining materials for soils; and the like.
10
The present invention will be explained hereinbelow by means of
Examples and Comparative Examples, without intending to limit the present

invention only to these Examples.

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

20 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
acrylic acid was added to a 500-ml Erlenmeyer flask. Thereto was added

25 dropwise 102.2 g of a 30% by weight aqueous sodium hydroxide solution while



nore preferably 10 or less, after the water-absorbent resin is allowed to
stand at 5 50C under a 90% rel ative humdity for 20 days. Furtﬂejln? g the
difference between Yellow Index of the water-absorbent resin aft ern
allowed to stand at 50C under 90%rel atiﬁe hum dity for 20 days and Yel I ow
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preferably 2 or less, nore preferably 1 or less. Here, Yellow Index in the
present invention refers to a 10 val ue determ ned by t he neasurenent net hod
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10 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
added to a separate 500-m! Erlenmeyer flask. Thereto was added dropwise

15 132.2 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
polymerization. The aqueous solution was cooled in an ice water bath.

20 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

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

25 After the termination of the polymerization, 3.52 g of a 3% by weight aqueous



i nper meabl e sheet includes synthetic resin filnms made of polyethyl ene,

pol ypropyl ene or polyvinyl chloride, and the |ike, w thout beijguly fdded
thereto. The absorbent article using the water-absorbent resin of the
present invention is preferably, for in?bance, a hygienic material such as
paper diaper, 5 sanitary napkin or incontinence pad; a urine-absorbing
material for pets, without being particularly limted thereto. Besides,
there can be used, for instance, for materials for civil engineering and
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and the residue was dried, to give 215.5 g of a water-absorbent resin.

10
Example 2
The same procedures as in Example 1 were carried out except that the
amount of the 40% by weight aqueous solution of pentasodium

diethylenetriaminepentaacetate in Example 1 was changed to 0.528 g, to give

15 213.1 g of a water-absorbent resin.

Example 3

The same procedures as in Example 1 were carried out except that the
amount of the 40% by weight aqueous solution of pentasodium
20 diethylenetriaminepentaacetate in Example 1 was changed to 0.264 g, to give

212.9 g of a water-absorbent resin.

Example 4

Five-hundred milliliters of n-heptane was added to a 1000-ml five-necked

25 cylindrical round bottomed flask equipped with a stirrer, a reflux condenser, a



12 July 2006 19 externally cooling, to neutralize 75% by nol of acrylic
acid, to give a partially neutralized salt of acrylic acid. H2Juhe200650.2 g
of water, 0.11 g of a polynerization initiator potassium persulfate, and
9.2 ng of a crosslinking agent ethylenesglycol diglycidyl ether were added
thereto, to give an aqueous solution 5 o? a nononmer for a first step

pol yneri zation. The entire anount of this aqueous solution of the nononer
for a first step pol ymeri zati on was added to the above-nentioned
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externally cooling, to neutralize 75% by mol of acrylic acid, to give a partiaily

10 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 aqueous
solution of a monomer for the polymerization.

The entire amount of this aqueous solution of the monomer for the

15 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 1 hour while keeping its bath
temperature at 70°C. After the termination of the polymerization, 3.07 g of a 3%

20 by weight aqueous sodium hydrogensulfite solution was added thereto, and the
mixture was stirred for 30 minutes. Thereafter, 0.66 g of a 14% by weight
aqueous solution of tetrasodium trans-1,2-diaminocyclohexanetetraacetate was
added to a water-containing gelated product dispersed in n-heptane under stirring.
Subsequently, water of the water-containing gelated product was removed to the

25 external of the system by azeotropic dehydration. To the resulting gelated



tenperature of the mxture was raised, and the second-step pol ynerization
reaction was carried out for 2 hours while keeping its bath tqoyRiaRege at
70C. 25 After the term nation of the polynerization, 3.52 g of a 3% by

wei ght aqueous 12 July 2006 20 sodi um sul4,ite solution was added to a

wat er - cont ai ni ng gel ated product dispersed in n-heptane, and the m xture
was stirred for 30 mnutes. Thereafter, 5.28 g of a 40% by wei ght aqueous
sol ution of pentasodi um diethyl enetriam nepentaacetate was added thereto
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The sanme prq eiaz‘res as in Exanple 1 were carried out except that the anount
of the 40% 5& i ght aqueous sol ution of pentasodi um
di et hyl enetri am nepent aacetate in Exanple 1 was changed to 0.528 g, to give
15 213.1 g of a water-absorbent resin. Exanple 3 The sane procedures as in

. o .
Exanple 1 Wteﬁ% car rs ed out except that the anopunt of the 40% by wei ght

aqueous sol pent asodi um 20 di et hyl enetri am nepent aacetate in Exanple

1 was changed to 'loheszaAfng prcgc%dg}e\éeas in Example 4 were carried out except that 3.07 g

of the 3% by weight aqueous sodium hydrogensulfite solution in Example 4 was
changed to 1.53 g of a 3% by weight aqueous sodium dithionite solution, and

10 that 0.66 g of the 14% by weight aqueous solution of tetrasodium
trans-1,2-diaminocyclohexanetetraacetate in Example 4 was changed to 0.24 g of
a 38 % by weight aqueous solution of tetrasodium ethylenediaminetetraacetate,

to give 92.1 g of a water-absorbent resin.

15 Example 6

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

20 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
acrylic acid was added to a 500-m! Erlenmeyer flask. Thereto was added

25 dropwise 102.2 g of a 30% by weight aqueous sodium hydroxide solution while



212.9 g of a water-absorbent resin. Exanple 4 Five-hundred mlliliters of

n- hept ane was added to a 1000-nl five-necked 25 cylindrical
flask equi pped with a stirrer, a reflux condenser, a 12 July

droppi ng funnel, a thernoneter and a nitkggen gas inlet tube.
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Ther et o was

added 1.38 g of decaglycerol pentastearate (surfactant: SUNSOFT Q 185S,

manuf actured by Tai yo Kagaku Co., Ltd.) having an HLB of 5.0
The tenperature of the dispersion was raised to dissolve the

and di spersed.
surfactant, and
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carri ed out

bottomed flask under stirring and dispersed. After the internal of the system was

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

10 and the polymerization reaction was carried out for 1 hour while keeping its bath

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

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

azeotropic dehydration. To the resulting gelated product were added 3.07 g of a

3% by weight aqueous solution of potassium pyrosulfite and 4.14 g of a 2% by

15 weight aqueous solution of ethylene glycol diglycidyl ether. Water was removed

again together with n-heptane by distillation, and the residue was dried.

Thereafter, 0.46 g of a powder triecthylenetetraminehexaacetic acid

(87% by

weight of the entire particles thereof having sizes of 100 um or less) was added

to the residue under stirring, and the mixture was further dried, to give 93.5 g of

20 a water-absorbent resin.

Example 7

The same procedures as in Example 6 were carried out except that 3.07 g

of the 3% by weight aqueous solution of potassium pyrosulfite in Example 6 was

25 changed to 1.53 g of a 3% by weight aqueous sodium sulfite solution, and that
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Example 8

Five-hundred milliliters of n-heptane was added to a 1000-ml five-necked
cylindrical round bottdmed flask equipped with a stirrer, a reflux condenser, a
dropping funnel, a thermometer and a nitrogen gas inlet tube. Thereto was added
0.92 g of sorbitan monostearate (surfactant: Nonion SP-60R, manufactured by
NOF Corporation) having an HLB of 4.7 and dispersed. The temperature of the
dispersion was raised to dissolve the surfactant, and thereafter cooled to 50°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
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 a partially
neutralized salt of acrylic acid. Further, 20.8 g of water, 0.11 gof a
polymerization initiator potassium persulfate, and 23.0 mg of a crosslinking
agent N,N’-methylenebisacrylamide were added thereto. To the mixture was
added 0.092 g of sodium tripolyphosphate, to give an aqueous solution of a
monomer for the polymerization.

The entire amount of this aqueous solution of the monomer for the

polymerization was added to the above-mentioned five-necked cylindricai round

to give 92.1 g of a water-absorbent resin.

15



cylindrical round bottoned flask equipped with a stirrer, a reflux
condenser, a dropping funnel, a thernonmeter and a nitrogen gq;JiuBJm%tube.
Thereto was added 0.92 g of sucrose fatty acid ester (surfactant:” 5-370,
manuf actured by 20 M TSUBI SH CHEM CAL ORATI 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 acrylic acid was added to a 500-nl
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2% by weight aqueous solution of ethylene glycol diglycidyl ether, and water

10 and n-heptane were further removed from the mixture by distillation, and the

residue was dried, to give 94.2 g of a water-absorbent resin.

Comparative Example 1

The same procedures as in Example 1 were carried out except that the
15 aqueous sodium sulfite solution and the aqueous solution of pentasodium
diethylenetriaminepentaacetate in Example 1 were not used, to give 214.5 g of a

water-absorbent resin.

Comparative Example 2

20 The same procedures as in Example 1 were carried out except that the
aqueous solution of pentasodium diethylenetriaminepentaacetate in Example 1

was not used, to give 215.1 g of a water-absorbent resin.

Comparative Example 3

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



3% by wei ght aqueous sol ution of potassium pyrosulfite and 4.14 g of a 2% by
15 wei ght aqueous sol ution of ethylene glycol diglycidyl etheil2 hi$lt2006was
renoved again together with n-heptane by distillation, and the residue was
dried. Thereafter, 0.46 g of a powder trz'het hyl enet et ram nehexaaceti c acid
(87% by weight of the entire particles thereof having sizes of 100 m or

| ess) was added to the residue under stirring, and the m xture was further
dried, to give 93.5 g of 20 a water-absorbent resin. Exanple 7 The sane

procedures as.in Ex le. 6 C i t né 7 3% by
e ont - aqueanst s TR SRR B5p8kl P8 88 gidle 24T £ bE
changed to 1.333_%) Ofb$ t3r0/ iﬁy wei ght aqueous sodi um sul fite solution, and
that 12 Jul)yV ToCSACY T 8% yl enet et ram nehexaacetic acid was not added, to

give 92.2 g of a water- absorbent resin. The entire anmount of the
above- nenti oned wat er-absorbent resin and 0.92 g of a powder disodium

di et hyl enet r:' anm negentgaéacet!ahe (85% by weight of the entire particles

havi ng parti m or | ess) were added 5 into a pol yet hyl ene
bag, d the m xtyre was sufficiently mxed, to give 93. of

wat er -absor bent & RMERIQCHHWES aﬁilgﬁ_xﬁg}{ﬁ?QdNﬁe?qairqlftqggpée)gq‘epﬁ_ﬂpgpt ane was
added to a 1000- ive-necked O cylindrical round bottpned.fl equi pped
Mth a stir fasnyEnelatimineBrsaceds a6l indoXaniite s WA hel Bed iR givodZo £ ohnt o
nitrogen gas inlet tube. Thereto was added 0.92 g of sorbitan nonostearate

(surfactant @ Wﬁf'@hsc§g-e%b‘i§,smr‘ranuf actured by

Comparative Example 5

10 The same procedures as in Example 8 were carried out except that sodium
tripolyphosphate in Example 8 was not used, to give 93.8 g of a water-absorbent

resin.

Comparative Example 6

15 The same procedures as in Example 8 were carried out except that
hydrogen peroxide in Example 8 was not used, to give 94.0 g of a water-

absorbent resin.

The discoloration test of the water-absorbent resins obtained in Examples
20 and Comparative Examples mentioned above, and the discoloration test of the
absorbent articles prepared using the water-absorbent resins were carried out in

accordance with the following methods.

(1)  Discoloration Test of Water-Absorbent Resins

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



NCF Cor poration) having an HLB of 4.7 and di spersed. The tenperature of the
di spersion was raised to dissolve the surfactant, and thereaf t1er,1mpg0(mj to
50C. 15 Separately fromthe above, 92 g of a 80% by wei ght aqueous sol ution
of acrylic acid was added to a 500-nm Epkenneyer 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 nol of acrylic acid, to give a

partially neutralized salt of acrylic acid. Further, 20.8 g of water, 0.11

g of a 20 Py rghiviatdveRly ngiab'eatzm PPaas setabRSbeM fedlE TRRYe331qv4W_of a
crosslinking agent N, N -nethyl ene%l sacryl am de were added thereto. To the
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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 obtained.

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

(2)  Discoloration Test of Absorbent Article
Ablend of 5 g of a water-absorbent resin and 5 g of a disintegrated pulp
20 was formed on a tissue paper of 20 X 12 cm by air-blow molding. A tissue
paper of the same size was overlaid thereto, and thereafter a 145 kPa load was
applied thereto for 30 seconds, to give an absorbent. This absorbent was inserted
between a polyethylene air-through-type nonwoven fabric having a weighing
capacity of 20 g/cm? placed on top and a liquid-impermeable polyethylene sheet

25 at bottom, to give an absorbent article. This absorbent article was allowed to



10 and n-heptane were further renoved fromthe m xture by distillation, and
the residue was dried, to give 94.2 g of a water-absorbent rea3iyuly 2006
Conparative Exanple 1 The sanme procedures as in Exanple 1 were carried out
except that the 15 aqueous sodium sul fitgg solution and the aqueous sol ution
of pentasodi um diethyl enetriam nepentaacetate in Exanple 1 were not used,
to give 214.5 g of a water-absorbent resin. Conparative Exanple 2 20 The
sanme procedures as in Exanple 1 were carried out except that the aqueous

sol ution of gpeRd 8Ost 4aYLined Ban@Neipei tREIMERRTbAACSItal @ tehperRiR! 6f 1  was not
used, to give 215.1 g ?f' a wat er-gtggorbent resin. Conparative Exanple 3 25

The sane progpdunes A fehtiFeiBhRIY §RIE:08 RIZA AT AseRg thReind g 12 July
2006 26 aqueous sodiumsulfite solution in Exanple 1 was not used, to give

214.7 g of g¥edIBraRIISEN A8 ateLabsbrbERTRSAN thE ab¥cHBRharticke Wag viially

procedures as In Exanple 6 were carried out except that

triethylenetgide @@%Hﬁé%ﬁﬁﬁié&a@ébir@’in?%@f@fﬁ]l&vﬁg‘é@geﬂﬁﬁ used, to give 92.9

g of a water-absorfbent resin. Conparative Exanp 10 The sane procedures
as in Exanple 8 were carried out except that sodium tripolyphosphate in
Exanpl e 8 was not used, to give 93.8 g of a water-absorbent

[Evaluation Criteria]
A: Inner water-absorbent resin does not discolor when observed while
removing the nonwoven fabric and unweaving the absorbent.
B: Although discoloration due to the water-absorbent resin is not found when
10 observed from the top of the nonwoven fabric, discoloration is found in a
part of the water-absorbent resin when the nonwoven fabric is removed
and the absorbent is unweaved.
C: Discoloration due to the water-absorbent resin is found when observed
from the top of the nonwoven fabric.
15
The metal chelating agent, and the oxidizing agent or reducing agent used
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.

20



resin. Conparative Exanple 6 15 The sane procedures as in Exanple 8 were
carried out except that hydrogen peroxide in Exanple 8 was no2 Julexdo6t o
give 94.0 g of a water- absorbent resin. The discoloration test of the

wat er - absor bent resins obtained in Exanpbgs 20 and Conparative Exanples
menti oned above, and the discoloration test of the absorbent articles
prepared using the water-absorbent resins were carried out in accordance
with the foll ow ng nmethods. (1) Discoloration Test of Wter-Absorbent Resins
25 Into a pol ypropyl ene vessel having an inner dianmeter of 3 cmand a depth
12 July 2006 27 of 1 cmwas evenly placed 2.0 g of a water-apsorbent resin.
This vessel wadgalllowed to stand for 20 days in a bench-typg
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Yel | ow I ndex was cal cul ated by the foll ow ng equations fromX, Y and
Z(tristinulus values) of the resulting water-absorbent resin. 13 Jily200¢.
Yel |l ow Index of the water-absorbent resin before the test of allowing to
stand in the bench-type therrmhygrostat3 or 20 days was obtained. The
above-nmentioned 15 determ nations were taken thrice, and an averaged val ue
was obtained. Yellow lIndex = 100 (1.28X - 1.062)/Y (2) Discoloration Test
of Absorbent Article A blend of 5 g of a water-absorbent resin and 5 g of a

di sintegrated pukp Xd@ﬂxd’x‘??hé RISTRE 1OMNR disHIbiGHBARE: o‘i‘fthggvz?ﬁ?

ai r-bl ow nol di ng per of the sanme size was over ereto and

thereaf t er s%ﬁ?o%tp Ab ?xdﬁmpleg%h t@(ﬂnb%‘aa'h%%xfa%plg%) ?Q)ﬂga abbge Ynge an

absor bent . nser

ai - OUGy B BRPARYER B‘P{He 239 afticle g#qugeg gﬁﬁé?ﬁ%a?{r-%&t o™

placed on top an ernea e po ye om to
gi ve an abs %P t Iy absorbent artlcle was allowed to 12 July
2006 28 staﬁ §§'r§§§o§§£§meﬁ ench-type t hernohygrostat set at a
tenperature of 500 2C and relative humdity of 90 2% RH. After allow ng
to stand, the discoloration of the water-absorbent resin in the absorbent
article was visually observed, and eval uated according to the follow ng
criteria. 5 [Evaluation Criteria] A Inner water-absorbent resin does not

di scol or when observed while renoving the nonwoven fabric and unweavi ng the
absor bent .



B: Al though discoloration due to the water-absorbent resin is not found when
10 observed fromthe top of the nonwoven fabric, discoloration2iJalfzo06d in a
part of the water-absorbent resin when the nonwoven fabric is renoved and

t he absorbent is unweaved. C. Discolorati due to the water-absorbent resin
is found when observed fromthe top of the nonwoven fabric. 15 The netal
chel ati ng agent, and the oxidi zing agent or reduci ng agent used in Exanples
and Conparative Exanpl es nentioned above are shown in Table 1. The anount
inside the parenthesis in Table 1 is an anount based on 100 parts by weight
of acrylic acid. 20 12 July 2006 29 --NM7 in'c n o0 WWWWWWWW- NM
V1 \D WWWWWW aari adc 00000UUUUUO 12 July 2006 30 In
addition, the results for the discoloration test of the water-absorbent
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resins obtained in Exanples and Conparati ve Exanpl es nentioned above, and
the discoloration test of the absorbent articles prepared usi rlg_)t

wat er - absorbent resins are shown in Table 2. 12 July 2006 31 %}U U x
Ninw~O"It It O O0O0OO0O-+ OONO~QNwtl- M. kn 00 t- WNoOO, 00
-~7NM~NI/"1M.-+OM.-+ MM NN2-I NN~-~ .-+ NMIt In\O WW
WWWWtn., C%cwmCL. rz CQC WWWWWWWW~UUUUUYV 12 July
2006 32 It can be seen fromthe results for the discoloration test of the

wat er - absorbent .resin of bIe 2 th % eiw%ter absor bent .resi ns obtai ned
in Exanpl es It can be Seen from the results for the discoloration test of the wafer-

absorbent resin of Table 2 that the water-absorbent resins obtained in Examples
have low Yellow Index, and little change in Yellow Index even when subjected
to high-temperature, high-humidity storage, so that the discoloration is
5 suppressed. The water-absorbent resins to which the reducing agent or oxidizing

agent is not added obtained in Comparative Examples 1, 3 and 6 have high
Yellow Index before the test as compared to the water-absorbent resin obtained
in Examples. The water-absorbent resins to which the reducing agent or
oxidizing agent is added but not a metal chelating agent obtained in Comparative

10 Examples 2, 4 and 5 have low Yellow Index immediately after the preparation,
but have a large change in Yellow Index when subjected to high-temperature,
high-humidity storage, and more likely to discolor. Further, it can be seen from
the results for the discoloration test by visual observation of the absorbent
articles that the discoloration in the water-absorbent resin after being subjecting

15 to a high-temperature, high-humidity storage is not found in the absorbent
articles obtained in Examples, while the discoloration in the water-absorbent
resin after being subjecting to high-temperature, high-humidity storage is found

in the absorbent articles obtained in Comparative Examples.

20 INDUSTRIAL APPLICABILITY

According to the present invention, there can be prepared a water-
absorbent resin having no discoloration immediately after the preparation, and
having suppressed discoloration even when subjected to a room temperature
storage or high-temperature, high-humidity storage for a long period of time.

25 Therefore, an absorbent and an absorbent article using the water-absorbent resin



have | ow Yell ow I ndex, and little change in Yellow Index even when subjected
to high-tenperature, high-humdity storage, so that the di scoligrrdy 2606 S 5
suppressed. The wat er-absorbent resins to which the reduci ng agent or

oxi di zing agent is not added obtained inyConparative Exanples 1, 3 and 6
have high Yellow I ndex before the test as conpared to the water-absorbent
resin obtained in Exanples. The water-absorbent resins to which the

reduci ng agent or oxidizing agent is added but not a nmetal chel ating agent

obt ai ned i n (Gp4REA BkitHé’Pﬂ&eﬁéffH{@ﬁregenﬁna&ﬂioﬁl hAYRalrO¥% cEBlehP¥ohRfeKal

i mredi ately after the preparation, but have a | arge change in Yell ow I ndex

when subj eCt\/%g.\etsp hi gh-tenperature, high-humdity storage, and nore |ikely

to discolor. Further, it can be seen from the results for the discoloration

test by visual observation of the absorbent articles that the discoloration

in the water-absorbent resin after being subjecting 15 to a
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Ther ef or e, g%yéﬁggﬁggﬂfqgg%Qgﬁyggggébent article using the water-absorbent
resin 12 July 2006 33



obtai ned by the process of the present invention nmaintain excellent
comerci al values. The present invention being thus described]2 Jely#00b be
obvious that the 5 sane may be varied in many ways. 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 intended to be included within the scope of the following clains. 12
July 2006 34 CLAIMS 1. A process for jreparing a water-absorbent resin,
wherein said process conprises: adding a netal chelating agent at any step
in the preparation of a water absorbent resin, wherein said water-absorbent
resin is made form an a,(3-unsatura 9k rboxylic acid as an essenti al
nononer, and wherein said netal chelating agent is added in an anmount of
0.001 to 6 parts by weight, based on 100 parts by weight of the a,(3-

unsaturated carboxyli¢c acid, and ad a reduci n nt or an oxidi zing
agent the?et 0 1ArPr%{¥f Saﬁf)ﬂ‘?ﬂ’arb‘fg pVaisTa 58 nt fﬁﬂPt‘gh%é ﬁ%ﬁé’ﬁ?cesso‘ifélgﬁls% 100
parts by weight of the a, (3-unsaturated carboxylic acid before initiation
of drying and/ idingg meigl ehelating agent at yw|stepdn tereRAIBMRAARMNg a wat er -
absorbent resin obtained by polynerization. 2. The process for preparing a
wat er - abselbsoghent ressi, whecdn rsdidnyatecabsoeient fesinvisemeden farhe an edronsagpratgént is a
sulfite, a hydrogensulfite, a dithionite or a pyrosulfite. 3. The process
for prepacirbgkydic\weidek anbssentit Monbaet, And ahereth sall hetaCttridting agsviéy &ided t he

oxi di zing agent is hydrogen peroxide.
in an amount of 0.001 to 6 parts by weight, based on 100 parts by weight of the a,f-
unsaturated carboxylic acid; and
adding a reducing agent or an oxidizing agent thereto in an amount of 0.001 to 6
parts by weight, based on 100 parts by weight of the o,fB-unsaturated carboxylic acid

before initiation of drying and/or during drying of a gelated product containing a water-

absorbent resin obtained by polymerization.

2. The process for preparing a water-absorbent resin according to claim 1, wherein

the reducing agent is a sulfite, a hydrogensulfite, a dithionite or a pyrosulfite.

3. The process for preparing a water-absorbent resin according to claim 1, wherein

the oxidizing agent is hydrogen peroxide.

4. The process for preparing a water-absorbent resin according to claim 1, wherein
the metal chelating agent is at least one member selected from the group consisting of
diethylenetriaminepentaacetic acid, triethylenetetraminehexaacetic acid, trans- 1,2-
diaminocyclohexanetetraacetic acid, ethylenediaminetetraacetic acid, tripolyphosphoric

acid, and salts thereof.



4. The process for preparing a water-absorbent resin according to claiml,
wherein the netal chelating agent is at |east one nenber sel EJalg 2006m t he
group consisting of diethylenetriam nepentaacetic acid,

triethyl enetetram nehexaacetic acid, trans- 1, 2-

di am nocycl ohexanet etraaceti c acid, ethyl enedi am netetraacetic acid,

tri pol yphosphoric acid, and salts thereof. 12 July 2006 35 5. A

wat er - absor bent resin obtained by thejgrocess of any one of clains 1 to 4,
wherein the water-absorbent resin has Yellow Index of 12 or |less, after
allowing to stand at 50C and 90% rel ative humdity for 20 days. 6. An
absorbent conprising a water-absorbent resin obtained by the process of any
one of clains to 4. and a hydrophilic fiber. 7. An absorhent article
conpri si ng the‘&a‘ﬁ%tgrf%béﬂrtbe‘étf re&%a?b%)'%e,d h}']él?eef"ﬁ’c?sﬁe(’faaﬁ'é’o?‘ﬁeﬁt{ aa'inés Eé%t‘l’ bet ween
a liquid \%ﬁer:rgi%atltl)é \?\/atse:p-ggstorl?eg?re%inl l{a%] %eﬂo:wr{ggerxn(%alglo? léssrs],eaef%e'r allowing to stand

at 50°C and 90% relative humidity for 20 days.

6. An absorbent comprising a water-absorbent resin obtained by the process of any

one of claims 1 to 4, and a hydrophilic fiber.

7. An absorbent article comprising the absorbent of claim 6, wherein the absorbent

is kept between a liquid-permeable sheet and a liquid-impermeable sheet.



