Description Particulate water-absorbing agent with water-absorbing resin as main component, method
_for production of the same, and absorbing article Technical Field The present invention relates to a
particulate water-absorbing agent including a water-absorbing resin as a 10 main component. In
particular, it relates to a, particulate water-absorbing agent fulfilling more superior absorption ability
without generating odor in practical applications abkorbing articles such as a disposable diaper
(hereinafter referred to as a diaper). Background Art At present, ascomponentmaterials in sanitary
goods such as a disposable diaper, a sanltar}%gggp @%rillcontlnence pad, and the like, a
water-absorbing resin (water-absorbing agent) 20 to absorb body fluid and hydrophilic fibers such as
pulp are widely used. As the water-absorbing resin for example, partially neutralized and crosslinked
polyacrylic acid, hydrolysates ofstarch-acrylic acid graft polymer, saponified vinyl acetate-acrylic acid

ester copolypens: yielsatesf Zoauyionitdiescrnalymers of acatanide Sepalieers sdm
as main component, method for production of the same,

5 and absorbing article

Technical Field
The present invention relates to a particulate
water-absorbing agent including a water-absorbing resin as a
10 main component. In particular, it relates to agparticulate
water-absorbing agent fulfilling more superior absorption
ability without generating odor in practical applications as
absorbing articles such as a disposable diaper (hereinafter
referred to as a diaper). .
15
Background Art
At present, as component materials in sanitary goods such
as a disposable diaper, a sanitary napkin, an incontinenf:e pad,
. and the 1ike, a water—absprbing resin (water-absorbing agent)
20 to absorb body fluid and hydrophilic fibers such as pulp are
widely used. As the water-absorbing resin, for example,
partially neutralized and crosslinked polyacrylic acid,
hydrolysates of starch-acrylic acid graft polymer, saponified
vinyl acetate-acrylic acid ester copolymers, .hydrolysates of

25 acrylonitrile copolymers or acrylamide copolymers, or



2 crosslinked polymers thereof, crosslinked polymers of cationic monomers, and the like are used as
main raw materials Water-absorption properties suggested to be desired for the water-absorbing resin
have conventionally included high 5 absorption capacity, excellent absorption speed, liquid
permeability and gel strength of swollen gel in contact with aqueous liquid such as bodily fluid, as well
as absorbing amount for sucking water from a subsgrate containing aqueous liquid. Accordingly,
water-absorbing agents adjusted to have specific 10 property have been proposed. Such a
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ing resin powder has been expected to exhibif very

narrow particle size gisfribution with high,absgation capagity andlay watelsexaqiaples:n addition,

high absorbency against 20 pressure or liquid permeability under pressure has essentially been
required.  HOrexamplehgreARdNARY PAteD APPHcRIANSIANMANY paiameless §PagIHHNg various

properties of these water-absorbing resins, or on measurement methods thereof (US 25 Reissued
32649, K236 48343 L53b0HR501 U9, 5400861 $386087802ption speed, liquid
permeability and gel strength of swollen gel in contact with
aqueous liquid such as bodily fluid, as well as absorbing amount
for sucking water from a substrate containing aqueous liquid.
Accordingly, water—absorbing agents adjusted to have specific
10 property have been proposed.

Such a water-absorbing resin has been required to have
superior property such as liquid absorption amount, water
absorption speed, gel strength and gel permeability in contact
with aqueous liquid such as body fluid, along with superior

15 water suction force to suck water from a substrate containing
aqueous liquid. Further, as recent trends, water-absorbing
resin powder has been expected to exhibit very narrow particle
size distribution, with high absorption capacity and low
water-extractables. In addition, high absorbency against

20 pressure or liquid permeability under pressure has essentially
been required.

For example, there are many patent applications on many
parameters specifying various properties of these
water-absorbing resins, or on measurement methods thereof (US

25 Reissued 32649, UK2267094B, US5051259, US5419956, US6087002,



3 EP0629441, E20707603, EP0712659, EP1029886, 055462972, U55453323, U55797893,
tJS6127454, 056184433, 0S6297335,
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EP0629441, EP0707603, EP0712659, EP1029886, US5462972,

UsS5453323, US5797893, US6127454, US6184433, US6297335, US
Reissued 37021, US5140076, US6414214B1, US5994440, US6444744,
US6194531, EP0940148, EP1153656, EP0605215, US5147343,
US5149335, EP0532002, US5601452, US5562646, US5669894,
US6150582, WO02/053198, EP0937739, JpP60158861, JP11241030,
US4732968, WO03/095510 and US6388000) .

Water—-absorbing resins superior in gel strength,
extractables andabsorptioncapacityareproposedinUSReissued
32649. A water-absorbing resin superior in liquid permeability
under no pressure, water absorption speed and absorption
capacity 1s proposed in UK2267094B. Technology specifying
specific particle size distribution is proposed in US5051259,
US5419956, US6087002 and EP0629441. Further, a
water—-absorbing resin superior in absorbency against pressure
under various loads, or many measurement methods therefore are
also proposed, and water-absorbing resins with superior
absorbency against pressure alone or in combination with other
property are propésed in EP0707603, EP0712659, EPRP1029886,
US5462972, US5453323, US5797893, US6127454, US6184433,
US6297335, US Reissued 37021 and the like.

Moreover, water-absorbing resins with superior
resistance to impact that decreases the property are proposed
inUSb140076, US6414214Blandthelike. Awater-absorbingresin

with specific powdery dust amount is proposed in US5994440 and



US Reissued 37021, 055140076, 05641421421, 055994440, 056444744, 056194531, ER0940148,
EP1153656, EP0605215, 055147343, 055149335, EP0532002, 055601452, 055562646, 055669894,
056150552, W002/053195, EP0937739, JP60158861, JP11241030, 054732968, W003/09551.0 and
U56388000). Water-absorbing resits superior in gel strength, extr ctables and absorption capacity are
proposed in US Reissued 10 32649. Awater-absorbing resin superior in liquid permeability under
nrisure, water absorption speed and absorption capacity is proposed in 0R2267094B. Technology

specifying specific particle size distributioroposed in 055051259, 055419956, 056087002 and
EP0629441. Eﬁﬁhgrl?ﬁae\/va?&igsgr%ln%rre%%]sgl%)elr%? i %Bégrb%ln%:g a%g%?r?stcpcgfggujfg% nder various

oads, or many easigment weNPrsdheleare ale plsenronpsed and aleahearBgEsins with

superior abs Cy against pressure alone or in combination with other property are proposed in
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as index of urine resistance or superior in water absorption
5 ability are proposed in US6194531 and EP0940148. A
water-absorbing resin with superior air permeability is
proposed in EP1153656. A water-absorbing resin with lower
amount of residual monomers is proposed in EP0605215.
Further, in US5147343, US5149335, EP0532002, US5601452,

10 US5562646,U55669894,056150582,W002/053198 and the like,
water—-absorbingresinswith specificpropertyareproposed
as suitable to absorbing articles such as a diaper having
specific property, composition or polymer concentration.

Furthermore, hygiene materials such as a disposable

15 diaper have changed into thinner type, in other words, the
water-absorbing resin concentration tends to be increased in
recent years, and thus, demands for improvement in connection
with odors generated from a water-absorbing resin have
increased.

20 With respect toodors, inattempts to impart deodorization
performance to a water—-absorbing resin, combinations of a
water-absorbing resin and wvarious types of deodorants or
antimicrobials have been hitherto proposed. For example, a
water-absorbing resincompositioncomprisingawater-absorbing

25 resin and an extract from leaves of Theaceae plant (for example,



056297335, 0S Reissued 37021 and the Like. Moreover, water-absorbinc resins with superior
resistance to impact that decreases the property are proposed in0S5140076,0S6414214B1.andthelike.
Awater-absorbingresin with specific powdery dust amount is proposed in.055994440 and the like, and
a water-absorbing resin with less coloring is proposed in 0;36444744 and the like. Water-absorbing
resins superior in gel durability in an aqueous L-asgorbic acid solution as index of urine resistance or
superior in water absorption ability are proposed in US6194531 and EP0940148. A water-absorbing

amount of 16 110 MG . blopdban A E6USB2TE Pt Dabha ity UeuTadhas,
EP0532002, 8§8§91%§%311Qnuééf%9%%%?@98%%8@?PQE@%MQ%?&?&QQ@QQEBQHbe,
water-absorbing resins with specificproperty are proposed as suitable to absorbing articles such as a

diaper having.sRceifioperty. ER9SAN Qs PObRRIGRNSCTBNOR FiegT IO dygiene materials

such as a disposable 15 diaper have changed into thinner type, in other words, the water-absorbing

resin concepisation temels to Hednereased Hrraceptyeisn aneh ks, demandsHieL ifaproyement in
connection with odors generated from a water-absorbing resin have increased. 20With respect to

odors, i atteFmts e raparhdeodaiizationpedepnance & anvateraabsenbingsrosin,scomtinations of a
water-absorbing resin and various types of deodorants or antimicrobiala have been hitherto proposed.
For examplé& ca watettabderbirig re sinrcompb i ascarapriskgosy witsr BbsodsiAg . Also, in

recent years, a technique focused on acetic acid and propionic

acid which are impurities in acrylic acid as the odoxr of

water-absorbing resins was proposed (W003/095510).

10 Additionally, in connection with residual monomer, a technique
focused on PB-hydroxy pfopionic acid which is an impurity in
acr?lic acid salt was also proposed (US6388000).

Many techniques have been proposed as described above,
however, using amount of the water-absorbing resinhas increased

15 in absorbing cores of disposable diapers and the like in recent
yvears, therefore, the absorbing cores are trended to have high
water-absorbing resin concentrations (weight ratio of
water-absorbing resin being high). Accordingly, there was a
problem that conventional water-absorbing resins have not

20 exhibited sufficient performance for use at high
concentrations, and that also deodorization performance is not
sufficient at high concentrations. As using amount of
water—-absorbing resin has increased, reduction of the amount

of residual monomer has been further required.

25 An object of the present invention is to provide a



25 resin and an extract from leaves of Theaceae plant (for example, see, JP60158861) , and a
water--absorbing resin composition comprising an extract from onifer plant and a water-absorbing
resin having a specific performance (for example, see, JP11241030) and the like have been known. A
technique of agglomerating a water-absorbing resin in a dispersion solvent for particle size control has
been known ([3S4732968) . Also, in recent years, @technique focused on acetic acid and propionic
acid which are impurities in acrylic acid as the odor of water-absorbing resins was proposed

(WO003/095510 10, Additjonally, in connection with resi monQ 3 jechnique focused on
P-hydroxy propp?drn{}(% 58%%?%0%%3% it%ush%fl% %%ry%géﬁd salt gg%lso%?proposed (US6388000)

Many technidyes higvepioRosathgs esqiberhataye, Bousyebdisingameuaaidig water-absorbing
|

resin has incr sorbing cores of disposable diapers and the like in recent years, therefore,

the absorbing.cores ags fpRded te Naue high-waterAbsoing resip sopsemiEatinnsdweighinatio of

water-absorbing resin being high) . Accordingly, there was a problem that conventional water

-absorbing rgsins haye &ptd sxpibitedsutisierpeBemaioedoltisedlidighaenaentsations, and that
also deodorization performance is not sufficient at high concentrations As using amount of

water-apsorkbing restdias: insreased; iedsetion.of theramspat: df tesidual meromerhas Heen further
required. 25An object of the present invention is to provide a
solving problems (supplying superior absorbingarticles), the
present invention provides a water-absorbing agent which has
an additional function and the water-absorbing agent being
superior in deodorization performance with no odor generated

10 after swelling, and being suited for practical applications,

and a method for production of the same

Disclosure of the Invention
Conventionally, attentions have been focused on an odor
15 of urine in investigations of deodorization performances of
a water-absorbing resin. The present inventors found in the
process of elaborate investigations of deodorization
performances of a water-absorbing resin as an additional
function, that water-absorbing resins, particularly
20 water-absorbing resins obtained by reversed phase suspension
polymerization, themselves have a specific odor, and that the
odor of the water-absorbing resin itself deteriorates the
deodorization performance in practical applications. In
addition, as an important factor for practical applications

25 in a diaper, it was found that specific narrow particle size



6 particulate water-absorbing agent comprising water-absorbing resin which is suited for practical
applications at high concentrations in absorbing cores such as a diaper to supply superior absorbing
articles,and a method 5 for production of the same. More specifically, as means for solving problems
(supplying superior absorbing articles ) , the present invention provides a water-absorbing agent which
has an additional function and the water-absorbing agent: being superior in deodorization performance
with no odor generated 10 after swelling, and being suited for practical applications, and a method for

production of tge same . isclosurg—*1 of the Inyention Conv%ntionallx attenctionspave been focused on
1stribu 1?n arn %QFCl 1c absoH? ion ¢ p?01 X of a_ " .
an odor 15 of-urine i mveatigations of-deddoriZation performances of a water-absorbing resin. The
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ae- absorbing resin as an additio unction, that Ing resins, particu

water-absorbing resipgs qbiained by Levefsed Phage 1SUSRRNGION RAlWReyzAtion. fiamsglveg have a

specific odor, and that the odor of the water-absorbing resin itself deteriorates the deodorization
performance-ndarastical appieations. Hraddijan, ahasdnpedaaiiscia tpadligabanplications 7

distribution and specific absorption capacity of a
5 include less amount of residual monomer, however, as a result
of elaborate investigations on cause for a specific odor of
the water-absorbing resin itself produced by reversed phase
suspension polymerization, it was found that the residual
monomer is generated and the amount thereof is increased in
10 fact. In addition, as a result of exploration of cause for
the odor, increase of the amount of residual monomer, velatile
organic solvent used in the reversed phase suspension
polymerization, and generation of an odor derived from other
inmpurities in monomer in reversed phase suspension
15 polymerization were found.

After elaborate investigations to sclve the
problems, it was found that because polymerization, surface
crosslinking, and drying and agglomeration were carried out
in an organic solvent having low boiling points (for example,

20 cyclohexane having a boiling point of 80.7°C) for the
water—absorbing agents produced by conventional reversed phase
suspension polymerization, a slight amount of the organic
solvent remains according to conventional methods for

production and in conventional products, and this organic

25 solvent accounts for the odor in practical applications of the



water-absorbing resin and the particle shape are of importance It was conventionally believed that
water-absorbing resins produced by reversed phase suspension polymerization 5 include less amount
of residual monomer, however, as a. result of elaborate investigations on cause for a specific odor of
the water-absorbing resin itself produced by reversed phase suspension polymerization, it was found
that the residual monomer is generated and the am@unt thereof is increased in 10 fact. In addition, as
a result of exploration of cause for the odor, increase of the amount of res dual monomer, volatile

organic solvent,used in th reverged i%ase susgensi n %ojé/ﬁnerization é:’lnd genecration q]j an odor
: fapers .tﬁccor ing to ana e?ecdg o e greseﬁ Laventlon he
derived from othef impurities ih-monomer in reversed phase suspension polymerizatioh were found.

Aftr elaboratg ivestigations (4 salye Jis ProBleryRs (g dist: iecase batyrus izaon surface

c-osslinking, rying and agglomeration were carried out in an organic having boiling

points (for example, cyplobgxane;having @;hoiling Roink, 9588,76) fatthe, waterabsarbing goents

produced by conventional reversed phase suspen on polymerization, a slight amount of the organic

solvent remaing26ca{ding 0160nventionet MEGHSs Forpreductionand in senyeptioral praglucts, and

this organic 25 solvent accounts for the odor in practical applications of the 8 diaper. According to an

aspect.5of theipresent Isveatiom the 1. pkpblems gre reseiestfoe rediicirghtheiedasubyr gerrolling minor
components (acetic acid, propionic acid, acrylic acid dimer, and the like) in the monomer, particularly

in acryl ¢ actdh odthbih Riibbstanfiadyrusgcarserd pia selvenspesisface prosghikingaftdroeyersed
phase suspension polymerization, and by heating at high temperature (preferably not lower than 150C
and not higlierdhlay 266:0)ialso atitiolg ks ubstareindy usiag (@r efgaridsoventinaygiomdration.
150°C and not higher than 250°C) also without substantially using
an organic solvent in agglomeration,
10 Therefore, awater-absorbingagent according toanaspect
of the present invention is a particulate water-absorbing agent
comprising water-absorbing resin particles as a main component
which are obtained by polymerization of an unsaturated monomer
containing an acid group and/or a salt thereof and which are
15 at least ones of nearly spherical shapes, aggregates thereof
and aggregates derived from nearly spherical shapes, and said
water—-absorbing agent satisfies the following (a), (b), (c)
and (d);
(a) centrifuge retention capacity (CRC) in a
20 physiological saline solution being not lower than 32 g/g;
(b) mass median particle size (D50) being not smaller
than 200 pm and not larger than 400 pm;
(¢) ratio of particles having diameter of smaller than

150 um (defined by sieve classification ) being not lower than

25 0 % by weight and not higher than 5% by weight; and



Therefore, a water-absorbing agent according to an aspect of the present invention is a particulate
water absorbing agent comprising water-absorbing resin particles,. as a main component which are
obtained by polymerization of an unsaturated monomer containing an acid group and/or a salt thereof
and which are 15 at least ones of nearly spherical shapes, aggregates thereof and aggregates derived
from nearly spherical shapes, and said water-absomping agent: satisfies the following (a) , (h) (c) and

(d); (a) centrifuge retention capacity (CRC) in a 20 physiological saline solution being not
lower than 32 g/g; dsbg( mq%ss rPedi;an argclg size(a(DSO l():%irrKl}ggSt rspallsegﬁhan 2(?10 um and not
larger than 00 pm; ( 8)nr \i{e] of)pa‘?ffc 8sh $ir?é: Meter otsmalfer han %8561311 fdfelf%ed by

sieve lassfiaon) ping 16t Qe (191,250 by weig an po igher g 39y g and

(d) content of Volatiie organic compounds as eric concentration meas by a gas detector

tube being ngt lower tﬁggﬂ OpRM.and r}pit&j!gﬂergggql 108 PPPYd he nearly spherical shape referred to

herein means a 5 spherical or elliptical particule(including perfect spherical parti u late shape) without

having any angulater%nﬁeé@dpa%pﬁ&@éigloféhgﬁaemﬁéﬂa@a axis anrd-average 4pigopaxis of the
particle being not lower than 1.0 and not higher than 3.0, with the upper limit being preferably 2.0, and

more preferabiydOibai Bieanpiggate o1 the meady sphearical shape;reterstto Bpreirmeans particles
formed by aggregation of nearly spherical shapes which are primary particles to give a shape like

bunch of grapes: SpetHicexamplesyalrehitustratedin ghengienikpnlatosogoaple shawhhia Fg dl
described later. The aggregate 15 derived from nearly spherical shapes referred to herein means
rock-shapea paHicles, vife @ireshagethparticlesanchthedikerfdrraee bg @ggregetiona fusiorodnd
integration of the nearly spherical shapes which are primary particles. Specific examples are illustrated
in electron rhfefographishbw i HiPg 2@td Fiy s debeitibéd therdpbseisikes, phesentelof the nearly

spherical shapes which are primary particles can not be identifiedappearance. As particle shape of a
with the upper limit being preferably 2.0, and more preferably

10 1.5. The aggregate of the nearly spherical shape referred to
hereinmeans particles formedbyaggregationof nearly spherical
shapes which are primary particles to give a shape like bunch
of grapes. Specific examples are illustrated in the electron
micrograph shown in Fig. 1 described later. The aggregate

15 derived from nearly spherical shapes referred to herein means
rock—-shapedparticles, rice grain—-shapedparticles and the like
formed by aggregation, fusion and integration of the nearly
spherical shapes which are primary particles. Specific
examples are illustrated in electron micrograph shown in Fig.

20 2 and Fig. 3 described later. 1In these cases, presence of the
nearly spherical shapes which are primary particles can not
be identified in appearance. As particle shape of a
water-absorbing resin obtained by reversed phase suspension
polymerization,a shape of particles with wrinkles is

25 illustrated in Fig.l1~Fig.4 of EP516925B1



water-absorbing resin obtained by reversed phase suspension polymerization,a shape of particles with
wrinkles 18 25 illustrated in Fig.1-Fig.4 of EP51692581 10 (4092/16565,0S5744564). A shape of
particles with perfect spherical body is illustrated in Fig.5 of E2516925Eil. A sausage shape of
particles is illustrated in Fig.2 of 034973632. The water-absorbing resin articles of the present 5
invention are at least one kind or not less than 2 kinds of nearly spherical shapes, aggregates thereof
and aggregates derived from nearly spherical shapes, and may be selected from them. 10The

particulate water-absorbi ent referred to herein. means an absorbing and solidifying.of an aqueous
liquid, which ck)vﬁr@?szigg\%ie Sa%)téggo%g }ésinpéssgr%gﬁ‘l &?m 8ﬁ§n ,c?i%& c%ﬁf‘a#‘nggrs%nea %amount of
additive or water, as nee(}edb oC(]Pntent of }{] e \évater-ab O{bing y s.ig i%@otﬂlpé%\gﬁrz 70% by weight

0 e low

and not highe?ﬁw%enrf(%b by wé(igﬁtsoflt een iJr:eagv% er-absorbing agent, and t er limit thereof is

preferably 8RB\ Wil 4 PLAIRIENALH taWeioit, 4R 08 WP arFopIpprEng prater is

generally a main component or essen and In addition thereto, 20 additives déscri -:(1 later may be

used. The agygausigiid isnotimited Igualer Dt ays be ynrene.as long asikcgptainswater such

as e.g., urine, blood, excrement, waste liquid, humidity or steam, ice,a mixture of water and organic

solvents or inggania selvarts, rain wales 2508 wndergemuntwates anddhedike hutMak patticularly
nearly spherical shapes, aggregates thereof and aggregates

derived from nearly spherical shapes, and may be selected from

them.

10 The particulate water-absorbing agent referred to
herein means an absorbing and solidifying of an aqueous
liquid, which comprises a water—-absorbing resin as a main
component, and contains a small amount of additive or water
as needed. Content of the water-absorbing resin is not

15 lower than 70% by weight and not higher than 100% by weight
of the entire water-absorbing agent, and the lower limit
thereof is preferably 80% by weight, and more preferably
90% by weight. In the minor component, water is generally
a main component or essential, and in addition thereto,

20 additives described later may be used. The aqueocus liquid
is not limited to water, but may be any one as long as
it contains water such as e.g., urine, blood, excrement,
waste liquid, humidity or steam, ice,a mixture of water
and organic solvents or inorganic solvents, rain water

25 and underground water and the like but not particularly



limited thereto. Preferably, the absorbing and solidifying may be used for urine., and particularly
human urine. Also, measurement method of the content of volatile organic compounds as
atmospheric concentration measured by a gas detector tube in the above item (d) may be according to
the measurement method (8) described in Examples below. A water-absorbing agent (or a
water-absorbing resin) 0f6.00g is added to the sniffing bag, and odorless air of 1.2 10 L is fed in the
sniffing bag. Subsequently, 30 ml of a 0.90% by weight aqueous solution of sodium chloride is poured
to the water-absorping agent in the sniffing bag, The water-absorbin ent is left to permit swelling.
S or 6 Pt RS 2R Sttt

The sniffing bagTs-efi $o 5QARE F& inca mirttes, and Sdoseglently, 15 left to

stand at room te rature for 10 mjnutes. T atmosgheric C ncent&a{igg1 f\éoi ilﬁ rganic
compounds issﬁ]g?gulraég ﬁfc}lﬁgmaa ga%%éltgaéﬁﬂdb%. ﬁjfheeﬁréas%%ltl?r?vléntlon t%ae co ter‘f?% Volatile
il[HgS IS not a content of volatile organic compounds in a water-absorbing agent. The 20
[

organic comLp[Io
content of volstile organic compounds is an amount of gas in the atmosphere which is specif ied by

ameasuring methodmenfiongdJatercHhe, VARIors ipusdl thabthesonient of volayie-ergaaic

compounds specified in the present invention correlates to odor by a water-absorbing articles in

practicgl apglications (b8mep a5 @Jiapes espepiadly 86 aBighsonesatiatiomdiapenaangd, completed
the present invention. A second water -absorbing agent of the present invention is a particulate
water-absoping agericomprising waiertahsaibiogsesinpartieles as at iola campdiert which are
obtained by polymerization of an unsaturated monomer containing an acid group and/or a salt thereof

and which arbatesst onesohheardyt sphbricd) shsgesy Agerkgate Sthergof an dagypegates derived
from nearly spherical shapes, and said water-absorbing agent satisfies the following (a), (h), (c) and

(exJIKa)CenUHugd&eﬁaﬁﬁmﬂﬁﬁﬁgﬁwﬁﬂm agent (or a water-absorbing resin)

0f6.00g is added to the sniffing bag, and odorless air of 1.2

10 L is fed in the sniffing bag. Subsequently, 30 ml of a 0.90%
by weight aqueous solution of sodium chloride is poured to the
water-absorbing agent in the sniffing bag. The water-absorbing
agent is left to permit swelling. The sniffing bag is left
tostand in an incubator at 37°C for 60minutes, and subsequently,

15 left to stand at room temperature for 10 minutes. Then,
atmospheric concentration of volatile organic compounds is
measured using a gas detector tube. In the present invention,
the content of volatile organic compounds is not a content of
volatile organic compounds in a water-absorbing agent. The

20 content of volatile organic compounds is an amount of gas in
the atmospherewhichisspecifiedbyameasuringmethodmentioned
later. The inventors found that the content of volatile organic
compounds specified in the present invention correlates to odor
by a water-absorbing articles in practical applications (i.e.

25 as a diaper, especially as a high concentration diapex), and



physiological saline solution being not lower than 32 gjg (b) mass median particle size (D50) being
not smaller than 200 pm and not larger than 400 pm ratio of particles having diameter of
smaller than 15 150 pm(defined by sieve classif'on ) being not lower than 0 % by weight and not
higher than 5% by weight (e) content of residual monomer after heating at 180*C for 3 hours being
not lower than 0 ppm and not higher than 500 ppmj 20A third water-absorbing agent of the present
invention is a particulate water-absorbing agent comprising agglomerated water-absorbing resin
particles as a main_ component which are obtained b% reversed phase suspension polymerization of an

unsaturated fGABHELEShtAT P AR B8R rbUE Bha/SH salt thereof, and said water-absorbing agent
1 aiie e ol o), 0, 1204 (9: e SR I RYENE RO SR R plooa
invention is a particulate water-absorbing agent comprising
water—absorbing resin particles as a main component which are
5 obtainedbypolymerizationof anunsaturatedmonomer containing
an acid group and/or a salt thereof and which are at least ones
of nearly spherical shapes, aggregates thereof and aggregates
derived fromnearly spherical shapes, and said water—-absorbing
agent satisfies the following (a), (b), (c) and (e);
10 (a) centrifuge retention capacity (CRC) in a
physiological saline solution being not lower than 32 g/g
(b) mass median particle size (D50) being not smaller
than 200 pm and not larger than 400 pm
(c) ratio of particles having diameter of smaller than

15 150 pm(defined by sieve classification ) being not lower than

0 % by weight and not higher than 5% by weight

(e) content of residual monomer after heating at 180°C
for 3 hours being not lower than 0 ppm and not higher than 500
ppm.

20 A third water-absorbing agent of the present
invention is a particulate water-absorbing agent comprising
agglomerated water-absorbing resin particles as a main
component which are obtained by reversed phase suspension

polymerization of an unsaturated monomer containing an acid

25 group and/or a salt thereof, and said water-absorbing agent



(b) mass median particle size0O being not smaller than 200 pm and not larger than 400 pm; (c)
ratio of particles having diameter of smaller than 150 pm(defined by sieve classification ) being not
lower than 0 % by weight and not higher than 5% by weight; and (d) content of volatile organic
compounds as atmospheric 10 concentration measured by a g.as detector tube being not lower than
kJ ppm and not higher than 100 ppm. A fourth water--absorbing agent of the present invention is a
particulate water-absorbing agent comprising agglomerated water-absorbing resin particles as a main

15 component which_are obt ineg by reversed phase suspension polymerization of an unsaturated
S Ao Wsaltherel?) and Shicarel &b

monomer con?ﬁﬁﬁwﬁfdnegcia 0 a%&)’&f%gsa erebt., and'$ er-absorbing agent satisfies the

following a),(c) and (e): a) centrifuge retenti C RC) A physiological saline
solution being not low ?{hé:negjz_%;g L (b %g&? %noggia%%%iar%%égsiz%&%)%géir% not smaller than

200 pm and gt IaigeL A A0LHM: noo&ShiaNS 2L paHIEleS hAving dlaimaliral spaley ghan 150

pm(defined bysieve c Ication ) being not lower than 25 0 % by weight and not higher than 5% by
weight 14 (e) wﬁeﬁfa%fgeﬁ@&ﬁhwolegm after beating as 180G 3m3yhawrs keiag natlower than

0 ppm and not higher than 500 ppm.
5 than 200 pm and not larger than 400 um;

(c) ratio of particles having diameter of smaller than
150 pym(defined by sieve classification ) being not lower than
0 % by weight and not higher than 5% by weight; and

(d) content of volatile organic compounds as atmospheric

10 concentration measured by a gas detector tube being not lower
than 0 ppm and not higher than 100 ppm.

A fourth water-absorbing agent of the present
invention is a particulate water-absorbing agent comprising
agglomerated water-absorbing resin particles as a main

15 component which are obtained by reversed phase suspension
polymerization of an unsaturated monomer containing an acid
group and/or a salt thereof, and said water-absorbing agent
satisfies the following (a); (b), (c) and (e):

(a) centrifuge retention capacity (CRC) in a

20 physiological saline solution being not lower than 32 g/g

(b) mass median particle size (D50) being not smaller
than 200 pm and not larger than 400 um

(¢) ratio of particles having diameter of smaller than

150 ym(defined by sieve classification ) being not lower than

25 0 % by weight and not higher than 5% by weight



A method for production of the water absorbine g nt of the present invention comprises: (1)a step of
providing acrylic acid having a content of acetic acid and propionic acid of not higher than 500 ppm,
and a content of acrylic acid diner of not higher than 1000 ppm; 10a step of reversed phase
suspension polymerization of an unsaturated monomer containing the acrylic acid and/or a salt thereof
as a main component of the monomer in a hydrophppic organic solvent ; (3) a step of adding an
aqueous solution of a surface 15 crosslinking agent without including any organic solvent to
cross-linked polymer particles which are obtained polymerization and which satisfy the following (a),

(b) and ( ¢) () TbrittRibeEtsHticit SRy EREMRE 26 Phystiadita%dine Edution being
tl than.32 g/g; b dj icle_si Q). bei I 2 d
not lower agkboﬁ g;é%’ﬁaurg )br%%rsg?ﬁ%#a&%%rtlc esize (%Sff}rﬁ (ﬁér%%oaok %rﬁahejhr gc,ltgfém qu [man not

larger than 4 m armoes having di smaller than 150 pmnbeing not
lower than Os%oob&%gight and not higher than 25 5% by weight; and 15

A method for production of the water—-absorbing*agent
5 of the present invention comprises:

(1) a step of providing acrylic acid having a content
of acetic acid and propionic acid of not higher than 500 ppm,
and a content of acrylic acid dimer of not higher than 1000
ppm;

10 (2) a step of reversed phase suspension polymerization
of an unsaturated monomer containing the acrylic acid and/or
asalt thereofasamaincomponentof themonomer inahydrophobic
organic solvent;

(3) a step of adding an aqueous solution of a surface

15 crosslinking agent without including any organic solvent to
cross—-linked polymer particles which are obtained by the
polymerization and which satisfy the following (a), (b} and
(c) :

(a) centrifuge retention capacity (CRC) in a

20 physiological saline solution being not lower than 32 g/g;

(b) mass median particle size (D50) being not smallexr
than 200 pm and not larger than 400 pm; and

(c) ratio of particles having diameter of smaller than
150 um being not lower than 0 % by weight and not higher than

25 5% by weilght; and



(4)a step of surface crosslinking by heating at a temperature of not lower than 150C and not higher
than 250QC. According to the water-absorbing agef the present invention, unprecedentedlly
comfortable use is enabled .5 without generation of odor afterswelling, and excellent absorption ability
is a hupon practical applications in absorbing articles such as a diaper. Brief Description of the
Drawings 10Pig. 1 illustrates an electron micrograptsshowing a water-absorbing resin forming particles
with a shape like bunch of grapes through aggregation of nearly spherical shapes which are primary
particles Fig-. 2 iIIustr%e}s an electron mi rogra h showina a.15 \ﬁ\éater- bso;peiré%g._esin chrmailng

rock-shaped particles ougl’?aa&%%aﬂon AN Sion o %Sesaﬁyl/%pﬁrelﬁca 3éhapes Which are primary

particle Fig. 3 illustrates ap electron microgra Qwing a water-absorbipg resinfogming rice
grain-shaped %Pf?c%'?E%Sg?lgaaé)f%gla?fﬁ%raﬁg ﬁg%ﬁgo ngéqﬁg%%err}: s?hragegs?1 vnvr%]gh& gr]é primary
particles. Best Modg for Casmying QU hednyelion apsorbing agent of the present
invention, unprecedentedlly comfortable use is enabled
5 without generation of odor after swelling, and excellent

absorption ability is achieved upon practical applications in

absorbing articles such as a diaper.

Brief Description of the Drawings
10 Fig. 1 illustrates an electron micrograph showing a
water—-absorbing resin forming particles with a shape like bunch
of grapes through aggregation of nearly spherical shapes which
are primary particles.
Fig. 2 illustrates an electron micrograph showing a
15 water-absorbing resin forming rock-shaped particles through
aggregation and fusion of nearly spherical shapes which are
primary particles.
Fig. 3 illustrates an electron micrograph showing a
water-absorbing resin forming rice grain-shaped particles
20 through aggregation and fusion of nearly spherical shapes which

are primary particles.

Best Mode for Carrying Out the Invention
Raw materials used for the water—-absorbing resin and the

25 water-absorbing agent of the present invention and reaction



Raw materials used for thewater-absorbing resin and the water-absorbing agent of the present
sinvention and reaction 16 conditions will be explained below. (1)A water-absorbing resin A
water-absorbing resin of the present invention means a cross-linked polymer which can form hydrogel
and is water swelling and non-dissolving in water. For example, water swelling indicates one absorbing
large quantity of water in ion exchanged water, suchgs essentially 5 times or more own weight and
preferably 50 to 1000 times, while non-dissolving er means one with extractables of not higher than
50% 10 by weight (lower limit:0% b Weighq and still mare, in the range described later. Measurement
methods ther&&‘%ﬂé%b@@ﬁieﬁ}n]rﬁéﬁp gg-at h%%%gf'él‘-absorbing resin in the present invention,
to attain obj e.t.ctives g{s he pjr_\esentt:(ian]}/_egggg,r%\{vgteriaebsslorrlbing 15 resin obtained by crosslinking
polymerization of an u turated moromer con alnlﬁg an acid group and/or salts thereof (may be a

water-absorbing resin ayng. 8. ¢108s ke 200 P\ ReLAR,STUCUE. 20T AR ME s

. W R ) . A
water-absorbing resin ogtalneo‘lal y a orosolin'-ing reaction with a cresslinking agent following 20

pO'ymefizat@”é%@QéL&%%ééﬁ%mﬂgﬁfvﬂ?ﬂa{niegﬁnf%ﬁif}. QU 8Rd/or asaltitherpoeis
It

essentially used. Preferably, partially neutralized polymer of polyacrylic acid obtained by polymerizing
and crosslinkingof aiyunsaiurated moneser Mmankrcompesed ofacrylisasig eag/arseds (neutralized

product) 25 thereof is used.
swelling indicates one absorbing large guantity of water in
ion exchanged water, such as essentially 5 times or more own
weight and preferably 50 to 1000 times, while non-dissolving
in water means one with extractables of not higher than 50%
10 by weight (lower limit:0% by weight )and still more, in the
range described later. Measurement methods thereof are
specified in Examples.
As the water—absorbihg resin in the present invention,
toattainobjectives of thepresent invention, awater—-absorbing
15 resinobtainedbycrosslinkingpolymerizationof anunsaturated
monomer containing an acid group and/or salts thereof (may be
a water-absorbing resin having a cross-linked and polymerized
structure, and may also be a water-—absorbing resin obtained
by a crosslinking reaction with a crosslinking agent following
20 polymerization of an unsaturated monomer containing an acid
group and/or a salt thereof) is essentially used. Preferably,
partially neutralized polymer of polyacrylic acid obtained by
polymerizing and crosslinking of an unsaturated monomer mainly

composed of acrylic acid and/or salts (neutralized product)

25 thereof is used.



17 (2)An unsaturated monomer As an unsaturated monomer composing the water-absorbing
resin (hereinafter, abbreviated simply as a monomer) , acrylic acid andior a salt thereof
ispreferablyuSedaSamE.IflcOmpOfleflt Further, in order to obtain the water-absorbing agent of _ the
present invention, it is preferred that acrylic acid is provided having a content of acetic acid and
propionic acid in acrylic acid being not higher than %60 ppm (lower limit being O ppm) , and acrylic acid
dimer content being not higher than 1000 ppm 10 (lower limit being 0 ppm) The content of acetic acid
and propionic acid in acrylic acid, and the acrylic acid diner content are preferably not higher than 500
ppm, more preferably ot hight tH&’?%EBIﬁJﬁ?g&%‘)ﬁ%&flarly preferably not higher than 100 ppm,

respectively. The content of acetic acid and 15 propionic acid_being higher.than ,in_acrylic
acid, and the acrylic a%glsda&?n%?%ggﬁ%ﬁ?ggéén ﬂfg%%%lfh%%%%ﬁlﬁl g%%}’ ?ets% t ir% %%‘Egg#gﬁ of the

odor or the tesidal ponamer, JSIgfors, e yalel Absorhing. AgenLohecRlEsent uepig wih fess

amount of volatile organic compounds can not be 20 obtained . In a method for ob aining the

acrylic acid deseyibad PQQ%Q%@%W&M@E@%@E@WW@@M@ aGith Max begonkglied, or

conditions for distillationand crystallization may be strictly controlled to fall within the above range. 25

Degreesof regtif-igatien may bedespectivehy sleyatemkby inceass s pawgbetehibesretigat plates (for
example, increase 6 to 20 plates more than before), increase in reflux ratio and the like when a

distillation methedisteimpleyad as a purificaiioniaehod toraaltemagivetly deyiiddreasecn intksaber of
times of crystallization (for example, increase 3 to 10 times) when a crystallization method is employed
as a purificatietimetho d: direcdistitaficnosetho g and the drystaffizationcnetict tray be wlsocemployed
in combination. Moreover, during storage of the acrylic acid following purification, the temperature may
be 10 contralleticatce fovgtavapelstgiespréfezab§Q0 orEsd hwre préferaslyraio@3cprn) ,

and acrylic acid dimer content being not higher than 1000 ppm
10 (lower limit being 0 ppm). The content of acetic acid and
propionic acid in acrylic acid, and the acrylic acid dimer
content are preferably not higher than 500 ppm, more preferably
not higher than 300 ppm, and particularly preferably not higher
than 100 ppm, respectively. The content of acetic acid and
15 propionic acid being higher than 500 ppm in acrylic acid, and
the acrylic acid dimer content being higher than 1000 ppm may
result in generation of the odor or the residual monomer,
therefore, the water-absorbing agent of the present invention
with less amount of volatile organic compounds can not be
20 obtained.
In a method for obtaining the acrylic acid described
above, oxidizing conditions for preparing acrylic acid may be
controlled, or conditions fordistillation and crystallization

may be strictly controlled to fall within the above range.

25 Degreeofrectificationmaybe respectivelyelevatedbyincrease



In addition, other monomer except for acrylic acid may be used in combination, and the
water-absorbing resin may be obtained from the other monomer alone. Examples of the monomer 15
which may be additionally used include aqueous or hydrophobic unsaturated monomers such as
methacrylic acid, maieic anhydride, maleic acid, fumaric acid, crotonic acid, itaco acid, vinylsulfcmtic
acid, 2- (meth) crylamide-2-methylpropane sulfoniclagid, 20 (meth) acryloxyalkane sulfonic acid and its
alkali metal salts, ammonium salts, N-vinyl-2-pyrroiddone, N- inylacetamide, (meth)acrylan de

N-isopropylmeliaeiviaids, Wil inelsaride s hydpye L upaihiagyiate
glycCol (me ae

methoxypolye%hylene acrysa €, nc 2- polyethyleneglycol’(meth)acryla_e, isobutylene,

aury! (meth) 26 wie: Boddbed's, Tnaseandye acanalymerizaon companants and Wiy

monomers other than acrylic aci are used in combination, to attain objectives of the present

use ratio of theypapemeL(Rxeding theifglowing,a grasslinkable manemer pather than-agylic acid

(salt thereof) is preferably 0 to 30% by mole based on total amount with acrylic acid and salts thereof
used as a Maét sRAMPoReNt Marepseferably 0 eyl 0Ps Hydnele and Hamast pexferaied telsy mole. g

liunsaturated monomer containing an acid group
5 crystallization (for example, increase 3 to 10 times) when a
crystallization method is employed as a purification method.
The distillation method and the crystallization method may be
-alsoemployedjjlcombination. Moreover, during storage of the
acrylic acid following purification, the temperature may be

10 controlled at a low temperature (preferablyl0O to 25°C,more
preferablyld to 23°C).

In addition, other monomer except for acrylic acid may
be used in combination, and the water-absorbing resin may be
obtained from the other monomer alone. Examples of the monomer

15 which may be additionally used include agqueous ox hydrophobic
unsaturated monomers such as methacrylic acid, maleic
anhydride, maleic acid, fumaric acid, crotonic acid, itaconic
acid; vinylsulfonic acid;

2—- (meth)acrylamide-2-methylpropane sulfonic acid,

20 (meth)acryloxyalkane sulfonic acid and its alkali metal salts,
ammonium salts, N-vinyl-2-pyrrolidone, N-vinylacetamide,
(meth)acrylamide, N-isopropyl (meth)acrylamide,

N, N-dimethyl (meth)acrylamide, 2-hydroxyethyl
(meth)acrylate, methoxypolyethyleneglycol (meth)acrylate,

25 polyethyleneglycol (meth)acrylate, isobutylene, lauryl



is used as a monomer, examples of the salt thereof include alkali, metal salts, alkaline earth metal
salts and ammonium salts. They may be used in combination. In view of performance, industrial
availability and safety of the water-absorbing resIn obtained, sodium salts or potassium salts are
preferable. Also, an unsaturated monomer containing an acid group such as acracid is preferably
neutralized at the acid 20 group in view of propertyiagnd pH. Neutralization a tio of the acid group is
usually 20 to 100% by mole, preferably 30 to 95% by mole, and more preferably 40 to 80% by mole.

Neutralization of the acid group may b on?l:l ted with a monomer ar with g polymer, either of which

may be used i“nggr%%%%ﬁ%rﬁaﬁe(?)) ncc:%g% in la%?é méfr?loen%gr(igr%?e?n%?g?%%ﬁ%l?ﬁéa 0 %réent)

The water-absarbing resjn according to the present inventi is a cross-linked polymer and the
2UREEhent

crosslinkage mali}%e a seif-crosslinked type without using a crosslinkahle 5 monomer, However, in

view of property, it ig prsferably gbtajined phcopolmerizationor yeaction of thithe abgvesmgntioned

monomer or polymer-r sslinkable monomer (may be also referred to as an internal crosslinking agent

of the waterahsQriing sl Haying 59t less than 2 10 polyeerizakle unsatualedigreunsor not less
than 2 reactable groups in a molecule. Being a cross-linked polymer may be also specified by being

non- salvingi inaéel @sdlescries abgva.o o Speeilic esarpples ofl irea indkina) ctass linking agent
include, for example, N, N' -methylenebis (meth) acrylamide,
following a crosslinkable monomer )other thanacrylic acid
(salt thereof) is preferably 0 to 30% by mole based on
total amount with acrylic acid and salts thereof used as
a main component, more preferably 0 to 10% by mole and
10 most preferably 0 to 5% by mole.

When an unsaturated monomer containing an acid group
is used as a monomer, examples of the salt thereof include
alkalimetal salts, alkaline earthmetal salts and ammonium
salts. They may be used in combination.In view of

15 performance, industrial availability and safety of the
water-absorbing resin obtained, sodium salts or potassium
salts are preferable.

Also, anunsaturated monomer containing an acid group

such as acrylic acid is preferably neutralized at the acid
20 group in view of property and pH. Neutralization ratio
of the acid group is usually 20 to 100% by mole, preferably
30 to 95% by mole, and more preferably 40 to 80% by mole.
Neutralization of the acid group may be conducted with a monomer

or with a polymer, either of which may be used in combination.

25 (3) A crosslinkable monomer (an internal crosslinking



15(poly) ethyleneglyc 1 di (meth) ahrylate, (poly) propyleneglycol di (meth) aorylate,
trimethylolpropane tn (meth) acrylate, glycerine tri (meth) acrylate, glycerine acrylate meLharyiate,
ethylene oxide modified trimethylolpropane t 4(meth)acrylate, pentaerythritol 20, tetra(ineth)acrylate,
triallyl cyanurate, triallyl isocyanurate, triallyi phosphate, triallylamine, poly(metb)allyloxyalkane,
(poly)e hyleneglycol diglycidyi ether, glycerol diglycidy! ether, ethyleneglycol, polyethyleneglycol,
propyleneglycol, glycerine, 25 pentaerythritol, ethylenediamine, ethylene carbonate, 21 propylene
carbonate, pol‘y(fé@gt?neimina, glycidyl (meth)eorylate, and the like. These internal crosslinkinci
agents may be Used alone or in a mixture of two or more kinds, as appropriate. These 5 internal Grob

linking agents may berpdder, ag 2 wle 49 Areactian, suie QLA poripriwise, Whenat least one

kind or not less than 2 kinds of internal crosslinkAng agents are used, in consideration of absorDtion

properties of fRgwates:abseraingesikarithg wvptssabsrbinghagenk1e finaly obRined. g preferable
to use essentially a compound having not less than two polymerizable unsaturated groups, in

polymerizatios. a s&lsing-amount afidbase ipsernal etosslinking ageatsds praferabkainitbe range of
0.001 to 2% by mole based on the aforementioned monomer (excluding the internal crosslinking
agentsh mare peefetably Bc@5terQ. 5¥%nby ireke, Jtirtheropreferably 01 o 0284 by atvdle, and
particularly'erably 0.03 to 0,15% by mole, The using
obtained by copolymerization oxr reaction of th the
above-mentioned monomer or polymer ,with a crosslinkable
monomer (may be also referred to as an internal crosslinking
agent of the water-absorbing resin) having not less than 2

10 polymerizable unsaturated groups or not less than 2 reactable
groups in a molecule. Being a cross-linked polymer may be also
specified by being non—-dissolving in water as described above.

Specific examples of these internal crosslinking agent
include, for example, N,N’-methylenebis(meth)acrylamide,

15 (poly)ethyleneglycol di (meth)acrylate,
(poly)propyleneglycol di(meth)acrylate, trimethylolpropane
tri(meth)acrylate, glycerine tri (meth)acrylate, glycerine
acrylate methacrylate, ethylene oxide modified
trimethylolpropane tri(meth)acrylate, pentaerythritol

20 tetra{meth)acrylate, triallyl cyanurate, triallyl
isocyanurate, triallyl phosphate, triallylamine,
poly{meth)allyloxyalkane, (poly)ethyleneglycol diglycidyl
ether, glycerol diglycidyl ether, ethyleneglycol,
polyethyleneglycol, propyleneglycol, glycerine,

25 pentaerythritol, ethylenediamine, ethylene carbonate,



amounts of the internal crossl inking agents less than 20 0.001% by mole and over 2% by mole may
not provide sufficient absorption properties. When crosslinked structure is introduced inside a polymer
by using the internal cr s ;1imking agent, the internal crosslinking agent may be added to reaction
system before, 25 during or after r lymerizatlon of the monomer, or after 22 neutr a lization. (4) A
polymerization solvent In the present inventiongin view of property, it is preferable that the
monomer is dissolved in polymerization solvent(especia. .ly water),and the monomer in the solution is

polymerized by reversed phase suspension polymerlsiation. I\/Jonomerlcocnicgn_ttration in the aqueous s
lution (hereindRePIEFEREd T3 BB AAbRomBP 24 GEOIE SIS WHerYar &Gtdous solution of the

monomer is prepared, is determined %%Vt?)te p%rgture of the aqueous solution or by the types of the
monomer and ot BLFetidifAilfite £ R r,preferahly 10 to 70% by weight,and further preferably 20

t0 0% by weight Whep adyeaus seuiionpelynedeat {aJs.cptiad ol paobefiaihes ingagrater may
also be used, if necessary, a soﬁlentatype use in combination is not'especially limited, (5) A
pOIymerizatci)Ornlertigtﬁrixture of two or more kinds, as appropriate. These
5 internal crosslinking agents may be added as a whole into
a reaction system or in portion wise. When at least one
kind or not less than 2 kinds of internal crosslinking
agentsareused,inconsideratianofabsorptionproperties
of the water-absorbing resin or the water-absorbing agent
10 finally obtained, it is preferable to use essentially a
compoundhavingnotlessthantwopolymerizableunsaturated
groups, in polymerization.
Using amount of these internal crosslinking agents
is preferably in the range of 0.001 to 2% by mole based
15 on the aforementioned monomer (excluding the internal
crosslinking agents), more preferably 0.005 to 0.5% by
mole, further preferably 0.01 to 0.2% by mole, and
particularly preferably 0.03 to 0.15% by mole, The using
amounts of the internal crosslinking agents less than
20 0.001% bymoleandover 2% bymolemaynot provide sufficient
absorpticn properties.
When crosslinked structure is introduced inside a polymer
by using the internal crosslinking agent, the internal

crosslinking agent may be added to a reaction system before,

25 during or after polymerization of the monomer, or after



An initiator used in polymerization of the monomer to obtain the water-absorbing resin used in the
present invention 20 includes a radical polymerization initiator such as potassium persulfate,
ammonium persulfate, sodium persulfate, potassium peracetate, sodium peracetate, potassium
percarbonate, sodium percarbonate, tert-butyl hydroperoxide, hydrogen peroxide or 2,2 azobis
(2-amidin.opropahe) dihydrochlori de ; or a 23 -1-phenylpropane-l-one. They may be used for
polymerization initiation by redox or ultraviolet rays. Using amount of the polymerization initiator is, in
view of property, 0.001 to 2% by mole, preferably 0.01 to 0.1% by mole (based on tot-1 5 monomers).
When the usif§ Bkictint 8ftheSBolymerization initiator is less than 0.0011 by mole, unreacted residual
monomers increase, Q!e,i{vheg thIemglmlozuqi o%hes%cil)é_l?ggzation initiator is over 2% by mole,
polymerization control'b comes d‘lﬁflcullf and thus not preferable. 10(6)A polymerization method

When the monomer i polymerizeddn ordsrj@:abliain a6 weierAbserbing sgeayo e present

invention, reversed phase suspension polymerization can be employed in ' which an agueous solution

of this mon@@ﬂéms%%%a hydropbabiarganic dbssvant dhatnisiperie polyaerization in the
a

presence of a dispersant to allow for polymerization. This polymerization method is described in, for

example, US4093776( 438436 %323, 0844146261 2001683244155 1854 16H4S6344 355998553,
086573330 and the like. Monomers, crosslinking 20 agents, solvents ,initiators and the like exemplified

in these polywesirationzmethogdsreay be @lspamployedsp dres presepbihyeetior dthecaeversed phase

suspension polymerizationisa  polymerization method in which an aqueous solution of a 2.0

polymerizabie nonemerds saseradetoor émulsifier] imgueous solution (hereinafter
referred to as a monomer agueous solution),when an aqueous
solution of the monomer is prepared,is determined by

10 temperature of the aqueous solution or by the types of the

monomer and not especially limited,however,preferably 10 to
70% by weight, and further preferably 20 to 60% by weight.When
agqueous solutionpolymerizationiscarriedout, asolventother

than water may also be used, if necessary, a solvent type used

15 in combination is not especially limited.

(5) A polymerization initiator

An initiator used in polymerization of the monomer to
obtain the water—-absorbing resin used in the present invention
20 includes a radical polymerization initiator such as potassium
persulfate, ammonium persulfate, sodium persulfate, potassium
peracetate, sodium peracetate, potassium percarbonate, sodium
percarbonate, tert-butyl hydroperoxide, hydrogen peroxide or

2,2’ ~azobis (2-amidinopropane)} dihydrochloride; or a

25 photopolymerization initiator such as 2-hydroxy-2-methyl



24 hydrophobic organic solvent to allow the monomer to be dispersed. lllustrative examples of the
surfactant (056458896) or dispersant for allowing the monomer to he dispersed include e.g., anionic
surfactants, nonionic surfactants(US2003-153887), cationic surfactants, amphoteric surfactants and
the like. Usable surfactant is exemplified in , for examle,US6107358. Specific examples of the
anionic surfactant which may be used include fattyzgid sodium such as mixed fatty 10 acid sodium
soap and sodium stearate; higher alcohol sodium sulfate, sodiumalkylsulfate, alkyl benzene sulfonate

anrithe like. Examples of the nonionic¢ surfactani include polyoxyethylene alkyl ether such as
poIyoxyethyleﬁ%ﬁ&ﬁ&y&lg5ﬁaa&ﬁ€§ s6fbitan %ﬁ?%&la g&ér&%gﬁ@e%% 1%%?%%% 12 85wPand the

like. Examples_of the cationic surfactant and hoterjc sur nt gll% ines, Ibetaine
and the like. Addi |6ﬁé%@?%x&§%ﬁ%§%¥o?ﬁe}l ;En:_pavmie% Lf(?g gthyqéceJllﬁle?gse, lS{/jé[rﬂor})%gthy cellulose

spersant inclu

and the like, ystigamodatolinens eyfacipnt s ordisperanis v ad beyselgcled as.anpiopriate

depending on the polymerization. In general, the using amount is preferably 0.1 to 30 parts by

weight, andyyore rgfergbly 0.3 10 b pastsdy weioht hased,0nd 08 pastsdurveight ef-entire monomer
components including the polymerizable monomer and the 25 crosslinkable monomer.
Also,usingamwieithesedisprigsamBe?Rsing amount of the polymerization
initiator is less than 0.001% by mole, unreacted residual
monomers increase, while, when the amount of the polymerization
initiator is over 2% by mole, polymerization control becomes
difficult and thus not preferable.
10 {6) A polymerization method
When the monomer is polymerized in order to obtain the
water-absorbing agent of the present invention, reversed phase
suspension polymerization can be employed in which an aqueous
solution of this monomer is dispersed in a hydrophobic organic
15 solvent that is inert to polymerization in the presence of a
dispersant to allow for polymerization. This polymerization
method is described in, for example, US40923776, US4367323,
US4446261, US4683274, US5185413,US5244735, US5998553,
US6573330 and the like. Monomers, crosslinking
20 agents,solvents ,initiators and the like exemplified in these
polymerization methods may be also employed in the present
invention.
The reversed phase suspension polymerization is a

polymerization method in which an aqueous solution of a

25 polymerizable monomer is suspended or emulsified in a



or surfactants may be 0.001 to 10% by weight, and preferably 0.001 to 1% by weight based on the
organic solvent described later. The organic solvent (dispersion solvent) for use in the reversed
phase suspension polymerization may be any one as long as it is fundamentally hardly soluble in
water, and is inert to polymerization. Examples of the organic solvent include aliphatic hydrocarbons
such as n-pentane, n-hexane, n-heptane and n-octase, alicyclic hydrocarbons such as 10 aromatic
such as benzene, toluene and xylene, and the like. Among them, preferable examples of the solvent in

el oo RO e bk U LR T el

cyclohexane. Using amoun phobic solvents may be parts by weight, and

preferably O.6dt§_)S airgaegy We_[i Iﬁ'_hgacsx‘?gtqh'}zé p \ﬁ/giighégf_ the.aquyeops selytion containing the
nofac

polymerizable monomer. ('7)Ad%|t|o ain transfer agent in the present invention, a chain

transfer agept; B1aya3@ pisgdl iy pelymesization- By Relygierizgtiond therursenaeofian aqueous

chain transfer agent in addition to the unsaturated monomer, internal crosslinking agent and

polymerizatigndpitiatos sandh wheadhe water-absashing resinthus ehtadnedisiusedias the

water--absorbing agent of the present invention, an absorbing core with high absorbing ability and
superigs 26sstafFilitydarurnersmons ohBdEsl7 ) , catheagueous thaimtiansfeamgient esed-for
polymerization in the present invention is not especially limited as long as it dissolves in water or an
aqueous ethylerfia eihsatusatacdmdnenédkandedmplesof the bgent intledetdths ithiblates,
secondary alcohols, amines, hypophospbites and the like. Specific examples include mercaptoethanol,
m.erc.aptoprogarol cdtsebyliisreaptany thioalycols, thientalic acid, 3-tnercaptopropionic acid,
isopropanol, sodium hypophosphite, 10 formic acid and salts thereof. Although one kind or not less
than 2 kinds selecteBEiRst ey s Bdn s usdd, fhfe® vt fHeictfetl B BEHOSpHitelstien as
sodium hypophosphite is preferably used. Using amount of the agqueous chain transfer agent depends

on kind of tEPaGded UL SRAin AR SgdRtEnd 26 E8nEetbrPafE mBRoMr&itiebas S¥iution,

i 0, 0,
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sulfate, sodium alkylsulfate, alkyl benzene sulfonate and the
like. Examples of the nonionic surfactant include
polyoxyethylene alkyl ether such as polyoxyethylene higher
alcohol ether, sorbitan fatty acid esters, glycerol fatty acid
15 esters and the like. Examples of the cationic surfactant and
amphoteric surfactant include alkylamines, alkylbetaine and
the like. Additionally, examples of other dispersant include
ethyl cellulose, hydroxyethyl cellulose and the like.
Using amount of these surfactants or dispersants may
20 be selected as appropriate depending cn kind of the
polymerization. In general, the using amount is preferably
0.1 to 30 parts by weight, and more preferably 0.3 to 5 parts
by weight based on 100 parts by weight of entire monomer
components including the polymerizable monomer and the

25 crosslinkablemonomer. Also, usingamountofthesedispersants



After conducting reversed phase suspension 20 polymerization according to the method of the present
invention, depending on the water content following the polymerization, the resulting hydrated gel-like
polymer is further dried to put into use as the water-absorbing resin. The drying method is not
particularly limited but any known drying method can 25 be used, for example, a variety of method
such as a method by azeotropic dehydration in a [B3&lrophobic organic solvent used in polymerization,
or common forced draft furnace, dryer under reduced pressure microwave dryer, high humidity drying

using high temperature steam or the like ma m gd after filtration ajed gel-like
polymer so th%?irﬁ%%vfi%?;trac%#ﬁeﬁaﬁg gﬁamé)g.egrz%gfé%% (tiﬁg r%%tjh%%%y g%egg%gé%rdehyggtion is
used. Water t Qf the,) - ingresin ysed;in t tipventiop (gefined gy amount of
water include?i%?ﬁe%v%i?—-a s%r%? g ?Oq%s%ﬁ#]nggsg%d %%géglsbﬁr?loss on drying at 180C for 3

hours) is no{ pagicularly limited, however, it is selected so as to provide powder exhibiting fluidity even
at room temperature in view of property of the resulting water-absorbing agent, and powder state with

ate content of moreprefesaliy A 24051513096 by Weighi fusherferably:3 t0) 15%bynweight, and
particularly preferably 0.5 to 10% by weight_ ( 9)Washing with lower-boiling point organic solvent

When g waterrabserbingsesinissyedd e by savaised phase suspensiompglyinerezationne
polymerization was conducted using 20 an organic solvent such as n-hexane, n-heptane or
cyclohexanesfolloned oy siifate cfosslimkingtdiying haddgylopedrabids asesetiisett apove.
Therefore, there exists a problem involving
is inert to polymerization. Examples of the organic solvent
include aliphatic hydrocarbons such as n-pentane, n-hexane,
n-heptane and n-octane, alicyclic hydrocarbons such as
10 cyclohexane andmethyl cyclohexane, aromatic hydrocarbons such
as benzene, toluene and xylene, and the like. Among them,
preferable examples of the solvent in view of stability of
industrial obtention , quality and the like include n-hexane,
n-heptane and cyclohexane. Using amount of these hydrophobic
15 solvents may be 0.5 to 10 parts by weight, and preferably 0.6
to 5 parts by weight based on 1 part by weight of the aqueous
solution containing the polymerizable monomer.
{(7) Addition of a chain transfer agent
In the present invention, a chain transfer agent may be
20 used in polymerization. By polymerization in the presence of
an aqueous chain transfer agent in addition to the unsaturated
monomer, internal crosslinking agent and polymerization
initiator, and when the water-absorbing resin thus obtained

is used as the water—-absorbing agent of the present invention,

25 an absorbing core with high absorbing ability and superior



presence of a slight amountthe organic solvent in conventional methods for production and
commercially available 25 products. The particulate ter-absorbing agent can be obtained 28 by means
of the second production method( i e. washing with lower--boiling point organic solvent) . In order
to reduce the amount of residual organic solvent, a method in which the hydrated gel-like polymer
obtained 5 as des ribed above is washed with an ofgfanic solvent or an inorganic solvent having a
lower-boiling point may be used. This lower-boiling point organic solvent has a boiling point of, for

example, prefe abé. ot lower than OC and naot hi d#p preferably not lower than 30C and not
higher 10 thar?%ﬁ X.5,;%Tt1t(§{ngtt%e'fln]flarel:(eazto%aer,1 m?et%:%/%gt eé,)%e;‘]ethylene chloride and the like are

preferred. Specifically;, ﬁ‘g%r%l}té%tﬂlg dhe hyqrated.gelsli 5% PRYMEL Aty Re (washad with the

lower-boiling point organic solvent described above, anddried by the hot air drying or the like. This

washing may,be {15 capriedout afierdhe dpring dreptment p &dtemnatiyelys nithout 25 in sagnhiration with

washing in this manner, the organic solvent may be removed in surface crosslinking treatment by
heating at high tempesativee descripegdates ftherfirsigireduetiantmethadi keatiteatmeat)daing amount

of the solvent 20 for washing may be usually 0.5 to 100 parts by weight:, and preferably 1 to 10 parts
by weight e peeferably, 2405 prEfDYIvcight tiasesgemt parthy deightitheé svaten-absertasy resin. The
temperature may be not lowert hanthe room temperature and not higher than the boilng point.
secondary alcohols, amines, hypophosphites and the like.
Specific examples include mercaptoethanol, mercaptopropanol,
dodecylmercaptan, thioglycols, thiomalic acid,
3-mercaptopropionic acid, isopropanol, sodium hypophosphite,
10 formic acid and salts thereof. Although cne kind or not less
than 2 kinds selected from the group can be used, in view of
the effect, a hypophosphite such as sodium hypophosphite is
preferably used. Using amount of the aqueous chain transfer
agent depends on kind of the agueous chain transfer agent and
15 concentration of a monomer agueous solution, however, is 0.001
to 1% by mole, and preferably 0.005 to 0.3% by mole based on
total monomers.
(8) Drying
After conducting reversed phase suspension
20 polymerizationaccordingtothemethodof thepresent invention,
depending on the water content following the polymerization,
the resulting hydrated gel-like polymer is further dried to
put into use as the water-absorbing resin. The drying method

is not particularly limited but any known drying method can

25 be used, for example, a variety of method such as a method by



25(10) Classification and particle size control, and 29 absorption capacity control A
water-absorbing resin (cross-linked polymer) of the present invention is adjusted preferably to have
specific particle size as powder to obtain the water-absorbing agent 5 of the present invention. When
the particle size is out of range described below, performance as a diaper can be hardly achieved.
Particle size may be adjusted, when crosslinked pd@ymer is produced by reversed phase suspension
polymerisation, by dispersion polymerization in particulate 10 state and distribution drying, however, it

maybe adjusted to have a specific particle size by aggi tl ALS it maybe;adiysted.to have a
specific partic?g %Pz%rbof fﬁﬁvgeﬁ?f%%gaan%lcﬁgséﬁca)t,%ﬁ%f%gﬁ ér%l%g %aé)t?é]e diameter of 3% d

Watef-absorbq@é%ﬁi%ﬂzl? crassylinked, polymen paricle.of he preseatigventian {ausyalis controlled to

being not smaller tha 0 itm and not larger than 420pur, as mass median particle size (D50), with

the lower linpit heingprafeably-200pre.Barepreferably 225pt and paricwakhy peefesably 250 pm,
while the upper limit 20 being preferably 400 pm, more preferably 380 pm, andparticularly preferably-

350 pm; and 13tip ebpgidiclesyith diameteraaf siaaller than 456 ppeakgipl pgdicles frighrdiameter of
larger than 850 pm is controlled to be 0 to 5% by weight, preferably 0 to 2% by weight, and more
preferably Oeto1 1o%-3y: weaight in Rederta obtaid the Watdicabgarbingeagent dfithée presentdadinvention.
water content is attained. Preferably the method by
azeotropic dehydration is used.Water content of the
water—-absorbing resin used in the present invention (defined
by amount of water included in the water-absorbing
10 resin/measured based on loss on drying at 180°C for 3 hours)
is not particularly limited, however, it is selected so as to
provide powder exhibiting fluidity even at room temperature
in view of property of the resulting water-absorbing agent,
and powder state with water content of more preferably 0.2 to
15 30% by weight, further preferably 0.3 to 15% by weight, and
particularly preferably 0.5 to 10% by weight.
(9) Washing with lower-boiling point organic solvent
When awater-absorbing resinis producedby reversedphase
suspension polymerization, polymerization was conducted using
20 an organic solvent such as n-hexane, n-heptane or cyclohexane,
followed by surface crosslinking, drying and agglomeration as
described above. Therefore, there exists a problem involving
presence of a slight amount of the organic solvent in

conventional methods for production and commercially available

25 products. Theparticulate water-absorbingagent canbe obtained



Bulk density (specified by JIB K-3362(1996)) of the water-absorbing resin of the present invention is
adjusted to be in the range of preferably 0.40 to 0.90 gimi" and more 5 preferably 0.50 to 0.80 g/m.1.
to obtain the water-absorbing agent of the present invention. Ratio of particles with diameter of 150 to
600 p.m is preferably 90 to 100% by weight, more preferably 95 to 100% by weight, and further more
preferably 98 to 100% by weight in whole particles.28garithmic standard 10 deviation (im() of particle
size distribution is controlled to be preferably 0.20 to 0.50, more preferably 0.20 to 0.45, and

particularly prgfer%blgnozg Eo Q.Afeo.s\/gg%n e Qggigletsi%% moq:tt% N9 th% 5%%% fvwv%Eefrltight iis not
achieved upon%ragtlca?applica I16NS N absorbing articles sUch as a laper. t m%;h the

Water-absorbipgvgg igbo(?{?iggg i%ghen%regggfgtigxgt%%gﬁqibed above is adjusted to fall within

the aforementioned particle siZe, centrifuge retention capacity in a physiological saline solution before

the surface crosslinking jspieferahly cantrolled torfall within the rapge-2Q ofngt jowsrdhan 32 gig, with
the lower limit being more preferably 35 (Lig/ more preferably 40 g/g, and particularly preferably 45

g/g, while thedipper imit heingdnare wraferabiyeidyehia taaredarefer ably 6 gt oo ha tiesdarly
preferably 60 clg. When centrifuge retention capacity is out of range, 25 improving of he property is not

achieveyl afteg sudaee i3 erogslinking sCeasgauenily t& diapes nithrsiypesiol praperty rmay not be
obtained. Control of the absorption capacity may be perfected by controlling the polymerization
conditions siiob agdhée internay erdgsslinkingagent, @andrdripinglconditionsnt may be used.
This lower-boiling point organic solvent has a boiling point
of, for example, preferably not lower than 0°C and not higher
than 70°C, and more preferably not lower than 30°C and not higher
10 than 50°C. Among them, acetone, dimethyl ether, methylene
chloride and the like are preferred. Specifically, after
filtrating the hydrated gel-like polymer, it may be washed with
the lower-boiling point organic solvent described above, and
dried by the hot air drying or the like. This washing may be
15 carriedout afterthedryingtreatment. Alternatively, without
or in combination with washing in this manner, the organic
solvent may be removed in surface crosslinking treatment by
heating at high temperature described later(the first
productionmethod:heat treatment). Usingamountofthesolvent
20 for washing may be usually 0.5 to 100 parts by weight, and
preferably 1 to 10 parts by welght ,more preferably 2 to b5 parts
by weight based on 1 part by weight the water-absorbing resin.
The temperature may be not lower than the room temperature and
not higher than the boilng point.

25 (10) Classification and particle size control, and



(11) Surface crosslinking treatmentay be merely referred to as surface crosslinking) A
water-absorbing resin used in the water-absorbing agent of the present invention may be one obtained
by the cros I..nking polymerization and drying (or partial drying) , and pulverization and classification
as needed, followed by further subjecting the surface to a crosslinking (secondary crosslinking)
treatment Although there exist a variety of crosstinking agents which may be used for subjecting
the surface to crosslinking” 15 in view of the property, a polyhydr.ic alcohol compound, an epoxy
compound, i%)gvalent amine comfound orgrcgfdensate thereof with a haloepoxy compound, an

oxa -dine co %¥P§i-l,°6} p%i%%(%zghldiﬁ% €’ compound, a polyvalent metal salt, an alkylene

carbonate compound.or. the like [l%e e used. 20 The sprface crosslinkingagents which
may be used in the pr}\’eque%%n{/egnﬁ;gr?b §§e e e?‘:n% |H§d Z%egifically, in US 228%%?%', 586071976,

U56254990 andthe like Examples thereof inclydeqe gy e palyRydtjc alcohgleompaunds; such as
mono-, di- or pofyethyleneglycol, propyleneglycol, 1,3-propanediol, 25 dipropyleneglycol,

2,3 4-trimethyl-1 3nentanedigls 32gkeerin2-Brtenent 4ok 3 dbutanedioh Ind-baitaneiol, 1,

5-pentanediol, 1,6-hexanediol, 2-cyclohexanedimethanol and the like; epoxy compounds such as
mono-5di- asgolygtyiereghycel diglysidyl ether, giysidot ard herlike; bxazdlidindne campounds

such.as 2-oxazolidinone; alkylene carbonate compounds such as ethylene carbonate, and the like, but
not particularhrlinaiteld theretoe d domaximize eff€ otsnof tloe presentdnegritions #ris Jpeetesatslé Yo
essentially use a polyhydric alcohol among these surface
achieved. Particle size may be adjusted, when crosslinked
polymer is produced by reversed phase suspension
polymerization, by dispersion polymerization in particulate
10 state and distribution drying, however, it may be adjusted to
have a specific particle size by agglomerating.Also,it may be
adjusted to have a specific particle size by pulverizing and
classification after drying.
Particle diameter of the water-absorbing resin
15 (cross-linked polymer) particle of the present invention is
usually controlled to being not smaller than 180 pm and not
larger than 420um as mass median particle size (D50), with
the lower limit being preferably 200 um, more preferably 225u
m, and particularly preferably 250 um, while the upper limit
20 beingpreferably400um, morepreferably380um, andparticularly
preferably 350 pm; and ratio of particles with diameter of
smaller than 150 um and/or particles with diameter of larger
than 850 um is controlled to be 0 to 5% by weight, preferably

0 to 2% by weight, and more preferably 0 to 1% by weight in

25 order to obtain the water-absorbing agent of the present



10 crosslinking agents. A polyhydric alcohol having carbon atoms of 2 to 10 and preferably carbon
atoms of 3 to 8 may be used. Using amouof the surface crosslinking agent is generally 0.001 to 10
parts by weight, and preferably 0.01 to 5 parts by weight based on 100 parts by weight of the Ic
water-absorbing resin. In the present invention, it is preferred that water as a main component,
particularly water alone is used as a solvent in the sgrface crosslinking. Amount of water used as the
solvent may fall within the range of 0.5 to 20 parts by weight, and preferably 0.5 to 10 parts by weight
20 based on 100 parts by weight of the water absorbing resin. Although an organic solvent, can be
used in combi&ti ﬁ:crleosi ual solvent must be noted. Using amount of t}.e solvent may be not higher

than 0.5 part by Weigghfggdé)erege{%%yp Q@Dﬁ%ﬁ%&lﬁﬁ Q@/_\é/g@ﬂ,lrg%e) ?reéqaleyenot higher
on e

than 0 part by 25 weight base art by weig ater. 33 . In the present invention, among a

variety of mixing, methods. preferabla meflhoghis nremixng of ufacs cressdining ageptwith water

as needed, followed by spraying or drop-wise addition of the aqueous solution to the water-absorbing

resin, and the sprayingemethogkissroredueterable,Ayeragenaricle gliamete) obthe doplet to be
sprayed is preferably 1 to 300 pm, and more preferably 2 to 200 pm. The water-absorbing resin after

mixing yvith ghe surfage 100crostioking agpmnit istyefpably stieatetio-abeatireaimentie gonditions
for carrying out the heat treatment may be: temperature of the water-absorbing resin or heat medium
temperature Beirigeu shiady ant lolverdhan 66C alch hdbhiglieptiah281€s withttheddweelimit being
preferably- 100C, and
of 150 to 600 um is preferably 90 to 100% by weight, more
preferably 95 to 100% by weight, and further more preferably
98 to 100% by weight in whole particles. Logarithmic standard
10 deviation (of) of particle size distribution is controlled to
be preferably 0.20 to 0.50, more preferably 0.20 to 0.45, and
particularly preferably 0.20 to 0.40. When the particle size
is out of range, the ability of watertight is not achieved upon
practical applications in absorbing articles such as a diaper.
15 Although the water-absorbing resin obtained in the
present invention as described above is adjusted to fall within
the aforementioned particle size, centrifuge retention
capacity in a physiological saline solution before the surface
crosslinking is preferably controlled to fall within the range
20 of not lower than 32 g/g, with the lower limit being more
preferably 35 g/g, more preferably 40 g/g, and particularly
preferably 45 g/g, while the upper limit being more preferably
70 g/g, more preferably 65 g/g, and particularly preferably

60 g/g. When centrifuge retention capacity is out of range,

25 improving of he property is not achieved after surface



15 more preferably 150C, and the upper limit being preferably 250C, and more preferably 240C; and
heating time being preferably 1 minute or longer and 2. hours or less , more preferably 10 minutes or
longer and 1 hour or less, further preferably 15 minutes or longer and 45 minutes or less. 90In order to
obtain the water-absorbing agent of the present invention, suitably, a large amount of dispersion
solvent is not used as in conventional reversed phase, but a heat treatment at high temperature
without substantially using a dispersion solvent is preferred upon the surface crosslinking 25 treatment
according to the present invention. In other words, 34, because W@}leréalllbsorbligg resins aggording to

conventional FE9&SEUPHARE p%%g%?BRWereaoﬁhﬁ St by dispersion in an orgaric solent
foll db | izatj f inking, i f [ ' | t
i) TRy e and syrface crossligking, Wik d hatd eréé%‘a%i‘é?é‘ﬁﬁ’é{?ﬁ easy to

. e . A
remain. C hepresent invention, a water-absorbing agent (first water-absorbing agent)

i which 2 vglele QaRNIGBleCaL ool suRSaNlg g TGaeatS SblREd oL e

water-absor |n8 resin at emperature (for 10 example, not lpwer than 150C and not higher than

250C) , withaut pi5ing;a, disparsion.seuentiial thewale& P SOMIRg s apar SHERNIG selyent for the

surface crosslinking agent. Moreover, content of the acrylic acid dialer in the raw material is extremely

slight as described abave, ang-this-dirtierds 45 degomposed intasmanomerg dusingdweating. Therefore,
a water-absorbing agent (secondwater-absorbing agent) enabling suppression of increase in ene ation

of the residual magn@mer: thraughsthefallewinadreatibglcandle obtained. Heating at high temperature
according to the present iris preferred because it leads to removal of volatile organic compounds, a. d
reduction of the amauw tof resithsal Thameme: sihichsadyibetinersadenrdad ahath Al apAag§lomeration
of the present invention may be one obtained by the crosslinking
polymerization and drying (or partial drying), and
10 pulverizationandclassificationasneeded, followedby further
subjecting the surface to a crosslinking (secondary
crosslinking) treatment.
Although there exist a variety of crosslinking agents
which may be used for subjecting the surface to crosslinking,
15 inview of the property, a polyhydric alcohol compound, an epoxy
compound, a polyvalent amine compound or a condensate thereof
wquahaloepoxycompound,anoxazolinecompound,anmno~,di—,

or polyoxazolidinone compound, a polyvalent metal salt, an

o]

alkylenecarbonatecompoundorthelikehasbeengenerallyused.
20 The surface crosslinking agents whichmay be used in the present
invention are exemplified specifically, in US6228930,
US6071976, US6254990 and the like. Examples thereof include
e.g., polyhydric alcohol compounds such as mono-, di- or
polyethyleneglycol, propyleneglycol, 1,3-propanediol,

25 dipropyleneglycol, 2,3,4-trimethyl-1,3-pentanediol,



in order to obtain the water-absorbing agent of the present 25 invention, agglomeration is carried out
during or after 35 polymerization. Agglomeration results in production of a water-absorbing agent
which is further superior in water absorption speed and particle size, and is suited for practical
applications e.g., as a diaper. Method of agglomeration is 5 not particularly limited in its procedure as
long as multiple polymerized particles are bound t@fprm a large particle. Agcriomeration by reversed
phase suspension, more specifically, aggregation during reversed phase polymerization (M.)0695762,
US4732968) or two step palymerization (EP0807646), 10 or reversed phase agglomeration by adding
an inactive in@‘d’a%%éé?ﬁs%ﬁ?é‘%?l%ﬁﬁﬁd ol rh%f&a%dn%%‘éﬁ%% 68) thay be carried out. Owing to

Ig;en a;)geggobr?aei;@g%rll,ga}ﬂ ﬁ/gltleeraa%s?rbirtﬂg glﬁ%r%h@(?%gdmgie:’ S igeﬁj_ff%gg%céi&gb%plications in a diaper

e aggf’oméra ibn od by reversed phase suspension as described above can

be also emﬂ'ozi%ryw&%ﬁéﬁ%td%%@ms'%%rtnsf@ea%e@ RipBlep eb fisoedRrdug tonthe

residual dispérsior solve-- was found in agglomeration by reversed phase suspension, an

agglomeration methad igwhich 20 ARYdispession spheNtis foyBser;in dhepresentyavession. In other
words, an agglomeration method which has not been conventionally employed so often for reversed
phase §USPLASIAH BOIVIMEBHZEAR.oNOEE: sRacicaliyp aunahedithwiich -oxazolidinone;
alkylene carbonate compounds such as ethylene carbonate, and
the like, but not particularly limited thereto. To maximize
effects of the present invention, it is preferable to
essentially use a polyhydric alcohol among these surface
10 crosslinking agents. A polyhydric alcohol having carbon atoms
of 2 to 10, and preferably carbon atoms of 3 to 8 may be used.
Using amount of the surface crosslinking agent is
generally 0.001 to 10 parts by weight, and preferably 0.01 to
5 parts by weight based on 100 parts by weight of the
15 water—absorbing resin. In the present invention, it is
preferred that water as a main component, particularly water
alone is used as a solvent in the surface crosslinking. Amount
of water used as the solvent may fall within the range of 0.5
to 20 parts by weight, and preferably 0.5 to 10 parts by weight
20 based on 100 parts by weight of the water—absorbing resin.
Although an organic solvent can be used in combination, residual
solvent must be noted. Using amount of the solvent may be not
higher than 0.5 part by weight, and preferably not higher than

0.1 part by weight, more preferably not higher than 0 part by

25 welight based on 1 part by weight the water.



water-absorbing resin particles dried and filtrated following 25 polymerization are agglomerated using
water is suitably 36 employed in the present invention. Accordingly, to obtain a particulate
water-absorbing agent of the present invention, more preferably, the agglomeration step comprises
heating with keeping the water 5 content of not lower than 1% by weight and not higher than 10% by
weight; and crush as needed, after subjecting the ®ater-absorbing resin to the surface crosslinking
treatment. Thus, the water-absorbing agent can be adjusted to have specific particle size as powder.

Water to be added to_the ater--absorracin resin contain other additjv u ] ting agents
described later, compIorhe Smiade fron p%arﬁ f%ﬁ%ﬁéroﬁ%?&%q%e‘éﬁg p%eﬁﬁaeér:g, ?ﬁ%%%%c salts,etc.

Content of them alls within the 10gs of 0,001 19 5080 by gt ge & cogceniiationdn an 15 aqueous
tai '

solution. In ofder 10 0 e particulate water-absorbing agent of the present invention, particleeter s

usually conralled.to; far within parrow, ange, ataot saliskthan, 200 PMaad oy 1afges ary 00 pm,

with the lower limit being 20 preferably 225 pm, and more preferably 250 pm, while the upper limit
being prefegably 380, p, AndhmQie: pEelgbly3R0 BuasimRassInediasatticlesize (1)50) of the

particulate water-absorbing agent. In addition, ratio of particles with diameter of lower than 150 pm
(defineglby gigve slagsiisatieMdSresin, and the spraying method is more
preferable. Average particle diameter of the droplet to be
sprayed is preferably 1 to 300 um, and more preferably 2 to
200 pm.
The water-absorbing resin after mixing with the surface

10 crosslinkingagent is preferably subjected to a heat treatment.
Conditions for carrying out the heat treatment may be:
temperature of the water-absorbing resin or heat medium
temperature being usually not lower than 60°C and not higher
than 280°C, with the lower limit being preferably 100°C, and

15 more preferably 150°C, and the upper limit being preferably
250°C, and more preferably 240°C; and heating time being
preferably lminute or longer and 2 hours or less,more preferably
10 minutes or longer and 1 hour or less,further preferably 15
minutes or longer and 45 minutes or less.

20 In order to obtain the water-absorbing agent of the
present invention, suitably, a large amount of dispersion
solvent is not used as in conventional reversed phase, but a
heat treatment at high temperature without substantially using

a dispersion solvent is preferredupon the surface crosslinking

25 treatment according to the present invention. In other words,



25 controlled to be not lower than 0 % by weight and not: higher 31 than 5% by weight, with the
upper limit being preferably 2% by weight, and more preferably 1 by weight. Mass median particle
size of the particulate water-absorbing agent obtained in agglomeration step of the present invention is
controlled to be larger by preferably 5 to 30%, more preferably 1 to 25%, and still more preferably 9 to
0% than mass median particle size of the water-absarbing resin (cross-linked polymer) particles of the
present invention. 10inthepartiout e water-absorbing agent of the present invention, agglomerated
particles accqunt for 10% b We| t or more and 100% hy we t 9L less, with the lower limit bein
preferably 30% Eﬁ‘ W%legh"t’ Bes %rekﬁera%ly §80}0“by \?\/yelg% e |§é Wai\étlér absécr méilaﬂg;ent )

15Additionally Jn order | R%?gg%@gg@%w pic waler;absorhing agen g the Diasen myenton, ts bulk

density (speci |edeby 5 Is adjustede in the range of preterably 0.40 to 0.90 g/ml,ore
preferably 0,50 @r%{hgémédﬁwm% thgpasticiiate s i-ghserbing agentn{ 204he paesent invention

is produced to haveé ratio of particles
crosslinking, it was found that dispersion solvent was easy

5 to remain.

According to the present invention, a water-absorbing
agent (first water-absorbing agent) in which a volatile organic
material is not substantially present is obtained through
heating the water-absorbing resin at high temperature (for

10 example, not lower than 150°C and not highexr than 250°C), without
using a dispersion solvent for the water-absorbing resin or
an organic solvent for the surface crosslinking agent.
Moreover, content of the acrylic acid dimer in the raw material
is extremely slight as described above, and this dimer is

15 decomposed into monomers during heating. Therefore, a
water—-absorbing agent (second water-absorbing agent) enabling
suppression of increase in generation of the residual monomer
through the following heating can be obtained. Heating at high
temperature according to the present invention is preferred

20 because it leads to removal of volatile organic compounds, and
reduction of the amount of residual monomer which may be
increased due to heat.

(12) Agglomeration

Inorder toobtain thewater—-absorbingagent of thepresent

25 invention, agglomeration is carried out during or after



with diameter of 150 to 600pmispreferably90 to 100%:by:weight, morepreferahly95toloO%byweight,
andfurthermorepreferably 98 to 100% by weight in whole particles. Logarithmic standard deviation (uc)
of particle size distribution :Ls controlled.o be preferably 0.20 to 0.50, more preferably 0.20 to 0.45,
and 38 particularly preferably 0.20 to 0.40. In the present invention, agglomerating is preferably
performed by a method for spraying or drop-wise aggition of water or an aqueous solution dissolved
with other additives components to the water-absorbing resin, and a spraying method is more
preferable. Droplet size to be sprayed is,.as volume average ggrticl.e diame ercgri%‘relraobg/ ig the range

of 0.1 to 300 AL ¥R T8 bHeRrabfdd 18 PAReSFb. £ 55200 pm. AL a§Jlomersting equitpment
used in agglomeration,.those 10 hagingnséronlg.rg%ingsfo%er%@gqregqfsgfli §£Ji_t§ Iemgples of the
c

agglomeratina’%aﬁllﬁnééjn??nrc t}éleqe.gg, a cyl‘l'fw er type mixer, a double wall conical mixer, a high speed

agitation typaqo@ioxﬁé’t% gé%%%e e@éﬁf@?@%ﬂ LYRE JuxeL oy SCLew; tyPEdMigs i doublesaim

kneader, a crashin r, a rotation type 15 mixer, an air-flow type mixer, a turbulizer, a batch

type ,,bdige pixercontinuqus typg Lodige mixerandithe fikecnod ber Bighatbiktheraggiomeration and

reducing the amount of residual organic materials, the water-absorbing resin after mixing with water or

the aqueous,s@IYLigRis cularly limited in its procedure as long as multiple
polymerized particles are bound to form a large particle.
Agglomeration by reversed phase suspension, more specifically,
aggregation during reversed phase polymerization
(EP0695762,U54732968) or two step polymerization (EP0807646),

10 or reversed phase agglomeration by adding an inactive inorganic
substance following polymerization (US4732968) may be carried
out. Owing to the agglomeration, a water-abscrbing agent that
is more suited for practical applications in a diaper can be
obtained.

15 The agglomeration method by reversed phase suspension
as described above can be also employed in the present
invention. However, because a problem of the odor due to the
residual dispersion solvent was found in agglomeration by
reversed phase suspension, an agglomeration method in which

20 any dispersion solvent is not used in the present invention.
In other words, an agglomeration method which has not been
conventionally employed so often for reversed phase suspension
polymerization, more specifically, a method in which

water-absorbing resin particles dried and filtrated following

25 polymerization are agglomerated using water is suitably



20 preferably subectecl to a heat treatment. Heat treatment is performed, in view of agglomerating
ratio or agglomerating strength, while maintaining water content (specified by weight loss in drying at
180C for 3 hours) to be 1 to 10% by weight, more preferably 2 to 8% by weight and further preferably
2,5 25 to 6% by weight. Heating medium such as hot air can be used 39 in heating, and heating
temperature (temperature of heating medium or tegaperature of _serial) is preferably in the range of
40 to 120C, more preferably in the range of 50 to 100C. Heating time is preferably in the range of 1
minute to 2 hours, A suitable cq'imbination exam‘ﬁle of heating temperature and heating time is 60C for

0.1 to 1.5 holF"RAPAB8CHBr 63%0PERST HettN§ahttRe addition of water may be carried out by
e seme equpment gy septas coupneDt A, Realg oy s g3yl ouL i g or e
€d,

standing still (without 0% Irring) ,’as long as temperature or water content can be contro but

hardening (1p,gle logseuhlock shapsybvsaiing.vile sianding st (uilhay stiing) s preferable.

Preferably, in"heating, curing may be performed by heating the water-absorbing resin added with water

after heapi%me&é@&eemi@e%\/ L4a 3006, mare-Rreferabbid 180 £AY ankkpartiewarly

preferably 10°t06 70 cm. A hardened water-absorbing resin is then pulverized, and preferably classified

to obtai intepded  agglometateffdreiigsentinveniien gRtherrpglomerator aceatding ¢a the
present invention, 20 because curing by heating is carried out after providing water alone or water as a

main compenRent£8Qta: 100%0 fartisshasa binsledcal) absarbingstdsg eah iregobithmed which is not

on water-absorbing resin to the surface crosslinking treatment.
Thus, the water—-absorbing agent can be adjusted tohave specific
particle size as powder.

10 Water to be added to the water-absorbing resin may
contain other additives such as chelating agents described
later, components made from plants, antimicrobials, aqueous
polymers, inorganic salts,etc. Content of them falls within
the range of 0.001 to 50% by weight as a concentration in an

15 aqueous solution.

In order to obtain the particulate water-absorbing agent
of the present invention, particle diameter is usually
controlled to fall within narrow range of not smaller than 200
pm and not larger than 400 pm, with the lower limit being

20 preferably 225 um, and more preferably 250 um, while the upper
limit being preferably 380 um, and more preferably 350 um, as
mass median particle size (D50) of the particulate
water-absorbing agent. In addition, ratio of particles with

diameterof lower than 150 um {definedbysieveclassification)is

25 controlled to be not lower than 0 % by weight and not higher



safe but excellent because the agglomerate can be appropriately destroyed in practical applications,
and mass median particle 25 size can be controlled to fall within the range according to 40 the present
invention, even though the size is reduced by impact. (13} Addition of chelating agent To the
water-absorbing agent of le present invention, 5 a chelating agent, in particular, a polyvalent carboxylic
acid and salts thereof can be formulated. Thexhelating agent which may be used in the
water-absorbing agent of the present invention is preferably a chelating agent with high ion blocking

ability 10 or chelating, ability for Fe or Cu, specifically, a chelatin ent with stability constant for Fe
ion of not loweP ik 10, Efré‘fSFa%Whofql%t\}‘jgr an L}%P?ﬁefclh% egir?ge alél&teér ?u%&%%%%&?ré’bly an

aminopolyvalent carboxylic acid, and salts th f 1 rly. preferably an 15 aminocarboxylic
I%és‘”{ﬁéﬁ@é Bin% more S%):ﬁﬁiﬁ&?&@%% PAY g%;avye@. F

acid with not darboxyl group y not leSs than 4 carboXxyl groups,more preferably not

less than 5 carboxy;graung, whilg the,uraerlimit sl pelymer. Hsualhcnatipere than 100 carboxy
roups
o water-absorbing agent obtained in agglomeration step of the
5 present invention is controlled to be larger by preferably 5

to 30%, more preferably 7 to 25%, and still more preferably

9 to 20% than mass median particle size of the water-absorbing

resin (cross-linked polymer) particles of the present

invention.

10 In the particulate water-absorbing agent of the present
invention, agglomerated particles account for 10% by weight
or more and 100% by weight or less, with the lower limit being
preferably 30% by weight, and more preferably 50% by weight
in entire water-absorbing agent.

15 Additionally, in order to obtain the particulate
water—absorbingagent of the present invention, itsbulkdensity
(specified by JIS K-3362(1998)) is adjusted to be in the range
of preferably 0.40 to 0.90 g/ml, and more preferably 0.50 to
0.80 g/ml. Further, the particulate water-absorbing agent of

20 the present invention is produced to have ratio of particles
with diameter of 150 to 600um is preferably 90 to 100% by weight,
more preferably 95 to 100% by weight, and furthermore preferably
98 to 100% by weight in whole particles. Logarithmic standard
deviation (o) of particle size distribution is controlled to

25 Dbe preferably 0.20 to 0.50, more preferably 0.20 to 0.45, and



| preferably not more than 20 carboxyl groups, and salts 20 thereof. Specific examples of these
polyvalent carboxylic acids include diethyle _4-riamine pentaacetic acid, triethylenetetramine
hexaacetic acid, cy lohexane-LL, 2-diamine tetraacet to acid, N-hydroxyet.Ly1 25 e.thylenediamine
triacetic acid, ethyleneglycol diethylether diamine tetraacetic acid, ethvlenediamine tetra prop nic
acetic acid, N-alkyl-N carboxymethyl aspartic acid,38 rboxymethyl aspartic acid and
alkaline metal saltsf ; alkaline earth metal salts ammonium salts or amine salts thereof. Among these,
diethylenetr.iamine pentaacetic acid, triethyler ite inti, hexaaccti acid, N-hyd oxyet yi
ethylenediam?naerﬁilagg 16 acid and” (s%aﬁf:sat%e eo¢ a%? mco%t (gr'e Qr'able. Using amount of the

chelating agent, In periodin; e amnepsliyalepieabonionsidsnsemallesgeppld YOOl to 10

parts by weight based on arts by weight of the water-absorbing resin, a main component,

preferably 0,000 10,15 1;aart by, uieighi, 206 mase prafaiAbly 0Loio. G B aarbmweight The using

amount over 10 parts by weight is not only uneconomical due to failure to achieve enough effect
relative to uging-aAMEYNLRULRISER HASES 8 Prellerm ofiredugingabsotptionteapaciyand the kke. On the

other hand, the using amount less than 0.00001 20 part by weight does not provide sufficient addition
effect. 5 components to the water-absorbing resin, and a spraying method
is more preferable. Droplet size to be sprayed is, as volume
average particle diameter, preferably in the range of 0.1 to
300 um, and more preferably in the range of 0.1 to 200 um.
As agglomerating equipment used in agglomeration, those
10 having strong mixing force are preferable. Suitable examples
of the agglomerating equipment include e.g., a cylinder type
mixer, a double wall conical mixer, a high speed agitation type
mixer, a v-shapedmixer, a ribbon type mixer, a screw typemixer,
a double-arm kneader, a crashing type kneader, a rotation type
15 mixer, anair-flow type mixer, a turbulizer, a batch type Lédige
mixer, a continuous type Ltdige mixer and the like.

For promoting the agglomeration and reducing the
amount of residual organic materials,the water-absorbing
resin after mixing with water or the aqueous solution 1is

20 preferably subjected to a heat treatment. Heat treatment is
performed, in view of agglomerating ratio or agglomerating
strength, while maintaining water content (specifiedby weight
loss in drying at 180°C for 3 hours) to be 1 to 10% by weight,

more preferably 2 to 8% by weight and further preferably 2.5

25 to 6% by weight. Heating medium such as hot air can be used



(14) Other additives In the present invention, the following (A) components made from plants, (B)
polyvalent metal salts of organic acids, (C) inorganic fine particles (including (D) composite hydrated
25 oxides) may be also added as minor components in addition to 42 the chelating agent, by wh h
various functions can be imparted to the water-'absorbing resin of the present invention. Although
using amount of these additives (A) to (D) and (E) rday vary depending on the obi ectives and function
to be impa ed, 5 exemplary amount of adding one of them is in the range of O to 10 parts by weight,

rfeabs 0054 1 S04 D SOl A1 e el g g gL son 10

parts by Weigﬁtno e wa sorbing resin. ggr?eral, e ess par

does not provite syfficient A9 gllect &t addifonafungtier, wiilg fae-amaunl augrdQubasisdy weiht
may not achieve effect to meet with the added amount, or may deteriorate absorbing performance.
(A)Componeys pade, frpgyplanty A\ waler-apsaiing, agant ofdhe present invgntion Gagge
Heating time is preferably in the range of 1 minute to 2 hours.
5 A suitable combination example of heating temperature and
heating time is 60°C for 0.1 to 1.5 hour, and 100°C for 0.1 to
1 hour. Heating and the addition of water may be carried out
by the same equipment or by separate equipment. Also, heating
maybe carriedout withstirringorwhile standingstill (without
10 stirring), as long as temperature or water content can be
controlled, but hardening (to give loose block shape) by heating
while standing still (without stirring) is preferable.
Preferably, in heating, curing may be performed by heating the
water—-absorbing resin added with water after heaping up of
15 approximately 1 to 100 cm, more preferably 5 to 80 cm, and
particularlypreferablyl0to70cm. Ahardenedwater-absorbing
resin is then pulverized, and preferably classified to obtain
intended agglomerate of the present invention.
In the agglomeration according to the present invention,
20 because curing by heating is carried out after providing water
alone or water as a main component (60 to 100%) for use as a
binder, an absorbing core can be obtained which is not only
safe but excellent because the agglomerate can be appropriately

destroyed in practical applications, and mass median particle

25 size can be controlled to fall within the range according to



15 added with a component made from a plant in the amount described above to fulfill deodorization
effect. The component made from a plant to be used in the present invention is preferably at least one
compound selected from poi vphenol, flavone, derivatives thereof and caffeine. It is further preferable
20 that the componentmade f rom plant is at least one kind of compound selected from tannin, tannic

acid, stachyurus praecox, gall or gallic acid.

Plaats containing the component made from a plant

to be used in the _present invention include, for example, Theac ae 43 plant such as rice plant,

sasa-bamboo, ﬁ)ambogscorn Whea];[1 %ni%l lté]he Ieiil%eé rgngh%%t#]gcet%eeplgg sugh,as.coffee. 4
‘in

components rtrtlaael?r%m grbtfa’r%ﬁg%e use

he present

orm of the

vention includes plant extract (essential 5

oil), plant itself { Iggrt-ground powder), plant residue or extract residue as by-products generated in
production processes from plant processing industry or foods pr essing industry, however, not

particularly limited thargjo . A58 Abpyg-mentianed-gomponets made from a plant 10 are exemplified
in EP1352927,US2004-48955 and the like.

10

15

20

25

To the water-absorbing agent of the present invention,
a chelating agent, in particular, a polyvalent carboxylic acid
and salts thereof can be formulated.

The chelating agent which may be used in the
water-absorbing agent of the present invention is
preferablyachelating agent withhighionblockingability
or chelatingability for Feor Cu, specifically, achelating
agent with stability constant for Fe ion of not lower than
10, preferably not lower than 20. The chelating agent is
further preferably an aminopolyvalent carboxylic acid and
salts thereof, and particularly preferably an
aminocarboxylic acid with not less than 3 carboxyl groups,
preferably not less than 4 carboxyl groups,more preferably
not less than 5 carboxyl groups,while the upper limit being
polymer, usually not more than 100 carboxyl groups
,preferably not more than 20 carboxyl groups, and salts
thereof.

Specific examples of these polyvalent carboxylic
acids include diethylenetriamine pentaacetic acid,
triethylenetetramine hexaacetic acid,
cyclohexane-1,2-diamine tetraacetic acid, N-hydroxyethyl

ethylenediamine triacetic acid, ethyleneglycol



(B)A polyvalent metal salt To a water-absorbing agent of the present invention may be added a
polyvalent metal salt, in particular, a polyvalent metal salt of organic acids in the amount described
above to improve powder fluidity, and to revent blocking in moisture absorption. A polyvalent
metal salt of an organic acid used and a method for mixing the polyvalent metal salt are exemplified in
W02004-69936, and examples of the polyvalent meatal salt of 20 organic acids used in the present
invention mg carbon atoms of not less than 7 in a molecule include metal salts other than alkali metal

salts of fatty acid, petroleum acid, or palymeric acid tples of the organic acid compqgsing .44 chain or
branched fatt)cls: %ﬁ%igg gg&%gsega&%%ﬁ&%? o‘%?y ic agcﬁg,scolc?yr?o(f(:l %?fid?(?glo%ﬁgféga%ﬁf%hﬂg acid,

myristic acid,,p l{Qj ic gg (?Ll%iﬁ gid g%ricca%{%@gd th@_lié(f; tr__o[[pun&gcii% e Zoic acid,
my.cisticinic ac%, n%pﬁtheﬁic aci%, ngp thoic acid, ndphthoxvé{(??tic acid and tz)e like; pé{ljfrgeric acids
such as poly, épeth) acrylic-acid, polysulfonic acid, and the like. The organic acid preferably has a

carboxyl group in a molecule. More preferably, the organic acid may be a fatty acid such as 10 caproic
acid, octylicpcidh Retypoiccidceacsnaleneith laurie agid -yiistis acid, paiAiticiacith oleic acid,

stearic acid, tallow acid or hydrogenated fatty acid of castor oil or the like.ill more preferably the
organiGacicheray besaafbtly actdbewianunsatwIatad bead ith metal salts ammonium
salts or amine salts therecf. Among these,
diethylenetriamine pentaacetic acid,
triethylenetetramine hexaacetic acid, N-hydroxyethyl
ethylenediamine triacetic acid and salts thereof are most
10 preferable.

Using amount of the chelating agent, in particular, the
aminopolyvalent carboxylicacidisassmall asgenerally0.00001
to 10 parts by weight based on 100 parts by weight of the
water—-absorbing resin, a main component, preferably 0.0001 to

15 1part byweight,and more preferably 0.01 to 0.5 part by weight.
The using amount over 10 parts by weight is not only uneconomical
due to failure to achieve enough effect relative to using amount
but also poses a problem of reducing absorption capacity and
the like. On the other hand, the using amount less than 0.00001

20 part by weight does not provide sufficient addition effect.

(14) Other additives

In the present invention, the following (A) components
made from plants, (B) polyvalent metal salts of organic acids,
(C) inorganic fine particles (including (D) composite hydrated

25 oxides) may be also added as minor components in addition to



a molecule, for example, caproic acid, octy.iic acid, decanoic acid, lauric acid, myristic acid, palmitic
acid or stearic acid. Most preferably, the organic acid may he a long chain type fatty acid having not
less than 12 carbon atoms in a molecule, without an unsaturated bond 20 in a molecule such as laulic
acid, myristic acid, acid or stearic acid, (C)An inorganic fine particle To a water-absorbing agent of the
present invention may be added an inorganic fine garticle, in particular, an inorganic 25 fine particle
of.o dissolvingwater to prevent blocking 45 in moisture absorption. Specific examples of inorganic

ponder to besedinie presens venion nelide.s o s ades such g silcgndogde. ttaniu

oxide and the ; silica aci cate salt) such as natural zeoli e, synthetic zeolite ike; kaolin,

talc, clay, bentgnite, and the like; Among,these, silicop diexide apd silica acid (siicate, salt) are more

preferable and silicon dioxide and silica acid (silicate salt) with average Particle diameter, measured by

a coulter coyntarsngthods 9h3 09440200 Hm axe furtherpreferabe. (Rhe 40 desfogzationsability can
be achieved by above-mentioned eo i Le. .Amass ratio of the S102 and Al203 inzeo :Lteisprefra
bly 1 : 1-10@peremyeferaily)i ng-40. #h easppesiteiRyskatad exide t ion to be imparted,
5 exemplary amount of adding one of them is in the range of 0
to 10 parts by weight, preferably 0.001 to 5 parts by weight,
and more preferably 0.002 to 3 parts by weight based on 100
parts by weight of the water—-absorbing resin. In general, the
amount less than 0.001 part by weight does not provide sufficient
10 effect or additional function, while the amount over 10 parts
by weight may not achieve effect to meet with the added amount,
or may deteriorate absorbing performance.
(A) Components made from plants
A water—absorbing agent of the present invention can be
15 added with a component made from a plant in the amount described
above to fulfill deodorizationeffect. The component made from
a plant to be used in the present invention is preferably at
least one compound selected from polyphenol, flavone;
derivatives thereof and caffeine. It is further preferable
20 that the componentmade fromplant isat least one kindof compound
selected from tannin, tannic acid, stachyurus praecox, gall
or gallic acid.
Plants containing the component made from a plant to be

used in the present invention include, for example, Theaceae

25 plant such as camellia, Hikasaki plant and Sprague; Gramineae



To a water-absorbing agent of the present invention may 15 be added a composite hydrated oxide
containing zinc and silicon or zinc and aluminum (for example, exemplified in Japanese Patent
Application No. 2003-280373) to add superior blocking ratio after moisture absorption ;powder fluidity
after the ,t water-absorbing resin or the water-absorbing agent absorbs 20 moisture) and further
superior deodorization performance. (E)A reducing Agent in a water-absorbing agent of the
present invention may be preferably used a -educing agent, still more an inorganic reducing agent,

and particu].agﬁ%?rgdgcing a enltfggtailiiggtsulf r?gr c r%tﬁ@ci)r%g o%%ﬁﬁfprgggg odwq[le()ét:coloring.

C . .
46 Examples’of the reéilucmg agent'to be used include sulturous aci e) or suffurous acid

(hydrogen sulfite} apd the Jike ?xgmlim%%@@agjggn@)%@{sas LtheL additives such as an

antimicrobial, an aqueous polymer, water insoluble polymer, water, an organic fine particle, and the

like may be added agjtrarily ras lano-Rsthe Wetar ahsaring agant:ofihe presept iBxentioncan be
particularly obtained. 10(15) A particulate water-absorbing agent of the present invention The

particulate watetabseriae agenheaniel ebtainashhydaeaps shthe first preductigs methpd(i.e. heat
treatment) , the second production method (i.e. washing with lower-boiling
5 o0il), plant itself (plant-ground powder), plant residue
or extract residue as by-products generated in production
processes from plant processing industry or foods
processing industry, however, not particularly limited
thereto. The above-mentioned components made fromaplant
10 are exemplified in EP1352927,U0S2004-48955 and the like.

{B) A polyvalent metal salt

To a water-absorbing agent of the present invention
may be added a polyvalent metal salt, in particular, a
polyvalent metal salt of organic acids in the amount

15 described above to improve powder fluidity, and to prevent
blocking in moisture absorption.

A polyvalent metal salt of an organic acid used and a
method for mixing the polvvalent metal salt are exemplified
in WO02004-69936, and examples of the polyvalent metal salt of

20 organicacidsused in the present invention, having carbon atoms
of not less than 7 in a molecule include metal salts other than
alkali metal salts of fatty acid, petroleum acid or polymeric
acid, .

ITilustrative examples of the organic acid composing

25 the polyvalent metal salt of an organic acid include long



15 point solvent), and so on. By the new water-absorbing agent, the problems of the present invention
are solved. With the conventional water-absorbing resin and absorbing articles (especially diapers),
there was a problem__in practical applications as a diaper (especially as a diaper with high 20
water-absorbing resin concentration) that rewet amount in a diaper was large though many parameters
of the water-absorbing resin were controlled. Moredwver, it was a problem in certain instances that
deodorization effect and reduction of the amount of residual monomers were insufficient, consequently

a diaper with SupeligrAIoReLy maycelbc otianed, To saive e A7 ahous-mentioned problemse. to

provide water-absorbing articles w suitéd for practical applicafions) in"the present invention,

the present inyentars gays Atlaniarp poniert! e vglatle omaggie cogRuNds gad/grhe amount 5

of residual monomer after'heating in a water-absorbing agent (water--absorbing resin) , which have

conventionally Ngt bgan focusedaas meansdersalving thetuablemsa dhe rraseahiaventoss have also
found that a newwater-absorbing agent solves the above-mentioned problems by controlling particle

size, 10 abspsiios Tapaciyc Moseevaticonten ohthe velatids arganicrcostpounes and/er the amount
of residual monomer after heating in the water-absorbing agent. That is, the water-absorbing
agent d¢f thenarpseant ewéntien isdl5a patiichlateovatet dpsodigragenty eemprising avatezalisorbing
resin particles as a main component which are obtained by polymerization of an unsaturated monomer
containing dnhacid gkaup ard/vme sdlctkereofasdiwhichsarecal Yease dhesaaf ngadyesphdrital shapes,
aggregates thereof and aggregates 20 derived from nearly spherical shapes, and said water-absorbing
agent satisfed s tolldwmg fa)a ¢Bd ¢c)and (Hhe like. The organic acid

preferably has a carboxyl group in a molgcule. More
preferably, the organic acid may be a fatty acid such as
10 caproic acid, octylic acid, octynoic acid, decanoic acid,
lauric acid, myristic acid, palmitic acid, oleic acid,
stearic acid, tallow acid or hydrogenated fatty acid of
castor 0il or the like. Still more preferably the organic
acid may be a fatty acid without an unsaturated bond in
15 a molecule, for example, caproic acid, octylic acid,
decanoic acid, lauric acid, myristic acid, palmitic acid
or stearic acid. Most preferably, the organic acid may
be a long chain type fatty acid having not less than 12
carbon atoms in a molecule, without an unsaturated bond
20 in amolecule such as laulic acid, myristic acid, palmitic
acid or stearic acid.
(C) An inorganic fine particle
To a water—-absorbing agent of the present invention may
be added an inoxganic fine particle, inparticular, an inorganic

25 fine particle of non-disscolving in water to prevent blocking



(a) centrifuge retention capacity (CRC) in a physiological saline solution being not lower than 32 g g;
(b) mass median particle size (D50) being not smaller 25 than 200 ifti and not larger than 400 pm; 48
(c) ratio of particles having diameter of smaller than 150 pm being not lower than 0 % by weight and
not highe an 5% by weight; and (d) content of volatile organic compounds as atmospheric
concentration measured by a gas detector tube beiidg not lower than 0 ppm and not higher than 100
ppm. The water-absorbing agent the present invention is: a particulatewater- absorbing agent

comprising a,Watersahsprhing, (esin parcles as emain conaRent whieh ars 10 bigine

polymerization of an unsaturated monomer containing an acid group and saltt ereof and which

are at least ones,af nealy spherical shages, aggegaies-tharestand aggreoaiesfetvediiam nearly

spherical shapes, and the water-absorbing agent satisfies the followmg (a 3 (b), (c) and (e);
such as silicon dioxide, titanium oxide and the like; silica

acid (silicate salt) such as natural zeolite, synthetic zeolite
5 andthelike; kaolin, talc, clay, bentonite, andthe like. Among
these, silicon dioxide and silica acid (silicate salt) are more
preferable and silicon dioxide and silica acid (silicate salt)
with average particle diameter, measured by a coulter counter
method, of 0.001 to 200 um are further preferable. The
10 deodorization ability can be achieved by above-mentioned
zeolite.Amassratioof the Si0,andAl,03in zeolite is preferably
1:1~100, more preferablyl:2~10.
(D) A composite hydrated oxide
To a water—-absorbing agent of the present invention may
15 Dbe added a composite hydrated oxide containing zinc and silicon
or zincandaluminum (for example, exemplifiedinJapanese Patent
Application No. 2003-280373) to add superior blocking ratio
after moisture absorption (powder fluidity after the
water-absorbing resin or the water-absorbing agent absorbs
20 moisture) and further superior deodorization performance.
(E) A reducing agent
In a water-absorbing agent of the present invention may
be preferably used a reducing agent, still more an inorganic
reducing agent, and particularly a reducing agent containing

25 sulfur or containing oxygen to prevent odor or coloring.



(a) centrifuge retention capacity (CRC) in a physiological saline solution being not lower than 32 g/g
(b) mass median particle size (D50) being not smaller than 200 pm and not larger than 400 pm

(c) ratio of particles having diameter of smaller than 20 150 urn being not lower than 0 % by weight
and not higher than 5% by weight (e) content of residual monomer; after heating at 180C for 3
hours being not lower than 0 ppm and not higher thag 500 ppm. 49 a particulate water-absorbing
agent comprising agglomerated water-absorbing resin particles as a main component which are

obtained by r verse(i hase suspensign polymerization of an unsaturated monomer containing an
TP L a1 hotitn, A e AL A SErbine Bgo e oL T el

acid 5 group ereof, a Inhg agent satisfies eefosll%wmd: ?alj:s(b), (c)

and @ (@Lgeniifugeteieyian cangol. (GROLIN A Phsialgieal salne foliionelon got lover

than 32 mass median particle size (050 gnots er 10 than 200 pm and not larger

than 400 pny;; 1o eg&“gﬂggg@l%hqyé%g@g@gr of smaller than 150 pm being not lower than 0 %
by weight and not higher than 5% by weight; and (d) content of volatile organic compounds as

atmospherir 15 congegntratioh-peagured by a gas detector tube being not lower than 0 ppm and not
higher than 100 ppm.
5 Other additives such as an antimicrobial, an agueous

polymer, a water insoluble polymer, water, an organic fine
particle, and the like may be added arbitrarily, as long as
the water-absorbing agent of the present invention can be
particularly obtained.

10 (15) A particulate water-absorbing agent of the present
invention

The particulate water-absorbing agent can be obtained

by means of the first production method (i.e. heat treatment),
the second production method (i.e. washing with lower-boiling

15 point solvent), and so on. By the new water—-absorbing agent,
the problems of the present invention are solved. With the
conventional water—absorbing resin and absorbing articles
(especially diapers), there was a problem in practical
applications as a diaper (especially as a diaper with high

20 water—absorbing resin concentration) that rewet amount in a
diaper was large, though many parameters of the water-absorbing
resin were controlled. Moreover, it was a problem in certain
instances that deodorization effect and reduction of the amount
of residual monomers were insufficient, consequently a diaper

25 with superior property may not be obtained. To solve the



The water-absorbing agent of the present invention is: water-absorbing agent comprising
agglomerated water-absorbing resin particles as a main 20 component which are obtained by reversed
phase suspension polymerization of an unsaturated monomer containing an acid group and/or a salt
thereat, and the water-absorbing agent satisfies the following (a), (b), (c) and (e): (a) centrifuge
retention capacity (CRC) in a 25 physiological saling’solution being not lower than 32 g/g 50 (b)
mass median particle size (1)50) being not smaller than 200 pm and not larger than 400 pm

ratio of particle havi_nrgedi meter

ler th 50 [ | 9 ight and
higher than 5 /c?g? weig s e)%ngﬁ ;\Lr:?tr([)l%:]ei air E’g'g%%%@g%@@g&%%g%é roure

1
idual monomer after heating a hours

peing not lows pRiLang oty Weher Juan a0, A uatet-atsarhing adentoldhe;present invention

is 10 controlled to have (b) mass median particle size (D50) of usually being not smaller than 200 pm

and not larggw@éh@%%wﬂéﬁe lowier limit Being prafrcably 225983And-parisylaHy preferably
250 pm, while the upper limit being preferably 380 pm, and particularly preferably 350 pm. in
content of the volatile organic compounds and/or the amount
5 of residual monomer after heating in a water-absorbing agent
(water—-absorbing resin), which have conventionally not been
focused, as means for solving the problems. The present
inventorshavealso found that anewwater-absorbingagent solves
the above-mentioned problems by controlling particle size,

10 absorption capacity, moreover content of the volatile organic
compounds and/or the amount of residual monomer after heating
in the water-absorbing agent.

That 1s, the water-absorbing agent of the present
invention is:

15 a particulate water—-absorbing agent comprising
water—-absorbing resin particles as a main component which are
obtainedbypolymerizationof anunsaturatedmonomer containing
an acid group and/or a salt thereof and which are at least ones
of nearly spherical shapes, aggregates thereof and aggregates

20 derived fromnearly spherical shapes, and said water—-absorbing
agent satisfies the following (a), (b), (c) and (d};

(a) centrifuge retention capacity (CRC) in a
physiological saline solution being not lower than 32 g/g;
(b) mass median particle size (D50) being not smaller

25 than 200 pm and not larger than 400 pm;



15 addition, (c) ratio of particles with diameter of smaller than 150 pm is controlled to be not lower than
0 % by weight and not higher than 5% by weight with the upper limit being preferably 3% by weight,
more preferably 2% by weight, and particularly preferably 1% by weight. Particle size adjustment is
preferably carried out before surface crosslinking, however, it may be adjusted by pulverizing

‘cation and agglomerating after surface crosslinkingtt give specific particle size. When mass median
particle size is especially less than 200 pm and ratio 25 of particles with diameter of smaller than 150

pm is larger 51 than 5%, by weight roblem jn. connection with handlingcharacteristics, particularly
dust may be raised. Alst i v%l%%ﬁ%t igfaﬁea inla%sc%rﬁa%ﬂllcqeé}lls%%ﬁacaesra%ifagénr?%iggjce% r%m the top

sheet could posgibly opeur, WheR massmedian paricls sige is,aspadially Jore:thar AQ0pm. excellent

absorption speed can not be achieved, thus, high property can not be obtained upon practical
applicationsgg %og@qglﬁgi’clea%gjch as a diaper. The (a) centrifuge retention capacity (CRC) of the
10 present invention may be not smaller than 32 gig, with the lower limit being more preferably 35 gig,

still more preferably 40, gighrashpagicwany prefer iy 4h while M upRey Hmikbeing prereireferably
70 gia" still more preferably 65 gig, and particularly preferably 60 15 gig. When the absorption capacity

is smalfer thaor3:digr highaprapesty candeiba optainad tre atdiapedpplicating. not Thewsh content
oforganic compounds as
than 0 ppm and not higher than 100 ppm.
The water—absorbing agent of the present invention is:
a particulate water—-absorbing agent comprising a
water—absorbing resin particles as a main component which are
10 obtainedbypolymerizationof anunsaturatedmonomer containing
an acid group and/or a salt thereof and which are at least ones
of nealy spherical shapes, aggregates thereof and aggregates
derived from nearly spherical shapes, and the water-absorbing
agent satisfies the following (a}), (b), (c) and (e):;
15 {(a) centrifuge retention capacity (CRC) in a
physiological saline solution being not lower than 32 g/g
(b) mass median particle size (D50) being not smaller
than 200 ym and not larger than 400 um
(c) ratio of particles having diameter of smaller than
20 150 ym being not lower than 0 % by weight and not higher than
5% by weight
(e} content of residual monomer after heating at 180°C
for 3 hours being not lower than 0 ppm and not higher than 500
ppm.

25 The water-absorbing agent of the present invention is:



atmospheric concentration measured y a gas detector tube of the present invention i 0 ppm to 100
ppm, with the upper limit 20 being preferably 50 ppm, more preferably 20 ppm, and still more
preferably 5 ppm. This content content or volatile organic compounds in sealed air (atmospheric
concentration) as determined by a measurement method of content of volatile organic compounds
described later in Example (8). When the 25 conterdt%f volatile organic compounds is higher than 100
ppm, 52 odor of the organic compounds is generated in a diaper application, and thus, not only sense

of discomfort is causeéj IEH] (@(&Qﬂrg@gogggggrrgggq&ﬁ%eré@@}pg Pt @i@%dﬁlgh property can

not be obtained. The volatile organic compounds means an organic solvent havmg boiling point at

ordinary pressiye 5ok Bighe" A LSRG opislergbbicaoiing, 2eint of 65 ta 445 Granere prefer iy 75
to 130C, and patrticularly preferably 80 to 125C In general, it may be any organic solvent used in
manufacturg,shexaerips theregtbchisief.ded®dy reversed phase suspension
polymerization of an unsaturated monomer containing an acid
5 group and/or a salt thereof, and the water-absorbing agent
satisfies the following (a), (b), (c) and (d);
(a) centrifuge retention capacity (CRC) in a
physiological saline solution being not lower than 32 g/g;
(b) mass median particle size (D50) being not smaller
10 than 200 pm and not larger than 400 pm;
(c) ratio of particles having diameter of smaller than
150 um being not lower than 0 % by weight and not higher than
5% by weight; and
(d) content of volatile organic compounds as atmospheric
15 concentration measured by a gas detector tube being not lower
than 0 ppm and not higher than 100 ppm.
The water-absorbing agent of the present invention is:
a particulate water-absorbing agent comprising
agglomerated water-absorbing resin particles as a main
20 component which are obtained by reversed phase suspension
polymerization of an unsaturated monomer containing an acid
group and/or a salt thereof, and the water-absorbing agent
satisfies the following (a), (b), (c) and (e}:
(a) centrifuge retention capacity (CRC) in a

25 physiological saline solution being not lower than 32 g/g



10 dispersion solvents essentially used in reversed phase polymerization, organic solvents may be
used in the surface cross un king as needed, as well as acetic acid, propionic acid, acrylic acid dimer
and the like which are impurities of the monomer. It was found that remaining of these substances in a
slight amount account for odor of the water-absorbing agent or inhibition of deodorization effect. Thus
these problems were dissolved by the present invemion. According to the present invention, (e)
content of the residual monomer after heating the water-absorbing agent at 20 100C for additional 3

hours i not lower a3 pRILa" 5 NGNSLITAN 808 RPN 1) UBBSH I et referably 300

ppm, and more prefer ppm. The content of the residual monomer after heating for 3 hours of

being higher %S%Qprar&s npbpreierred; Becausgs decampogition and the like of the acrylic acid

dimer may be caused during practical applications (especially during practical applications under high
temperature) or with agditigpalyeferpingor dieatmest leding dageaerajipnsard hereasesef residual

monomer, and to generation of an odor derived from the residual monomer, 5 even though initial
content of regduglmeaomeristoWower than 0 % by weight and not higher than
5 5% by weight
(e) content of residual monomer after heating at 180°C
for 3 hours being not lower than 0 ppm and not higher than 500
pprm.
A water-absorbing agent of the present invention is
10 controlled to have (b) mass median particle size (D50)
of usually being not smaller than 200 um and not larger
than 400 um, with the lower limit being preferably 225um, and
particularly preferably 250 um, while the upper limit being
preferably 380 um, and particularly preferably 350 pm. In
15 addition, (c) ratio of particles with diameter of smaller
than 150 pm is controlled to be not lower than 0 % by weight
and not higher than 5% by weight, with the upper limit being
preferably 3% by weight, more preferably 2% by weight, and
particularly preferably 1% by weight. Particle size
20 adjustment is preferably carried out before surface
crosslinking, however, it may be adjusted by pulverizing
, classification and agglomerating after surface
crosslinking to give specific particle size. When mass

median particle size is especially less than 200 um and ratio

25 of particles with diameter of smaller than 150 pm is larger



In conventional reversed phase suspension polymerization of water-absorbing agents, as described
above, polymerization and surface crossl. nking, drying and agglomeration have been carried out in
lower-boiling point 10 organic solvent (for example, L clonexane having boiling point of 80.7C) . Thus,
it was found that a slight amount of organic solvent remains according to conventional methods for
production and in commercially available products &hd the like, and that the residual organic solvent
causes the odor in 15 practical applications as a diaper. According to the present invention, such

ichraetiadanlsicia: i T an RS L anae it ol

agglomeration after rever%edeplf%s po'?yr%erlza ion, and by heating at temperature preferably not

lower than 150f-and not pigher; 24 than, 230G),, yle §Qﬂ£@‘éi%'%|‘iﬂ%r £971pQRENtS jthg monomer,

particularly in acrylic acid (acetic acid, propion ¢ acid, acrylic acid {linter and the like) . '(16) Other

properties of g particulate waterabsarbincsagent atths present invention EsPartigles péth diameter of
150 to 600(g) 54 Logarithmic standard deviation Bulk density (specified by 3113 K-3362 (1998)

) of a water-pbsqrbing agest af tke prgsent dwengen isagivsted i he preferablyindhentaage of 0.40
to 0 .90e preferably 0.50 to 0.80 g/m1 . Ratio of (1) particles with diameter between 150 and 600 Lim

is prefeyably8Q 1@ 1 % thyaveight bases esgdetal pattiglesnaork gpnederabiyn 95t d80%<hytweight,
and further preferably 98 to 100% by weight . Logar4 thmic standard deviation (04) of particle size
distribution &) s ingthe cangepef 49 preferably (020 ¢a-0.56 vmdretpreferaliiy. @12 0ats Op4sy ard
particularly preferably 0.20 to 0.40. When particles without this range are used in a diaper, superior
property magarotretobtairdul BéoabarrnaiE dbserdingPagert of fensresermifaaitibRhas narrow
particle size distribution, handling
articles such as a diaper.
The (a) centrifuge retention capacity (CRC) of the
10 present invention may be not smaller than 32 g/g, with
the lower limit being more preferably 35 g/g, still more
preferably 40 g/g, and particularly preferably 45 g/g,
while the upper limit being more preferably 70 g/g, still
more preferably 65 g/g, and particularly preferably 60
15 g/g. When the absorption capacity is smaller than 32 g/g,
high property can not be obtained in a diaper application.
The (d) content of volatile organic compounds as
atmospheric concentration measured by a gas detector tube of
the present invention is 0 ppm to 100 ppm, with the upper limit
20 being preferably 50 ppm, more preferably 20 ppm, and still more
preferably 5 ppm. This content means a content of volatile
organic compounds in sealed air (atmospheric concentration)
as determined by a measurement method of content of volatile

organic compounds described later in Example (8). When the

25 content of volatile organic compounds is higher than 100 ppm,



15 characteristics (in particular, feeding characteristics) are favorable, and superior water absorption
speed is provided. Therefore, when it is used as an absorbing article, superior liquid diffusibility is also
achieved. (h)Absorbe.ncy against pressure 90A water-absorbing agent of the present invention has
absorbency against pressure at 1.9 kPa (under load) in a 0.90% by weight agueous sodium chloride
solution of preferably not lower than 20 glg, more ps&ferably not lower than 25 g/g, still more preferably
not lower than 30 g/g, and particularly 25 preferably not lower than 35 gig. When the absorbency

against 55 prg%%%re Oi% Iq:vﬁeéi tg?%ggl%g , Ce%[{rgﬁ%gm sJ"n %1%0&1 glaé}/ﬁ%%g ! eéerggflég g% upper limit is

not particularly limited, however, approximately 60 gig will be enoug e case may be, in view of

elevation of the, cast due fo,lificyin iy produstion, {1 Blosking fatio affer moisture ahsprption A

water-absorbing agent of the present invention is superior in powder handling characteristics due to

having low blgeking salin-abiar-Aeistyrerabsarplinnedescripeddates i 18 Example Blogking ratio after
moisture absorption is preferably 0 to 30% by weight, more preferably 0 to 20% by weight, further

preferably Orte dQ%pyoweightanthpartieidanyspretetabine . SYmeweighs tBloeking gativi after |
oisture absorption over 30% by weight provides a problem such as difficulty in production 15 of a
diaper and thertie ptod € xamefale sowingde gmoi powderduiditiafhienbldoking rato atienmoisture
absorption falling within the above range can be attained by using the additives.
ordinary pressure of not higher than 150°C, preferably boiling
.point 0of 65to0145°C, morepreferably 75t0130°C, andparticularly
preferably 80 to 125°C. Ingeneral, itmaybeanyorganicsolvent

used in manufacture, and examples thereof include e.g., the
10 dispersion solvents essentially used in reversed phase
polymerization, organic solvents may be used in the surface
crosslinking as needed, as well as acetic acid, propionic acid,
acrylic acid dimer and the like which are impurities of the
monomer. It was found that remaining of these substances in
15 a slight amount account for odor of the water-absorbing agent
or inhibition of deodorization effect. Thus, these problems
were dissolved by the present invention.
According to the present invention, (e) content of the
residual monomer after heating the water-absorbing agent at
20 180°C for additional 3 hours is not lower than 0 ppm and not
higher than 500 ppm, with the upper limit being preferably 300
ppm, and more preferably 100 ppm. The content of the residual
monomer after heating for 3 hours of being higher than 500 ppm
is not preferred. Because decomposition and the like of the

25 acrylic acid dimer may be caused during practical applications



Increased extractables by deterioration Increased extractables by deterioration of the present 20
invention is usually O to 15% by weight, more preferably 0 to 10% by weight, and still more preferably
0 to 5% by weight. When increased extractables by deterioration is over 15% by weight, stability of the
water--absorbing agent against urine becomes insufficient and enough absorption ability cannot be 25
fulfilled in long period practical application of the alisdrbing JO core. Increased ratio of extractables by
deterioration Increased ratio of extractables by deterioration of the present invention is usually 1 to 4

times, preferapliu 0 2.3 iipeg.marg praigabicl {0 I imes A gadiiarly prefrably 1to 1. 3

: S : : : 1
times. When mcréased ratio of extra les by deterioration Is over 3 times, stability of the

water-absorbing agent against ugipe hecomesdnsyfiiciant and eendhgbsarptior abjlirgannot be
fulfilled in long period 10 practical application of the absorbing core. (1)Absorption speed with vortex

method  Abseipiontepeashefthe watekabsarhingsaarntof the preseal inventark is,shatter than 60
seconds, preferably 1 to 55 seconds and more preferably 2 to 50 seconds. A water-absorbing agent

with absorptien gpaed overe0 secandsmay i fulfik duifieient ahsonptish dbiity whroritaised in
absorbing cores such as a diaper.
5 even though initial content of residual monomer is low.

In conventional reversed phase suspension
polymerization of water-absorbing agents, as described above,
polymerization and surface crosslinking, drying and
agglomeration have been carried out in lower-boiling point

10 organic solvent (for example, cyclohexane having boiling point
of 80.7°C). Thus, it was found that a slight amount of organic
solvent remains according to conventional methods for
production and in commercially available products and the like,
and that the residual organic solvent causes the odor in

15 ©practical applications as a diaper. According to the present
invention, such problems can be resolved by not substantially
using organic solvent in surface crosslinking and agglomeration
after reversed phase polymerization, and by heating at high
temperature (preferably not lower than 150°C and not higher

20 than 250°C), while controlling minor components in the
monomer, particularly in acrylic acid (acetic acid, propionic
acid, acrylic acid dimer and the like).

(16) Other properties of a particulate water-absorbing

agent of the present invention

25 () Particles with diameter of 150 to 600 pm; (g)



(11) Shape of the particulate water-absorbingagent of the present invention 20In general, particle
shape ofthewater-absorbing resin articulate water-absorbing agent)of the present invention obtained
by reversed phase suspension polymerization exhibits nearlysphericalshape, aggregated
shapethereof,or aqgregated shape derived from nearly spherical shapes, depending on the
polymerization mechanism. This particle shape carblde readily 57 distinguished from irregular shape
(pulverized shape or crushed shape) of the water-absorbing resin obtained by general agueous

polymerization. Fig. 1 illustrates an electron micr h showing a water-absorbing resin forming
particles 5 Wit%oagsgf%ptehﬁklecbusﬁzc%no gﬁ}a{pgﬁrh%ql%r%%ggregation of nearly spherical shapes which are

primary particles. Othgrs, ]pqgéqll%%se/gh g\lgg]é@f ngicﬂﬁ; Wwith apeifecs w@qgc)aj bagy gnd particles

with a sausage shape are exemplified. Fig. 2 illustrates an electron micrograph snowing a

water-absorhinge10 rasin, {asming 4gekrshapediparticles dhrougtaggregation andifusiogphearly

spherical shapes which are primary particles. Fig. 3 illustrates an electron micrograph showing a

water-absonging resiafarming fiee gradmgbaped padieles thyougmaggiagaiion gnd fusiap Dinearly
spherical shapes which 15 are primary particles The water-absorbing resin obtained by reversed
phase suspeéengion:polynserigatiaon hasdtidlo ik [dengiy-afi@: Degimli irhchhaparison ithween
water-absorbing resins of irregular shape owing to the particle shape thereof. Therefore, it is
advantageol$ thasdafd fotransponatizrrefahg 20 watet Hbsdriging fegirt drreisindedactionand thickness
of the absorbing core. Moreover, because of large surface area of the aggregates of nearly spherical
shapes or apgiyatdsderivatre preferably 95 to 100% by weight, and further

preferably 98 to100%byweight. Logarithmicstandarddeviation
(o) of particle size distribution (g) is in the range of

10 preferably 0.20 to 0.50, more preferably 0.20 to 0.45, and
particularly preferably 0.20 to 0.40. When particles without
this range are used in a diaper, superior property may not be
obtained. Because the water—-absorbing agent of the present
invention has narrow particle size distribution, handling

15 characteristics (in particular, feeding characteristics)
are favorable, and superior water absorption speed is
provided. Therefore, when it is used as an absorbing article,
superior liquid diffusibility is also achieved.

(h) Absorbency against pressure

20 A water-absorbing agent of the present invention has
absorbency against pressure at 1.9 kPa (under load) in a 0.90%
by weight aqueous sodium chloride solution of preferably not
lower than 20 g/g, more preferably not lower than 25 g/g, still
more preferably not lower than 30 g/g, and particularly

25 preferably not lower than 35 g/g. When the absorbency against



from nearly spherical shapes, comparatively high liquid absorption speed can be attained. Therefore, it
is advantageous 25 in prevention of liquid leakage and skin irritation when used 58 in absorbing cores
such as a diaper. (18) An absorbing- article Applications of the particulatee -absorbing agent of the
present invention are not especially limited, however, the water-absorbing agent is used preferably in
anabsorbi core and an absorbing article. The d@dsorbing core of the present invention is obtained
using the particulate water-absorbing agent. The absorbing core in the present invention means an 10

absorbing ma;&gféas! dormed usipg theparticylate watergahsorbing agent A0ddydropbilig fibgts as main

components. Content of the water-absorbing agent (core concentration) in the absorbing core of the

present invenign, hased,en ofalweight ofthe W?E%é@bﬁ%)il%g agentandaydrophilic fikgrs is

preferably not lower than 20 arudnothigher than % by weight, with the lower limit being more
preferably 30% by sveight: aaddayticigaihs Rreferadin46% by weightl Fughenqngabsasbingaarticle of

tua present 20 invention is equipped with the absorbing core of the present invention, a surface sheet
with liquid pesseatdipywad abackesshedt withiguitoroe-permeahility. due to difficulty
5 in production.
(i) Blocking ratio after moisture absorption
A water-absorbing agent of the present invention is
superior in powder handling characteristics due to having low
blocking ratio after moisture absorption described later in
10 Example. Blockingratiocaftermoisture absorption ispreferably
0 to 30% by weight, more preferably 0 to 20% by weight, further
preferably 0 to 10% by weight and particularly preferably O
to 5% by weight. Blocking ratio after meoisture absorption over
30%byweight provides aproblem such asdifficulty inproduction
15 of a diaper and the like, for example, owing to poor powder
fluidity. Theblockingratioaftermoistureabsorptionfalling
within the above range can be attained by using the additives.
{3) Increased extractables by deterioration
Increased extractables by deterioration of the present
20 invention is usually O to 15% by weight, more preferably 0 to
10% by weight, and still more preferably 0 to 5% by weight.
When increased extractables by deterioration is over 15% by
welght, stability of the water-absorbing agent against urine

becomes insufficient and enough absorption ability cannot be

25 fulfilledin long period practical application of the absorbing



Absorbing articles of the present invention in particular, a disposable diaper for a child, a disposable
25 diaper for an adult or a sanitaryihe fabricated by, for example, preparing the absorbing core
(absorbing substrate) through blending or sandwiching fiber substrates and the water-absorbing
agent, followed by sandwiching the absorbing core between the substrate with 5 liquid permeability
(the surface sheet) and the substrate with liquid nog4ermeability (the back sheet) and mounting of
elastic parts, diffusion layers, pressure sensitive adhesive tapes, and the like, if necessary. Such
absorbing core is subjected to compression molding to have density 10 of 0.06 to 0.50 g/cc and basis
weigh, in the rangeé of 0.01 to0.20gcm2. lllustrative exampies o the fiber substrate to be used include

hydrophilic fibers, suchyas .r, ground weqd pulp. or gatiqn, inters cropgfinkad allulosis figers, rayon

fibers, cotton fibers, wool fibers, acetate 15 fibers, vinylon fibers, and the'like. Preferably they are used
as airlied. A water-apsprhingagephefithepresept ivestion i ghexhibiting-auaesiprabseyption

properties. Specific examples of such absorbing article include sanitary goods 20 starting from a
disposable gjapaifeor anaditts \Whese grawitaisisjgnificanturacently, a giapee fera ghild, wosanitary
5 times, more preferably 1 to 1.5 times, and particularly
preferablyltol.3times. When increasedratioof extractables
by deterioration is over 3 times, stability of the
water—absorbing agent against urine becomes insufficient and
enough absorption ability cannot be fulfilled in long period
10 practical application of the absorbing core.
(1) Absorption speed with vortex method
Absorption speed of the water—absorbing agent of the
present invention is shorter than 60 seconds, preferably 1 to
55 seconds and more preferably 2 to 50 seconds. A
15 water-absorbing agent with absorption speed over 60 seconds
may not fulfill sufficient absorption ability when it used in
absorbing cores such as a diaper.
(17) Shape of the particulate water—-absorbing agent of
the present invention
20 In general, particle shape of the water-absorbing resin
(particulate water-absorbing agent)of the present invention
obtained by reversed phase suspensionpolymerization exhibits
nearly spherical shape, aggregated shape thereof, or aggregated

shape derived from nearly spherical shapes, depending on the

25 polymerization mechanism. This particle shape can be readily



napkin, so to speak a pad for incontinence, and the like, but not limited thereto. Because a
water-absorbing agent present in an absorbing article of the present invention 25 provides less rewet
amount and significant dry feeling, 60 loads of person wearing such goods and nursing staffs can be
significantly reduced. Examples Thepresentinvention wilibeelucidatedspecifically
withthefollowingExamplesandComparativeExampl&3below, without being limited to the following
Examples. Various performances of a water-absorbing resin, a particulate water-absorbing agent
(hereinafter, referred to a

folowing meALbeE. RS IS RSt o e R ra e et eXCiARSien wil be m

e tollowing descriptio urement method, explanation will be made

for cases in whigh apraperty. of awater;ahsorbing agent ismeasuresh Elecitioal eguiment was

always used under 15 conditions of 100 V and 60 Hz in Examples. In addition, the water-absorbing

resin, the watersahsorping.paept 2nd fhe abseriing article were-usedsuaderenaditiops25C + 2C. and
50% RH (relative humidity), unless particularly specified. An aqueous solution of 0.90% by weight of

micrograph showing a water-absorbing resin forming particles
5 with a shape like bunch of grapes through aggregation of nearly

spherical shapes which are primary particles. Others,particles
with wrinkles, particles with a perfect spherical bedy and
particles with a sausage shape are exemplified. Fig. 2
illustrates an electron micrograph showing a water-absorbing

10 resin forming rock-shaped particles through aggregation and
fusion of nearly spherical shapes which are primary particles.
Fig. 3 illustrates an electron micrograph showing a
water-absorbing resin forming rice grain-shaped particles
through aggregation and fusion of nearly spherical shapes which

15 areprimaryparticles. Thewater-absorbingresin obtainedby
reversed phase suspension polymerization has high bulk density
of 0.9 g/mL in comparison with water-absorbing resins of
irregular shapeowingtotheparticleshapethereof. Therefore,
it is advantageous in regard to transportation of the

20 water-absorbing resin and in reduction in thickness of the
absorbing core. Morecover, because of large surface area of
the aggregates of nearly spherical shapes or aggregates derived
from nearly spherical shapes, comparatively high liquid
absorptionspeedcanbeattained. Therefore, itisadvantageous

25 in prevention of liquid leakage and skin irritation when used



20 sodium chloride was used as a physiological saline solution. When moisture is absorbed by the
water-abs bingagent (water-absorbing resin), measurement is carried out after dryingr reduced
pressure (for example, for about 16 hrs at 60 to 80C), as appropriate, to equilibrium moisture 61 dont
1,(2 to 8% by weight, aboutby weight) of the water-absorbing agent (water-absorbing resin). When a
water-absorbing agent (water-absorbing resin), a diaper, or a water-absorbing agent
(awater-absorbing resin) taken out 5 of a diaper on the market which iray absorb moisture on

distribution is yﬁegﬂ%gﬁggﬁ%@gt §g eL%sts %ggzog%%%; g\sfga T?)e}_,cr)’_nade after drying under reduced

pressure (for example, rs at priate to equilibrium moisture content (2

to 8% by weight aboyt( §% bymig@&@ﬁﬁl&e yg{__e_{ﬁgorbing agent (_Water-absorbing resir!)
(1)Centrifuge Retention Capacity (CRC) for a physiological saline solution (an aqueous solution of
0.90% by weight of apdiumn-chloted®) of the particulate water-absorbing agent
of the present invention are not especially limited, however,
5 the water-absorbing agent is used preferably in an absorbing
core and an absorbing article.
The absorbing core of the present invention is
obtained using the particulate water-absorbing agent.
The absorbing core in the present invention means an
10 absorbing material formed using the particulate
water—-absorbing agent and hydrophilic fibers as main
components. Content of the water-absorbing agent (core
concentration) in the absorbing core of the present
invention, based on total weight of the water-absorbing
15 agent and hydrophilic fibers is preferably not lower than
20 and not higher than 100% by weight, with the lower limit
being more preferably 30% by weight, and particularly
preferably 40% by weight.
Further, an absorbing article of the present
20 inventionisequippedwiththe absorbingcoreof thepresent
invention, a surface sheet with liquid permeability and
a back sheet with liquid non-permeability.
Absorbing articles of the present invention, in

particular, a disposable diaper for a child, a disposable

25 diaper for an adult or a sanitary napkin can be fabricated



A water-absorbing agent of 0.20 g was uniformly put in 15 a baq (60 mm x 85 mm) made of unwoven
fabric and immersed in a physiological saline solution controlled at 25 2C. The bag containing the
water-absorbing agent was taken out of the saline solution after 30 minutes and subjected to
dewatering for 3 minutes at 250 G (250 x 9.81 misec?2) using a centr f 40(Model H-122 small size
centrifuge made by Kokusan Corporation) and therb®eighed to determine weight W2 (g) . Weight W1
(9) of the bag then was measured after similar operation without using any water-absorbing agent.

Centrif R ti ' 19) d o] IE 25th
following formU. BEuge HoehiE by (G et U7 (o - WaiaREutt {8 Yheight o
wet -absorbing. agent{gk <}  +n rQHYPSRRNEY AIGINSLPTESSIG AL E DA aABE 1.9 kPa) in a

physiological saline solution A water-absorbing agent of 0.900 g was uniformly scattered on a

400-Mesh wirgaeshipade ghiainiges steeldmesh seepweldeditpdhe bottem epd dacerof a plastic
support cylinder with inner diameter of 60 mm. A piston (cover plate) , which has outer diameter a little

smaller 10 team 66 ineh forgE e gapsagabish heivper Bwtaceot the suppors eyinder and san move
up and down smoothly, was mounted on the water-absorbing agent. Total weight W3 (g) of the support

cylindes, thelviater-dbperbingzdgentiand ehmstomnwiascraeabured.) Adoad adpistetbweighttte press 15
the water-absorbing agent uniformly at 1.9 kPa including the weight of the piston was mounted on the
piston, therebytdormpletinglaset obmeaswing appardtbs cdlpass filker ¢teshrd] 2800 2 41, diameter
of 90 nun and thickness of 5 mm was placed in a Petri dish with diameter of 150
of elastic parts, diffusion layers, pressure sensitive
adhesive tapes, andthe like, if necessary. Suchabsorbing
core is subjected to compression molding to have density
10 of 0.06 to 0.50 g/cc and basis weight in the range of 0.01
t00.20g/cm®. Illustrative examples of the fiber substrate
to be used include hydrophilic fibers, suchas e.g., ground
wood pulp, or cotton linters, crosslinked cellulosic
fibers, rayon fibers, cotton fibers, wool fibers, acetate
15 fibers, vinylon fibers, and the 1like. Preferably they are
used as airlied.
A water-absorbing agent of the present invention is
one exhibiting superior absorption properties. Specific
examples of such absorbing article include sanitary goods
20 starting fromadisposablediaper foranadult, whose growth
is significant recently, a diaper for a child, a sanitary
napkin, so to speak a pad for incontinence, and the like,
but not limited thereto. Because a water-absorbing agent

present in an absorbing article of the present invention

25 provides less rewet amount and significant dry feeling,



20 mm and a physiological saline solution controlled at 25 2C was poured up to the same level as per
surface of the glass filter. A sheet of filter paper with diameter of 9 cm (No.2 from Toyo Roshi Ka:i ha
Ltd.) was placed on the surface of the glass filter to be entirely wetted, 25 and then excess solution
over the wetted filter paper was 63 removed. The set of the measuring apparatus was placed on
the wetted filter paper and the liquid was absorbeda®ith the water-absorbing agent under load. The
liquid level was kept constant by adding the liquid when the liquid surface became lower than the

upper Surfaci%fﬁtggo%gﬁs e[f?ié%%r%T?he %eetaog :'(quegmg%s&gin SRR ragﬁquﬁjiﬁgg ) agtggﬁgour and

weight W4 (g) (the w e support cylinder, thie swollen water-absorbing agent and the

piston.) excluging the loag mﬂwwmggg@psorbency against pressure (g/g) was
calculated from the weights WI and W4 according to the following formula. Absorb,

cyAgainstPressure (g/g)=IweightW4(g) -weight W3 (g)1/weight of water-absorbing agent ( 15(3)Mass
median particle size (D50), logarithmic standard deviation (de,) and percentage byght of partin' less
than 150 pm i gisnagfer A water-absorbing agent was subjected to sieve classification usin- JIG
standard sieves (JIG Z-8801-4 (2000) ) 20 having mesh opening size of 850 pm, 710 pm, 600 pm, 500

pm, 425um, 300 pnTid Rure skaOtpim 166 i andidSi use adpet centags sy eveight o pdrticles less
than 150 pm in diameter was measured, while oversize percentages R at each particle size were
plotted on asibgarithmaic probability papermPartclesidéomparative Examples below,
without being limited to the following Examples. Various
performances of a water-absorbing resin, a particulate
water—absorbing agent (hereinafter, referred to as
10 water-absorbing agent) and an absorbing article were measured
by the following methods. 1In the following description
of the measurement method, explanation will be made for
cases in which a property of a water-absorbing agent is
measured. Electrical equipment was always used under
15 conditions of 100 V and 60 Hz in Examples. In addition,
the water-absorbing resin, the water-absorbing agent and the
absorbing article were used under conditions of 25°C £ 2°C
and 50% RH (relative humidity), unless particularly
specified. An aqueous solution of 0.90% by weight of
20 sodium chloride was used as a physiological saline
solution.
When moisture is absorbed by the water-absorbing agent
(water—-absorbing resin), measurement is carried out after

drying under reduced pressure (for example, for about 16 hrs

25 at 60 to 80°C), as appropriate, to equilibrium moisture



25 corresponding to R = 50% by weight was thus determined as mass 64 median pae size (D50) .
Logarithmic standard deviation (cc) is represented by the following formula, wherein smaller value of
ae, means narrower particle-size distribution. cy" - 0.5 x In (X2 /Xi) 5(wherein Xi and X2 are particle
diameters for R 84.1% by weight and R = 15.9% by weight, respectively) For sieve classification,
a water-absorbing agent of 10.00 g is charged into @ach of the JIS standard mesh sieves (The IIDA
TESTING STEVE: inner diameter of 80 :am) 10 and sieved for classification for 5 minutes using a

Re-tap e sy shalier Mprel 55 55 sins shaker (B3 Seisgish fon L) o ass

median particle size means part etef for a standard siéve, corresponding to 50% by

weight based,on,the whele particles, when sieyipgiis cauied gyl fystandard sieveg,with particular
meshes as described in US5051259 arid the like. (4)actable polymer First of all, preparation for
measuremepk ebextracialiging agent (water-absorbing resin), a diaper, or
a water-absorbing agent{a water-absorbing resin) taken out
5 of a diaper on the market which may absorb moisture on
distribution is used in a comparison test, comparison may
be made after drying under reduced pressure (for example,
for about 16 hrs at 60 to 80°C) as appropriate to equilibrium
moisture content (2 to 8% by weight, about 5% by weilght)
10 of the water-absorbing agent (water-absorbing resin).
(1) Centrifuge Retention Capacity (CRC) for a
physiological saline solution (an aqueous solution of 0.90%
by weight of sodium chloride)
A water—-absorbing agent of 0.20 g was uniformly put in
15 a bag (60 mm x 85 mm) made of unwoven fabric and immersed in
a physiological saline solution controlled at 25 * 2°C. The
bag containing the water-absorbing agent was taken out of the
saline solution after 30 minutes and subjected to dewatering
for 3 minutes at 250 G (250 x 9.81 m/secz) using a centrifuge
20 (ModeiH—122smallsizecentrifugenmdekanokusanCorporation)
and then weighed to determine weight W, (g). Weight Wi (g) of
the bag then was measured after similar operation without using
any water—-absorbing agent. Centrifuge Retention Capacity

(g/g) was calculated from the weights W; and W, according to

25 the following formula.



20 polymer will be described. A pH electrode was calibrated with buffer solutions of pH 4.0, pH 7.0 and
pH 10.0. A physiological saline solution of 50 ml, prepared beforehand for a blank test, was poured
into a 100 ml glass beaker and added in dropwise with a 0.1 mol/L aqueous solution of sodium
hydroxide until ram, to determine titration amount Vb (ml.) of the aqueous solution of sodium
hydroxide for a blank test. The saline solution wasdarther added in dropwise with a 0.1 mol/L aqueous
solution of hydrochloric acid until pH 2.7, while stirring, 5 to determine titration amount Vt,i, (m1) of
hydrochloric acid for a blank test. hysiological saline solugion of ml, prepared beforehand,
was poured into a 25 i 651y8|%%y%en%%ll¥pl\%ﬁhq%afda gﬁ& %dg%é%\xtﬁlzp(%el}f%% v%réte g bsorbing 10

agent obtained ipeg_?%@p}/@ls qrgg?mgigﬁlg %)@rgglggfg Qgsq%‘_sggg%d e h?gsfaline golution was

then stirred with a stirrer with 1ength of 30 mm and diameter of 8 ram at 500 50 rpm for one hour or 16

hours to extract extyagtableypalypey. After gtiriing for enehout oE 16theurs, the, 1988k sglution was
filtrated with a filter paper (No.2, made by Toyo Roshi Kaisha Ltd. , retaining particle

kPa) in a physiological saline solution

5 A water—absorbing agent of 0.900 g was uniformly
| scattered on a 400-Mesh wire mesh made of stainless steel
(mesh size: 38 um) welded to the bottom end face of aplastic
support cylinder with inner diameter of 60 mm. A piston
(cover plate), which has outer diameter a little smaller

10 than 60 mm, forms no gap against the inner surface of the
support cylinder and can move up and down smoothly, was
mounted on the water—-absorbing agent. Total weight W3 (g)

of the support cylinder, the water-absorbing agent and

the piston was measured. A load adjusted weight to press

15 the water-absorbing agent uniformly at 1.9 kPa including
the weight of the piston was mounted on the piston, thereby
completing a set of measuring apparatus. A glass filter
(mesh size: 40~50um ) with, diameter of 90 mm and thickness

of 5 mm was placed in a Petri dish with diameter of 150

20 mm and a physiological saline solution controlled at 25
+ 2°C was poured up to the same level as the upper surface

of the glass filter. A sheet of filter paper with diameter

of 9 cm (No.2 from Toyo Roshi Kaisha Ltd.) was placed on

the surface of the glass filter to be entirely wetted,

25 and then excess solution over the wetted filter paper was



of 5 ura according to WES P 3801 (1995/4 to obtain a Thus obtained filtrate of 20 ml (recorded as
F (ml) ) was poured into a 100 ml glass beaker and added with a 20 physiological saline solution to
obtain 50 ml of a filtrate for titration. When thus obtained filtrate is less than 20 ml, the total amount of
thus obtained filtrate was recorded as F (rat) and added with a 0.90% by weight aqueous solution of
sodium chloride to obtain 50 ml of a filtrate 25 for tigation, 66 Subsequently, the ff1 F rate for titration
was added in dropwise with a 0.1 mol/L aqueous solution of sodium hydroxide, while stirring with a
cylinder-type %tirre(g‘\,/vétg length of 30 mm and diameter of 8 mm until pH 10, 5 to determine titration
amount Va (mof the agueous solution of sodium hydroxide. The filtrate was further added in dropwise

with a 0.1 mol/L aqueqys, sQlution,qf _'Eyﬁéocﬂgjéig@Fqn"&hi%@@tHQ“'xP&EZ-ZyﬂQ@&IF”@H‘e ti;ration
amount Vb (ml) of the agueous solution 10 of hydrochloric acid. Extractablepolymercontent (%) is
calculated byithe following fesmula . Extractablg palypes content o)z §(\WaWhrbe &0Q i th
the water-absorbing agent under load. The liquid level
5 was kept constant by adding the liquid when the liquid
surface became lower than the upper surface of the glass
filter. The set of the measuring apparatus was lifted up
after an hour and weight W; (g) (the total weight of the
support cylinder, the swollen water-absorbing agent and

10 the piston) excluding the load was measured again. The
abscorbency against pressure (g/g) was calculated from the
weights W3 and W, according to the following formula.

Absorbency Against Pressure (g/g) = {weight W, (g) ~weight
Ws (g)}/weight of water-absorbing agent (g)

15 (3) Mass median particle size (D50), logarithmic
standard deviation (o) and percentage by weight of particles
less than 150 pm in diameter

A water-absorbing agent was subjected to sieve
classification using JIS standard sieves(JIS Z2-8801-1(2000))

20 having mesh opening size of 850 pm, 710 pm, 600 pm, 500 um,
425um, 300 ym, 212um, 150 ym, 106 ym and 45 pm, and percentage
by weight of particles less than 150 pm in diameter was measured,
while oversize percentages R at each particle size were plotted
on a logarithmic probability paper. Particle size

25 corresponding to R = 50% by weight was thus determined as mass



Wherein Wa (g) is relative weight of units having an acid group in extractable polymer included in a
water-absorbing agent, and Wb (g) is relative weight of units having a carboxyl ate group neutralized
by an alkali metal in extractable polymer included in the water-absorbing agent. Each of them is
calculated by the following formulae. 20V (g) - Na x 72 x 200/F Wb (g) = Nb X 94 x 200/F
the value 72 is weight per 1 mole of a repetition unétdin polyaorylic acid, and when a monomer with an
acid group other than acrylic acid is copolymerized, 25 the value is altered to average weight of a

o T lAsenasues Mopomede alua 24 s el Aeawiagl a4engiiion unit i

. medglan 1C :
polysodium acry At A § it s Sitere , as appro en a monomer having an acid group other

iate,

Wherein

than acrylic afaféifsg%%ﬁ%i}sgtga uhen petpssim, Jtkivmon the Jike isusedrinstead-of sodium

as an alkali me

Na (mo

)

IS Number of moles ot an acid group of extractable polymer in a

filtrate and Mb,(ol)is nymbes.al noles phasa -pxyiateareup; reutmlized hyan akali metal, of

5

10

15

20

25

ol = 0.5 x 1In (Xy /¥1)

(wherein X; and X; are particle diameters for R=84.1% by weight
and R = 15.9% by weight, respectively)

For sieve classification, a water-absorbing agent
of 10.00 g is charged into each of the JIS standard mesh
sieves (The IIDA TESTING SIEVE: inner diameter of 80 mm)
and sieved for classification for 5 minutes using a Ro-tap
type sieve shaker (Model ES-65 sieve shaker from Iida
Seisakusho Co., Ltd.).

Mass median particle size (D50) means particle
diameter for a standard sieve, corresponding to 50% by
weight basedonthe wholeparticles, whensievingiscarried
mﬂ:bystandardsieveswithparticularmeshesascmscribed
in US5051259 and the like.

(4) Extractable polymer

First of all, preparation for measurement of extractable
polymer will be described. A pH electrode was calibrated with
buffer solutions of pH 4.0, pH7.0 and pH 10.0. A physiological
saline solution of 50 ml, prepared beforehand for a blank test,
was poured into a 100 ml glass beaker and added in dropwise
with a 0.1 mol/L agueous solution of sodium hydroxide until

pH 10, while stirring with a stirrer chip with length of 30



10 extractablepolymerinthefiltrate. Eachofthemiscalcuiated by the following formulae. Na (mol) - (V, -
Vab) /1000 X Nb (mol) = Nt - Na Wherein N1 (mol) is number of total moles of extractable 15
polymer in a filtrate to be measured and is calculated by the following formula. (MC)=Vbvbb) /1000 }
X0.1 The contents of extractable polymer determined by the above formulae were differentiated
as extractable: polymer 20 content for one hour (%g%n a filtrate obtained by stirring a physiological
saline solution for one hour, and extractable polymer content for 16 hours (%) on a filtrate obtained by

stirring a physiologjcal éa@ne% %olutio%%{ #gtr%%tgsa@%\é Iugtion (Qhrﬁsigg@ngﬁéo g&'ﬂg AT

physiologicalrgr&rin Qofbtion préLpl)laere eforéehand was adted with L-ascorbic acid to give 0.05%

by weight so as 19 tolbt%in @imigégg rtH' j:?][g 'Qgéorfg)q_,tegogﬁigﬁﬁege§pecifiﬂqu,s%§glgeof
dissolved | ofap [ (

L-e_ts_,c_orbic_ acid Was ssolved in 59 ysiological saline solution to prepare mimicked
artificial uring,for deleliQralion |esher added in dropwise with a 0.1 mol/L aqueous

solution of hydrochloric acid until pH 2.7, while stirring,
5 to determine titration amount Vi, (ml) of hydrochloric acid for
a blank test.

A.éhysiological saline solution of 200 ml, prepared
beforehand, was poured into a 250 ml polypropylene cup
withalidandaddedwith1l.0g (= m(g)) of awater-absorbing

10 agent obtained in Examples or Comparative Examples to be
describedlater. Thesalinesolutionwasthenstirredwith
a stirrer with length of 30 mm and diameter of 8 mm at
500 + 50 rpm for one hour or 16 hours to extract extractable
polymer. After stirring for one hour or 16 hours, the
15 saline solution was filtrated with a filter paper (No.2Z,
made by Toyo Roshi Kaisha Ltd., retaining particle size
of 5 pm according to JIS P 3801(1995)) to obtaina filtrate.

Thus obtained filtrate of 20 ml (recorded as F (ml))
was poured into a 100 ml glass beaker and added with a

20 physiological saline solution to obtain 50mlof a filtrate
for titration. When thus obtained filtrate is less than
20 ml, the total amount of thus obtained filtrate was
recorded as F (ml) and added with a 0.90% by welght aqueous
solution of sodium chloride to obtain 50 ml of a filtrate

25 for titration.



Mimicked artificial urine for deterioration test of 25 ml was poured into a 250 ml polypropylene cup with
a lid and added withl . O g of a water-absorbing agent obtained in Examples or Comparative Examples
to be described later to form swollen 10 gel. After the cup was sealed with the lid, the swollen gel was
left for standing in atmosphere of 37C for 16 hours. After 16 hours, 175m1 of the physiological
saline solution was added and then extractable poBgner after deterioration was extracted from the
hydrated eel by stirring for one hour 15 similarly as in the previous itemwith a cylinder- yOf= stirrer with

engih of 30 mm and slametet AT ¢y ASrUaElo bt sring erane o I sglne solutor

was filtrated and pH-fitra es as In the previous item (4) to determine extractable

bolymer coniep 33 slerictenpraion By (16 iy PIANUIANIE BB edeTRas asdb Hipdtievious ftem
abs lep

(4) . To compare lute amount of increased extracta olymer content by deterioration, for

evaluation gfygsistange to yripes ncieased-exteaciablas by dejarioration(¥/pyeweighty wag calculated

by the following formula. Increased extractables by deterioration (% by weight) = Exi - wherein

Ex2 is extragtahle paljgpencenters fomanedwdr (b dnaveightlo £ 8 Tawgompare extactatge polymer
content formed by deterioration with extractabl.e polymer content before deterioration, for evaluating

resistamce todurinerivereased ratie of extractabtesthydetgriomfion (giotient) waseatautated by the
following formula. 10Increased ratio of extractables by deterioration = Lx| (6)Evaluation of absorption
speed. (Vodex method) of sodium hydroxide. The filtrate was further
added in dropwise with a 0.1 mol/L aqueous solution of
hydrochloric acid, while stirring, until pH 2.7, to
determine titration amount Vy, (ml) of the agqueous solution
10 of hydrochloric acid. Extractable polymer content (%) is
calculated by the following formula.
Extractable polymer content (%) = {(Wy + Wy)/m} x 100
Wherein W, (g) is relative weight of units having
an acid group in extractable polymer included in a
15 water-absorbing agent, and W, (g) is relative weight of
units having a carboxylate group neutralized by an alkali
metal in extractable polymer included in the
water-absorbing agent. Each of them is calculated by the
following formulae.
20 Wa (g) = N, x 72 x 200/F
Wy, (g) = Np x 94 x 200/F
Wherein the value 72 is weight per 1 mole of a
repetition unit in polyacrylic acid, and when a monomer

with anacidgroupother thanacrylicacid is copolymerized,

25 the value is altered to average weight of a repetition



To a 0.90% by weight aqueous solution of sodiumchloride (physiological saline solution) prepared
previously of 1000 parts by weight was added 0.02 part by weight of a brilliant blue-CF, a food
additive, and kept at 30C. The physiological saline solution of 50 ml was poured into a 100 ml beaker
and added with 2 g of a water-absorbing agent obtained in Examples or Comparative Examples to be
described later, while 20 stirring at 600 rpm with a ayfinder-type stirrer with length of 40 mm and
diameter of 8 mm, to measure absorption speed (second). Absorption speed (second) was measured
interms of e re%uirled f(l.zru tggz test li lélg t% c%@glgltnel rcovef,ltlhee %tiérflrl chig £S ithe Waterhaipsorbing

agent absorbs'the phylsll% oglcafli;S §a1ne solution; which was measured with end pvg)lenlt%etermined

70 accoring o he sy descrogd i CTISK12244 499 Tesig ety ocwgtes porpion

speed of supepr absorbent resins Descri Ing ratio (Fluida.after moisture ‘absorption (% by

weight) A pasticulate ywaiers bgorbing a;fgggssefp?ra describgd dater was pBHQIMIY, seattered on the
0

bottom of an aluminum cup with diameter tam and height of 22 ram and guickLy put in a

humidity-contrpliabledneihatys (BEATHOQUS A UCIRER RD-26iftpm 40 &HEG erp:) £eatolled
beforehand at 25C and 90% relative humidity, and left for standing for 60 minutes. The

moisture--akserhgdaMatpoabsoshing agant wasdrencransfesretiic a S standard sieve avith diameter
of 7.5 cm and 2000 p.m of mesh open. When themoisture-absorhedwaterabsorbiflg agent 15 was
adhered to alimewidicup tae rigidly=td ide ko, thetal salt.
N. (mol) is number of moles of an acid group of extractable
polymer in a filtrate and Ny (mol) is number of moles of a
carboxylate group, neutralized by an alkali metal, of
10 extractablepolymer inthe filtrate. Eachofthemiscalculated
by the following formulae.
Na (mol) = {(Va — Va)/1000} x 0.1
Ny (mol) = Ny — Na
Wherein N; (mol) is number of total moles of extractable
15 polymer in a filtrate to be measured and is calculated by the
following formula.
Ny (mol) = {{Vy - Vpp)/1000} x 0.1
The contents of extractable polymer determined by the
above formulae were differentiated as extractable polymer
20 content for one hour (%) on a filtrate obtained by stirring
a physiological saline solution for one hour, and extractable
polymer content for 16 hours (%) on a filtrate obtained by
stirring a physiological saline solution for 16 hours.

(5) Evaluation of resistance to urine

25 A physiological saline solution prepared beforehand was



moisture-absorbedwater-absorbing agent accompanied by blocking should be detached from the cup
and transferred tc the sieve very carefully not to destroy the block. The transferred water-absorbing
agent to the sieve was immediately 20 sieved for 8 seconds using a sieve shaker (IIDA SIEVE
SHAKER, TYPE: ES-65, SER. No. 0501) Weight tia5 (g) of the oversize water-absorbing agent left on
the sieve and weight W5 (g) of the undersize wateigbsorbing agent passed through the sieve were
measured. Blocking ratio after moisture absorption (% 25 by weight) was calculated by the following

formula. The lower 71 blocking ratio after moisture absorptian mneans the water-absorbing agent that
is more supeASERNUIG aftePRGRIE GRSt \ﬁiﬁv%ng)rbved pqoovov&’(-:-erj‘r%t{h%liﬁa naa?ur%e(.) Blocking

atoafter mojsure absgrolo 0 by MG 0.5 (SIGHLWE.(0) ACHEOh WEbMEIGOLE (9 100

t
(8)Content of VoIatite organic compounds %ppm water-absorbing resin of 6.00g was uniformly

spread in aglass.Ral dish, (Code308%7r exemaldiamelerax paighi A0 25mgy described in
GENERAL CATALOGUE A-1000 (published 10 in 2003) published by SOGO LABORATORY GLASS

WORKS CQ, J¢TR) Thgss the yptersabsarbingaaent wassovereddnepae giagenof dreathable and
liquid permeéable heat_lon paper (Nangoku Pulp
5 artificial urine for deterioration test.

Mimicked artificial urine for deterioration test of 25
ml was poured into a 250 ml polypropylene cup with a 1lid and
addedwithl.0gof awater-absorbingagent obtainedin Examples
or Comparative Examples tobe described later toformswollen

10 gel. After the cup was sealed with the 1lid, the swollen gel
was left for standing in atmosphere of 37°C for 16 hours.

After 16 hours, 175ml of the physiological saline solution
was added and then extractable polymer after deterioration was
extracted from the hydrated gel by stirring for one hour

15 similarly as in the previous item (4) with a cylinder-type
stirrer with length of 30 mm and diameter of 8 mm.

After extraction by stirring for one hour, the saline
solution was filtrated and pH-titrated by the same method as
intheprevious item (4) todetermineextractablepolymer content

20 after deterioration Ex;(% by weight) using the same formulae
as in the previous item (4). To compare absolute amount of
increased extractable polymer content by deterioration, for
evaluation of resistance to urine, increased extractables by

deterioration (% by weight) was calculated by the following

25 formula.



Technical Corporation, type: GSP-22) cut into circular (diameter : 116 mm)When heation paper can
not be used nonwoven 15 fabric may be substituted, Circumference of the boa Lion paper (or
nonwoven fabric) was fixed on inner wall of the glass Petri dish with a tape ( 10 TO x 10 MT) at three
sites. One edge of L sniffing bag (manufactured by OMI ODOPAIR SERVICE Corporation) was
opened, and after placing the glass Petri dish 20 igguding the spread water-absorbingures in therein,
opened part. of the sniffing bag was closed with an adhesive tape not to leave any space. After
depressurizing inside of the sniffing bag once from a glass tube attached tg the sniffin dorless air
of 1.2 L was fed theréf"C5Aa %%ﬁsgﬁﬁégﬁ%}f%{rﬁﬁoﬁg (%S&(Ff%mii?%% ine ol ‘fio%nsf awcﬁulgeg& To a
temperature of 25 2C was poured at once to the dish in the sniffing bag tile preventing contamination
of the ambient gifflué_in 2élzglass funnel connected to a Teflon(registered trade name) tube. Then, the 5

water-absofbing 2gent yias ynifguply swplien. 289 fhe bagaas. sealed iumeticaliy b g gilicon

rubber stopper. The bagzwas left to stand in an incubator at 37C to permit swelling. After leaving to

stand an ingulator at 37C for 60 minutes, the bag was taken out, and subsequently was left to stand at
10 room temperature ( 20 to 30C) . After leaving to stand at room temperature for 10 minutes, the

silicongubber stoppgy Wasmsirevead, apd AtMeseheria carcentatier wasioeasided ysing gas sampler
(manufactured by Gastec Corporation, GV-100S) and a gas detector 4- be (manufactured by Gastec

Corporatiogdye -5 082k4while preventing coataeinatdryntthecamitientaipfistamce between tip of
the gas detector tube and the swollen water-absorbing agent was kept to be 5 to 10 cm during the time
period fromdlifiation de derminatido of ¢ve easiremests Mdasurement usingdhelgusrsamsier and gas
detector tube was 20 carried out according to the method specified for te, gas detector tube. Thus
determinedratiriosphérie someeritetibaaviy deteirdo valhiilebrgamie ebffpolndd Eontent (ppm) . In
this measurement method, as the case may be, the gas detector tube may execute detection to result
in change sfabtorlaved thoughhe following formula.

10 Increased ratio of extractables by deterioration = Ex;
/Ex,
(6) Evaluation of absorption speed (Vortex method)
To a 0.90% by weight aqueous solution of sodium chloride
(physiological saline solution) prepared previously of 1000
15 parts by weight was added 0.02 part by weight of a brilliant
blue—-FCF, a food additive, and kept at 30°C. The physiological
saline solution of 50 ml was poured into a 100 ml beaker and
addedwith2.0gof awater-absorbingagent obtained in Examples
or Comparative Examples to be described later, while
20 stirring at 600 rpm with a cylinder-type stirrexr with length
of 40 mm and diameter of 8 mm, to measure absorption speed
(second). Absorption speed (second) was measured in terms of
time required for the test liquidto completely cover the stirrer
chip as the water-absorbing agent absorbs the physiological

25 saline solution, which was measured with end point determined



25 similar operation is conducted using a physiological saline 73 solution alone without using a
waterabsorbing agent. In such a case, correction was performed by subtracting a blank value
detected in the indicator range yielded when a physiological saline solution alone was used (detection
limit: 10 ppm) . 5(9)Evaluation of an absorbing core performance (Rewet amounts after 10 minutes) An
absorbing core was prepared using a water-absorkyipg agent obtained in Examples or Comparative
Examples described later and subjected to a rewet test in order to 10 evaluate performance as an

absorbing core. To beg ith, th

Chown belowAC O R B ARG AR D G Attt 5 oA by | R G ished.

wood pulp of 2 ?\Ar,s b¥ Welgh t%vlgcr)eﬁsub %teg 5; %% I@E(Ig% é'P%%QB%%eI@%@QFHQed mixture
es

was spread Jh" screen o mes pm) to orm a web with diameter of 90 mm.

The web was Bresgeq#%flghpressure of 196.14 kPa (2 kgf/cm2) for 1 minute to obtain an absorbing
core for evaluatlon with basis weight of 0.05 Van',

{7) Blocking ratio(Fluidity) after moisture
5 absorption (% by weight)
Aparticulatewater-absorbingagent of 2 gdescribed later

was uniformly scattered on the bottom of an aluminum cup with
diameter of 52 mm and height of 22 mm and quickly put in a
humidity-controllable incubator (PLATIOOUS LUCIFER PL-2G from

10 ESPEC Corp.) controlled beforehand at 25°C and 90% relative
humidity, and left for standing for 60 minutes. The
moisture—-absorbed water-absorbing agent was then transferred
to a JIS standard sieve with diameter of 7.5 cm and 2000 pm
of meshopen. Whenthemoisture-absorbedwater-absorbingagent

15 was adhered to aluminum cup too rigidly to do so, the
moisture-absorbed water—absorbing agent accompanied by
blocking should be detached from the cup and transferred to
the sieve very carefully not to destroy the block. The
transferred water—-absorbing agent to the sieve was immediately

20 sieved for 8 seconds using a sieve shaker (IIDA SIEVE SHAKER,
TYPE: ES-65, SER. No. 0501). Weight Ws (g) of the oversize
water—absorbing agent left on the sieve and weight We (g) of
the undersize water-absorbing agent passed through the sieve
were measured. Blocking ratio after moisture absorption (%

25 by weight) was calculated by the following formula. The lower



Subsequently, a method for evaluation of rewet amount after 10 minutes is shown below. The
absorbing core for evaluation was placed on the bottom of a Petri dish with inner ame t emade of
stainless steel (SUS), and nonwoven brio with diameter of 90 mm was placed thereon. Then, 30 74
had been prepared previously, used in the above evaluation of resistance to urine, was then poured
over the nonwoven fabric and subjected to absorptibh for 10minutes under conditions of no load.
Thereafter, 30 sheets of filter paper 5 with diameter of 90 um (No. 2 from Toyo Roshi Kaisha Ltd.),

whose total wight (¥{(9) d wuas measured beforebandnugredaced randha pistpn and a load (total

weight of the piston and load being 20 kg) with diameter of 90 am were placed on the filter paper so as

to press unifogalycthe ahserping §Qigthe naRWOVEManRe thaditer papen Fhe filiergapersawere made
to absorb rewet liquid, while pressing for 5 minutes. The 30 sheets of the filter paper were then

weighed (Winda)s ta ealcylsée rewaioamourittaiter droinsite o Reteat amoeidit afigr A8 mipdtes= W8 (q)
- W7 (g) 15(10) Amount of residual monomer A water-absorbing agent of LOOO g was dispersed in
200 ml of a physioldtjicat lsatige selutiona Wwhech was stined veitrsamagneticsti#rérb®@righhour, and the
resulting swollen gel was filtrated through a filter (0.45 tun) . The amount 20 of residual monomer was
quantitativety detedainediy dgalyZing tabs-obtairied filtravesgiguiscH@matography (HPL
Measurement was carried out by a specific measurement method according to Measurement method

of the amount of resi§lal meRBFHEPEf Sdpefapsdrbéfit PAERRAIS(RRAREIDIPRMMONOMERS

410.2-02) 25 recommended by EUROPEAN DISPOSABLES AND NONWOVENS ASSOCIATION
A water-absorbing resin of 6.00g was uniformly spread

in a glass Petri dish (Code: 305-07, external diameter x height
=120mmx 25mm, described in GENERAL CATALOGUE A-1000 (published
10 in 2003) published by SOGO LABORATORY GLASS WORKS CO., LTD}).
Then, the water-absorbing agent was covered by one piece of
breathable and liquid permeable heatlon paper (Nangoku Pulp
Technical Corporation, type: GSP-22) cut into circular
{diameter: 116mm) . Whenheatlonpaper cannotbe used, nonwoven
15 fabricmay be substituted. Circumference of the heatlon paper
(or nonwoven fabric) was fixed on inner wall of the glass Petri
dish with a tape (10 mm x 10 mm) at three sites. One edge of
a 3 L sniffing bag (manufactured by OMI ODORATR SERVICE
Corporation) was opened, and after placing the glass Petri dish
20 including the spread water-absorbing resin therein, openedpart
of the sniffing bag was closed with an adhesive tape not to
leave any space. After depressﬁrizing inside of the sniffing
bag once froma glass tube attached to the sniffingbag, odorless
air of 1.2 L was fed therein, and subsequently, 30 ml of a 0.90%

25 by weight aqueous solution of sodium chloride (physiological



75 (EDANA) . [Production Example of acrylic acid 1] Commercially available acrylic acid
(containing 2000 ppm acrylic acid dimer, 500 ppm acetic acid and 500 ppm propicnic acid) was
supplied into column the bottom of a high boiling point impurities-separating column having 50
dual-flow perforated plates and then distilled in a reflux ratio of | to removec acid and a dimmer of
acrylic acid (acrylic acid dimer) and crystalized. Accltdingly, acrylic acid 10 (containing 20 ppm acrylic
acid dimer, 50 ppm acetic acid and 50 pont propionic acid) was obtained. [Productionmple of acrylic

acid2]  Commgieially, ayaitahls agaeiﬁ@e@d(ceataéniegﬁg@@m&ca@%i@%@hﬁ%@ ppm

acetic acid and 500 ppm propionic 15 acid) was supplied intdo column the bottom of a high boiling point

impurities-sepasatingicotusitBavingrd) dheh flowvrperforated plajass gnerhiencdistilled in-a seflux ratio
of 1 to remove maleic acid and a dimmer of acrylic acid (acrylic acid dirtier) and crystalized.
Accordinglycacrizhemacid t20ofcaftainim gEd jppnt aciyljcwacichdisnmes SO0 ypphe aceditrastekand 500 ppm
propionic acid) was obtained.
to a Teflon (registered trade name) tube. Then, the
5 water-absorbing agent was uniformly swollen, and the bag was
sealed hermetically with a silicon rubber stopper. The bag
was left to stand in an incubator at 37°C to permit swelling.
After leaving to stand in an incubator at 37°C for 60 minutes,
the bag was taken out, and subsequently was left to stand at
10 room temperature ( 20 to 30°C). After leaving to stand at room
temperature for 10 minutes, the silicon rubber stopper was
removed, and atmospheric concentration was measured using a
gas sampler (manufactured by Gastec Corporation, GV-~100S) and
a gas detector tube (manufactured by Gastec Corporation, No.
15 102L) while preventing contamination of the ambient air.
Distance between tip of the gas detector tube and the swollen
water-absorbing agent was kept to be 5 to 10 cm during the time
period from initiation to termination of the measurement.
Measurement using the gas sampler and gas detector tube was
20 carried out according to the method specified for the gas
detector tube. Thus determined atmospheric concentration was
defined as volatile organic compounds content (ppm). In this
measurement method, as the case may be, the gas detector tube

may execute detection to result in change of color even though

25 similar operation is conducted using a physiological saline



[Production of agueous solution of sodium acrylate] Acrylic acid in an amount of 1390 g was
neutralized with 48% sodium hydroxide according to Example 9 in US5210298 at 25 20 to 40C to
obtain 100 % by mol neutralized sodium acrylate at the concentration of 37% by weight. [Example 1]
Into a 2-L four-neck separable flask equipped with a stirrer, a ref lux condenser, a thermometer, an
inlet tube for nitrogen gas and a dropping funnel was3charged 1.0 L of cyclohexane, and theadded 3.8
g o:f: sucroacid ester (manufactured by DAI-ICHI '<COM SEIYAKU CO. ,LTD. DK'ester F-50, HLB =

6)as a dispersant whidhwas disspivabiberein dyssalved 0xygen waslegassad, by pubhling nitrogen
la %

10 gas. In another flask, 84.6 g of sodium acrylate that is a neutralized product of acrylic acid of

Production Examplesl, &b#:@etaclisacidof Foediudion Exapria danth0:080 grof vAli ue

-methylenebisacrylamide were dissolved in 197 g of ion exchanged water, and therein was dissolved
0.4 g of hydmzyety d5icelivinsel (ladnidactiured by HatoellGeemiged NdUHES, ldd ogMESTDa:Loci
EP-850) to prepare an aqueous solution of monomer having monomer concentration of 35% by
weight. To thislaiqueoss Solution of mormmnerswas addddi8tldcg bbpothssiut pérduptate which was
dissolved -therein. Thereafter, dissolved oxygen was 20 degassed by bubbling nitrogen gas. Then the
aqueous solution of RdnomBr inliis-flagk was addesivliho gapargbfefidskapance (Rewet

amounts after 10 minutes)

An absorbing core was prepared using a water-absorbing
agent obtained in Examples or Comparative Examples
described later and subjected to a rewet test in order to

10 evaluate performance as an absorbing core.

To begin with, a method for preparation of an absorbing
core for evaluation is shown below.

A water-absorbing agent to be described later of 1 part
byweight andcrushedwoodpulpof2partsbyweight were subjected

15 todrymixing using a mixer. Thus obtained mixture was spread
on a wire screen of 400-Mesh (mesh size: 38 um) to form a web
with diameter of 90 mm. The web was pressed under pressure of
196.14 kPa (2 kgf/cm?) for 1 minute to obtain an absorbing core
for evaluation with basis weight of 0.05 g/cm?.

20 Subsequently, a method for evaluation of rewet amount
after 10 minutes is shown below. The absorbing core for
evaluation was placed on the bottom of a Petri dish with inner
diameter of 90 mm made of stainless steel (SUS), and nonwoven
fabric with diameter of 90 mm was placed thereon. Then, 30

25 mlof themimickedartificial urine for deteriorationtest which



for dispersion by stint. g. Thereafter, polymerization reaction was initiated by raising the bath
temperature to 60C, followed by keepinc; this temperature for 2 hours. After 25 completing the
polymerization, water included in the hydrated 77 gel was em o d by azeotropic dehydration with
cyclohexane, followed by filtration, drying under reduced pressure at 8000 to obtain spherical
polymer powder. Thus resulting polymer powder hadwater content of 5.6%. With 100 parts by
weight of the polymer was mixed 3.53 parts by weight of a surface crosslinking agent consisting of 0.5

part by weight gfpisplensalygal, 003t bueight ofstylghedlyiol sialyaid elhery 3,part by

weight of 1,4-butanediol and 2.7 parts by weight of water, The mixture 10 was subjected to a heat

treatment at 21009, fak 49 Afier suEface csesalinking, SipRIts Ry yweaighi-oiuates wasypthepadded to
the mixture, which was heated hermetically at 60C for 30 minutes. Agglomerated particulate

water-absorhi@voven fasottaneldyclassitchtionios 828 pivrCestiiupa TaiendsnieaRracity,
absorbency against pressure at 1.9 kPa, particle size distribution, mass median particle size (0501,
logarithmic standardi dersati@n r{o()larxbpercentages iy awejgiittofypartitiesdiaving tdemetepef smaller
than 150 pm, extractable polymer, evaluation of resistance to urine, absorption speed, 20 blocking
ratio affer meistbreddlsoeption, ebnfhtofi vélidile drgemizrcdmpourtth sind tKa lasheurittof residual
monomer after heating at 180& for 3 hours of thus obtained particulate water---absorbing agent (1) are
shown in Tabhe ardFaBleoi [tomptratve Bamne feBistbalnlchrirdesicsspatasie dask

equipped with a . )
and a piston and a load (total weight of the piston and load

being 20 kg) with diameter of 90 mm were placed on the filter
paper so as to press uniformly the absorbing core, the nonwoven
10 and the filter paper. The filter papers were made to absorb
rewet liquid, while pressing for 5 minutes. The 30 sheets of
the filter paper were then weighed (Wg (g)) to calculate rewet
amount after 10 minutes.
Rewet amount after 10 minutes (g) = Wg (g) - W; (g)
15 (10) Amount of residual monomer
A water—absorbing agent of 1.000 g was dispersed in 200
ml of a physiological saline solution, which was stirred with
amagneticstirrer (500 rpm) for 1 hour, and the resulting swollen
gel was filtrated through a filter (0.45 pm). The amount
20 of residual monomer was quantitatively determined by analyzing
thus obtained filtrate on liquid chromatography (HPLC).
Measurement was carried out by a specific measurement method
according toMeasurement methodof the amount of residual monomer
of superabsorbent materials (edana RESIDUAL MONOMERS 410.2-02)

25 recommended by EUROPEAN DISPOSABLES AND NONWOVENS ASSOCIATION



78 stirrer, a reflux condenser, a thermometer, an inlet tube nitrogen gas and a dropping funnel was
charged 1.0 L of cyclohexane, and thereto was added 3.8 a of sucrose fatty acid ester (manufactured
by DAIHICFII KOGYO SEIYAKU CO., LTD. , DK-ester F-50, HLB = 6) as a dispersant which was
dissolved therein. Dissolved oxygen was degassed by bubbling nitrogen gas. Separately in another
flask, 84.6 g of sodium acrylate that is a neutralized product of commercially available acrylic acid
(containing 2000 ppm acrylic acid diner, 500 ppm acetic 10 acid and 500 ppm propionic acid) , 21.6 g
of commercial%gx@ijg)b!e acrylic acid and 0.016 g of N, N' -methylenebisacrylamide were dissolved in
197 g of ion exchanged water, and therein was dissolved 0.4 g of hydroxyethyl cellulose

(manufactureq pyd2rieel iehemicahiptustiesaktey1kxEEEBatt: gl EP-850) to prepare an agueous
solution or monomer having monomer concentration of 35% by weight. To this aqueous solution of

monomer was addeddiie i PDI3ssAL pensuliaie whichcwasi dissobretdhareiy Zheeaibar,
dissolved oxygen was degassed by bubbling nitrogen gas. Then the aqueous solution 20 of monomer

in this flask aw@s@dte dtoitiedsaparable flaskin allowtfor dispetsiondby 8irmnegn Thevedfteric
polymerization reaction was initiated by raising the bath temperature to 60C, followed by keeping this
temperaturesfoi @)hotas. Atgrdobagleting thecpdlymrerizhtol diatervas rembvethfromithéned gel-like

polymer by azeotropic dehydration. 79
point impurities-separating column having 50 dual-flow

perforated plates,and then distilled in a reflux ratio of 1
to remove maleic acid and a dimmer of acrylic acid (acrylic
acid dimer) and crystalized. Accordingly, acrylic acid
10 (containing 20 ppm acrylic acid dimer, 50 ppm acetic acid and
50 ppm propionic acid) was obtained.
[Production Example of acrylic acid 2]
Commercially available acrylic acid (containing 2000 ppm
acrylic acid dimer, 500 ppm acetic acid and 500 ppm propionic
15 acid) was supplied into column the bottom of a high boiling
point impurities-separating column having 20 dual-flow
perforated plates,and then distilled in a reflux ratio of 1
to remove maleic acid and a dimmer of acrylic acid (acrylic
acid dimer) and crystalized. Accordingly, acrylic acid
20 (containing 20 ppm acrylic acid dimmer, 500 ppm acetic acid and
500 ppm propionic acid) was obtained.
[Production of aqueous solution of sodium acrylate]
Acrylic acid in an amount of 1390 g was neutralized with

48% sodium hydroxide according to Example 9 in US5210298 at

25 20 to 40°C to obtain 100 % by mol neutralized sodium acrylate



After adding 85.0 fig of ethyleneglycol diglycidyl ether as a surface crosslinking agent to dehydrated
hydrated gel-like polymer, surface crosslinking treatment was carried out by keeping bath at 80C for 2
hours. After agglomeration by 5 reversed phase suspension (organic solvent: cyclohexane) , the
mixture was filtrated, followed by drying under reduced pressure at 80C to obtain a comparative
particulate water--absorbing agent (1) . Results of éialuation of thus obtained comparative particulate
water-absorbing agent (1) in a similar manner to 10 Example 1 are shown in Table 1 and Table 2 The

amount of resigual monomerhefore hegting4n §pr@6pq;9ti\(q%§§ﬁ@ple 1 ria5 50 ppm, [Example 2]

To 100 parts by weight of the a ticulate water-absorbing agent’CD obtained in Example 1 was added
and mixed (dry ilepded 15,0.3 part by weight of fine particulate silicon dioxide (manufactured by
NIPPON AEROSIL CO., LTD., AEROSIL 200 (mean particle size of primary particles: 12 n )obtain a

particulate water-abserbingna agent(2) - Results epavalyatonrobihus ohtained pagiculate
water-absorbing agent: (2) in a 20 similar manner to Example 1 are shown in Table 1 and Table 2.

[Example 3]st i A&kth,100 pafisihy weigit nbthe, partidutatesvwsterralsenbidg agent (1) ®htained in -
Example 1 was mixed by spraying 2 parta by weight of an agueous solution comprising 25
diethylénetriairiime pentageetaticdhcid daqoeguisnspldtiomandd sas charged 1.0 L of
cyclohexane, and thereto was added 3.8 g of sucrose fatty acid
ester (manufactured by DAI-ICHI KOGYO SEIYAKU CO.,LTD.,
DK-ester F-50, HLB = 6) as a dispersant which was dissolved
therein. Dissolved oxygen was degassed by bubbling nitrogen
10 gas. 1In another flask, 84.6 g of sodium acrylate that is a
neutralized product of acrylic acid of Production Example 1,
21.6 g of acrylic acid of Production Example 1 and 0.016 g of
N,N’ -methylenebisacrylamide were dissolved in 197 g of ion
exchangedwater, and thereinwas dissolved 0.4 gof hydroxyethyl
15 cellulose (manufactured by Daicel Chemical Industries, Ltd.,
HEC-Daicel EP-850) to prepare an équeous solution of monomexr
having monomer concentration of 35% by weight. To this agqueous
solution of monomer was added 0.15 g of potassium persulfate
which was dissolved therein. Thereafter, dissolved oxygen was
20 degassed by bubbling nitrogen gas. Then the agqueous solution
of monomer in this flask was added to the separable flask to
allow for dispersion by stirring. Thereafter, polymerization
reaction was initiated by raising the bath temperature to 60°C,

followed by keeping this temperature for 2 hours. After

25 completing the polymerization, water included in the hydrated



80 15% by weight aqueous solution of extract from plant leaves of Theaceae plant (Trade Name:
FS-80MO, Supplier: Shiraimatu Shinyaku Co., Ltd., Address: 37-1 Ugawa, Minakuchi-Cho, Kouka-Gun,
Shiga-Ken, Japan) (amount of each component being 5 adjusted so that diethylenetriamine
pentaacetatic acid and the 15% by weight aqueous solution of extract from plant leaves of Theacoae
plant became 50 ppm by weight and 0.1% by weight'by weight relative to the water-absorbing agent
(1), respectively) . The resultant mixture was cured at 60C for 1 10 hour, and thereto was then added

and mixed (dry %esd)r%rﬁ&?é&b%gV%'QBB‘EfJH}?lEaﬁ'QH%%S%@W»?ﬁar(ag/émé‘ wed by

Kanto Chemical Co., Inc-) to obtain a particulate water-absorbing agent (3) sults of evalliation of

thus obtained pariculate waterahsorbing,A0gnL (@) i @-Le Smilar mannst I ExamRle Lgee:shown in

Table 1 and Table 2. [Example 4] To evaluate an absorbing core performance cf the

water-absorpingoagent f1)staineddn Bxampie 2, poalserbinggake fas Svakuatigndd) was prepared

according to the method 20 for evaluation of an absorbing core performance in the above item (9), to
measure rewekaineuhizafteseminc Ressiis ase SBQwa in Table 3.

5 With 100 parts by weight of the polymer was mixed 3.53

parts by weight of a surface crosslinking agent consisting of
0.5 part by weight of propyleneglycol, 0.03 part by weight of
ethyleneglycol diglycidyl ether, 0.3 part by weight of
1,4-butanediol and 2.7 parts by weight of water. The mixture

10 was subjected to a heat treatment at 210°C for 45 min. After
surface crosslinking, 3 parts by weight of water was further
added to the mixture, which was heated hermetically at 60°C
for 30 minutes. Agglomerated particulate water-absorbing
agent (1) was obtainedbyclassification for 850 um. Centrifuge

15 retention capacity, absorbency against pressure at 1.9 kPa,
particle size distribution, mass median particle size (D50},
logarithmic standard deviation (o) and percentage by weight
of particles having diameter of smaller than 150 um, extractable
polymer, evaluation of resistance to urine, absorption speed,

20 blocking ratio after moisture absorption, content of volatile
organic compound, and the amount of residual monomer after
heating at 180°C for 3 hours of thus obtained particulate
water—-absorbing agent (1) are shown in Table 1 and Table 2.
[Comparative Example 1]

25 Into a 2-L four-neck separable flask equipped with a



[Examples 5 and 61 The same procedures as in Example 4 were repeated except 25 for using

the particulate water-absorbing agents (2) a
particulate water-absorbing agent (1) used

nd (3) 81 obtained in Examples 2 and 3 instead of the
in Example 4, to obtain

absorbingcoresforevLon(2)and(3),respectively. Rewet amounts of thus obtained absorbing cores for
evaluation 5 and (3) were measured. The results ar&8shown in Table 3. | Comparative Example 2]
The same procedures as in Example 4 were repeated except for using the comparative particulate

water-absorbing aget.(1).obtaiped Comparative. Example Jrinsteadaf the particulate 10pe

water-absorbing agent (1) used in Example

(1). Rewet ampunt 9§ BvsRRiaingd compas;
results are shown in Table 3. [Comparative

4, to obtain a comparstive absorbing core for evaluation

Atvenabsaihingicorg foravaluationi(1pwas sreasured. The
Example 3] The same procedures as in Example 1 were

repeated exggptlohexane, and thereto was added 3.8 g of sucrose fatty acid

10

15

20

25

ester (manufactured by DAI-ICHI KOGYO SEIYAKU CO.,LTD.,
DK-ester F-50, HLB = 6) as a dispersant which was dissolved
therein. Dissolved oxygen was degassed by bubbling nitrogen
gas. Separately in another flask, 84.6 g of sodium acrylate
that is a neutralized product of commercially available acrylic
acid (containing 2000 ppm acrylic acid dimer, 500 ppm acetic
acid and 500 ppm propionic acid), 21.6 g of commercially
available acrylic acid and 0.016 g of

N, N’ -methylenebisacrylamide were dissolved in 197 g of ion
exchanged water, and thereinwas dissolved 0.4 gof hydroxyethyl
cellulose (manufactured by Daicel Chemical Industries, Ltd.,
HEC-Daicel EP-850) to prepare an aqueous solution of monomer
having monomer concentration of 35% by weight. To this aqueous
solution of monomer was added 0.15 g of potassium persulfate
which was dissolved therein., Thereafter, dissolved oxvgen was
degassed by bubbling nitrogen gas. Then the aqueous solution
of monomer in this flask was added to the saparable flask to
allow for dispersion by stirring. Thereafter, polymerization
reaction was initiated by raising the bath temperature to 60°C,
followed by keeping this temperature for 2 hours. After
completing the polymerization, water was removed from the

hydrated gel-like polymer by azeotropic dehydration.



sing the acrylic acid obtained in Production Example 2 instead of the acrylic acid obtained in
Production Example 1, neutralizing the acrylic acid to obtain sodium acrylate, followed by
polymerization similarly to Example 1. Results 20 from thus obtained comparative particulate
water-absorbing agent (3) are shown in Table 1 and Table 2. [Comparative Example 4] The same
procedures as in Example 1were repeated except fo9 using the commercially available acrylic acid
direct. 25 which was neutralized to obtain sodium. atrylate ()flowed by 82 polymerization similarly to

Example 1. Results Mo 0yS- 0 N0 Ry S RAVEUALY YOIRS PREg YA BYRL Eflgye shown
asasurfacecrosslinkingagent todehydratedhydratedgel-1like
polymer, surface crosslinking treatment was carried out by
keeping bath at 80°C for 2 hours. After agglomeration by
5 reversed phase suspension (organic solvent: cyclohexane), the
mixturewas filtrated, followedbydryingunder reducedpressure
at 80°C to obtain a comparative particulate water-absorbing
agent (1). Results of evaluation of thus obtained comparative
particulate water—absorbing agent (1) in a similar manner to
10 ExamplelareshowninTablelandTable2. Theamountofresidual
monomer before heating in Comparative Example 1 was 50 ppm.
[Example 2]
To 100 parts by weilght of the particulate water-absorbing
agent (1) obtained in Example 1 was added andmixed (dry blended)
15 0.3 part by weight of fine particulate silicon dioxide
(manufactured by NIPPON AEROSIL CO., LTD., AEROSIL ® 200 (mean
particle size of primary particles: 12 nm)) to obtain a
particulate water-absorbing agent (2). Results of evaluation
of thus obtalned particulate water-absorbing agent (2) in a
20 similar manner to Example 1 are shown in Table 1 and Table 2.
[Example 3]
With 100 parts by weight of the particulate
water—-absorbing agent (1) obtained in Example 1 was mixed by
spraying 2 parts by weight of an aqueous solution comprising

25 diethylenetriamine pentaacetatic acid aqueous solution and a



86 A particulate water--absorbing agent of the present invention does not contain a volatile organic
compound as shown in Tables 1 to 3, therefore, no odor is generated from the gel in swollen state,
and the agent is superior in absorption 5 capacity, absorbency against pressure and absorption speed.
Mass median particle size and logarithmic standard deviation are also falling within a range to achieve
favorable handling characteristics of the water-abs8fbing agent and to attain nigh property oft he
water-absorbing agent in use as an absorbing 10 article, Use of the particulate water-absorbing agent

of the preseny yepljop Iesyls 4 gsoing sty (xdiaper TapiecR wilalssyigued amount and

high performance.. Such a’parti e water-absorbing agent of the present’invention exhibits still

larger blocking#agipafter Mmojsturerahsorptiany Apdirinestesinian cedepdorizationertormange by
adding inorganic fine particles, a deodorant and the like as needed. Industrial Applicability
Shinyaku Co., Ltd., Address: 37-1 Ugawa, Minakuchi-Cho,
Kouka-Gun, Shiga-Ken, Japan) (amount of each component being
5 adjusted so that diethylenetriamine pentaacetatic acid and the
15% by weight aqueous solution of extract from plant leaves
of Theaceae plant became 50 ppm by weight and 0.1% by weight
by weight relative to the water-absorbing agent (1),
respectively). The resultant mixture was cured at 60°C for 1
10 hour, and thereto was then added and mixed (dry blended) 0.3
part by weight of fine particulate calcilum stearate
(manufactured by Kanto Chemical Co., Inc.) to obtain a
particulate water—-absorbing agent (3). Results of evaluation
of thus obtained particulate water-absorbing agent (3) in a
15 similar manner to Example 1 are shown in Table 1 and Table 2.

[Example 4]

To evaluate an absorbing core performance of the
water—-absorbing agent (1) obtained in Example 1, an absorbing
core for evaluation (1) was prepared according to the method

20 for evaluation of an absorbing core performance in the above
item (9), to measure rewet amount after 10 min. Results are
shown in Table 3.

[Examples 5 and 6]

The same procedures as in Example 4 were repeated except

25 for using the particulate water-absorbing agents (2) and (3)



As described hereinabove, the present invention relates 20 to a parliculate water-absorbing agent
including a water-absorbing resin as a main component. More specifically, it relates to a particulate
water-absorbing agent fulfilling more superior absorption ability without generating odor in practical
applications as absorbing articles such as a diaper. 87 Claims: 1.A par. in late water-absorbing agent
comprising wateing resin particles as a main comp®hent which are 5 obtained by polymerization of an
unsaturated monomer containing an acid group arid/or a salt thereof and which are at least ones of

nearly spheri%%I %i@gg%, %qgrgg%tlegéf}%%re f QBQ a%g?ﬁg?{%a%iré\f%ﬁg%mg%‘%lyé@fgggal shapes and

said water-absorbing agent satisfies the following d)’; 10(a) centrifuge retention

capacity (CRG) in.3 physiglogi SQ%%O'%?” heing nat lawerndhan 32 919y, opd)dass median

particle size (D50) being not smaller than 200 pm and not larger than 400 pm; (c) ratio of
particles hayingdigmgter. of amalier dhan 1a@ ponheing pat lawerthap Ok hyewsight gagdeot higher

than 5% by weight; an (d) content of volatile organic compounds as atmospheric concentration
measured by gas detecteniubedsing Aedomies #1351 0 gpovaad nebhighes thaacikhpam)
5 and (3) were measured. The results are shown in Table 3.
[Comparative Example 2]
The same procedures as in Example 4 were repeated except
for using the comparative particulate water-absorbing agent
(1) obtained Comparative Example 1 instead of the particulate

10 water-absorbing agent (1) used in Example 4, to obtain a
comparative absorbing core for evaluation (1). Rewet amount
of thus obtained comparative absorbing core for evaluation (1)
was measured. The results are shown in Table 3.

[Comparative Example 3]

15 The same procedures as in Example 1 were repeated except
for using the acrylic acid obtained in Production Example 2
instead of the acrylic acid obtained in Production Example 1,
neutralizing the acrylic acid to obtain sodium acrylate,
followed by polymerization similarly to Example 1. Results

20 from thus obtained comparatlve particulate water-absorbing
agent (3) are shown in Table 1 and Table 2.

[Comparative Example 4]
The same procedures as in Example 1 were repeated except

for using the commercially available acrylic acid directly,

25 which was neutralized to obtain sodium acrylate, followed by



20 -'7+A particulate water-absorbing agent comprising water-absorbing resin particles as a main
component which are obtained by polymerization of an unsaturated monomer containing an acid qroup
and/or a salt thereof and which are at least ones of nearly spherical shapes, aggregates thereof and
aggregates derived from nearly spherical shapes, and said water-abs Zoing 88 agent satisfies the
following (@), b), (c) and (e); (a) centrifuge retentiorBeapacity (CRC) in a physiological saline solution

being not lower than 32 g/g (b) mass median particle size (050) being not smaller 5 than 200
pm and not laggar than A00n M, s 1(£) 1819 of RAYtigleshayingidiameter o amalesanciiypm being
not lower thaargg% % %/vhggﬁand ﬁéﬁ%ghert an 5% byn%aight. (e) content of residual monomer

after heating g,180G,dQ fabA horLsheingdiptiawerthan Q.aR® 00508 ighey thaap00 ppm. 3.A

particulate water--absorbing agent comprising water-absorbing resin particles as a main component

which are ohtaineg By fevekset: phaselsuspensigmprolymerization of an 15 unsaturated monomer
containing an acid group and/or a salt thereof, and saidwater-absorbing agent satisfies thefollowing

(@), (b), -) and (d); (a) centrifuge retention capacity (CRC) in a physiological sal..11- solution being
notthan 32 gig;
5
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20(b) mass median particle size (050) being not smaller than 200 pm and not larger than 400 pm; "
(c) ratio of particles having diameter of smaller than 150 pm bei j not lower than 0 % by weight and not
higher than by weight; and 25(d) content:ofvolatilegeganiccompounds as atmospheric 89

concentration measured by a gas Fete ctof tube being not lower than 0 ppm and not higher than 100
ppm. 4.A pa tij!ﬁ.g}éé e water-absorbing pgent comprising water-absorbing resin particles as amain
component Wiight are pbigined By|reversed phase suspension polymerization of an unsaturated
monomer co @agmng?aan.ca( idr&up @nd#1 a salt thereof,andsaid
ter-absorbin g@&gj satisfiesthefollowing (&), (b), and (e): (a) centrifuge retention capacity (CRC) in
a 10 physiol )éié@ saline solutjon being not lower than 32 gig .(b) mass median patrticle size (D50)
being not smailer than200 pm and nit lafger than 400 pm (c) ratio of particles having diameter of
smaller than| 59 gmibeifig 1fof lower than0% by weight and not higher than 5% by weight
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(e) content of residual monomer after heating at 18000 for 3 hours being not lower than 0 ppm and not
higher than 500 ppm. 5.A particulatewater-absorbing agent according to 20 anyone of claims 1 to 4
wherein at least a part the agent comprises agglomerated particles. 6.A particulate water-absorbing
anent according to anyone of claims 1 to 5 which is obtained by further comprising water insoluble
inorganic fine particles4 7.A particulate water-absdrbing agent according to 90 any one of claims 1 to
6 which is obtained by further comprising a reducing agent. 8. A particulate water-absorbing
agent accordling fo any one of[cl W'n to 7 wherein the water-absorbing agent further 5 satisfies the
following (f)|( f) al_'gsfq;benc& s 'Ngﬁﬁessure at 1.9 kea in a physiological saline solution being not
lower than 20 g/g.53° 9 |Amweth®d for production of the particulate water-absorbing agent according

to any one qgf claim$ 1 to 1D 8,/which comprises
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than 45um
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150um

Net smaller

than §50pm
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212pm

HNot smaller
than 212m
300ptm
by weight) | (X by weight) | (% by weight)
18
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15
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Smaller than | Smaller than
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. 45
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57
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Not smaller
than 300um

Particle size distribution
34
34
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Comparativa Exapla 1 | Comparative particulats wal
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a step of providing acrylic acid having a content of acetic acid and propionic acid of not higher than
500 ppm, and a content of acrylic acid dimer of not higher than 1000 ppm; a. reaction step of reversed
phase suspension 15 polymeri zation of an unsaturated monomer containing the acrylic acid and/or a
salt thereof as a main component of the monomer in a hydrophobic organic solvent;  a step of
adding an aqueous solution of a surface crosslinkg®y agent without including any organic solvent to 20
cross-linked polymer particles which are obtained by the polymerization and which satisfy the following
(a),(b)and (c): (a) centrifuge retention capacity (CRC) in a physiological saline solution Being
not lower than 32 g/g; 25(b) mass median particle size (050) being not smaller 91 than 200 pm and
not larger than 400 pm; and (@) ratio of particles having diameter of smaller
than 150 pm being not lower than 0 % by weight and not higher than 5% by weight; and a step of
surface crosslinks g by heating at. a temperature of not lower than 150C and not higher than 250C.
10. A method for production according to claim 9 which further comprises a step of agglomeration

10 min.
7
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8
9

Particulate water-absorbing | Rewet amount for
agent used
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11. A method for production according to claim 10 10 wherein the agglomeration is carried out in the
reaction step of reversed phase suspension polymerization. 12. A method for production
according to claim 10 which further comprnes a step oi agglomeration comprising: adding water,
heating in the state of keeping the water content of 15 not lower than 1 % by weight and not higher
than 10% by weight and crushing of thus resulting 8g¢gregates. 13. An absorbing article for
excrement, urine or blood, which is molded by comprising a particulate water-absorbing ccording to

any one of claims 1 16,8 s by dropiVie #1619 5.0 xA8/3" AhBRTbIGERKIE accordipg to claim 13

wherein content of the particulate water-absorbing agent based on total weight of the particulate

water-absorbing.agent andsthehydrophilic fibgrs istiewerdhan 30%ympeightiand b grater 25
than 100% by weight.

in Tables 1 to 3, therefore, no odor is generated from the gel
in swollen state, and the agent is superior in absorption
5 capacity, absorbency against pressure and absorption speed.
Mass median particle size and logarithmic standard deviation
are also falling within a range to achieve favorable handling
characteristics of the water—absorbing agent and to attain high
property of the water-absorbing agent in use as an absorbing
10 article. Use of the particulate water-absorbing agent of the
present invention results in an absorbing article (a diaper
in Table 3) with less rewet amount and high performance. Such
a particulate water-absorbing agent of the present invention
exhibits still largerblocking ratio aftermoisture absorption,
15 urine resistance and deodorization performance by adding

inorganic fine particles, a deodorant and the like as needed.

Industrial Applicability
As described hereinabove, the present invention relates
20 to a particulate water-absorbing agent including a
water—absorbing resin as a main component. More specifically,
it relates to a particulate water—absorbing agent fulfilling
more superior absorption ability without generating odor in

practical applications as absorbing articles such as a diaper.
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Claims:

1. A particulate water-absorbing agent comprising
water-absorbing resin particles as a main component which are
obtained by polymerizationof anunsaturatedmonomer containing
an acid group and/or a salt thereof and which are at least ones
of nearly spherical shapes, aggregates thereof and aggregates
derived fromnearly spherical shapes, and said water-absorbing
agent satisfies the following (a), (b), (c) and (d):

(a) centrifuge retention capacity (CRC) in a
physiological saline solution being not lower than 32 g/g;

(b) mass median particle size (D50) being not smaller
than 200 pm and not larger than 400 um;

(c) ratio of particles having diameter of smaller than
150 um being not lower than 0 % by weight and not higher than
5% by weight; and

(d) content of volatile organic compounds as atmospheric
concentration measured by a gas detector tube being not lower
than 0 ppm and not higher than 100 ppm.

2. A particulate water—absorbing agent comprising a
water—-absorbing resin particles as a main component which are
obtainedbypolymerizationof anunsaturatedmonomer containing
an acid group and/or a salt thereof énd which are at least ones
of nearly spherical shapes, aggregates thereof and aggregates

derived from nearly spherical shapes, and said water-absorbing
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agent satisfies the following (a), (b), (c) and (e);
(a) centrifuge retention capacity (CRC) in a
physiological saline solution being not lower than 32 g/g

(b) mass median particle size (D50) being not smaller
than 200 pm and not larger than 400 pm

(c) ratio of particles having diameter of smaller than
150 uym being not lower than 0 % by weight and not higher than
5% by weight

(e} content of residual monomer after heating at 180°C
for 3 hours being not lower than 0 ppm and not higher than 500
ppm.

3. A particulate water-absorbing agent comprising
water—-absorbing resin particles as a main component which are
obtained by reversed phase suspension polymerization of an
unsaturated monomer containing an acid group and/or a salt
thereof, and said water—-absorbing agent satisfies the following
(a), (b), (c) and (d);

(a) centrifuge retention capacity (CRC) in a
physiological saline solution being not lower than 32 g/g;

(b) mass median particle size (D50) being not smaller
than 200 um and not larger than 400 pm;

(c) ratio of particles having diameter of smaller than
150 um being not lower than 0 % by weight and not higher than
5% by weight; and

(d) content of volatile organic compounds as atmospheric
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concentration measured by a gas detector tube being not lower
than 0 ppm and not higher than 100 ppm.

4. A particulate water-absorbing agent comprising
water-absorbing resin particles as a main component which are
obtained by reversed phase suspension polymerization of an
unsaturated monomer containing an acid group and/or a salt
thereof, and saidwater-absorbing agent satisfies the following
(a), (b), (c) and (e):

(a) centrifuge retention capacity (CRC) in a
physiological saline solution being not lower than 32 g/g

(b) mass median particle size (D50) being not smaller
than 200 um and not larger than 400 um

(c) ratio of particles having diameter of smaller than
150 pm being not lower than 0 % by weight and not higher than
5% by weight

(e) content of residual monomer after heating at 180°C
for 3 hours being not lower than 0 ppm and not higher than 500
ppm.

5. A particulate water-absorbing agent according to
anyone of claims 1 to 4 whereinat least apart the agent comprises
agglomerated particles.

6. A particulate water-absorbing agent according to
any one of claims 1 to 5 which is obtained by further comprising
water insoluble inorganic fine particles.

7. A particulate water—absorbing agent according to
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any one of claims 1 to 6 which is obtained by further comprising
a reducing agent.

8. A particulate water—absorbing agent according to
anyone of claims 1 to 7 whereinthewater—~absorbingagent further
satisfies the following (f):

(f) absorbency against pressure at 1.9 kPa in a
physiological saline solution being not lower than 20 g/g.

9. A method for production of the particulate
water-absorbing agent according to any one of claims 1 to
8, which comprises:

a step of providing acrylic acid having a content of
acetic acid and propionic acid of not higher than 500 ppm, and
a content of acrylic acid dimer of not higher than 1000 ppm;

a reaction step of reversed phase suspension
polymerization of anunsaturatedmonomer containing theacrylic
acid and/or a salt thereof as a main component of the monomer
in a hydrophobic organic solvent;

a step of adding an aqueous solution of a surface
crosslinking agent without including any organic solvent to
cross—-linked polymer particles which are obtained by the
polymerization and which satisfy the following (a), (b) and
(c):

(a) centrifuge retention capacity (CRC) in a
physiological saline solution being not lower than 32 g/g;

(b} mass median particle size (D50) being not smaller
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than 200 pm and not larger than 400 pum; and
(c) ratio of particles having diameter of smaller than
150 um being not lower than 0 % by weight and not higher than
5% by weight; and

a step of surface crosslinking by heating at a temperature
of not lower than 150°C and not higher than 250°C.

10. A method for production according to claim 9 which
further comprises a step of agglomeration.

aCiks A method for production according to claim 10
wherein the agglomeration is carried out in the reaction step
of reversed phase suspension polymerization.

12. Amethod for production according to claim 10 which
further comprises a step of agglomeration comprising: adding
water, heating in the.state of keeping the water content of
not lower than 1 % by weight and not higher than 10% by weight
and crushing of thus resulting aggregates.

13, An absorbing article for excrement, urine or blood,
which is molded by comprising a particulate water-absorbing
agent according to any one of claims 1 to 8 and hydrophilic
fibers.

14. An absorbing article according to claim 13 whexein
content of the particulate water—absorbing agent based on total
weight of the particulate water—absorbing agent and the
hydrophilic fibers is not lower than 30% by weight and not grater

than 100% by weight.



