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DESCRI PTI ON PARTI CULATEWATER- ABSCRBI NGAGENT CONTAI NI NG
WATER- ABSORBENTRESI N AS A MAI N COVPONENT TECHNI CAL

wo-b@kD336e present invention relates to a partPCUbees/ 018073

wat er - absor bi ng agent contai ning a wat er-absor bent
resin as a main conponent. Mdre specifically, the
present invention relates td a particul ate

wat er - absor bi ng agent used for an absorbent structure
of an absorbent article, such di sposal diaper. The
particul ate mater-absof@ﬁﬁ§8§32%¥u%m'the pr esent
invention is superior in absorptive ability, and
causes no odor or ethylene glycol. The conbi nati on of
these three benefits has never attained by the
corRARTICEL ADENW A BEGEEBOIRERIN ReA G N, CONTAINING
wat er - absorbent resin (or a particul ate

wat enyabsoRBARIS aRBE NTNRA ITN A 8nA aMedNdiCQ MBSIMENT
and a hydrophilic fiber such as pulp are w dely used
as a main construction raw material of sanitary raw
materials, such as disposal diapers, sanitary napkins,

’fﬁ@ﬁﬁl@ﬁﬁ%?@ﬂi} in order to absorb body fluids. The

water - absorbent resin is mainly nade of (i) _

crossplerkedpseicl Lasiipg! | cReRReci 6 schivicutate
Sl SR Bl bR S0 LR gesin o
a main component. More specifically, the preseht invention
relates to a particulate water-absorbing agent used for an
absorbent structure of an absorbent article, such as disposal
diaper. The particulate water-absorbing agent of the present
invention is superior in 'absorptive ability, and causes no odor

or ethylene glycol. The combination of these three benefits

has never attained by the conventional agent.

BACKGROUND ART

Recently, a water-absorbent resin (or a particulate
water-absorbing agent containing an absorbing resin) and a
hydrophilic fiber such as pulp are widely used as a main
éonstruction raw material of sanitary raw materials, such as
disposal diapers, sanitary napkins, incontinence pads, in
order to absorb body fluids. The water-absorbent resin is
mainly made of (i) cross-linked partially neutralized

polyacrylic acid; (i) a hydrolyzed starch-acrylic acid graft
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cross-1linked acrylonitrile copolymer; (v) hydrol yzed
acryl am de copol yner or cross-linked acryl am de

wa@oweloy3¥er ; (vi) a cross-1linked cationi c nononecT/aredos/018073

the |ike. There have conventionally been needs for a
wat er - absor bent resin having the foll ow ng absorption
properties: (i) a high absorption capacity for a
aqueous liquid such as a body fluid, (ii) an excellent

absorption.rate, (iii) . excellent |iqujd-perneagbility,
BAIIORY) Hdhl PeraRRRiSEAanGy bof 24C Lk 1A4TS04F , amid ester
(v) an excellent suction anmount froma wet substrate
copelimiery adiebushyidualazedvi ) agrnlaninlke. cppalyaper or
t hese demands, a recent particul ate water-absorbing
agess-1haked paraccylanitphlesi catopeobyperary. | (vyi ewhgfdrolyzed
t he i ndi spensabl e denmands for high water absorption
&agﬁkdm}i{dando@icgbméﬂubd peo sedinkietdy acrgramidsseopolymer;
and needs for water-absorbent resin particles :

ﬁﬂig@ tireaBtiivn el rQiBaiti @loh Sinka dinst thieuliken, or a

wat er - absorbent resin particles having a high

absorphicR Capagid Y fhyOtivRi£iySo! Bake cowgt, for a

many paraneter patents and neasurenment mnet ho have

R R

of water-absor f%ql'ﬁoew%%lgl oabsorptmn

resin. W ng
dochmem s, T M el 93, 8L RIS, 01 AP Pa W Seous Tiquid
o By e M) s e 20 Y SREORSMon Ate, (i)
excellent liquid-permeability, and (iv) excellent gel strength of
a swollen gel, and (v) an excellent suction amount from a wet
substrate containing aqueous liquid, (vi) and the like. To
meet these demands, a recent particulate water-absorbing
agent has a particular physical property.

In view of the indispensable demands for high water
absorption capacity and high liquid permeability under
pressure, and needs for water-absorbent resin particles
significantly narrow particle size distributién, or a
water-absorbent resin particles having a high absorption
capacity and low water-soluble component, many parameter
patents and measurement methods have been applied so as to
regulate the various phisycalities of water-absorbent resin.
The following documents 1 through 39 are example of the

patents.

Document 1 discloses a water-absorbent resin superior
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absorption capacity. Docunent 2 discloses a
wat er - absorbent resin superior in liquid-perneability

wowaohosd47t oad, absorption rate, and absorpti onPCT/JP2005/018073

capacity. Docunents 3 through 6 disclose techni ques of
maki ng specific particle size,distribution. Further,

many ot her docunents suggest 3 Wat er - absor bent resin
zuperior i n absorbency agai nst pressure under

different pressyres, as well. as. neasurenents mnethod

iflor SHocky 15 M absBARERCSO LAl hst CpPERARERL, Thand  water
foll owi ng Docunents 7 through_16, 38 and 39 suggests
aRserphiledor befBPELitYis, sone BPonERtar e %upe%hgploses a

solely in absorbency against pressure, and others are
wapertaips bobbnit nradvgordencyiemannsiqprepriaeandlity without
ot her physical properties. Further, Docunents 17 and

b3 duadssirpivat eatabsanienb scagitionhicalpdsyexidelchements 3
damage-resi stance of its properties, Docunent 19

13HE0e8h S6 ad et Wseahs e hi it SYIT nyhiRBeg dsistcHlligeparticle size
particle anount is specified, and Docunent 20 suggests

cgis"@ BhtARSOr bepl i8S GRYSIPIOkBRT CQHBUIMREnts suggest a
urther, Docunments 21 and 22 “suggest a vvater-absorben%

[ ' in -er rption ung :
GBI ARSFbRha A shagERlien MU Mibency  against
solution or the J.i.ke for requl ating urinesresistance
B BB rRASs KIETadts BT SR Lr Hoas Bl § i s drements
SUBELLE L AL BRI L SN TR ROTEILAL. he

following Documents 7 through 16, 38 and 39 suggests
water-absorbent resins, some of which are superior solely in
absorbency against pressure, and others are superior both in
absorbency against pressure and in other physical properties.
Further, Documents 17 and 18 suggest a
water-absorbent resin which has excellent damage-resistance
of its properties, Document 19 suggests a water-absorbing
agent whose dust-size particle amount is spec'ified, and
Document 20 suggests a water-absorbent resin causing less
coloring. Further, Documents 21 and 22 suggest a
water-absorbent resin superior in water absorption amount
ahd gel-stability against an L-ascorbic acid aqueous solution
or the like for regulating urine-resistance, and Document 23
suggests a water-absorbent resin superior in air permeability.
Furthermore, Document 24 suggests a water-absorbent resin

having less residual monomer.
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havi ng | ess residual nononer. Further, Docunents 25
t hrough 32 and sone ot her docunents suggest that a

wowioe03Bbsor bent resin with a specific physi caPCT/JP2005/018073

property is useful for an absorbent article (disposal

di aper) with a specific physigal property, structure

and pol yner content. Docunent "33 etc. suggest a nethod

for surface-cross-1linking which is perforned by

pul verizing at_J east a part _of resin_pafLticles.

Furt HERTtRAr, cDaRUnents P threketbsder anéhnspmy other
raw material, such as a disposal diaper,_ tends to be
deguseen tanksngeant eithedsorbeWea tessr RSOERERT Regier with a
whi ch i ncreases a demand for relieving odor fromthe
swpteifiabpbytsénal resoperTy reluseful Horoder , abherbemds article
been suggested use of various deodorant agents and/ or
@isipacilediapeapewith cgespecifict by sietdrpabperbentstructure
resin, so as to give a deodorant property to the .
yateipARIREPesbnitesitd. Exeeahesnef 3Bhiezcpr odyglest a method
i ncl udes a water-absorbent resin conposition nade of a

%h-ﬁaéetgﬁ@és?ﬁggﬁggggvp@wggge}féha@d %@l\éiﬁ%ﬁfer@zing at

t heaceous pl ant , cunment 34) ,

Mtse£?~2§39{ %@{e%ieg;pn%rct?gpeossi tion nade of a

sor ben having a specific property and

f iculili le. ,
bocunki thef, RAreRat e thee ARt EBRAD By SRItgrY raw
T Ble ShE0r S 68 FHSPRSAlo PR TaC ARy tp be' reduced,

making water-absorbent resin content higher, which increases
a demand for relieving odor from the water-absorbent resin.
To relieve the odor, there has been suggested use of various
deodorant agents and/or antibacterial agent together with a
water-absorbent resin, so as to give a deodorant property to

the water-absorbent resin. Examples of this product

includes a water-absorbent resin composition made of a

water-absorbent resin and an extract from leaves of a
theaceous plant (for example, Document 34), or a
water-absorbent resin composition made of a water-absorbent
resin having a specific property and an extract from an
éiculilignosa (for example, Document 35). Further, some
recent technologies (e.g. Document 36) focus on acetic acid or
propionic acid, which are impurities in the acrylic acid, as a
cause of odor of water-absorbent resin. Further, other

technology relating to a residual monomer (e.g. Document 37)
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cause of odor of water-absorbent resin. Further, other
technology relating to a residual nononer (e.g.

wmoewaer7 37) f ocuses on b- hydroxypropi oni ¢ aci BCT/IW20e$018073

is an inpurity in the acrylate. As described, there

have been many technol ogi es for neeting various

demands regardi ng property ofY wat er-absor bent resin.
However, those conventional water-absorbent resins can

no | onger e surg their effects in,the recent absorbent. .

formpas i (RURRAERXYPEPEEANIAI 3681 WAIER I8’ mPUrity 1n
reater anmount of water-ahsorbent resin, that is, has

thenpghglatdnt ent (hi gher weight ratio) of

wat er - absor bent resin. Mreover, as the usage anount

(contlemt Ylesfcrilaeds - dhsoebdmve ebiesrf omamy afhsehieptogies for

structure, such as disposal diaper, is increasing, the

leedignt prafentsy hadebeaomss an regartang f acpoopebty of

trials of various deodorant agents, which are used to

whyeridesgepdatantrepiaperty dogelved)t o thitseaabsebbivithtional
agent, have not nade satisfactory results of obtaining

@Hiéi’-ﬁi@é‘érﬂﬁﬁqofé‘é‘anr@é’ﬁrhY)- 15 endir&bgpsiRertfects in

rtrcle, such as disposal diaper, "has been having

5L SFLe Rl PRV LA, INE R L 50h RS LB inoer
B, b S Bl RS £ RFTE 3 SR 5TOGh Ofnat i,
k?g;tgcll‘l?gﬁie%echil’%etnrlic b(lflltiig nér weight ratio) of water-absorbent
resin. Moreover, as the usage amount (content) of
water-absorbent resin for an absorbent structure, such as
disposal diaper, is increasing, the deodorant property has
become an important factor, but trials of various deodorant
agents, which are used to give the deodorant property direct
onto the absorbing agent, have not made satisfactory results
of obtaining sufficient deodorant property.

Further, an absorbent article, such as dispoisal diaper,
has been having defects of coarse feeling of absorbent
particles, and particle segregation which makes particle size
uneven. In view of these problems, there is another demand
for water-absorbent resin particles having nnarrower particle
size distribution.

However, any of conventional water-absorbent resins

have not satisfied all of these demands in actual use: reduced

odor, excellent absorption capacity, narrower particle size
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However ,

w0 eddosd7odor

any of conventi onal
have not satisfied all

wat er - absor bent
of these denands in actual
excel | ent absorption capacity, PEr/IR20ey018073

resins
use:

particle sizedistribution and |ess particle

segregati on.

denmands i n act ual

absorption capacity,
R ErTH BT bt

wat er - absor bent

In view of this,
provi des a wat er - absor bent FRin sati sfying all
reduced odor,
nar y qwer

use.

resin,

t he present

t he present

i nventi on
of the
excel | ent

article size
&q5§s§aﬁs¥qlﬁc$%§§%%%gg&%-i on. Wth this

i nvention al so

pr oviltles VaeWab8ér bilkig,agdne iPTe$eR AN IBYqREQs PYovides a
confortabl e absorbent article ensuring high physical

wa bereratlys @rlde naf et yirarsh thafy i g eipost tthen deonageds
after swelling. CDocunent 1]

U¥e: Re3P648dSpetof) cakt el ehRocinent p PloiKeRpheity Nonarrower

odor

2267094 B Specification [Docunent 3) US Patent No. 505

pedichpasizti aastanddeauarid 18ksUpaPaiclet sbigrep4td®956 With
Speci fication [Docunent 5 US Patent

i ficati t oY%
@ggw w&@éf%s{%@&q@n re%luiép ggtegg
PaLen
Pat en

US Pat ent
ensuring

eci fication

swelling.

( Document 1]

Specification
(Document 2]
[(Document 3]
(Document 4]
[Document 5]
(Document 6]
{(Document 7]
[(Document 8]
[(Document 9]
(Document 10]
(Document 11]
[(Document 12])
(Document 13]

[Document 14)

unent
Hetiddaertn 7oeetiER ofetht
Seabiteale o Lo rde

and safety and has a composition not causing odor after

US re-issued Patent No.

UK Patent No.
US Patent No.
US Patent No.
US Patent No.
EP Patent No.
EP Patent No.
EP Patent No.
EP Patent No.
US Patent No.
US Patent No.
US Patent No.
US Patent No.

US Patent No.

Epﬂ&er@@z%ﬂre]ntion

No. 6087002

No. 0707603

prScaf fgoobeca as o

1’}'9gh5éﬁ§r%¥§a1 property

2267094 B Specification

5051259 Specification
5419956 Specification
6087002 Specification
0629441 Speqification
0707603 Specification
0712659 Specification
1029886 Specification
5462972 Specification
5453323 Specification
5797893 Specification
6127454 Specification

6184433 Specification

iifg actual
US re-i ssued Patent

also

Re32649
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[ Docunent 11 US Patent No. 5453323 Specification
[ Docunent 12] US Patent No. 5797893 Specification

wO Dweosamt 13) US Patent No. 6127454 Speci fi cap@CDaP2005/018073

[ Docunent 14] US Patent No. 6184433

Speci fication[ Docunent 15] US,Patent No. 6297335
Speci ficati on CDocunent 16 | US re-issued Patent No.
Re3702 1 Specification [Docunent 17] US Patent No.

11 R PR TR LA g i
5994440 _Speci fication_ [ Docunment 20] US Patent No.
644474408188 m6 2 bt il&][mUﬁTe?ﬁ-lﬁ}lqgg E&ttéﬁtt Nbo. Re37021

619453 1 Specification [Docunent 22] EP Patent No.

0940 3pecyieeaiti¢nvati on [ Docunent 23] EP Patent No.

1153656 Specification [Docunent 24] EP Patent No.

06052 B oSpamnicfitcatzilon JHoRabent 125] SUStPaéntSNecification
5147343 Specification [Docunent 26] US Patent No. -

5149330D Spennfergatlisgdn DUioPutenit Rél. &P1Ax b4B INSpecification
0532002 Specification [Docunent 28] US Patent No. 560

1452 Sppeichi dtdon ad)Doqygeps t28l NS. @3@4‘&4@-88&5@@5&@tion
Speci fi'cation [ Docunment 30] US Patent No. 5669894

e RSN A1 PG R P cation
Publ i Cfabio%rﬁr’ﬁ%ntoéll]os%égﬁa?gﬁ?%gt. 6194531 Specification
{(Document 22] EP Patent No. 0940148 Specification
(Document 23] EP Patent No. 1153656 Specification
(Document 24] EP Patent No. 0605215 Specification
[Document 25] US Patent No. 5147343 Specification
[(Document 26] US Patent No. 5149335 Specification
(Document 27] EP Patent No. 0532002 Specification
[(Document 28] US Patent No. 5601452 Specification
(Document 29] US Patent No. 5562646 Specification
(Document 30] US Patent No. 5669894 Specification
(Document 31] US Patent No. 6150582 Specification
( Document 32 ] International  Publication
No0.02/053198 Pamphlet
[(Document 33] EP Patent No. 0937739 Specification
[ Document 34 ) Japanese unexamined patent
publication Tokukaisho 60-158861
( Document 35 ] Japanese unexamined patent

publication Tokukaihei 11-241030
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[ Docunent 33] EP Patent No. 0937739 Specification |
Docunent 34 ] Japanese unexam ned patent publication

waelakadssho 60- 15886 1 [ Docunment 35 ] JapaneBET/JP2005/018073

unexam ned patent publication Tokukai hei 11-24 1030C
Docunent 36 ] International Publication No. 03/ 0955
10 Panphl et [Docunent 37] US%étent No. 6388000
Speci fication [Docunment 38] US Patent No. 540977 1

Speci fi cati on Docunen 9 UK Pat ent No. 2353 . .
speci fli cd?PEH QéLOSngléE é: ]INVEl\ﬁfmr}%U(S’Ft?ér t%7ub11catlon
sol ve the foreagégi ng _probl ens, the inventors of the
presane- Q3 ORIDhOnBasmBhdet ed t he deodorant property

(for exanple, by the use of deodorant agent) of the

wat er -[dbsoumeantr8%in UdtRatabsdoi AGEFERO) Seedification
addi tional function, and found an unexpected fact that

a wat drDebsenbent 38ési U$ tRetdngdher 346x9E71 Specification
characteristic odor after swelling, which has been

act uall podesheas gp § he WRogerte™Mt NOPERBYH IV 7t Bpecification
absor bi ng agent when used as a product such as

di sposal diaper. Then, the inventors have further
studi ed the cause of the characteristic odor of the

ISP AR PR A By o e ot on 19 et

wat erfr?k())sro ebre% srglsvientﬁgtfaoir%egdoivr\{gt r1!)rl<4.>§3(aie(r)rf1s,a’che: inventors of
the present invention have studied the deodorant property
(for example, by the use of deodorant agent) of the
water-absorbent resin (water-absorbing agent)] as its
additional function, and found an unexpected fact that a
water-absorbent resin itself generates a characteristic odor
after swelling, which has been actually decreasing the
deodorant property of the absorbing agent when used as a
product such as disposal diaper.

Then,. the inventors have further studied th¢ cause of
the characteristic odor of the water-absorbent resin, and
found the following fact. What they found was a fact that a
product made of water-absorbent resin obtained with use of a
ﬁarticular surface-cross-linking agent (surface-cross-linking
agent which forms ester bond with a carboxyl group) and
having high absorbency against pressure or without pressure

generates the characteristic odor, thereby decreasing the

performance as a water-absorbing agent of disposal diaper or
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particul ar surface-cross-1inking agent
(surface-cross-Ilinking agent which forns ester bond

wowaok/0z34car boxyl group) and havi ng hi gh absor beemyP2005/018073

agai nst pressure or w thout pressure generates the
characteristic odor, thereby decreasing the

performance as a water-absorbf ng agent of di sposa

di aper orthe like in actual use even though the raw

mat erial of water-absorbent resin h odor itself. .

thte |FentBr &GRSO FRET hitoWgRe T nfPhgRaksrial of
an odor of water-absorbent resin, the physical .
pabperalyserbensi gesinr dages nd oder ridsichl.pecdnipg inventors
appl i cable for an absorbent article, such as di sposal
fairaper. Thusdi gbhatr f obymnetimbsatbegt apcihcl eensuolor of
as di sposal diaper, is made of the foregoing water
whseriingorlgent, whisth, ustlsea lrfsicedcr geogértli ngpf resin
agent form ng ester bond with a carboxyl group, and

iNSeae Nidid alser i d i) Kedesidy AspHcaedel fopfan absorbent
hi gh-tenperature processing, and reduced odor. These

a[f”t‘?c?@ar@ﬁkflr | g Ecgitsgﬁﬁlbeﬁga%@?.o”paﬁ‘h%e hiph Weerformance

convent i onal™ prod Int rocess of studying a

BB A RGenpiR ¢ bR s oAl PRR G TsemiTE of the
dego R or BERECF oo ADOTIS T C6G0N ctMjigh uses  a

bl e iAo Boset wgSrb by e Yo das ith @

carboxyl group, and ensures high absorption capacity as é
result of high-temperature processing, and reduced odor.
These two characteristics have been incompatible in the
conventional products.

In the process of studying a specific
surface-cross-linking agent not causing much of odor, the
inventors further found that, depending on the type of
cross—linking agent, some water-absorbent resins contain
residual ethylene glycol, which is generated as a by-product,
even though they are produced using no ethylene glycol as a
monomer or a crosslinking agent. If the water-absorbent
1;esin contains such residual ethylene glycol, the safety of the
resin is not fully ensured. Then, after further study of the
origin of residual ethylene glycol, they found that it derives
from impurities or decomposition products of the

surface-cross-linking agent wused for the raw material
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nmononer or a crosslinking agent. If the
wat er - absor bent resin contains such residual ethylene

w@bkyeoB3471t he safety of the resin is not fully PoEIPWE/018073

Then, after further study of the origin of residual
et hyl ene glycol, they found that it derives from
inpurities or deconposition B ducts of the
surface-cross-linking agent used for the raw

naterlal(partlcul rly, hyl ene gl ycol derivative,
(DaaThicelatlyy| &@ﬁs%ngh@c%odﬁﬂmtw&e gw@al agt gthylene
. Further, if alkylene carbonate (particularly
@M@ﬁéecapbéﬁgtbqurse ugdyicak, Ul f acé*“léfﬂ*s@u iidkiadgylene
agent so as to increase the physical property
depdsvhatkar(pprticyladyperatigtieniet ycanbdenaiegsdar euped as a
absor bency agai nst pressure) , it is necessary to use

fut Bl @e royelindkig oage hkimgasgeryt ancrdaseathy qitysical
a reaction process at high tenperature. Thus, even

ﬁ‘f@ﬁe?ﬁy\Aﬁlﬂﬁ/ﬂt‘i’eﬁlﬁf]&y‘:0'11q1§1d15[€@r1f11%ra51|ﬂﬁyr Q!‘h&@treplr@bsure or

or ‘even en al kyl ené cafbonate such as et hyl ene

&@EB?E@%%}Q%?&J]%%’E gﬁ%lts%”d‘r t hyl qgen%l%%%lar e use a large

sor eted 'ds a commodity contains

Saeiiinl %%%‘sﬁeﬁei%*?%%p”%nﬁaag %@”¥$E§?r8ut' ¥liehotion
coI and, found a of obt ajni ng an abs

Ef%éﬁﬁrat(lgt&lﬁ LRTRSHHC i apRFF WY ATl ifhopo ethylene

physi cal property (particul arl | i.qui d- per neabj
ghitkal jpesmiad HIT 4o r%‘ﬁcynaégrwslt, 9Fe§§§ine)wimeﬂq alkylene

the use of al kyl ene carbonate in a
sarbaoeter osachi nkisngetgghtneascawhonase does not contain

ethylene glycol, the absorbent article completed as a
commodity contains ethylene glycol as a by-product. The
inventors finally solved the problem of safety caused by
ethylene glycol, and found a way of obtaining an absorbent
structure (such as disposal diaper) with superior physical
property (particularly, liquid-permeability under pressure or
absorbencjr against pressure) with the use Qf alkylene
carbonate in a surface-cross-linking agent, as well as
sufficient safety, which have been incompatible in the
conventional products.

Further, the inventors also worked on the problem of a
large amount of dust-size particle and particle segregation,
which are produced when the water-absorbent resin is
pulverized to reduce particle size. As a result, they found

that the average particle diameter, the amount of dust—sfze
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sufficient safety, which have been inconpatible in the
conventional products. Further, the inventors also

wowook®sB4on t he probl em of a | arge anount of duRtCF/3SP20e5/018073

particle and particle segregation, which are produced

when the wat er-absorbent resin is pulverized to reduce
particle size. As a result,” tlﬁey found that the

average particle dianmeter, the anount of

dust.-si zeparticle, and the particle size distribu tion
RaEtichpor aast daét dParfisle pSEe c HistE Bt R a6 pEpPOortant
resin to ensure its physical property as an absorbent .
faatossuder( aaitiaulate popsdierdpRsombeniaceddid) nkP y ensere  its
inventors found a way of restricting these factors:
phesaval gge geartyi akeadi absbebertthetamotmreofsuistasidisposal
particle, and the particle size distribution, of

daiperiabsor Pentor@migiypar thel einweintorar e foneatpadi bivey of
physi cal properties, thereby obtaining particul ate

ME4 194 ¢ BRSO 1886 I £5¢1HPW:t RhRATd Wy 02d tpakEiciezEiameter, the
di stribution and small particle segregation. Wth such

S HTUPER ALl ol fREFL BariaI0pR, maeffbution,
31 TR ) L0, LA RS b BROPEELY s GRpatiblc
SPORSRLS LSRR, BRe!, S SRl Y Oharpicutate
%ﬁg;ggﬁgggq%é%ﬁ%ev?ir{%unr}aﬁfoudru%te{rséiiczﬁ IDsa:llrztei c(:tlligtribution
and small particle segregation.

With such new findings (l)a desired
surface-cross-linking agent, desires physical property, and
allowable level of odor are incompatible, 2) the high physical
property given by surface-cross-linking agent such as
alkylene carbonate results in by-product of ethylene glycol
which has safety issue, 3) a desired average particle diameter
and allowable amount of dust-size particle are inqom'patible,
4) the five physical properties: centrifuge retention capacity
(CRC), absorbency against pressure (AAP), mass average
particle diameter, the amount of particles less than 150um in
fhe particulate water-absorbing agent, logarithmic standard
deviation of particle size distribution, are important factors
for the use of absorbent structure such as disposal diaper),

the inventors have made the present invention, which

provides a practically ideal particulate water-absorbing agent,
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4 ) the five physical properties: centrifuge retention
capacity (CRC) , absorbency agai nst pressure (AAP)

wWorams/03342T age particle dianeter, the amount of PCT/JP2005/018073

particles |l ess than 150nmin the particul ate

wat er - absor bi ng agent, |ogarithm c standard devi ation
of particle size distri buti’orlr,2 are inportant factors
for the use of absorbent structure such as di sposal

dji aper), the inventors have made t he present )
whieht e tswat de asitolt adsva S;ﬂf‘a%&fifealwswgapropertleS-
particul ate water-absorbi ng agent, which neets_at | east

t he fMesesppsidificallysitbe padperdnte. wies-absorbing agent
specifically, the particul ate water-absorbi ng agent

(fTrstst water-odbhsoribimg aggen)) aczocdrdigngo the phesepresent
i nvention contains, as a main conponent, a particulate

iRolarcdoROX ¥oirtt adeis] Was erx absathendomgsiment, a particulate
surface-cross-1linked by a surface-cross-1inking agent

IrdnfwsRpiiester bongdeqd th a capbaxylaBsewderdthe ~  resin
articul ate wat er-absorbing agent satisfying foll ow ng

é\‘ﬁpfje{éé.—%s @nﬁefﬁe'ﬂj ' éugﬁngESDéﬂng—cﬁﬁﬁqhgy 4 which
or a physiol ogi cal” saline solution being not 1es

han 279/ .9; b b i.nst P) ,.
s a1 Yo SOREL pRTER o g PRaTRENT e PRERG: | e pBRpgiculate
RGBT 8P SOPBOP SoRER VAL B0 M o) 1) WoR ECe bt Higms:
particles smaller than 150mmin the particul ate
wat er (@lbs d bi pgnAGEMEDei TR BOR hyCamasity (CRC) for a

physiological saline solution being not less than 27g/g;

(b) an absorbency against pressure (AAP) of 4.8kPa for
the physiological saline solution being not less than 20g/g;

(c) a mass average particle diameter (D50) being
200-450um;

(d) an amount of particles smaller than 150pm in the
particulate water-absorbing agent being 0-5 % by mass;

(e) a'logarithmic standard deviation (o() of p.article size
distribution being 0.20-0.40; and

(f) a content of an alcohol volatile substance evaporated
from the particulate water-absorbing agent being 0-10ppm,
fhe content being measured by a gas detecting tube as an
atmosphere concentration.

The particulate water-absorbing agent (second
water-absorbing agent) according to the present invention

contains, as a main component, a particulate polycarboxylic
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(e) a logarithm c standard deviation (sz) of particle
size distribution being 0.20-0.40; and (f) a content

w@booan3mrohol volatil e substance evaporat ed fPONIR2065/018073

particul ate water-absorbi ng agent being O0-1 Qopm the
content being neasured by a g.s detecting tube a s an

at nosphere concentration. Th %ﬁarticulate

wat er - absor bi ng agent (second wat er - absor bi ng agent)
according to the present inyention contains, as .a [

2 on@%ﬂteraa%}érqr. tatersér@/carsdbséﬂqecsspas-ﬁnkega by a
wat er - absor bent resin surface-cross-linked by a
surfage-crossslinkingg agasntnhi snhioht ai G d@ipsene alkylene
carbonate and fornms ester bond with a carboxyl group,
¢debpnatecalat eforaner ealbsor bomgl aweth satasbpixyg group, the
follow ng conditions: (a) a centrifuge retention

papeichily teCRGy After - abgloydiinleogi agental i satisdlyihigon following
bei ng not less than 27g/g; (b) an absorbency agai nst
PoaSHIo -AAP) of 4.8kPa for the physiol ogical saline

sol ution being not Iess than 20g/ g; (c) a nass

Sver o, P ELHAIE o Bl g0 R for
B SICHLAES LSk BRI R0RLE R P9 0 Y amag

size &;)Starril bell%isggb%%icgfg epg'e%i%sot' Abofesasr{gre (AAP) of 4.8kPa for
the physiological saline solution being not less than 20g/g;

(c) a mass average particle diameter (D50) being
200-450pm;

(d) an amount of particles smaller than 150pm in the
particulate water-absorbing agent being 0-5 % by mass;

(e) a logarithmic standard deviation (o{) of particle size
distribution being 0.20-0.40; and

(g) a content (determined by HPLC) of residual ethylene
glycol in " the particulate water-absorbing agent being
0-40ppm.

The particulate water-absorbing agent and the
manufacturing method thereof meet all of the requirements of
parﬁCtdateXNater—absorbing agent in actual use: reduced odor,
safety, excellent absorption capacity, narrow particle size
distribution and less particle segregation. Accordingly, the

water-absorbing agent can be used for a comfortable

absorbent article ensuring high physical property, safety,
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(g) a content (determ ned by HPLC) of residual
et hyl ene glycol in the particul ate water-absorbing

wag@a3tael ng 0- 40ppm The parti cul at e wat er - abBOT/iiP20¢5/018073

agent and the manufacturing nethod thereof neet all of

the requirenents of particul ate water-absorbi ng agent

in actual use: reduced odor;lﬁafety, excel | ent

absorption capacity, narrOM/particIe size distribution

and | ess artlcle se ation. Accordﬁ gly, t he

P &F1odh R} aged ilid ecisad s 1958 GBS iapAstual use,
absor bent artlcle ensuring_ hi gh physical property

e etialinpehiesr usssh st h@gha@pntpyltaduslagﬁgbéiua@ﬁr (a single
odor in actual use, especially when used as

dizghe © sitestt cdnsponad irmpeaniausingf evdtepeabsoebent resin),
contain a | arge anount of water-absorbent resin),

which has cenvenitionallly bwan havimg thiee oddar ppobibeam
BEST MODE FOR CARRYI NG OUT THE | NVENTI ON The fol | owi ng

expl anation deals with the particul ate water-absorbi ng
agent of the present invention, the water-absorbent

T MepdrEf eokhe AreRyiIfd ab e MeatglE pRYERMe Mgent,

the raw materi al s, reactlon condition etc.

Furt
néés'u‘fféﬁe'nf{&%?hﬂ‘é?&% ¥§@8?§5§%§2‘W§t éﬁhe. particulate
rements of

d
VeiEr 3 65eTPLREn: (HRER paeﬁm? CTRGEPSRbg T GRS BipRe  the
%gl;gsghg‘gs\émf{)g%}(pgo?gwn uség) abisor ben%% agal nartlculate

water-absorbing agent, and the raw materials, reaction
condition etc. Further, in the present invention, specific
measurement methods, which are described later in
"Examples", are used for measurements of (a) centrifuge
retention capacity for physiological saline solution without
load (CRC), (b) absorbency against pressure of 4.8kPa for
physiological saline solution (AAP), (c) mass average particle
diameter (DSO), (d) amount of particles smaller than 150um in
the particulate water-absorbing agent, (e) logarithmic
standard deviation (o¢) of particle size distribution, (f) content
of an alcohol volatile substance evaporated from the
ﬁarticulate water-absorbing agent, (g) content of residual
ethylene glycol in the particulate water-absorbing agent, (h)
amount of volatile sulfuric substance evaporated from the
particulate water-absorbing agent (amount of volatile sulfur

containing component), (i) total content (amount) of acrylic
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physi ol ogi cal saline solution (AAP), (c) nmass average
particle dianeter (D50), (d) amount of particles

W@ pabloaxs7t han 150mm i n the particul ate wat er - abSDIRR0OTH18073

agent, (e) logarithm c standard deviation (sz) of
particle size distribution, f) content of an al cohol
vol atil e substance evaporat®e Ffom t he particul ate
wat er - absor bi ng agent (g) content of residual

et.hyl ene g) ycol .i.n the particul ate water-absgrbin .
aJé&ht | a?ﬁ% £l of OL oI REGPEO RIS £ BG1E sb’&st‘glﬁ Particulate
evapor at ed fromthe gartl cul at e wat er - absor bi ng agent
watetmabserimaagansupng (HowtHitsi M eBnmonent), (i)

total content (amount) of acrylicacid, acetlc acid, or
propiMote @Ay im the maaamtnsa:o@cﬁmaﬁwabs ¥hiyg mass" and
agent, and (j) white index. Note that, in the present
"Speiey fw e bgh Oh aré%dyn tired"irmrset ' 96 kmgndve'jlgm "regplaceable.
identical in sense and thus replaceable. (1)

Wat er(-lqbwﬁéqnbbrs@&mrﬁ wakeh- absorbent resin in t‘he
present invention designates a cross-1|inked pol yner

formAg Lydee:-gksortifh it sinol |1ﬁn I@Ylewa&ﬁ"es%riﬁ invention

insoluble 1n water. Here, the swelling property by

A A drOOieR BRse LY FFHERRY RonBy) 5B QTR picn i
SWodlemi T (Y adehotBe hetaHEe 15 TR ﬁﬁ”?iﬁHeTr%e YRE Kwelling
PRRDSTEL Ricavater cHEd et Rl Iar, AheoTDINg a large

measur ement net hod used in ) .
amount of water, for example, 5 times, preferably 50 times to

1000 times ion exchange water of tare mass. The water
insolubility denotes the property in which water-soluble
component is 50% by weight or less of the substance. To
check these conditions, the measurement method used in
"Examples" of the present invention, ERT (EDENA
Recommended Test Method) 441.1-99 or 470.1-99 of EDANA
(European ‘Disposables and Nonwovens Association) may be
used.

To meet the foregoing condition, the water-absorbent
resin of the present invention is a water-absorbent resin
o.btained by drying a cross-linked polymer, which is produced
by cross-link-polymerizing of an unsaturated monomer
containing an acid and/or the salt thereof. One preferable
example of such a resin may be a polycarboxylic acid

water-absorbent resin, particularly a partially neutralized
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"Exanpl es" of the present invention, ERT (EDENA

Recomrended Test Method) 44 1.1-99 or 470. 1-99 of
WEDMB3UEUr opean Di sposabl es and Nonwovens AsSPCT/aR20ai1)18073

may be used. To neet the foregoing condition, the

wat er - absor bent resin of the esent invention is a

wat er - absor bent resin obtalneg{by drying a

cross-linked polymer, which is produced by

cross-li.nk-pol ynmerizjng of an_unsaturated nONEr
ROWASWIAG an aci&° ]éjnd/ or tHUYIRFE thereoggt%‘@ed

preferablee |l e of .such a resin

RRINBET et P.rb)@& Sk B0 ghsof pan %@ﬁﬁturated monomer,
particularly a partially neutralizedpol yacrylic aci
whighercoptained »y pRFIVEFI ZaEibn/ard 48s- | Thki r$g’ili§f thereof
an unsaturated nononer, which contains an acrylic acid
(areditralizhd) s mahercnnhp(qre@mtal ized) as main

conmponents. Further, the water-absorbent resin used in

t he pFasehetr| ntentwanersalosdrbentt edsin tisedona the present
manuf actured by the nmanufacturing method disclosed in

Mveiqﬁl@rﬁli:@t n@t 1apdteay tee any loasd Nnokhaifaedubyrd by the
- drying a cross-1linked pol yner contalnlng a structure

'aﬁu?'%&tu %rrﬁ@1tﬁ.%d1'2ﬁ§k¥6§&8d gﬁégﬁdﬁ, and may
escrl structure unlt erl from an

unsat ur at t

bR Yol 5%@5"”%‘?5 %%%L?f?ibo'@% igk 2% EHEUNELRA polymer

OgnQalmrflgr a8 lllgturg %. %rreéle%?vtelc?nﬁr‘oe%c“a%n unsaturated

monomer, which is described later. The structure unit

by

derived from an unsaturated monomer corresponds to a
structure in which polymerizable double bond of each
monomer is opened, for example, by polymerization reaction
(that is, a double bond (-C=C-) became a single bond (-C-C-}).

(2) Particulate water-absorbing agent and Manufacturing
method thereof

The particulate water-absorbing agent of the present
invention means an absorption/solidification agent for an
aqueous liquid. The agent contains a water-absorbent resin
as a main component and may contain a small amount of
additives and/or water as required. The content of
water-absorbent resin in particulate water-absorbing agent of
100% by mass is 70-100%, preferably 80-100%, more
preferably 90-100% by  mass. Apart from the

water-absorbent resin, the particulate water-absorbing agent
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(that is, a double bond (-C=C-) becane a single bond
(-GC)) . (2) Particul ate water-absorbing agent and

wakvahasvuri ng net hod t hereof The particul at e PCT/JP2005/018073

wat er - absor bi ng agent of the present invention neans
an absorption/ solidificati orivégent for an aqueous
liquid. The agent contains a fer-absorbent resin as
a mai n conponent and may contain a small anount of

addi tives gnd/ or ter a uired. The P tent of .
PGBl GO BRRE rRETHT | AOgar e BF IOV, AXOHLEr; Agseribed

ent of 100% by mass |s 70- 100% _preferably 80- .

9% mBr& theas 2BBrY [50m 1846 by t#ﬁs§q%%¥1§ f%%%ﬁ@ faay be
wat er - absorbent resin, the particul ate water-absorbi ng
syt inw il y cooHiadinis snavateandstisd vasi dusingidi iaesd, feces,
described later. Further, apart fromwater, the
wgseeusfllidyi dnmaythee,éayeanqw nben:,ontmxnunge watferwater and
such as urine, blood, feces, waste fluid, noisture/
sigaiic imd/mrxlﬂbegahiwaécﬂvemﬂ @agﬁmaaeandbr ogroundwater.
i norgani ¢ sol vent, rainwater, or groundwater. However,

wa&;epaﬁ&iﬁel @fa{m@umﬂyuwm,aﬂ R, 1y/ph6at tyBaeal
particul ‘at e wat ér- absor bi ng agent of the pr esent

i nvenf\hgntlﬁgp?g%lgﬁgufv@&%&r g%%&g?lg% aREAELAPUBhe present

ensuring oregoing p yS|ca rtices. For

exanpl.e, the surface CrQss erf d
egEJclloﬁ’e pafti cl R4 @n%faoé b giﬁérggl o1 @hd) ynethods

The foll ow ng Manuf act uri ng thod 1" eschl bes a

‘?%?Pﬁé?gpm 20188 y981 }"%ppi;tle or example, the

surface-cross-linking may be performed after the particles are
into a certain particle size. The following "Manufacturing
method 1" describes a further preferable example. Similarly,
"Manufacturing method 2", "Manufacturing method 3", and
"Manufacturing method 4" are also available.

[Manufacturing method 1]

A water-absorbent resin with a specific particle size
distribution and a specific absorption capacity is produced
first, and then the vicinity of the surface of this
water-absorbent resin is heated after mixed with a
surface-cross-linking agent which causes an ester bond.
During or after the heat treatment, the water-absorbent resin
is exposed to airflow at 60°C or more. In this method, the
purity of the raw material, that is an acrylic acid, is
preferably specified to the range described later.

[Manufacturing method 2]
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"Manuf acturing nmethod 2 ", "Manufacturing nethod 3 "
and "Manufacturing nethod 4 " are al so avail abl e.

wQ dMaosmect uri ng nmet hod 1] A wat er - absor bent r eBCTIIRE003018073

a specific particle size distribution and a specific
absorption capacity is prodUﬁ%§ first, and then the
vicinity of the surface of this water-absorbent resin
is heated after m xed with a surface-cross-1inking

agent, whi ch causes ap ester bond. During or aft

heat AReabWsRtUTHE t’é‘ro%‘b’?c?’rrberﬂq‘ﬂ%ggﬁ §°éygb%]éd which
to airflow at 60C or nore. In this nethod, the purlt%
wintaias ag neRineutrakigeds aprxkicy| peidciandi/er the salt
preferably specified to the range described | ater.

fhveradfagsuai nrp inetdwd priren tirfat h eameen eoreneis aubigeted to
sol ution, which contains a non-neutralized acrylic

c&lﬂisis-dhdk—pblj?h&ﬁaﬁmgt her &of astlemai npcespoent ofof an
t he nmononer, is subjected to cross-1ink-polynerizing

1'rfteﬁ‘h%tlpéﬁé§ﬁcﬁn@i1rfg1 aptAtnalndy oFsddqkiregl ,ageilo a chain
and, if required, also a chain transfer agent, so as

ﬁr%r&q*e@' Qﬁ@n‘@at&}; -ADIBr 880 ik eé'v@af‘é‘iweﬂﬁs@rﬁ@ﬁ%'ﬁééin havmg
absor pti on capaci ty The particle size distribution of

éhsgqﬁf\c?tf% eﬁ?§8f | ) edé%QFyﬁ%t h%é‘ﬂ%&ﬂfe‘i’e Jx*fk% distribution

i'ng cross havi speci
S TP SRS ST FRPE A BRI L) Hfpyresutting
cross-linked polymer having a specific absorption capacity
and a specific particle size distribution is subjected to
surface-cross-linking.

[Manufacturing method 3]

An unsaturated monomer aqueous solution, which
contains a non-neutralized acrylic acid as a main component,
is subjected to cross-link-polymerizing in the presence of an
internal-cross-linking agent, SO0 as to obtain a
water-absorbent resin having a specific absorption capacity.
The water-absorbent resin is further neutralized and the
particle size distribution is adjusted. The resulting
cross-linked polymer having a specific absorption capacity
and a specific particle size distribution is subjected to
surface-cross-linking.

[Manufacturing method 4]

An unsaturated monomer aqueous solution, which

contains a non-neutralized acrylic acid and/or the salt
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[ Manuf acturing method 3 ] An unsaturated nonomner
aqueous sol ution, which contains a non-neutralized
wa@eooglodx7aci d as a nmai h conponent, i s subj ect eRCT/@P2005/018073

cross-1link-polynerizing in the presence of an

internal -cross-linking agent, so as to obtain a

wat er - absor bent resin havi ﬁglg Speci fic absorption
capacity. The water-absorbent resin is further

neutralized and the particle ?i ze distribution is. .
thereef as ayHBaiBsGPRRENETYs 81 I ihkdBOPATTEr HadiRjegted to
specific absorption capacity and a specific particle
cgpse-Hindtmelheniziagubj det ed tthe presence of an
surface-cross-1inking. [Manufacturing nethod 4 ] An
inneahai-atmxs swdhwkEngaquegenisol utsemn, ki ch teont aibkain a
non-neutralized acrylic acid and/or the saltthereof as
v fed - Issuiseent red it Heatthngnar spiesifichjpdrtacption capacity.
cross-1link-polynerizing in the presence of an :

THE 65884 ictE O§izd Id1kit Ph @BRIH 05 Qh@S Wt bddbbent resin is
wat er - absor bent resin having a specific absorption

AT, PAELL Sk ke hsbotiupion ofol s having o
SN SRR (N300 2R . SRR Whicle siae
et BoFion adaeIaatFAgLs o B maross TaHcIgh. 1F required,
;)%fki)erlea’to?fitse;d%re((ijuélil??néhtehes lggl?r%r?élqirz?tsléu,ngi r]:Sqe':fore, after
or during the surface-cross-linking.

The following explains a particulate water-absorbing
agent of the present invention and a manufacturing method
thereof.

(3) Unsaturated monomer

[Acrylic acid]

For the unsaturated monomer (hereinafter refereed to as
monomer éccording to the context), an acrylic acid gnd/or the
salt thereof is preferably used. Further, an acrylic acid
having a specific purity, that is, an acrylic acid having a
specific amount of a specific compound is particularly
éuitable for the particulate water-absorbing agent of the
present invention. An example of the acrylic acid may be one
containing one or plural of the compounds selected from:

10-200ppm of methoxyphenol, 0-10000ppm of acetic acid and

propionic acid combined together, 0-1000ppm of acrylic acid
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The foll ow ng explains a particul ate wat er-absor bi ng
agent of the present invention and a manufacturing

woreaohosB4rher eof . (3) Unsaturated nononer [ AcryPCTJe20034j18073

For the unsaturated nononer (hereinafter refereed to a
s nmononer according to the cgntext) , an acrylic acid
and/ or the salt thereof is gﬁeferably used. Further,
an acrylic acid having a specific purity, that is, an

crylic acjid havi speci fi nt of specific .
nbbula 10 Ra of dnrarrals and i ol P8P IRS RAPEPRMaIREDIn.
wat er - absor bi ng agent of the present, jinvention. An )
examp¥leref nreécuePlYi cthei achijivpeaeitt e8RtaiRsngwtéc acid
or plural of the conpounds selected from 10-200p rm
aoid nptro@ipphienalcidoinl s00z0pgm off A9 cOnpira andtotal, and
propi oni c acid conbi ned together, 0- | OOOppm of
aamlié caand diimret, i0- al rOpge of 1@IOr@ppnand Burther, each
Qopm of protoanenonin. Mre preferably, the acrylic

A L £PYfAENE BE€ticCadid thRAdppb@ROANE Cadial dni total, and the
range of 1000-Cppmin total, and acrylic acid diner in

eg%léflﬁ‘@e a@iglgﬁgﬁ@p@re':%f@@rakﬁ% hnéﬁ)lnh%‘fe Ofcﬂbﬁf 500ppm,

I C aci propionic acid in total, and the

e FEORRETS gPLC eIt SOIOEREE e oy rureher
SAL e 06T RUBLE” Bk b guRER B SPBREh CRE et
a?r?fi r{)orro%:otalgﬂenm%%irpl ainsd preferably not more than Sppm and
more preferably not more than lppm. When the amount of
acetic acid and propionic acid in total, and the amount of
acrylic acid dimmer fall out of a certain range, these
compounds may cause odor or residual monomer, and
therefore it is not a suitable raw material of the particulate
water-absorbing agent of the present invention which
contains only a small amount of volatile organic matter, such
as alcohol volatile substance (alcohol-basis cqnversion).
Further, when the acrylic acid contains an excessive amount
of furfural or protoanemonin, it is not suitable to make a
water-absorbing agent ensuring high absorption capacity.
P—methoxyphenol is useful for controlling/prompting the
polymerization. The amount of p-methoxyphenol is generally
not more than 200ppm, preferably in a range of 20-160ppm,

more preferably in a range of 30-100ppm.

Such an acrylic acid can be obtained by controlling the
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nore preferably not nore than | ppm Wen the anmount of
acetic acid and propionic acid in total, and the

wa@nwas340f acrylic acid dinmer fall out of a ceet/aR2005/018073

range, these conpounds may cause odor or residual

nononer, and therefore it is_pot a suitable raw

material of the particul at€é fwater-absorbi ng agent of

the present invention which contains only a snall

anmount of vol atile .organjc matter.,, such, as al cohol ..
CORHLLPR ifhs CXAEEZ 1T cER6) -%%’é‘i’gcco%%’éﬂr’si 8h) %_y restricting
Further, when the acrylic acid contains an excessive )
camplitionf fendigtlabiopran sanerehlisatien; s Wdten the acrylic
suitable to make a water-absorbi ng agent ensuring high
aatidoi ptpwnifiegabit ¢istPlladi boxyidhenwictificagédnl degree can be
control ling/pronpting the polynerization. The anount
iatrpaseidiofypheralimpde gbgerialdreavihgmiambean a00tpepretical
preferably in a range of 20- 160ppm nore preferably

platds’ Pél%yﬁfse3@'—2©09ﬂ6ﬁé Stgte §noachbyl ikcpeaditganibe reflux

obt ai ned controlling thecondition In oxidizing the

r%ﬁé(%l | CpaGtHerOr PhdESIMELI BRroPRdi tdQR Ak purified by

illation of crystallization.”VWen the acrylic acid

c'g%#%%ihfg:ggf%gg et 'éc’ tﬁéét"i‘fiic%ql‘iohh?e{%?%té fcisﬁ’f"tljng ni%%%?ed, for

f'or examnmpre b creasing nu
theoretical plates (.e.g. use 6-20 nore plat.es).or b
RIS Nt HEERAIR e L STDRE ot TImBN Ak, Progesses
acid is purified by crystallizatign, the rectificatjon
(Gegr ceatin BEL rrldhsBINTG of TERERIZALION i REPEGEPRY) -  Note

nunber of crystallization processes .
that, the acrylic acid may be purified by a method using both

distillation and crystallization. Further, after the acrylic acid
is produced, the temperature is decreased (10-25°C) to make
a good conservation condition.

[Other monomers]

Other monomer than the acrylic acid may be used as the
monomer for constituting the water-absorbent resin of the
present invention, either as a co-polymerization gomponent,
or as an only monomer for constituting the water-absorbent
resin. Examples of the other monomer include water soluble
or hydrophobic unsaturated monomer, such as methacrylic
écid, maleic acid (or maleic anhydride), fumaric acid, crotonic
acid, itaconic acid, vinyl sulfonic acid,
2-(meth)acrylamide-2-methylpropanesulfonic acids,
(meth)acryloxyalkane sulfonic acids and their alkali metal

salts, their ammonium salts, N-vinyl-2-pyridone, N-viniyl
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(e.g. carry out 3- 10 nore crystallization processes)
Note that, the acrylic acid may be purified by a
woreaohosB4asi ng both distillation and crystall i zeaT/a#r005/018073
Further, after the acrylic acid is produced, the
tenperature i s decreased (10525 C) to nmake a good
conservation condition. [Clh% nmononers] O her nononer
than the acrylic acid may be used as the nononer for

constlt tin wat e absorb resin o he esen .
BGRIGARI 3f; gm{z») agLy a%dﬁm Ozl%ﬁ‘?lafﬁ Lﬁ?&&ﬁéﬁ?r-‘f@%mlde
as_an onlé nmononer for constituting t

N edimabs wbeﬁmetbiwrym%ﬁes2dwqiﬁexzys@ﬁ]@wl%ﬁémcrylate
i ncl ude water sol uble or hydrophobi c unsaturated
mehboety,p alyett hydemet ghyey] (nee tle) aicryktei craty etiipene glycol
mal ei ¢ anhydride) , fumaric acid, crotonic acid,

(i eciop erydeitd, Visoyduistkeheni Claan:fyﬂ,(meth)acrylate.‘ Note
2- (et h) acryl am de- 2- met hyl propanesul foni ¢ aci ds, -

thmt hxBer Yhexvd! ke sl f @Al ¢ hacishse suslt theiéntidel ineans a

netal salts, their ammoniumsalts, N vi nyl - 2- pyri done,

age ( a r
AR AER S q AT MR Sty oD of water o

o e rret h) acryl ate, net hoxypol yet hyl ene
rgﬂ%%‘ lﬁ%‘?%ﬁ%cr yff ‘at e, poI yet hyl ene gl ycol
I ate obut l.aur net h) acr
Not o HREFHcFnaasidle ifofpl BPetot SEpHIE FEGSRIIREA polymer

|nvent| on neans a property at | east of whic
miegk | iredmi a1 oog st Ukated amq%mqrew%er%?m%r%oxyhc acid

water-absorbent resin may be used. Examples of this type of
resin include cross-linked polyamino acid (e.g. polyaspartic
acid) or a cross-linked carboxylic polymer (e.g.
carboxymethylcellulose, carboxymethyl starch).

In case of using an unsaturated monomer other than an
acrylic acid (salt), it is preferable in view of the object of the
present invention that the content of the monomer other than
the acrylic. acid (salt) is 0-30 mol %, more prefe;ably 0-10
mol %, further preferably 0-5 mol % with respect to the total
amount of the acrylic acid and its salt that are used as main
components.

Note that, in case where the monomer is an unsaturated
monomer having an acid group, its salt may be an alkali
metal salt, an alkaline earth metal salt, or an ammonium salt.

Meanwhile a sodium salt or a potassium salt is particularly

preferable because (i) the sodium salt and potassium salt are
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Further, aside fromthe foregoing cross-I|inked pol ynmer
made from an unsaturated nononer, a polycarboxylic

w@eood/ o3&V Er - absor bent resin nmay be used. ExanpP@rJR005/018073

this type of resin include cross-Iinked pol yam no acid

(e.g. polyaspartic acid) or 21 cross-1inked carboxylic

pol ynmer (e.g. carboxynethylt 3Il]l ose, carboxynet hyl

starch) . In case of using an unsaturated nononer

ot her than an acrylic acjd (salt)., if. i ref erabl e
IR A bBj BEstopize %tééhw ikt | St Ha salt and
the content of the nonomer other than the acrylic acid
petasyium sadd ant barmiessprangr il uwse eibheypodium salt
further preferably 0-5 nmol % w th respect to the total
andymtr ofpotessinyd | csatli d givés t sbettar t haropestysedo the
as main conponents. Note that, in case where the
wanereibssrbeninsatawiat edbbtaioveet hawnidng affeacsd the other
group, its salt nmay be an alkali nmetal salt, an
allkahitagegarth nmetal salt, or an anmonium .salt.

Meanwhi I'e a sodiumsalt or a potassiumsalt is

par ti pyl-ah k¥ p{ﬁfzeiﬁ{’é&meﬁ{dﬂoh{‘@r sedhmigfhg an acid

and _polt assi _u_fn salt areeasily obtained In dust-size
t ' ' . .
BEFRPCSuckl s iR SR Sata)2nd BOLEORAU SALLiPaficcd in
t ' |t .0 b )
i8R aitlor RHUTr 0By 6eki nBORR 1 1 Utd 1 RELof fgfior  the

advant ages. Further, the unsaturated nomne )
@émtaa}ﬁ%@éigﬁ zatip of the ac?dugroup s genrerally in a range

of 20 to 100 mol %, more preferably in a range of 30 to 95
mol %, further preferably in a range of 40 to 80 mol %. The
neutralization may be carried out in a stage of a monomer, or
in a stage of polymer as with [manufacturing method 3], or
both.

(4) Cross-linking Monomer (Internal-cross-linking agent

The water-absorbent resin of the present invention is a
cross-linked polymer obtained by drying a cross—linked
polymer, which is made by polymerizing the unsaturated
monomer. Thus, the internally cross-linking structure of the
water-absorbent resin may be obtained by causing an
ﬁnsaturated monomer to be self-cross-linked without using a
cross-linking monomer. However, it is more preferable that
the water-absorbent resin is obtained by copolymerizing or
reacting the unsaturated monomer with the cross-linking

monomer (also referred to as an internal-cross-linking agent
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group (such as an acrylic acid) is preferably
neutralized in terns of both physical property and pH

WO 210603347he neutralization ratio of the acid grPOLDP2065/018073
generally in a range of 20 to 100 nol % nore
preferably in a range of 30 é 95 nmol % further
preferably in a range of 40 % 80 nol % The
neutralization nmay be carried out in a stage of a
nononer r in a stag as wth .. ..

O RN ES AP St HOde T, HA otthie (PG PRRgromes
Mononer (I nternal-cross- Ilnklng agent

wihieh -famzetioat aseam igterpal p@rés%'q"nhnmﬂégt pggntshgs two or
cross-1linked polynmer obtained by drying a cross-I|inked
molrygmegrolywhiechza bleradm byt por teedr igziolgp s hee ambaingdt dg one
mononer. Thus, the internally cross-linking structure
rﬁbléhﬁld\ﬂﬂﬁérﬁﬁl&@frbéras resd nomapore obtatinez gnyoups. When
causing an unsaturated nononer to be self-cross-Iinked

tMd hQph tdiSid 9 GrisEASS- Fé skl Ntha®noweiterHvevRIbility i sand a
nmore preferable that the water-absorbent resin is

WAL N&He AR EO 95 B Z'199s°feé§?&%tingstHﬁv‘ﬂﬁgaéﬂr ?ﬁ%‘rnally
het

nononmer w t ross- i nking nonomer (also referred
to as,an i s- 11 nking agent of
ey -lgb% %ﬂr etg‘l{lg Here, the cross-1linking

nononer V\/nl hfun tions,as an internal i ki
agent ﬁ%??gﬁns r UG y et zé%?%r%ﬁyc{rol?fzst é@%@%gpsagent
contained in one nol ecul e_t hgreof or

tz
ek groups. When t heNadt e@%&?@&j? S?DQE w%ylamMe,

water-insolubility and a
(poly)ethyleneglycol di(meth)acrylate, (poly)propyleneglycol

di(meth)acrylate, trimethylolpropanetri(methjacrylate,
glyceroltri(meth)acrylate, glycerolacrylatemethacrylate,
ethyleneoxide modified trimethylolpropanetri(meth)acrylate,
pentaerythritolhexa(meth)acrylate, triallyl cyanurate, triallyl
isocyanurate, triallyl phosphate, triallyl amine,
poly(meth)allyloxyalkane, (poly)ethyleneglycoldiglycidylether,
glyceroldiglycidylether, ethylene glycol, polyethylgne glycol,
propylene glycol, glycerine, pentaerythritol, ethylenediamine,
ethylene carbonate, propylene carbonate, polyethyleneimine,
and glycidyl(meth)acrylate, and the like.
| These internal-cross-linking agents may be used either
individually or in a suitable combination of two or more kinds.
' The internal-cross-linking agent may be added to the reaction
system either at once or in separate doses. When using one or

more internal-cross-linking agents, it is preferable that a
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wat er-swel ling property, it is regarded as having an
internally cross-linking structure. Exanples of such

wa@aroososBrnal - cross-1inki ng agent includes PCT/JP2005/018073

N, N - et hyl enebi s(net h) acryl am de,
(pol y) et hyl enegl ycol di(neth% cryl ate,
(pol y) propyl enegl ycol di (net %aérylate,
trinEthonIpropanetri(neth)acrylate

| at e,

ce ol t th
P%@e ”é?ﬁf@%ﬁ%&éem AneIUing enB8YLi adeiSai fikgn  two

trimethyl ol propanetri (neth)acrylate

nedieaeriaahler oMRSAUIRAIChCEYPHRS 1 i BlTVRY cyHRGlatfor the
triallyl isocyanurate, triallyl phosphate, triallyl
;mtymegrmﬁty()mette)lamg(lm@@mamnt the absorption properties
(pol y) et hyl enegl ycol di gl yci dyl et her,

ol pekeol prgpyctidyl ef hére pebhlﬁ@h&vegthmalbsqadﬁy@ lgleatie

gl ycol, propyl ene glycol, glycerine, pentaerythritol,

et hy|f®6‘ﬁddé§1m1e‘3t1{w&peetw homattes fapylebsorbent resin,
carbonat e, pol yet hyl enei m ne, and

t@n!é’%rﬂY)h(ﬂrPth) ﬁ‘ff%@é?—c&% Hﬂekiﬂ%ea JH@S@sed is preferably
I nternal -cross-11nking agents nmay De used either

i,du f
AR RS RIN 007 B0 . e

Seferativdl” We%“a%ﬁtgfm B4 NSh AL A58y Préfirably 0.03

i nternal -cross-1inking agents, s preferabl e

{0 Codek 1Tk Ty ABhOTER r%aﬂfd%tnéon ePbosH Rr e monomer
poI ymeri zabl e unsaturated grou is always used for

(e epdl viear ithea i ntennki —@gOﬁ@rglré@ézﬁmagﬁwé)absdfﬂpt%ﬁe the
properties or other properties of the product
amtcarnabsfothenniageml-cross-linking agent to be added is less

than 0.001 mol %, or in case the amount is more than 2
mol %, there is a possibility that a sufficient absorption
properties cannot be attained, so that this is not preferable.
More Specifically, in case the amount of the
internal-cross-linking agent to be added is less than the
foregoing value, the cross-linking structure is not fully
formed, resulting in failure of production of the cross-linked
polymer described in (1), which is swollen by water and
insoluble in water. On the other hand, in case the amount is
more than the foregoing value, the water-soluble component
is reduced, but also absorption capacity of the
water-absorbent resin or absorbing agent is reduced, thereby
decreasing absorption capacity of the absorbent article when

realized as disposal diaper or the like.
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For desirable properties of the water-absorbent resin,
the anmount of internal-cross-Ilinking agent used is

woe@besabty 0.00 1 to 2 nol % nore preferabl ypOT/0RB03/@8073

0.5 nol % further preferably 0.0 1 to 0.2 nmol % and
particularly preferably 0.03 to 0.15 nol % all wth
respect to the unsat ur at ed m8Romer (except for the

internal -cross-linking agent) . In case the anount of

t he internal-cnoss-liqking agent to be added is |ess

t han Whom theinggrpalrereasdinkdngragent ésnpped: hanform a
2 mol % there is a possibility that a sufficient
cresor-pinbadpsépectiiss easide beeawialiaredbssohdmt tdsin, the
is not preferable. Mdire Specifically, in case the
iarteuntaletro be-linkengalagrmis sl iankded bgetitet pehetiaddeslystem
is less than the foregoing val ue, the cross-Iinking

lﬁéﬂdi@,udarﬁﬁgncﬁr ey thoy slymesindiiog of {leéluwheadlirated
production of the cross-Ilinked polyner described in

fabnomM Chhi Sasve! | RebYn Ak es1:8RibASObbLRel Nunsaturated
water. O the other hand, in case the anount is npre

&%@{b%@% éprﬁgfipgﬁgmg e, the water-sol ubl e conponent

I's 'reduce 0 absorption capacity of the

her diy) BRLPERSIHE Tl aPATRIR fcapaci Ty of the

The ITRE. WRIFTROIFEFRG TesBesof | MRFRGIADSAL | isgbdon is
to forma cross-linked structure inside the
vhatainedsbybartinge & holyraermaking -ievibtan AR mplymerizing
agent is added to the reaction system

the unsaturated monomer. As the polymerization initiator, for
example, a radical polymerization initiator such as potassium
persulfate, ammonium  persulfate, sodium  persulfate,
potassium peracetate, sodium peracetate, potassium
percarbonate, sodium percarbonate, t-butylhydroperoxide,
hydrogen peroxide, and 2,2'-azobis (2-amidino-propane)
dihydrochloride, or a photopolymerization initiator such as
2—hydroxy;24nethyk1—phcr5d-propane—1—oneInay bg'used. It
is preferable that an amount of the polymerization initiator is
usually in a range of 0.001 mol % to 2 mol %, and preferably
in a range of 0.01 mol % to 0.1 mol % in terms of physical
ﬁroperty with respect to the total number of moles of all the
unsaturated monomers used to obtain the water-absorbent
resin. If the polymerization initiator is less than 0.001 mol %,

an amount of monomer not reacted and left over (residual

monomer amount) is increased. On the other hand, if the
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before, during, or after the polynerization of the
unsat urated nononer, or after the neutralization of

wo b@owssat ur at ed nononer or the polymer. (5) PCT/JP2005/018073

Pol ynmeri zation Initiator The water-absorbent resin of
the present invention is obtained by using a

pol ynerization initiator in ggrynerizing t he
gnsaturated nononer. As the polynerization initiator

or exanple, a radical polynmerizatjon. initiat suc
2RO i EhepEPSUTTCHIZR oM GHA |F 481 MR CHatR (Anmol %,
persul fate, potassi um peracetate, sodi um peracetate,
ipothecomapeditiipubht 60 artinletlar ehiwerization. Thus,
t - but yl hydr oper oxi de, hydrogen peroxi de, and
eizheazobithd 2moidi hof plop@edy mehiartdonl onitdetonrleas than
phot opol yneri zation initiator such as

ROVdneol-% meirhyhe dmoumebyhopeotiaaa- 2| main® imypieferable.
used. It is preferable that an anmount of the :

pol y(e)i Baty @ik riBhtioH ShetBodsHald Y d1g et hiigeoal s81@bion
1 mol %to™2 nol % and preferably in a range of 0.0 1

| © 0h j. . .
o ’{F{)Pt\9’1?%ggﬁggﬁflgﬁkﬁ@egsgffﬁg?yﬁ'r&aitﬁ%tﬁhd’ﬂéfher to

respec 0 les of all the

BB P RISt o BBE B B mpesoqt iprgntion
b SR e s SRR B IR e o
D, b5 ol LA e prysica
beconmes difficult to control the polynerization. Thus
properties of the water-absorbent Tresin, more preferable
methods of polymerization are aqueous polymerization and
reversed suspension polymerization, wusing an aqueous
solution of the monomer. When an aqueous solution of the
monomer is used, the concentration of the monomer in the
aqueous solution (hereinafter, “monomer aqueous solution”)
is determined in accordance with a temperature of the
solution and a type of the monomer and hence is ~not limited
to any particular value. However, the concentration is
preferably within 10 to 70 % by mass, and more preferably 20
to 60 % by mass, when the polymerization is carried out with
é previously-neutralized unsaturated monomer containing an
acid group by combining "Manufacturing methods 1 and 2", or
"Manufacturing methods 1 and 4" (neutralization

polymerization). Further, the aqueous polymerization may

be carried out not only with water but also with any other



10

15

20

25

nei ther of the anmpbunt of the polynerization initiator
| ess than 0.00 1 nol % nor the anopunt nore than 2 nol

waoe®mepsEIErabl e. (6) Polynerization met hod andPCT/JP2005/018073

pol yneri zation solution For the polynerization of the
unsat urated nononer to obtai 2 t he wat er - absor bent
resin of the present invent ﬁ “bul k polynerization or
pr ecipitation polynerization nay be perforned.

However, .in consideration of the desired physical
%ﬁ@ﬁépﬂaéss%h‘?lh@vvater absorbent resin, nore
preferabl e nethods of polynerization are aqueous
pol yihn¢zpolymenidativersedhsuspensimear psl yntiiptadi by, using
usi ng an aqueous solution of the nononmer. Wen an
tineaforeshahitoonetl t pelyonoreaticnuseditiaber. Besides the
concentration of the nononer in the aqueous sol ution

6B RieRatd Eilon " IRItOAE6r AGUEOUS tvh tii @nehelrgy ray, such as
determined in accordance with a tenperature of the

épdrwlelbmggﬁtty@ﬁ eledfie angeRAdahgnesyi smidf be used
l[imted to any particular valué. However, the

an%qggtd'ratl'noncbg%lpfﬁégroqpl iV t B m]a]gof %le/&ﬁﬁbr{mﬁ%ytlator

re prefer A)by
BLE B P B b FOLAL L, P Bbrmaieatinay i fgitiated
an aC|d up conbi ni " Manuf cturln net
na Sreclod P R SEthmmery ATRSAATE Endy SRR Ling o
(neutralization_ polymerization) . Further, the a ueoui
polymerization HaitiBEotary i BgcHut n%f)“b‘?]‘f'?r’vmlithlﬁ\/a?é? erable

but al so with any otheradditional solvents.
that the polymerization is initiated at a temperature in a

range of 15°C to 130°C, and it is more preferable that the
polymerization is initiated at a temperature in a range of 20°C
to 120°C.

The reverse phase suspension polymerization is a
polymerization method that is carried out by suspending the
monomer aqueous solution in a hydrophobic organic solvent.
For examp'le, the reverse phase suspension polymgerization is
described in documents such as United States Patents No.
4,093,776, No. 4,367,323, No. 4,446,261, No. 4,683,274, and
No. 5,244,735, for example. Further, the aqueous solution
ﬁolymerization is a polymerization method in which the
polymerization is carried out by using the monomer aqueous
solution without using a dispersion solvent. For example, the
aqueous solution polymerization is described in documents

such as U.S. Patent No. 4,625,001, No. 4,873,299, No.
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The polynerization of the nonomer is initiated by
usi ng the aforenentioned pol ynerization initiator.

wdBe®cdaxr7t he pol yneri zation initiator, an actiRel/irgos/018073

energy ray, such as ultraviolet light, an electron
ray, and a y ray, may be used solely or in conbination
wWith the pol ynerization init{8tor. Note t hat, which
tenperature the polynerization is initiated is

sel ect ed as_required dependi ng on which 5&nd éﬁ
488 Zat ot ih( 81688r NO-udeddFovicterV 0 10i124,416, No.
preferable that the polynerization is initiated at a

&, bttt Oy o n 5a2r6afhgle9%f NeCH,d 4580 @, &ndiNoj. sSn3$@,808,

preferable that the polynerization is initiated at a

- dredpéoatumenits aucdngss Eu20p€atro ARt Nhe 0 Hbis@36, No.

phase suspension polymerization is a polynerization
OB 8Batahd a6l i ©00202L 70y .S Mepandilngt | heheanoperforming
aqueous solution in a hydrophobic organic solvent. For

a%i;@é'@h%’ P19 heVEI8oBhage ssUGRARS b@A POk BRI i waktedNmay be
[ described in docunents such as United States

3, 4 , s
TR SbESORG: Wik (IRt is nor
ur t.her ' | ' ' ' e
BT OREIRSEY | SRR | 1 it SROSRETED) FRkIT g, Tfe, gnitiator
JIRHB8edusimg VROSE AP SRERCBgP v HE  PUFOoaBlieablengn  the
aqueous sol ution polynerization is described in
ploasarhigvention.

(7 ) Other polymerization methods

(a) Polymerization of an unsaturated monomer
containing a non-neutralized carboxylic acid (acrylic acid)
group as a main component

The polymerization method described in (6) is generally
performed with an wunsaturated monomer containing a
previously-neutralized acid group (neutralization
polymerizétion). However., as with the Mar_lufacturing
method 3, it is also allowable that the polymerization is
performed with an wunsaturated monomer containing a
non-neutralized acid group, in particular, a non-neutralized
écryhc acid, as a main component. In this case, the acid
group is neutralized after the polymerization. This method is
known as "acid polymerization and post-neutralization". .

For example, in the "Manufacturing method 3", a

specifically-concentrated unsaturated monomer aqueous
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such as U S. Patent No. 4,625,00 1, No. 4,873, 299,
No. 4, 286, 082, No. 4,973, 632, No. 4,985,5 18, No.

wG 2084334716, No. 5, 250,640, No. 5, 264, 495, No.PCT/JP2005/018073

5, 145,906, and No. 5, 380, 808, and docunents such as

Eur opean Patent No. O, 8 11,6§ , No. 0,955,086, and No.
0,922 ,7 17. Note that, when gkfforning aqueous

pol ynmeri zation, a solvent other than water may be used

as required. The type of solvent used.iogether J.s not
sparitiens aFbych GorH@inth & r%?l’aﬁﬁﬁuatﬁ&}’&egfr?eqﬁlﬁ aryt as a
di scl osed in those docunents are also applicable in )
mpénpeestponedients Galbiertedatreerpspyhe-2alysRerization in
nmet hods (a) Pol ynerization of an unsaturated nononer

thent prasagca noin- asutirdieraed -capbexlinking:i dgeads ylsioc as to
acid) group as a main conponent The pol yneri zation

Jrtdied dewatebedbsorbent segénetalvinger f opeeifini absarption
unsat ur at ed nononer containing a :

JUSNERYS! Y-TRE kel i A tafd th &t PUPe § TP UTY dhirtdidomeutralized
pol yneri zation) . However, as with the Manufacturing

ﬁ&hmf’g?ﬁ%gid&ét Eizsé’ Fldroyelikfod hat Ay ely merfzati iy lting

'S per ( an unsaturated nonorer containing a
SRR SEARH, Mahg' I S eBrpcion capacit
0 S S 05 BRI Db YRGS Sjecrea o
Spglr argegjci%tsisq?ir?ﬁijngpst -neutralization”

In this "acid polymerization and post-neutralization", the
water-absorbent resin used in the present invention is
obtained by adding an univalent salt, in particular, alkali
metallic salf, to a cross-linked polymer so that a part of acid
groups of the' polymer is neutralized to alkali metallic salt.
The cross-linked polymer was prepared by polymerization of
an unsaturated monomer containing a non-neutralized acrylic
acid as a main component. The contenft of the
non-neutralized acrylic acid is preferably 30-100 mol %, more
preferably 90-100 mol %, further preferably 100 mol %.
With this water-absorbent resin thus obtained by the "acid
ﬁolymerization and post-neutralization", the property as an
absorbing agent and stability to urine are ensured for the
particulate water-absorbing agent of the present invention.

Note that, also in the "acid polymerization and

post-neutralization", additional monomer may be used with
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For exanple, in the "Manufacturing method 3", a
specifically-concentrated unsaturated nononer

wa@eweos®3Dl uti on, whi ch contains a non-neutr al PZEaP2005/018073

acrylic acid as a nmain conponent, is subjected to

cross-1link-polynerization in tlhe presence of an

i nternal -cross-1|inking agen‘t?’ sO as to obtain a

wat er - absor bent resin having a specific absorption

apacity. The water-absorbent resin is further .

tg’@ut ra¢ iyl aﬁ‘&léheaﬁar eI %e RSt rWE)ﬁf‘i ohtifs foregoing

adj usted. The resulting cross-linked polymer having a
anerizatiosr pmmekhedpaciasgrihgda é’éec(%)i-c paftyidher, the

size distribution is subjected to

cond #iencr(ogppebi nkimeuinitn ¢ti.g véctlbepedyhibional jmpnomers,

and post-neutralization" , the water-absorbent resin

tihsee @& rios st- hien Jpires eno ri oment (jontérn albtabsedlimkiadyiagerar), and

uni valent salt, in particular, alkali netallic salt,

thHe HANIsEriddthed ROItYALsr S Balma parthd¥e adgtribed in (3),
groups of the polynmer is neutralized to al kali

(ggt %lé’|‘§/ ﬁ@?"ébo@? crestHdrkem pal YaR "WRSdPIRNFNEErization

rization of an unsaturated nononer containing

a?%éog%ﬂgg—ﬁ{@%%fﬁzgﬁoyﬂd € ??%r?grﬁé@i kai‘%ﬂn'p@n%.'glvent, the

€ non-neu I'Tzed acrylic acid iIs
B EERRR AOUE seholR! SR EFRFERLY, oA i o
aL et D DB 1 s ot Bl e by Lhepieeldsted to o
gzm??eggisgé?ltiﬂ% %%cee[]rtnpalg(? gt—zk())l l‘%t ;%rlgrsisr,]err?cgfe preferably
10-30 % by mass. The polymerization is started with an
aqueous solution kept at a low temperature, for example,
10-25°C.

In the "acid polymerization and post-neutralization”, the
cross-linked polymer resulting from the polymerization must
be neutralized. An alkali metal hydroxide (sodium hydroxide,
potassium' hydroxide, lithium hydroxide, etc.), alkali metal
carbonate (sodium carbonate, sodium bicarbonate etc.) or the
like is used for the alkali metal compound, which induces
neutralization of the acid group in the polymer so that a part
6f the cross-linked polymer is neutralized into alkali metallic
salt. Otherwise, some kind of amine, such as ammonia,
alkanol amine, or ammonium carbonate may be used. A

sodium salt or a potassium salt is particularly preferable

because (i) the sodium salt and potassium salt are easily
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particul ate water-absorbing agent of the present
invention. Note that, also in the "acid polynerization

w@nabepsRt? neutral i zati on", additional nononer PElJERS05/018073

used withthe acrylic acid as required, as with the

foregoi ng pol ynmeri zation rretggd described in (6) .

Further, the condition (types# anount, etc.) of the

addi ti onal nonomers, the cross-Iinking nononer

i nternal -cross-linking agent) , and.th .

ajned 748 SRR IEY: papd et L)t Rbse sRbiTeplt and

in (3) , (4) and (5) above. Further, when the "acid,
pediasserimatabh aned hsognlesst mardzEil)orse ofpkhe p3odum salt
with a solvent, the concentration of the whole
amd Abur atpertaramioner isalhot gimesi clbeitiey | ipdarerty to  the
however, it is preferably adjusted to a small val ue,

wate ©eedeheht40r8shy nedsainede puetler dlifyctd- 3thés other
by mass. The polynerization is started with an aqueous

SPahteBekept at ad ow pgiperatygesd fopdlyareratlén25 and
C. In the "acid polynerization and

ﬂ’&éﬁ—i{kﬁ%ffﬁ%éﬁ PN 111 ighﬁrgf@ﬁé‘bié et B YOE mol %, more
'roﬁsu: kl ln? r?mlthe po iyms |zatd! on nust be neutr?I I zed.
I b
kBl BP0 BOEOR O, (LAY by B Rl g nkea
RADERET Dee ¢ SaH8ed 150, KOkAl ke CTol HpogAdIine from
whi ch i nduces neutralization of the acid group in the
ponjrelizediamarcachean With ndhieralsaly Hk%galpmm@ﬁ)%d- To

neutralized into alkali netallic
carry out such neutralization of the cross-linked polymer

produced by polymerization by wusing an alkali metal
compound, the following method may be adopted. A gel
polymer, which is obtained through polymerization with a
solvent, is cut into lcm3 or smaller pieces while pouring an
aqueous solution of the alkali metallic compound into the gel.
Then, the gel is kneaded by a kneader or a meat chopper.
To obtain the particulate water-absorbent resin of the present
invention, the temperature in the neutralization is preferably
50-100°C, more preferably 60-90°C, and the first
neutralization index (degree of neutralization for 200
p’articles; see Claim 1 of US Patent No. 6187872) is preferably
even, specifically not more than 10.

(b) Method wusing a chain transfer agent (e.g.,
Manufacturing method 2)

In the manufacturing method of the particulate
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salt. Otherw se, sone kind of am ne, such as ammoni a,
al kanol am ne, or ammoni um carbonate nay be used.. A

W@ owb08343al t or a potassiumsalt is particul arP@r/JP2005/018073

preferabl e because (i) the sodiumsalt and potassi um

salt are easilyobtained as commercial products, (ii)

the sodiumsalt and pot assiumsalt are harm ess, and

(ii1) use of the sodiumsalt and/ or potassiumsalt

gi ves better property to the water-absorbent resin,
water RS are Bl f edieS1bhe ok hethadvaReRfRL | IMVRRdion, the
"acid polynerization and post-neutralization" , it is

o lyfeeatdatiomatmso: doe nperbormede hir chsingl ¢ ei@e rgansfer
% of the acid group in the cross-1linked polynmer be

adanged iint o aldditionet altbi c shkt reswatmpatedm monomer,
neutralization reaction with the alkali netal

igaepaulderdos Cankin@ua gl Al thlei palyarenizatben initiator.
cross-1linked polynmer produced by polynerization by

Ukii B aniad kalja it alh srmauind, rE8e f ol @i gedet fedm  the
may be adopted. A gel polyner, which i$ obtained

%%gbggghygﬁg@&%ﬁﬁlﬁfh@tépédemmﬁgh%ignﬁféthqod, the

eces € pouri ng an aqueous

ol.ution of the alkali netall. 0 B t,he
Sty URs” eb " aBriBhind e R, VPR, 1 HElne are
chopper.. Jo obtain the rticul ate t er - absor bent
FRSPACH 1o pResdRTHAVUALF oV At f & BRPEPHREr ABGREnel the
neutralization is preferably 50- 100 C, nore
presenblywegnlo.C, and the first neutralization index
(degree of neutralization for 200

The water-soluble chain transfer agent wused for

polymerization according to the present invention may be any
agent soluble to the water or a water-soluble ethylene
unsaturated monomer, such as thiol, thiol acid, the
secondary alcohol, amine, hypophosphite or the like. More
specifically, the chain transfer agent is selected from one kind
or two kinds of: mercaptoethanol, mercaptopropanol,
dodecylmefcaptan, thioglycol, thiomalic: acid,
3-mercaptpropionic acid, isopropanol, sodium hypophosphite,
formic acid, and their salts. However, considering the
property of the resulting polymer, most preferable is the
hypophosphite, such as sodium hypophosphite.

The amount of the water-soluble chain transfer agent is
determined depending on the type of the agent and/or the
monomer concentration of the monomer aqueous solution, but

is preferably 0.001-1 mol %, more preferably 0.005-0.3 mol %.
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particles; see Claim1l of US Patent No. 6 187872) is
preferably even, specifically not nore than 10 . (b)

wakiokhosB4a5i ng a chain transfer agent (e.g. , PCT/JP2005/018073

Manuf acturing nmethod 2 ) In the manufacturing nethod
of the particul at ewat er - abso %ent resin of the present
i nvention, the polyneri zati'o% nay be perforned by
using a chain transfer agent, in addition to the

unsat ur at ed nononer, | nt ernal - cr Oﬁ%tl [ nk ent, and

tWE DI e ra T Bh isilesar Bhanwd: 3bdsr ke much

resin produced fromthe cross-|inked F ol yme
feanthgctamedinhrofighh ¢ hintemraberosise ]Irlg yageng, thereby

absorbi ng agent and stability to urine are ensured for

eshee peively ul aherwaséngabsdrei ngragentindfinghe geeséty, thus
i nvention. The water-soluble chain transfer agent used

dx0te Peivieler idzed teisiang otHiengabsotpeiqat esapacityent i dhurther,
may be any agent soluble to the water or a

%’B‘é?f tﬁ%' a*&h@u%tthi/é GRS rensRb U at fco IMHORE] exssedsine amount
| o thiol acid, the secondary al cohol , ani ne,

Q%?hé FuB[eth%dﬂﬁ)% dpre %%%Q)'rfl'e%al INighB®, thereby

a| n rans er agent 1s se ected fromone kind or two
i nds_of : nol , mercapt opr opanol
%%%%@?%ggﬁ gﬁ?%?hitggl ycol, thiomalic acid,
3- mer plb rropionic acid, isopropanol, sodium
hypo AYER2 formc acid, and their salts. However,

consi dering the . .
In general, the cross-linked polymer obtained by the

foregoing polymerization method is a cross-linked polymer in
a form of a water-containing gel. If necessary, the
water-containing gel-form cross-linked polymer, which
contains water in an amount of 10% to less than 70% is
crushed and then dried. The drying is carried out at a
temperature in a range of 60°C to 250°C in general, preferably
in a range of 100°C to 220°C, and more preferably in a range
of 120°C to 200°C. How long the drying is c'arried out
(drying time) depends on how much surface area and moisture
content the polymer has and which type of a dryer is used, so
that the drying time is so set, as required, that the polymer
v;rill have a target moisture content after drying. Note that,
in the present invention, only the dried cross-linked polymer
is called a water-absorbent resin.

The moisture content of the water-absorbent resin used

for the present invention is mnot particularly limited.
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property of the resulting polynmer, nost preferable is
t he hypophosphite, such as sodi um hypophosphite. The

wa@nwas340f t he wat er - sol ubl e chai n transfer ageer/Jr205/018073

det erm ned depending on the type of the agent and/ or
t he nononer concentration of .the nononer aqueous
solution, but is preferably 8200 1-1 nol % nore
preferably 0. 005-0. 3 nol % When the anount is Iess

t han 0. 00, 1 nol 0/ ]Hi&stoo much for the a

H%‘éfeivrﬁrerﬁallscpé§ eﬁ’l P &RAECOL | B’?Oén@éggl 9%P§frent SO
i ncreasing the cross-linking density, thus excessively

thedr dhsi p@lymeeabiSoipt RoPas gp@lﬁ t }DOW-'@?fhefPr%%ﬁdt rfkowable
amount is nore than 1 nol 9% an excessive anmount of

ewatrer asorabhe tenpoeeamtubesomred Haghis,, thieerelyer-absorbing
decreasing the stability. (8) Drying In general, the

(st -haskadnpeistate duriaed gynehellfoingai mange of 0.2 to
pol yneri zation nmethod is a cross-linked polyner in a

30rW ¥y muRLermErY HfBgabey - i fa negessasy.0tdeao 15 % by
wat er-cont aining gel -formcross-1inked polyner, which

Has a| reL £ lléf ot é%?o_lﬂﬁt aofaﬂ%é’ b2 be3Std NPO 70%Y Smass.

crus and t e dry| g is carried out at” a

A %‘Lv‘efﬁ'}aé‘ga% GRSt hofet 48014 TR e muiaiey
915180 el A BnG, ¢ T
rrr?gckhmsgurfcﬁge r%[ex%au?e?cdtunﬁlnsgt d1fflcu1t but also making the
crushing difficult. As a result, the desired particle size
distribution may not be obtained. As the term is used herein,
the “moisture content” is defined by the amount of water
contained in the water-absorbent resin as measured by the
proportion of the lost weight after drying in the mass of the
water-absorbent resin before drying when 1g of the
water-absorbent resin is spread on a 52mm aluminum cup
and is dried for 3 hours at 180°C. As long as it is _possible to
attain the target moisture content, the drying is not
particularly limited, and it is possible to adopt various
methods. Specifically, the drying methods that can be adopted
here are, for example, thermal drying, hot air drying, drying
under reduced pressure, infrared drying, microwave drying,
drying by azeotropy with a hydrophobic organic solvent,
high-moisture drying in which a high temperature steam is

used, and the like drying methods.
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content the polyner has and which type of a dryer is
used, so that the drying tine is so set, as required,

WO ba@b/083ae7 pol ymer will have a target npisture PONIE2005/018073

after drying. Note that, in the present invention,
only the dried cross-1i nkednggl ymer is called a

wat er - absorbent resin. The~ sture content of the
wat er - absor bent resin used for the present invention

isn particularly limted. However, it is preferabl

to cgrtr]r%‘? of nﬂkspﬂj?e"%%ﬁ?‘é’rﬁvﬁ%%ﬂ?ﬁﬁ% Fﬁéﬁﬁol ?%r the
in a particle (powder) formand flowabl e eyen at, room
pressarhinveatighawhich tise pwacaicedsay Bhsglarritmgngthod,
noi sture content generally in a range of 0.2 to 30 %
isynmispartiond aplpflénsteyd as bongnge die oieBinocam dayireated
mass, further preferably in a range of 0.5 to 10 % by
amspowdfen t hExeaheilesoofeshapse nmeudmnsphieser, afigegr, bar,
the fluidity of the water-absorbent resin decreases,

U188 RN t 10y OB dFRK | Plahhifl aranifagiwlidmdodtin f idgglomerated

but al so nmaking the crushing difficult. As a result,

fgg&?ﬁég?sglséoﬁfﬂ&éﬁﬁé zeidi stritButd Vo My ot Peeferable is

e termis used herein, the "noisture

A o SEL BED R W AURLE L08R B

roent” resi has neasu

o P, BRFL b5 3 SR, o X B BT sice
t he wat er-absorbent resin is spread on a 52nmm al um num
@@N&ﬁ‘e}t}%ndlaik&}”f&fﬂo@ RBIACIEY 180C. As long as it is
pOSSI'Ik‘)}|12 E?V%ter—absorbent resin produced through the manner
of (8) above is processed into a specific particle (powder) size
distribution so as to be completed as the particulate
water-absorbing agent of the present invention.

In consideration of the characteristic of the particulate
water-absorbent resin of the present invention, the diameter
of the resin particle is set as follows. The mass average
particle diameter is generally 150-600pm, . preferably
180-5001m, more preferably 200-450pm, further preferably
220-430pum. Further, the percentage of particles less than
150um is generally 0-8 % by mass, preferably 0-5 % by mass,
further preferably 0-3 % by mass, still further preferably
0-1 % by mass.

Further, in consideration of the characteristic of the

particulate water-absorbing agent of the present invention, a

desired bulk density (regulated by JIS K-3362-1998) of the
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attain the target noisture content, the drying is not
particularly limted, and it is possible to adopt

WO 200608%7TRt hods. Specifically, the drying netPOTSP20EAI18073

can be adopted here are, for exanple, thermal drying,
hot air drying, drying under Eeduced pressure,

i nfrared dryi ng, nicromave'd?yihg, dryi ng by azeotropy
wi th a hydrophobi ¢ organi c sol vent, high-noisture
ing.in ichahihtamaannes%mmstﬁd gw
[

dryin
WRHECTARSHFRFRY ndchdls. Te sRAFEEHRPhe 10 range of

wat er - absorbent resin used for the present invention
OMHCAD 9D o B cBPTien R eF 8Pdyoith g2 P\%%lhg, Ofson%Q-O-SOg/ml-
particularly limted as long as the resin can be

Ruethen, dabheaumentmegnmie&M0-5hapeni panidelespier 80-100%,
fiber, bar, substantially sphere, planular, irregular

thors poefamblat ed5ta0Q%porforshetr upteferadtly 98-100% by
However, nost preferable is irregul ar-shaped powder

Aaeducedth hraughe ol ver ithat | @holed) pRetMdei zgngntity.  The
classification, and control of particle size

1:@1%%&&%191{{%82;339?@%9 | ONqe]RAEIdrY Tgég)gf;it of- ahsgrlent  size

inpro rough the manner o above is
FSERRGean 5" 2P relare iy QU3 E- 085V mPreC, R eferably
oG P T e R R AP aP e 6P 01 e part i cul ate
O Ve BT e Ta-HaF e BRI Rdp HEH BFFBfarGrihrough

mass aver age ) o . )
reversed suspension polymerization, the particle size may be

adjusted by subjecting the particles to dispersion
polymerization and dispersion drying. However, in general,
when carrying out aqueous polymerization in particular, the
particles are pulverized and classified after drying, and then
mass average diameter of D50, and the amount of particles
smaller than 150pm, which are incompatible physical
properties,' is adjusted so as to obtain a specific pgrticle size
distribution. For example, if the specific particle size
distribution is achieved by decreasing the diameter of the
particles having mass average diameter of D50 to 400pm or
smaller and also reducing the amount of the fine particles
having diameter less than 150pm, the particles may be first
classified into coarse particles and fine particles after drying
by using a general classifying equipment such as a sieve.

This process preferably removes coarse particles with a
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particle dianmeter is generally 150-600mm preferably
180-500mm nore preferably 200-450mm furt her

w@e@bosabt y 220-430 nm Further, the percent ageCcDiP2005/018073

particles |less than 150m11is generally 0-8 % by nass,
preferably 0-5 % by nass, éher preferably 0-3 % by
mass, still further preferab 0- 1 % by nass.
Further, in consideration of the characteristic of the

articul ate wat er - absorbjn gent of th sent
diareatrom! §URAHTRd DAIORBhaPL)TE I BER SHeE by 17Q00RM to
K-3362- 1998) of thewater-absorbent resin is )
40 @par abiyrthem peeigaadilyo 04010 @yrm tond0Om. Then, in
preferably in a range of 0.50-0.80g/m . Further, the
ther crmti agedifu $00entts@roqess,i ¢t eks i srefpraiigysthegr ¢he fine
preferably 95- 100% further preferably 98- 100% by

pesiscléd hwigispacdibmétrer Weekethant i2001rmantdne ﬁ'heferably
| ogarithm c standard deviation (sz) of particle size

1@b§t i RHL 1 601 i PEEE ey e@l. 20-1h & Gre Ve dDic@feis@bbyrticles
0-0. 45, further preferably 0.20-0.40. Wen the

05 %5d | R RAL Y MBSy SHE! ACARS thkoyahd q}/eerﬁﬁﬂvenzed

penS| on pol ynerization, e particle si"ze may be

%‘“Stf?z%ﬁ%b el g%‘xgepérs,%aﬁgu%??z%%ws&w Further,

ener al , n.carr ut agueous _po r|za ti.on

(T euioNe tlﬁ’é“ﬁ‘oai@ 1 des e P LA §0biBed to the
classified after drying, and then mass averag .
ilbowing oPAmbEs lea i aphet HinAMRAZIC B (FIQ@eSS' to avoid the

loss. The resulting water-absorbent resin thus produced
with a specific i)article size distribution through the
pulverizing prdcess is therefore constituted of
irregularly-pulverized particles.

It should be noted that it is preferable that the
water-absorbent resin obtained through the method of (8)
above with the foregoing particle size distribution preferable
has a cehtrifuge retention capacity, with respect to the
physiological saline solution, not less than 30g/g, preferably
not less than 32-70g/g, further preferably 35-65g/g, still
further preferably 40-60g/g, before surface-cross-linking.
The centrifuge retention capacity can be adjusted by changing
the conditions in polymerization and/or in drying, for
example, by changing the internal-cross-linking agent in
polymerization. To obtain the particulate water-absorbent

resin of the present invention, the water-absorbent resin is
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smal  er than 150mm which are inconpatible physical
properties, is adjusted so as to obtain a specific

W@a00bi08d4e7 si ze di stribution. For exanple, if tP€r/JP2005/018073

specific particle size distribution is achieved by

decreasing the dianeter of the particles having nmass

aver age di aneter of D50 t 0 -488nm or smaller and al so

reduci ng the anount of the fine particles having

di aneter | ess than 150mm the particles nmpy bhe first
seibissitededoi my fesqrseopar Hindtiag aghichelpadepereicd later.

after drying by using a general classifying equi pnent

Aemir disiglysi ey prodiiseptlhe esarpicatlatgbmategnebsorbent resin

coarse particles with adi anmeter of 5000mmto 400mm

ofotkeppeteeal! ynotni@6Ameh osd00emtrifurgdareterdiienalblypacity

of | OOOM to 400mm Then, in the nmain adjustnment

iBr peRS3esht thanprzﬁgygbl thé h@éntthﬁtf%eﬂerdt&fﬂﬂi@heia/ﬁ)&diﬁty of

a dianmeter |ess than 200mm nore preferably |ess than

%1550%% £ d QBYSQntT[i‘@ sif ”B\é?gré 0§h§?a@é[ E164 §511H‘k‘in§e must

scar ded, ut they are nore kely to be pul verized

bp%a’c}‘ﬂgﬁh@%%"rt‘él%%é%’@?%engéf EFee’ 1P ICFaRg Py uoing an

BR SR o bUsCL e, Hand | élfﬁsicg#l%%et S@Mnorease in

wat er. - absor bent resin thus, prod ﬂ W th eci f]

G tiiEngesitedctden; b‘EﬁP%ﬁlwﬂrBE E FheWBGFV/ PSR ént resin
process is therefore constituted
1|ts¢bfgthIYarhﬁgaip@lg/e(Sﬁze@IJE‘pali’tlt@llésNWt5§l$&ﬁ%|2beNﬁot§§32323)
that it is preferable that the

the centrifuge retention capacity may be less than 27g/g.

(10) Particle diameter enhancing process

The fine particle removed through the foregoing
pulverizing, classification and the particle size distribution
adjustment processes are reproduced as larger particles or as
new particulate aggregation, which are still useful for the
water-absorbent resin of the present invention. This particle
diameter ehhancing process for the fine particles is performed
according to, for example, US Patent No. 6228930, No.
5264495, No. 4950692, No. 5478879, and EP Patent No.
844270. Note that, the recycled water-absorbent resin
éubstantially has a porous structure.

The content of such a recycled water-absorbent resin
produced by the foregoing process in the whole
water-absorbent resin of the present invention is p;eferably

0-50 % by mass, more preferably 5-40 % by mass, further
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wat er - absor bent resin obtained through the nethod of
(8) above with the foregoing particle size

waele@b08daat i on preferable has a centrifuge ret eptT/are005/018073
capacity, wth respect to the physiol ogical saline
solution, not | ess than 30g/ go preferably not |ess
than 32-70g/g, further pr efeft Fry 35-65g/g, still
further preferably 40-6Qy/ g, before
surface-cross-1inking. The centrifuge retentio
rREgfsEROYY cad & Qdj oa1 edPYoy BHEHY ng t NGSndi HRens Tegycled
pol ynmerization and/ or in drying, for exanple, by
whbeialysotecnht eesan- drassal jlakigey Syeniaqe area than the
pol yneri zation. To obtain the particul ate
ovigénaedbsatbertbsesbandf resien prigdesamavémingtiert Hé ensures
wat er - absorbent resin issubjected to
IBH @€ e ansptlibaki Agte WivBBnl scoesplétiertl laat en. particulate
Accordingly, to produce the particul ate -
water-sbsorbans hgeit Yrddiecer esenhti entieon ed resin
centrifuge retention capacity is not |ess than 27g/ g,

éﬁ‘?u?ggt T:)ieftg&e ﬁgfﬁﬂtﬂ‘ﬁq}&éﬂ.paoﬁl?s OfedP€led water-absorbent
wa e a

er -absorbent™ resin before surface-cross-I1nking
t be,at t hap. 27a/ _g. ;Ho ' . .
b PR RERE R B8 e R e B bicices et

an increasge in centrifuge retention capacity of the
WaKEeM aBdbhbe ere‘é’?‘#ﬁ%@?”ﬁ?%ea’f? (SRVIRE pdPsf Peen
No. 5389722, No. 5532323), the centrifuge retenti obn,
dapeieghy the Beyiess nnesgessrgl8)g.alave) psfere| gubjected to
di anmet er enhanci ng process The fine particle renmoved )
phivegizinke folesmifmppionyerazingpagitisls fisdaei ofdiatibution
the particle size distribution
adjustment.

(11) Surface-cross-linking

As described in the "Manufacturing method 1" and
"Manufacturing methods 2 through 4", the water-absorbent
resin of the present invention is preferably includes, for
example, a water-absorbent resin, which is first processed
into a specific particle size distribution and specific
absorption capacity, followed by surface-cross-linking. For
example, the particulate water-absorbent resin of the present
invention may be obtained by decreasing its centrifuge
fetention capacity (CRC) (to a value 95-50%, more preferably
90-60% of the original centrifuge retention capacity (CRC)) by
the surface-cross-linking. It however should be noted.that

the degree of decrease in the centrifuge retention capacity

(CRC) may be controlled by type/amount of the cross-linking
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adj ust ment processes are reproduced as | arger

particles or as new particul ate aggregation, which are
wa@tioklo3usef ul for the water-absorbent resin of Peh@P2005018073

present invention. This particle dianmeter enhancing

process for the fine partlcles I's perfornmed according

to, for exanple, US Pat ent N1 6228930, No. 5264495,

No. 4950692, No. 5478879 , and EP Patent No. 844270.

Note that, the recycled water-absorbent resin

%gﬁﬁﬁaﬁ?@ﬁFﬂvlﬁﬁ@ﬂﬁeb%FBE§/§FP§bture The content of

such a recycl ed wat er-absorbent resin produced by the

for ed&u@a@%@éggsrhmmeﬂg/meé‘l%at er-absorbent resin

of the present invention is preferably 0-50 % by nass,

mor e Phef suatbhyebecA®s 86 linkimgs, agemt haspdefiorals foregoing

10-30 % by mass. Since the recycl ed wat er-absor bent

S esfdt ag od o- dirgein ¢ Privess aieard qrairddeoohiagienal function of
wat er - absorbent resin with sane dianeter, it ensures

ﬁ‘é&@@éa?ﬁ%‘)f PbiRAnkat esWBen senl etvepthaSaa RRIH S 1At @roup.
wat er - absor bi ng agent product. That is, the recycled

m?llégu%%ﬁr&f‘na?%tr%%r Pﬁl&ﬁ{gaé‘ggnt-rgltﬁg eGYSkedt not only to

r-absor be resin ose ficl anet er has been
enhance

d .
Saomne fher snesrihEgtial pfSpRBtes, JeePEted o fention
bef ore subjected to pul verizjn class fication an
GAPRFEG & BRotbeRFTbREH Bhj HiehaHES) (PUy afsc o ensure

Surface-cross-linking L
safety of residual cross-linking agent. This is because other

general cross-linking agents are generally not as safe as the
specific cross-linking agent (preferable example are (a)
multivalent alcohol compounds, (b) alkylene carbonate
compounds, (c) oxetane compounds, or (d) amino alcohol
compounds) which form ester bond with a carboxyl group.

A possible example of the surface-cross-linking agent for
causing ester bond (preferably dehydrate enter bond) to a
functionalvgroup (carboxyl group) of the polycarb.oxylic acid
water-absorbent resin may be one made of multivalent alcohol
or amino alcohol whose molecules contain hydroxyl groups, or
one producing a hydroxyl group in response to ring-opening of
éﬂqdene carbonate, oxazolidinone, oxetane etc.

Examples of the surface-cross-linking agent are
polyvalent alcohol compounds such as mono-, di-, tri-, or
polyethyleneglycol, monopropyleneglycol, 1,3-propanediol,

1-methyl-1,3-propanediol, 2-methyl-1,3-propanediol,
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As described in the "Manufacturing nethod 1" and
"Manuf acturing nethods 2 through 4 ", the

wowioe03=bsor bent resin of the present inventi oPCT/3P2005/018073

preferably includes, for exanple, a water-absorbent

resin, which is first processed into a specific

particle size distribution -afid Specific absorption
capacity, followed by surface-cross-1|inking. For

exanpl e, the particul ate water-absorbent resin of the )
dipse@mlen@gdierdn may be obt %7@@@‘5@/‘@%&?32& ’%Het%tanedlol’
centrifuge retention capacity (CRC (to a value .
EyBoupHhsne glyeiods gy egdne0e bf glee rén, g2 naptene-1,4-diol,
centrifuge retention capacity (CRC)) by the

Isyr-hact e dish, | i nki ng.1,I3-bhotwevedishoul d be hét-gentemediol,
the degree of decrease in the centrifuge retention

ICEnaEtan ERS), My haeeonkrothettdly typeD-amlitohf and
the cross-Ilinkingagent, reaction tenperature/ tine.

1 BRI hExRSPe Mkt G PEBNE]) dR@zolidinone compounds (U.S.
surface-cross-1linking agent used for the foregoing

U dAce- N PSS-4 58k Erogﬁ%.?liSa"seql’i{I[gg%I%;%‘%(\lgd@ne and

fURCLT on  OF necessari formng ester bon

b . LWt h -1i nki <l
Bt liglhe! Pl W es® S FeihE R R ARTT 5 Patent
el nsD et Eeshnge diSochBahetra-ont Lpegr eleTiet to as

residual cross-linking agent. This is because C?t her

"gdharlanecr oss- | $aKPAGa4Geht s ar e YeRetAVIy! nrdigxdgme2-on,

as the specific cross-linking agent (preferable
fyrdimeethgl{h)3-dioxolan-2-on,
4,4-dimethyl-1,3-dioxolan-2-on, 4-ethyl-1,3-dioxolan-2-on,
4-hydroxymethyl-1,3-dioxolan-2-on, | 1,3-dioxane-2-o0n,
4-methyl-1,3-dioxane-2-on, 4,6-dimethyl-1,3-dioxane-2-on,
and 1,3-dioxespan-2-on; (iv) oxetane compounds (e.g.,
3-ethyl-3-hydroxymethyloxetane) and cyciic urea compounds
(e.g., 2-imidazolidinone) (U.S. Patent No. 2002/0072471); and
(v) aminoalcohol compounds such as ethgnolamine,
diethanolamine, and triethanolamine. These examples may be
used either alone or in combination.

To obtain the particular odor-suppressing effect of the
bresent invention as well as the surface-cross-linking
function, the surface-cross-linking agent is preferably made
of at least one raw material selected from the group of:

polyhydroxy alcohol or amino alcohol with 3-6 carbons and

having molecules each containing 2-3 hydroxyl groups,
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mul tival ent al cohol conpounds, (b) al kyl ene carbonate
conpounds, (c) oxetane conpounds, or (d) am no al cohol

w@ eovpo83ads) which formester bond with a car borgt/JP2005/018073

group. A possible exanple of the surface-cross-1inking
agent for causing ester bond referably dehydrate
enter bond) to a functi onal'ﬁ ap (carboxyl group) of
t he pol ycarboxylic acid water-absorbent resin may be
one made of multival ent, al cohol or am no al cohpol whose
aydetices GHRANAtRydFEk groupscad?oBie pfBucithg exctane
hydroxyl group in response to ring-opening of alkylene

nd, oxsdvl | dF hBne cashstmpe et cA ExAHpher ofpreferable
surface-cross-1inking agent are pol yval ent al cohol
sonfzaumnds osschirdlsimpnagendi - ist thade opf at least one raw
pol yet hyl enegl ycol , nonopr opyl enegl ycol ,
rhatepifPaeedttéd ﬂromBﬁHE}ngdup ?omrg)l@zafmdnoll 3- propanedwl
2-methyl - | , 3-rropanedi ol , di propyl enegl ycol ,

%@ﬁﬂé‘tﬂﬁ'eﬁé hé'l cbl, %ﬂﬁnﬂeﬂ@dbakbonate 3-ethyl- 3 hydroxyl
olypropyleneglycol gl ycerin, polyglycerln 2- butene-

a I ut anedi ol ,
%%ﬁagnﬁgﬁg%né QH&{ gﬁﬂé%gr%e ké neso- eryt hritol,
D-sorhjtol, and ycI hexa e th I .
oxazoﬂ"ﬁl nEBO &m:po ﬁ §[El ggtlg% ?ng ]ég%%‘%) agent 1s
uch as N-acyl oxazol i d| ne. and oxazal i di ne;

RorBined sl SBiynHaC (1 DS Spdyis Csa D 6%170;11 of the
1) such as | ,3-dioxqglan-2-on (alsg referred _to, a
cemyoend sar bewat " Jor 4Lhst hy$urfa0%-<‘cﬁ%$<%11blﬁk2ngn agent.
4, 5-di net hyl - 1, 3-di oxol an- 2- on,
However, the preferable amount is in a range of 0.001-10 %
by mass, more preferably 0.01-5 % by mass, with respect to
the whole water-absorbent resin.

Further, the surface-cross-linking agent may include
"other cross-linking agents". Examples of the ‘"other

cross-linking agent" are as follows: (i) epoxy compounds such

as ethyleneglycoldiglycidilether and glycidol; (ii) polyvalent

amino ' compounds such as ethylenediamine,
diethylenetriamine, triethylenetetramine,
tetraethylenepentamine, pentaethylenehexamine,

polyethyleneimine, and polyamidepolyamine; (iii) haloepoxy
éompounds such as epichlorohydrin, epibromhydrin, and
a-methylepichlorohydrin; and (iv) condensates of the
polyvalent amine compounds and the haloepoxy compounds.
The "othér cross-linking agents" may make up 0 to 10,

preferably O to 5, and more preferably O to 1, % by mass of a
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4, 4-di met hyl - 1, 3-di oxol an-2-on, 4-ethyl -
1, 3-di oxol an- 2-on, 4-hydroxynet hyl - |

w0 3e0diosaot an- 2- on, |, 3-di oxane- 2-on, 4-net hyl - P€T/IP2005/018073

, 3-di oxane-2-on, 4,6-dinmethyl- | ,3-di oxane-2-on, and
| , 3-di oxespan-2-on; (iv) oxetane conpounds (e.g.
3-ethy|-3-hydroxynethy|oxeraﬁé)‘and cyclic urea
conmpounds (e.g. , 2-imdazolidinone) (U S. Patent No.

2002/ 007247 1); and (v).am noal cohgl conpounds such
tadabimrtrsnimbie mapst phibrattfd, SUAtR €% 1 G IRIGIBKIRE. agent.
These exanpl es may be used either alone or in .
conbi[AatdidronToobbsainfackecpassiiolkingodagestppraski hgating
effect of the present invention as well as the

srodessd- cross-1inking function, the

surface-cross-linking agent is preferably nmade of at

| eastironfeFlawmBi € tlaé sakftdeddogynlihkigpoup o8 preferable
pol yhydroxy al cohol or am no al cohol with 3-6 carbons

N davivagerol e¢yl 8% i8aeh seONLA N AG1ZnB Mdﬂm%ywater to be
an a

gr oups, al kyl ene carbonate with 3-5 carbons,

%ggﬁanag%ge@@gndow t ?10%5/10 Honﬁloi%tflﬂret hed'd)en%?n%t of the

era surface-cross-l1nking agent 1s ma

| east one raw nateri.al selected fr.o e grpup of : .
‘@’P@‘EET%?'OES@YLE?&’&?QW i‘? , gﬁol?g?ﬂy:‘?é%g gl yfgrgl g%rieral, with
G oA e e 3 B I et iR oASVADE of the
surface-cross-1inking agent is determ ned dependi ng on
whéer yise bgntysest 18 dpieiedeidi 81 & RanEimd A dR-4Qe@ Py mass,
t he surface-cross-1inking agent.

more preferably in a range of 0.5-10 % by mass.

It is possible to use a hydrophilic organic solvent in
addition to water and the surface-cross-linking agent;
ho§vever, the amount should be as small as possible to avoid
occurrence of odor from the resulting particulate
water-absorbing agent. Specifically, the amount of the
hydrophilic organic solvent is in a range of 0-10 % by mass,
preferably in a range of 0-5 % by mass, and more preferably
in a range of 0-3 % by mass, particularly preferably 0 % by
mass (substantially not used) with respect to the whole
water-absorbent resin. The hydrophilic organié solvent used
i‘n the present invention means an organic solvent, at least 1g,
preferably not less than 10g, more preferably not less than
100g, of which is dissolved into 100g water at room
temperature. It is also preferable that the boiling point of

the hydrophilic organic solvent be at or lower than 150°C.
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However, the preferable anmount is in a range of 0.00
1-10 % by mass, nore preferably 0.0 1-5 % by nass,

wowaok/0sE3pect to the whol e wat er - absor bent r esP@T/JP2005/018073

Further, the surface-cross-1linking agent nmay incl ude
"ot her cross-1linking agents" . Exanples of the "other
cross-linking agent" are as '3 Fows: (i) epoxy
anpognFs such as ethyl enegl ycol di gl yci dil et her and

cidol; (ii ol yval en '
gt %yﬁélﬁéméfﬁ;i %ﬂégs%@%%I%@qugnfq?g?sog@%sriguucsh a%slds such as
triethyl enetetram ne, tetraethyl enepentam ne,
gremrgamid erddexdeiotec aoidiecHyiermsid.np;tahgensulfonic acid
pol yam depol yam ne; (iii) hal oepoxy conpounds such as
etial. thbor aly din oy gepibr adiddr(phospboric acid, sulfuric acid,
a- net hyl epi chl orohydrin; and (iv) condensates of the

APlfyMmahant aamd neteopounds tendbhke shadwehoxys caustic soda,
conpounds. The "other cross-linking agents” may nake

U o b8 Hbidrssler kLY, BrivabiAnd Hvieivleia akdtal@ sach as
1, % by mass of atotal percent by mass of the total

a2y qﬁ?ﬁ?ﬁo§§ﬂfén :ﬁgl g%&aﬁtio[ﬁa‘dﬁet{l%‘ gfurface—j:r?%s—linking

surface-crosa- [ ent "and ati ng process

erform t he surface- -1 ki it i f

SR BBl SRR CHhl MolihE Bflfea oo
e us depends qgn i stuyr. tent ,of th

ha by P S50 Of RANT (0F hB e LERUHAS Th G BnaRias Mt froeed

respect the whol e water-absorbent resin, the ampunt of |
the allowable level for the particulate water-absorbent resin of

the present invention. Specifically, the amount is preferably
in a range of 0-10 weight %, more preferably in a range of 0-5
weight %, further preferably in a range of 0-1 weight %.

In the present invention, the following mixing method is
preferable: in advance, the surface-cross-linking agent is
mixed with water and/or the hydrophilic organic solvent, and
the mixture is dropped, more preferably sprayed, into the
water-absorbent resin. An average diam‘eterA of liquid
droplets to be sprayed is preferably 0.1 to 300um, and more
preferably 0.1 to 200um.

As to a mixing apparatus for use in mixing the
Water—absorbent resin, the surface-cross-linking agent, and
water or the hydrophilic organic solvent, it is preferable that
the mixing apparatus has a large mixing power in order. that
these compounds are mixed uniformly and thoroughly.

Examples of mixing apparatuses that can be preferably used
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water to be used is preferably in a range of 0.5-20 %
by mass, nore preferably in a range of 0.5- 10 % by

WoR®s/033477 i s possi bl e to use a hydrophilic orgp@i/aP2005/018073

solvent in addition to water and the

surface-cross-1inking agent; gomever, t he anmount

shoul d be as snall as possi‘bﬂ 1o avoi d occurrence of

odor fromthe resulting particul ate water-absorbi ng

agent. Specifically, the anmount ?f the hydrophilic

agy G EEUMBAPPATAHIA REAGE 6 [RADIR bR, double-wall
preferably in a range of 0-5 % by nmass, and _nore )
oonwicerlablixeirn a highyerted- Stigybyg rmdserpa (V-cthappg mixer,
preferably 0 % by mass (substantially not used) with

a esipdmint blehdewhohe swatesv - isenhent degbhe-dim kneader, a
hydr ophilic organi c sol vent used in the present

Jdrivélit iyase NMeaBa dat, oagastarygohigrlr, ah kéastukgent mixer, a
preferably not |ess than 10y, nore preferably not. |ess

1 uLees, l:Pith‘jt‘ifrptei 3. 5HiR0hyBEk i, NEOnki BRI didle mixer,

roomtenperature. is also preferable that the

04! ihg 1p%g%rgnp%65gﬁ§ggdr ophi lic organic sol vent be at
a “Fu

or | ower rther, it is also allowable to

use various_ aci ds ch n.or I.C | (1 | .

aci d,ﬁéqetrr iR, %gl-et oﬁa%]é Cuq‘f(%% g—z%%?la%e%c?%%g{rtcawlth the
i norganj ¢ aci d_ (phosphoric acid, sulfuric acid,
wateiragosReBtet c IfS1Mvari Yus Bises R,rl?gﬁrﬁgl%austth@t the
soda, carbonic acid soda etc. , or various nultjivalent
wetarsaBaenbagtarafini tinBeptede, COREHIORSN ofthge heating
surface-cross-1inking agent. However, the anmount of

aiem whderdabeoabjewdt ecesi;m or a heating medium used to

perform the heating preferably has a temperature in a range
of 120°C to 250°C, more preferably in a range of 150°C to
250°C; and heating period is preferably in a range of one
minute to two hours. Examples of appropriate combinations
of the heating temperature and heating period are: (a) 180°C
for 0.1 to 1.5 hours, and (b) 200°C for 0.1 to one hours.

The device for carrying out heating is not particularly
limited, and may be any devices uniformly propagates heat to
the mixture of the surface-cross-linking agent and the
water-absorbent resin. However, the heating device
ioreferably has a large mixing device, which ensures even
heating treatment. Examples of the heating device include
various dryers or heaters, such as a belt-type device, a
channel mixing device, a screw-type device, a rotation-type

device, a disk-type device, a kneader, a flow-type device, an
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that the extent of odor of the resulting resin does
not exceed the allowable |evel for the particul ate

wowioe03=bsor bent resin of the present inventi oPCT/JP2005/018073

Specifically, the amount is preferably in a range of

0- 10 weight % nore preferabl7y in a range of 0-5

wei ght % further preferably ifn~a range of 0-1 weight

% In the present invention, the foll ow ng m xing

met hod is preferable: in advance t he

ajuffoe el iR os deVieki ngnadadrared mdGSH SR t RTwe®r Shp@fTon ray
or the hydrophilic organic solvent, and the m xture is
diwopped, nore preferably sprayed, into the

wat er - absorbent resin. An average dianeter of liquid

dr opl[@sspdsube spnayfdw]s preferably 0.1 to 300mm and
nore preferably 0.1 to 200mm As to a m xing appar at us

for useptéfefatilegnideudatenrahgorhaiiodess e Hbopted in the
surface-cross-linking agent, and water or the :

EYe oppi Im%Q{tsaw clﬁehy&eg hh i aifmeber aRkippdliad theocess.

m X1 ng appar at us l'arge m xing power in order

has a
IB@‘te t%ﬁ?&f?@ﬁ%rgﬁ oi31 SadunidQ rTx‘z@é.t@?t%bsorbembt resin

horo M Xi ng appar at uses

é?}ﬁé??%%?gfnelﬁiieddowﬁ%'” |F‘3€f3%?t8§ ripfdifiking agent is
e RO T Sor BAFHSAPY aaBONCEL abin RHBLASF, r"fhls airflow

crush-type kneader, a rotary nmixer, an air urr
eARESUIE (RIIRAST S Peklermegde tpduCgléCWﬁé@? rep Ace the gas
conti nuous Lddige m xer, and the |ike apparatuses.

inside the processing device after or while the

water-absorbent resin having been mixed with a
surface-cross-linking agent is heated or subjected to other
treatments. The high temperature heat treatment generates
a volatile component which causes odor, and the airflow
exposure process serves to remove the volatile component.
The gas to which the resin is exposed may be water vapor, air,
nitrogen, or a mixture of them. The amount of.the gas is
determined according to the circumstances; however it
generally is 0.001-100m3/hr, preferably 0.01-10m3/hr per
unit volume 1m3 of the heating device or other device in
Which the water-absorbent resin or the particulate
water-absorbing agent exists. To express this range in the
linear velocity of the airflow, the linear velocity is preferably
in a range of 0.01-100m/s, more preferably in a range of

0.1-50m/s. Further, the exposure time is preferably in a
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After m xing the surface-cross-1linking agent with the
wat er - absorbent resin, it is preferable that the

wowrdoen3absor bent resin i s heated. Conditi ons oPCT/hR2005/018073

heating are: water-absorbent resin or a heating nmedium
used to performthe heating preferably has a

tenperature in a range of 268 to 250 C, nore

preferably in a range of 150 Cto 250 C, and heating

period is preferably in a range of one mnute to two

R8s OfEka |0e§nmug®§u @b@r%ulér%ﬁ?r?@Mé(tﬂQnéOofth%teS- The
heating tenperature and heating period are: (a) 180 C
diofloy Imay b & geneatehdy bz)erztigatiqmroro.qutéoane Further,
hours. The device for carrying out heating is not
thar t chalggd yihi prexsumnddury be dhye deentdstionfeumtyon is
propagates heat to the m xture of the

prfezadlor @sshin nkong aged paedetablyaythiabd6sbent
resin. However, the heating device preferably has-a

| ar gewiH eeh Nth S §6s1uMBI &0 BRI WSi L\ rieat b8 at the stage
treatnent. Exanpl'es of the heating device include

c}éfayﬁ%‘ﬁng YIS Mﬁg%%f&be%&%e%ﬁnah%}ﬁiéc?&aﬁ%i%d with

annef® m xi ng ce, a screwtype devi

rotati.on-type device, a disk:-type,device, n r,. a

4 Poarione  sRor e inklael e by b deir b Lhegtel i g % eas
devi ce, or an .electron raydeyice. [Exposure.to .

SHPPIBIRE AdSTAFEr 451 & riRd éﬂeﬁaﬁ#g%w%h vige pis preferably
adopted _in the present jnvention includes an ajrflow
espdsur Bt pp celsss prigbeeabirdivatcAheyreniaeemen et gas (water
t he wat er - absorbent resin

vapor, air, nitrogen, or a mixture of them) in the dryer/heater

does not take too long, because it may excessively decrease
the temperature of the device from the default value
(preferably in a range of 120°C-250°C). If the temperature
excessively drops, the energy supply cannot be ensured.

When the exposure to airflow is carried out after the
heating treatment, it is preferable to aerate the cooling device,
the transfer line, and the tube by which the Wate;~absorbent
resin having been mixed with a surface-cross-linking agent is
cooled and transferred. It is allowable to heat or cool the
gas; however, in order to facilitate evaporation of the volatile
éomponent, which causes odor, from the water-absorbent
resin or the particulate water-absorbing agent, the
temperature of the gas is preferably kept at not less .than
50°C, more preferably not less than 60°C, further preferably

not less than 70°C. Note that, when the temperature of
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having been m xed with a surface-cross-1inking agent
is heated, it is preferably exposed to airflow This

W@Rooblossa7exposure process is perforned to circeCEIEN05/018073

repl ace the gas inside the processing device after or
whil e the water-absorbent resin having been m xed with
a surface-cross-Iinking agénﬂgis heat ed or subjected
to other treatnments. The hi gh tenperature heat

treatment generates a volatile conponen i C ses
aggbo W ol Whéch; thpoﬁﬁéwpd%ﬁ@pa%p%s@ i’&ﬁg@é%@@& removal
renove the volatile conponent. The gas to which the )
afethn velabiposxammoneatearenoiaper engiredhi t fogeHenr since
a mxture of them The amobunt of the gas is determ ned

thec aexipogutre tibe peinfonmsichnafisr hhweveeatingetesatmegnt, the
is 0.00 1-100nB/ hr, preferably 0.0 1- 10n8/ hr per

temhbevakuie IHBsokot ke heet | hpwdevitheror 1007, devé cheating
in which the water-absorbent resin or the particul ate

t\g@flggrgtgﬁ%bi ng agent exists. To express this range in
the linear velocity of the airflow, the linear

vel och vt 8, Pr efg;abl y ol Prigyf an sBr@ 1-hERdss at  a
¥ 0. Ig S . E

nore preferably in a range of urt her,

t he,exposure tine i referably | € 1-_.120
BATRTESEd el afR i Sttt Rucult Tl A o rect of
may be generated by ventjlation uction. Furih

R EROTEo] PEPEsSNE BIRS (Bt RO SEMUAY b UG, fcghylene
is preferably within 10%_ nore preferably within 1% .
giyeel whishpds genetrtad dwning ther high-bempgrafire heating

st age
when wusing an alkylene carbonate compound, 1, 3

dioxolane-2-on in particular, as a surface-cross-linking agent.

The ethylene glycol is suspected to harm human body in
some way, and therefore should be removed or at least
reduced as much as possible at this stage. The harm of the
ethylene glycol is more specifically described later.

Apart from the foregoing airflow exposure process at a
predetermined temperature, another possible method of
removing odor, ethylene glycol etc. is cleaning of the
water-absorbent resin or the particulate water-absorbing
agent having been subjected to surface-cross-linking. For
éxample, the resin or the agent may be washed by a solvent
having a low boiling point, so as to reduce or remove a
constituent causing odor. To be more specific, the solvent
preferably has a boiling point of not less than 0°C but lower

than 70°C, more preferably has a boiling point of not less
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of heating the water-absorbent resin having been m xed
Wi th a surface-cross-1inking agent, a dryer/heater

whanie/08p4a7 gas suppl yi ng device or a gas di schapQi/nepoos/018073
device is preferably used. It is also preferable that
the repl acenent of gas (water vapor, air, nitrogen, or
a mxture of then) in the dr§9r1heater does not take
too |l ong, because it nmay excessively decrease the
tenperature of the device fromthe default val ye

theaef 3P36 yb1h domegigetanl AL Gsoc)Aceiengpedimethylether,
tenperature excessively drops, the energy supply

meabhplehe aisloréde Wea thrridgpdeube meéﬁraggw i s Further,
carried out after the heating treatnment, it is

spnekethbl ethplaee agly ddieis ood iutyledéni vmterheitt innzdssible to
l'ine, and the tube by which the water-absorbent resin

U ivigt HeeRn o &eéh Whidh aan s uirftae€-whess-isi hkhitg dadesdause an
is cooled and transferred. It is allowable to heat or

SQUsdibe 9asmotionever, waterdemdy faghketag®elling of the
evaporation of the volatile conponent, which causes

WeoL, afi{é;({ﬁleﬁgv\lg{:V\Pégrﬂ.absﬂtlgepéSflf?h?lﬁgr\R;et%ed bplea solvent

parti cu er-absor bi'ng agen e tenperatu of

th ' ferabl y. k _ .
oS80t P S B kel R iy
not t 70.C. Note t , Wh h

il Dech WA BF FREPESHnTtieXPestaold Barduiog eontent

renoval of the volatile conponent cannot be ensured. )
Huthherlcahoka ol psilexpesupenien thtrtlsr wabh#p tapEeketermined
heating treatnent, the tenperature has to be set |ower
dlhawaldie Eandee héhismgemoval of alcohol volatile component

may be carried out, for example, by subjecting the
water-absorbent resin or the particulate water-absorbing
agent to hot-air drying. The hot-air drying must be stopped
before the performance of the water-absorbent resin or the
particulate water-absorbing agent deteriorates.

(12) Agglomeration

To pfoduce the particulate water-absorbing agent of the
present invention, the water-absorbent resin having been
subjected to surface-cross-linking is then mixed with water so
as to be converted into agglomeration of certain particle size
distribution, if required. The water to be added may contain
a chelating agent, a plant extract, an antibacterial agent, a
water-soluble polymer, inorganic salt etc. so that. the
concentration of the .resulting aqueous solution becomes in a

range of 0.001-50 % by mass. A suitable agglomeration
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tenperature. Further, this airflow exposure process at
a predeterm ned tenperature offers not only an effect

wobtommsbact i on of odor, but also an effect of repoDYRI0FI18073

et hyl ene glycol which is generated during the

hi gh-t enperature heating when using an al kyl ene

carbonate conpound, 1, 3 dio®dl ane-2-on in particul ar,

as a surface-cross-1linking agent. The ethyl ene glycol

i s suspected to harm human body in sonme way, and ) )
mpthetor @rfAoul §CRE IEHRGEE 0P RACTEYEY r%%%ceaeéylbed n
much as possible at this stage. The harm of the

Japghese gl ydoleiamipes speliatteed! | y Hablicaidan at efokugan
Apart fromthe foregoing airflow exposure process at a
F0edepdrii8 /e¢d t enperature, anot her possible nethod of
renmovi ng odor, ethylene glycol etc. is cleaning of the

vat er(1@)sadidetion esi shelatiieg pardincul ate
wat er - absor bi ng agent havi ng been subjected to

sur f apRe CRASRIELTEL O I wair-SXNBH Bingd NEgkRY NOMtHdCpresent
agent may be washed by a solvent having a | ow boiling

Bistieied” Habr SEBLER Mo " HMEIME R AR R RA Ly
Ruighea il Brabednie acitoind dhsoralt SherdP esothan
30 C but I ower than 50 .C. Acetonpe, dinethylether, .
met hyE8RECanllys i @& careling ¢ TeuEhe ;ﬂ%ﬁﬁ&oé &ol "Eﬁanumcturmg
&t&n@%i’tﬁ:,g%&égi%@?é?g*l@legfe gl\n}'/g’gr-ia%ssoorlbui%lge iatngent of the
present invention is manufactured as follows. An
unsaturated monomer aqueous solution, which contains a
non-neutralized acrylic acid and/or the salt thereof as a main
component of the monomer, is subjected to
cross-link-polymerizing in the presence of an internal
cross-linking agent; and the particle size distribution of the
water-absorbent resin is then adjusted. The resulting
cross-linked polymer ‘having a specific absorption capacity
and a specific particle size distribution is subjected to
surface-cross-linking. A chelating agent is added during the
polymerization, or before, after or during the
éurface—cross—linking. The particulate water-absorbing agent
of the present invention may thus contain a chelating agent
by adopting the "manufacturing method 4".

Preferable example of the chelating agent to be

contained in the particulate water-absorbing agent of the
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use water; however the anpunt of water is |limted
because an excessive anobunt of water may cause

wGaeabl0833g7 of t he wat er - absorbent resin. The reBCTIIR2008018073

washed by a sol vent may have odor derived fromthe

solvent. To avoid this, the solvent needs to be

removed fromthe resin untid1S€he content of the

al cohol volatile conponent falls within a

predeterm ned al | owabl e range. Thi s renoval of al cohol
nrsisant dnyerddaants nepebbaying ed igh 1ps-bdesikpng fypction
subj ecting the water-absorbent resin or the

grar &i ciglt e oketletinmgsdupiajoagentitho teapett Heyilhg. or Cu.
The hot-air drying nust be stopped before the

Peetifioatse ahet hehebtténgabsgehentpriedsirabty hlees a stability
particul ate wat er-absorbi ng agent deteriorates. (12)

A9 eRt dfl At TIe s edHee 10eniid ipréfat&bly not less than 20
wat er - absor bi ng agent of the present invention, the

e ARSALDBE FeesbA. haui g b ' helati t
‘ﬁﬂ'ﬁfgce-cr otgg-l |F:$ki ng is tﬁgrﬁ %@Segy%f?ﬁé% er esgtérslg agen
.10 co ted.jnto 0 at of .e¢ertai: arti

1§, B0 oRpTRiRE PpRPSE LS ke, f o iR Thld Falent
may, conf.ain a.chel gtj.ng agen a ant extract

SRRl Rarasgind 100, SRE Bl oBofs widTerably three or
inorganic salt etc. so that the cocrllc ntr%éi on of the

MOIEl Pf fgnafQetREP BV LG 8AOHRD A | thea SeAhdd e - 00

1-50 % by mass. A suitabl e aggl omerationnmethod and |

r econfpadédcpesemptss ot thesalyzalentiapahesylic acids are
Unexam ned Patent Publication Tokugan

diethylenetriamine pentaacetic acid, triethylenetetraamine

hexaacetic acid, cyclohexane-1,2-diamine tetraacetic acid,

N-hydroxyethylethylenediamine triacetic acid,
ethyleneglycoldiethyletherdiamine tetraacetic acid,
ethylenediamine tetrapropionic acid,
N-alkyl-N'-carboxymethyl asparagine acid,

N-alkenyl-N'-carboxymethyl asparagine acid, alkali metal
salts thefeof, alkaline earth metal salts thereof, and
ammonium salts thereof or amine salts thereof. Particularly,
diethylenetriamine pentaacetic acid, triethylenetetraamine
hexaacetic acid, N-hydroxyethylethylenediamine triacetic acid,
énd salts thereof are most preferable.

In the present invention, the amount of chelating agent,
particularly the amount of amino multivalent carboxylic. acid
should be small, specifically, in a range of 0.00001-10

weight %, more preferably in a range of 0.0001-1 weight %
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2004-2 11856. (13) Addition of chelating agent The
particul ate wat er-absorbi ng agent of the present

WO pwe/8340n nay contain a chel ati ng agent, partPCUie2003018073

a multival ent carboxylic acid and the salt thereof.
Especially, according to the _foregoing "Manufacturing
method 4 ", the particul ate Weit er - absor bi ng agent of

the present invention is manufactured as follows. An
unsat ur at ed nononer aqueous sol ution, which ¢ontains a .
Wigh TaRpett Zku BePyWeigdhdi deard/ the Mrrtasd SM%%? resin.
as a mai n conponent of the nononer, is subjected to )
Whaess-th alapayntriszinngré nthae poeyegigh ofoarttintedieat is no
cross-linking agent; and the particle size

1dingter putoiportdd ntelietonvaher aahsorbgnthaeésisy itsonfigntakes more
adj usted. The resulting cross-Ilinked pol yner having a

EPEGi {1 ca@Bsaiopt, o reapashilseand decapesid in pbisldrtliag agent
size distribution is subjected to -

éﬂflﬁﬂp.e'c‘ii%&ﬂéﬂk!\ﬁﬂe_rﬁ chel ahbhpgery iss«addedn 0.00001
during the polynerization, or before, after or during

‘&rgf%ﬁw‘foac ?—C,‘nge? abd 'oi?ﬂ%%@agl Qﬁ”th%.utz?ltéiatingn%§ent would

- absor gen resent i nvention
th cont ai chel ating agent by adopting the
m?r‘gi{ﬁ‘ 3’6@&%%8 cﬂéﬁhod 4 ". Preferable exanple of the
chel at.ing agent to be contained in the particulate
mater(-ladds@bg?errgaéigjéﬁ%v%?f t hepresent invention i s one

havi ng a hi gh ion-bl ocking function ) X
part Irom the chelating agent, the present invention

also allows use of a little amount of various additives, such as
(A) plant extract, (B) organic multivalent metallic salt, (C)
inorganic particles (including (D) composite hydrous oxide)),
(E) reductive substance, so as to give various additional
functions to the particulate water-absorbing agent of the
present invention.

The respective amounts of the additives (A) through (E)
and (F) are determined depending on the objec’;ive or the
desired function; however, each content is generally 0-10
parts by weight, preferably 0.001-5 parts by weight, more
preferably 0.002-3 parts by weight. When the content is less
fhan 0.001 parts by weight, the desired effect or function
cannot be ensured. On the other hand, when the content is
more than 10 parts by weight, the effect is no longer
proportional to the amount, or the absorption ability

decreases.
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or a high chelating function with respect to Fe or Cu.
Specifically, the chelating agent preferably has a

W@ t@bioBi4ry constant of not |ess than 10, nore PCT/JP2005/018073

preferably not | ess than 20 with respect to Fe ion. A
further preferable chelating_agent is one containing

three or more of amino mul tiva&lent car boxyl i c acids

and the sgl t thereof, nore preferably three or nore of

am no carboxylic groups and the salt thereof. Specific
examphePlemt §EtEBEYval ent carboxylic acids ar ep

di et hyl enetri am ne pentaacetic aci d,

tri eflthe epetrdicabmiaewedeaasbisiosbdsigd, 2g98lolpdxdie present
, 2-di am ne tetraacetic acid,
iNveyrionyehhyl etdytaireda aplantt exacatt cwithin the foregoing
et hyl enegl ycol di et hyl et herdi am ne tetraacetic acid,
relyed epeditady e of edeaabepnanigregetty. A preferable plant
N-al kyl - N - car boxynet hyl asparagi ne aci d, :

Niabkenybs '\rthEa?Jt?‘éé)é@Pct hylk edsRahagsnetate st abkal icompound
I eof,

metal salts the f, alkaline earth netal salts

HIBHEGl: e IR g soboken e sgl el or the
it SR, SRS TAREE bR oy selected
AR PEn BTN aRbure bR eIt Iy 28kt  Ee: Eligal, and
the anmount of amino nmultivalent carboxylic. acid .
gldic raisl.smiPthesppeefaredley plantacrifgetercanobgofound in
I}-SloPatent No. 6469080, W02002/423479, or International
Patent Application PCT 2003 /JP6751.

(B) Multivalent metallic salt

The particulate water-absorbing agent according to the
present invention may contain a polyvalent metal salt,
particularly a polyvalent metal salt of organic acid, within the
foregoing range, so as to improve powder fluidity or to prevent
caking due to moisture absorption.

Specific examples of the multivalent metallic salt and
the mixing method can be found in International Patent
Applications PCT/JP2004/1355, PCT/JP2004/1007,
P;CT/JP2004/1294, or PCT/JP2004/9242. The present
invention uses an organic metallic salt which contains 7 or
more carbons per molecule (PCT/JP2004/1355), . and

particularly prefers one constituted of a metallic salt other

than an alkali metallic salt, such as fatty acid, petroleum
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wei ght % nore preferably in a range of 0.000 1-1
wei ght % th respect to 100 wei ght % of the

wowrdoen3dabsor bent resin. When the anount i s noreCTt/hem0st@8073

wei ght % the effect is no |onger proportional to the
anmount, that is, it only takes nore cost; in addition,

it may cause a decrease in -aBSor b ng agent ability.

Further, when the anmount is |ess than 0.0000 1 wei ght

% the required function of the chelating agent would
anitl, b Br pegRmeuacifdi4) Ot her additives Apart from

the chel ating agent, the present invention also allows

use d¢€)ddotgdeiampmnrticlds various additives, such as

(A) plant extract, (B) organic multivalent nmetallic

sal t THE) paraigabate pardteat-ad spirdhigdi agefb) ofonjjosi peesent
hydrous oxide)), (E) reductive substance, so as to

ighwea tiahi 0ufiagdddidd@n@in f Uittdd@nsid 0 phetipdesi cupatreéicularly
wat er - absor bi ng agent of the present 1nvention. The

vg%g@f—ggnis\&umu?ﬁ6r%5rﬁﬁe agdidlegess b Ahst 16 oHERe( B) function

~are determ ned depending on the objective or

YonT ST Fhethbo GakMe, B Oy SIOLGRE PP Gptiop-  The
et i ehke Soneeh TpE PRSIPPRARDS. BBV EIbiTEs gy e
B 1 SEHGA Grh g ST ARA BB Bp i Genpie» silicic
than 10 parts by weight, the effect is ngo | onger )
acid (salt) such as natural zeolite, artificial zeoIg:lte etc., kaolin,
talc, clay, bentonite etc. Among these, the silicon dioxide
and the silicic acid (salt) are particularly preferable,
especially one with an average particle diameter of
0.001-2001m, which is measured by a Coulter counter.

(D) Composite hydrous oxide

The particulate water-absorbing agent of the present
invention has an excellent "fluidity after moisture absorption
(fluidity after the water-absorbent resin or the ‘particulate
water-absorbing agent absorbs moisture)". The particulate
water-absorbing agent of the present invention may further
contain a composite hydrous oxide including zinc and silicon,
ér a composite hydrous oxide including zinc and aluminium
(see Japanese Unexamined Patent Publication Tokugan
2003-280373, and PCT/JP2004/10896). With such a

composite hydrous oxide, the particulate water-absorbing

agent is given an excellent deodorant property.
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proportional to the anount, or the absorption ability
decreases. (A) Plant extract The particul ate

wowioe03=bsor bi ng agent of the present inventi oPCTYBB2005/018073

contain a plant extract within the foregoing range to

have a deodorant property. A _preferable plant extract

for the present invention isO&% -l east one conpound

selected fromthe group of: pol yphenol, flavone or the
relatives, and . caffeine; or at |east one conpound

sel edfddREABIRIIKE YABSHABCE t anni n, tannic acid,

galla, nutgall, and gallic acid. O her preferable .

pl antTlest raatercaipspebingndgents diat Hae Neressbogpyvention
WO2002 / 423479 , or International Patent Application
PETe2b34 ) Reibtding By Meduotiventsubsabhice,sgartihalarly an
particul at e wat er-absorbi ng agent according to the

iRIASeMid Peenicanemayilsoniaée, anpaky palitit ubetdt saldductive
particularly a polyvalent netal salt of organic acid,

é”(%lEQithEQecB‘i’ft%Qﬁiiﬂ% I198r 89 BkylRd.MPrRVEURPAHEs example
flurdity or to prevent caking due to noisture

LR FUECLL S BIPEoo lBoq LIS sutur or
LSRR oRRLEL PR B ETIARANOM AR5 icn are
(i]i;fqzlbﬂgcfﬁ%gﬁ ltﬂlg‘rtle\;relgtr on. ulfgg?;%réé),r ggpilcnnﬂgll Ha%ent No.
4863989.

(F) Others

As long as the particular characteristic/property is
ensured, the particulate water-absorbing agent of the present
invention may contain any other additives, such as an
antibacterial agent, water-insoluble polymer, water, organic
particles etc.

(15) Particulate water-absorbing agent of the present
invention

The particulate water-absorbing agent manufactured
through the foregoing method or Manufacturing method 1, 2,
3 or 4 is a brand-new particulate water-absorbing agent
Having a new performance that has never been achieved by
the conventional agents. That is, the particulate
water-absorbing agent of the present invention is
designed/made based on the five specific physical properties

in accordance with new findings ((1)a  desired
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nore carbons per nol ecule (PCT/ JP2004/ 1355), . and
particularly prefers one constituted of a netallic

w@ a006/0884er t han an al kali netallic salt, suchparJfa03/018073

acid, petroleumacid, or a polymer acid. (C) Inorganic
particles The particul ate vvatgr-absor bi ng agent of the
present invention nmay contain ¥ nor gani c particles,
particularly water-insoluble inorganic particles, so

as to have a function of preventing caking due to
TdRGReCERSBIINEIAE @BCRhor §85ILEC paPEVS1Ed] uPE@ Ty, and
the present invention may be a netal oxide such as
sllawaklai nvaleof tadaniars dxictenpadiblei 2)cacdasived average
(salt) such as natural zeolite, artificial zeolite
plagticleadliameteat andl aylowahtlenatneoand. ofnduogt-bese, particle
the silicon dioxide and the silicic acid (salt) are

paetirccbarpatiplef )abhe, fiespphivalityl g péttiednare important
average particle dianeter of 0.001-200 nm which is

MREEOF LU Y 1R CaphtEF - L980FBENt( Rhem@MRAM d €aiYdhoUsbsorbent
oxi de The particul ate water-absorbi ng agent of the

Lhvent | any:; lent [5f L uiig aft

B USRI TS PR i (kY. @ 'Fhe prosent
r- or t.resin.or the particul at . .

(B ERERR0r BNy agdlv it Pt ef By igeal particulate
particul af e wat er-absorbi ng agent af .the present_ .
BRI GE e TG SR a SRABEEIS. Hth oive  specific
oxi de including zinc and silicon, or a conposite
R vieeloRTeBeT Heisudi ng zi nc and al uni ni um

The particulate water-absorbing agent (first
water-absorbing agent) according to the present invention
contains, as a main component, a particulate polycarboxylic
acid water-absorbent resin having a surface cross-linked by a
surface-cross-linking agent which forms ester bond with a
carboxyl group, the particulate water-absorbing agent
satisfying following conditions:

(a) a centrifuge retention capacity (CRC) for a
physiological saline solution being not less than 27g/g;

(b) an absorbency against pressure (AAP) of 4.8kPa for
the physiological saline solution being not less than 20g/g;
| (c) a mass average particle diameter (D50) being
200-4501m;

(d) an amount of particles smaller than 150um in the
particulate water-absorbing agent being 0-5 % by mass;

(e) a logarithmic standard deviation (o{) of particle size
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(see Japanese Unexam ned Patent Publication Tokugan
2003- 280373, and PCT/ JP2004/ 10896). Wth such a

W@ ovp0334re hydrous oxi de, the particul ate PCT/JP2005/018073

wat er - absor bi ng agent is given an excel |l ent deodorant
property. (E) Reductive substance The wat er-absor bi ng

agent of the present i nventi of preferably contains a
reductive substance, particularly an inorganic

reductive substance, nore particularly a reductive

dd gbsitaatio e haigignPrgOsQL 40 @Bdoxygen. A suitable

exanpl e of the reductive substance is a conpound

i ncl fled sonftemtoof ey galyomot & qlediler shilystut¢é tevaporated
hydrogen-sul fite, which are disclosed in US Patent No.

4863980, parrticulifiPakanerNobs4863889 agerl) lkireg SOAI Oppm,
|l ong as the particular characteristic/property is

teRsWashehbebpan i eid AL Arval &y adsgnbi fiktegentgotubke as an
present invention may contain any other additives,

ﬁﬁqgﬁ@%&% aptidastenigh. agent, water-insol ubl e
pol yner,

. water, organic particles etc. (15)

o RS SPGB PR P parcicutace
VAR S e Aol Llelensgolon TR D,
Par A e il S s fon 28F

The alcohol volatile substance designates an amount
(atmosphere concentration measured by a gas detector) of an
alcohol volatile substance detected by the measurement
method defined in "Examples" of this specification, and
particularly designates a volatile component measured by an
alcohol detection tube (a methanol gas detection tube in
particular).

As explained, the alcohol volatile substance designates a
volatile Co'mponent measured by an alcohol detection tube,
particularly by a methanol gas detection tube, and therefore
it does not necessarily means alcohol. That is, it indicates a
gross amount of volatile components measured~ in
élcohol—basis conversion. Accordingly, other volatile
substances than alcohol, e.g., the acetic acid, the propionic
acid, the residual monomer (acrylic acid) may also be detected

as the alcohol volatile substance.

The inventors of the present invention have studied the
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havi ng a new performance that has never been achieved

by the conventional agents. That is, the particul ate
wowioe03=bsor bi ng agent of the present inventi oPCT/$P2005/018073

desi gned/ made based on the five specific physical

properties in accordance with new findings (( |)a

desi redsurface-cross-1inki ngSQgent, desires physi cal

property, and allowable | evel of odor are

inconpatible, 2 ) a desired average particle dianeter
dgedatianiabreperbintior GNsmBloe par the diaFe o1 dcodorant

i nconpati ble, 3) the five physical properties are

aigepd) t@htheavtedes - Absotrbe ntat esimdsn trmmabgphing egeant) as
s an absorbent structure of disposal diaper or the

itd kadditibe g1r éaanttiony et dofo tius gm ounindepected fact that a
practically ideal particul ate absorbent structure

v edueth st shyi Psirheitidelt seaeirbitesphysiltatacteristic odor
properties. The particul ate wat er-absorbi ng agent .

altif Stsx»@h%ﬁ?bsﬁmbﬂg BGRN b AGEOT L NYatly t BRREASSAL the

I nvention contains, as a main conponent, a parti cul ate

BSHPIRELGERG, gtal e gty Sab: ALK Bocd as <

St a e surtace- i'nki ng agent
[ or ms, est er ,bon j t b I , Lh .
el SRR S Sl Wb el iRy o
.condi tions: | trjf tenti [ CRC
AT G TR iy L o ST

than 279/ 9; (b) an absorbency agai nst pressure (AAP)
wéatelr-gdrsothent resin, and the deodorant property when the

resin is used as disposal diaper or the like, and found that
the odor of the water-absorbent resin and the deodorant
property when the resin is used as disposal diaper are highly
related to the atmosphere concentration, which is detected by
an alcohol detection tube. The inventor studied this new
parameter, and found its critical range, thereby completing
the present invention.

The content of the (f) alcohol volatile substgnce of the
particulate water-absorbing agent of the present invention is
generally 0-10ppm, preferably 0-8ppm, more preferably
0-5ppm, further preferably Oppm (undetectable). When the
éontent falls outside this range, the volatilization of odorant
increases, and the effect of the present invention is not
ensured.

[Absorption capacity]

The inventors of the present invention found that, in the
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t he physi ol ogi cal saline solution being not |ess than

209/ g; (c) a nmass average particle dianeter (D50)
whein®3R00D- 450 nm (d) an anount of particl es BOEIP005/018073

than 150mmin the particul ate water-absorbi ng agent

being 0-5 % by mass; (e) a logarithm c standard

deviation (s ) of particl e "sPPedi stribution bej ng

0.20-0.40; and (f) a content of an al cohol volatile

substance evaporated fromthe particul ate

opareantisnibi ng ARIRIBEISg 0- 22EPPm  t hdNnt entpreferable

bei ng neasured by a gas detecting tube as an ) )

satrfesphereseolindrimatdagent Thbef sirbew g lvigre agent inducing

specifically explains the particul ate wat er-absor bi ng

eagent wéntihewptlesent cambentylongréb¢phohevollasinesl physical

subst ance] The al cohol volatile substance designhates

G CE] (}@igﬁ%@@ﬁb@ﬁ@@eagaahis@n%ﬁe@surred Ibieta gastrifuge
detector) of an al cohol volatile substance detected by

M@n@@ﬁ%&%’%@it%t@ﬁ defd rad bﬂdi‘@@é’@ﬂ@?én@fﬁ)fbbérty) are

specificati and particularly designates a volatile

i?n%ﬁgﬁ%{ﬁbf@azg‘ﬁ% ?%V%?lt%lrgp@ﬁ%tﬂgi‘eﬁ%%%a tﬂgﬁft (Frercoming

gas ection tube in particu
xpl ai ne t he al cohol vol atjl e substance, desi tesy:
t@’dgatﬁ)?% J:%‘?Ppoﬁgﬁﬁg?rﬁasaur AT aﬁ% ° %ﬁeorrt dg?gfgﬂ?on(%@posal
tub . .
c}iillj?doee%q-,E?rg,tc)loggls%rrlisrllgb%iahnghg%qglal %arsogg}tel(e:tsl. on tube,

More specifically, the (a) centrifuge retention capacity
(CRC) for the physiological saline solution of the particulate
Water—absorbing agent according to the present invention is
generally not less than 27g/g, preferably not less than 28g/g,
not less than 29g/g, not less than 30g/g, not less than 33g/g,
or not less than 36g/g. When the centrifuge retention
capacity is less than 27g/g, the high physical properties of
the resin may not be ensured when used as disposal diaper or
the like. The upper limit of the CRC is not limited, but when
the value exceeds 60g/g, there may be some difficulties in
manufacturing and may increase the cost.

The (b) absorbency against pressure (AAP) of‘ the
f)articulate water-absorbing agent of the present invention
under 4.8kPa is generally not less than 20g/g, preferébly not
less than 22g/g, more preferably not less than 24g/g, further
preferably not less than 26g/g. When the absorbency

against pressure is less than 20g/g, the high physical
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it does not necessarily nmeans al cohol. That is, it

i ndi cates a gross anount of volatile conponents
wore@s08Bd7 i n al cohol - basi s conversi on. Accor di Pgl/§p2005/018073

ot her vol atil e substances than al cohol, e.g. , the

acetic acid, the propionic acid, the residual nonomer

(acrylic acid) nmay al so be dBtlect ed as the al cohol

vol ati | e substance. The inventors of the present

i nvention have studied thedeodorant pr 0£ert gor

rocpertdesppit fBeusesin dBaForapt BEeSD)SWe¢h&rhen used as

wat er - absor bent resin (water-absorbing agent) as its_ -

diddigsaindiapancer éine bike.f olblde aappesxiiseited! fidxa AhBtis not

a wat er-absorbent resin itself generates a

l¢hetadt dustwheadtheafdbie smddddy 3 5] gh thaschpemy be some
actual ly decreasing the deodorant property of the

@Tsitigs agenia mgactaeth @asaadpiedudhcsealseashe cost.
di sposal diaper. Fromthis viewpoint, the inventors

carri[q%blqyélg g;i@qi_sﬁﬁml%ﬂpn of odor of the

wat er-absorbent resin, and the deodorant property when

the gﬁﬁtﬁgﬁflgthﬁe d%ﬁtf&?pt%s"%hed'%@%%riﬁ%r sh'??aEE_K@ro§§glinking

foun e odor of the water-absorbent resin an
HEpte o0 SR RAIS R LG TR eb BB cpdors the
ot eataion 4 sk, (oM henoreSd BariRle. fagmeter and the
paranmeter, and found its critical_ range, thereby_ .
dumpteideng patdighes @mouikentdlonth¢heWadstepP serrhipg agent
(f) alcohol volatile substance of the
(water-absorbent resin) as important factors for a water
absorbent article (such as disposal diaper) ensuring high
physical properties. Then, in studying these factors, the
inventors found that the average particle diameter and the
dust-size particle amount are also incompatible, and
overcoming this problem achieves a water absorbent article
(such as water diaper) ensuring high physical properties.
Speci'fically, in the particulate Water—absorbing agent of
the present invention, the (c) mass average particle diameter
(D50) is generally 200-450pm, preferably 220-430pm, more
preferably 250-400pm. Further, the particulate
x;vater—absorbing agent of the present invention contains
particles less than 150um in an amount of 0-5 % by mass,
preferably 0-3 % by mass, more preferably 0-1 % by mass.

Furthermore, the (e) logarithmic standard deviation (o{) of

particle size distribution is generally set to 0.20-0.40,
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particul at e wat er - absor bi ng agent of the present
invention is generally 0-1QCppm preferably 0-8ppm

worae/opsef er abl y 0-5ppm further preferably Opp@T/JP2005/018073

(undetectable) . Wien the content falls outside this
range, the volatilization of odorant increases, and
the effect of the present imPéntion is not ensured.
[ Absorption capacity] The inventors of the present
invention found that, in theconventional absorblng

ragdarablyiel 5 @1 @) meiefpreicreddy. Pi ARrAg3agent (t he

cross-linking agent inducing ester bond with a

car bBattigtoupize tdistddsitiah ply sidpalsirdpest fedo@wrs.gh First
absor bency agai nst pressure, high centrifuge retention

tbapasaiticeés. are prdcekseaddn todeodosrtinprsiper bhy)foace being
i nconpatible. The inventors further found that

AYBJSAEY i sFfellcedrosaalieskin gat e @bsgiant after the
article (disposal diaper etc.) ensuring high phy5| cal

AL PRI Ic8S s VPR SREC f'tﬁ%' | y atrrt‘ﬁ:l@:@,) CEpLT fé‘lﬂ%}]ected to

retentlon capaC|t e physi ol ogi cal I ne

tﬂ%r'&%’ﬂla to ?ﬁ%@%“‘lbﬁ‘%ﬁv 5 RERHBLRR,,  thereby

resen ener a

SESRE S e {:@@tﬁm b555. SRS, Then ene

33/ , or not less tha . V\hen the centri Ig
perts ¢ oRlzsagadls yongsi stl'l‘?laﬁal.?gﬁﬁg hehpagtyplar effect of

physi cal properties of the resin may not be ensured
thherpuseent indinpesnlisdinageengrure when the resin is used

as an absorbent product, such as disposal diaper.

[Content of residual ethylene glycol]

The content (determined by HPLC) of the residual
ethylene glycol in the particulate water-absorbing agent of the
present invention is generally 0-40ppm, preferably 0-30ppm,
more  preferably 0-20ppm, further preferably Oppm
(undetectable). When the content falls outside this range, it
may resulf in not only odor but also some kind of harm to
human body.

The inventors of the present invention found a fact that
ethylene glycol is detected even from a water-absorbent resin
ﬁot using ethylene glycol as a monomer or as a cross-linking
agent, and also found a safety problem in connection with the
ethylene glycol. Then, the inventors examined the origin of
the ethylene glycol, and found that the detected ethylene

glycol is impurity, or, in many cases, decomposition product
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the like. The upper Iimt of the CRCis not limted,
but when the val ue exceeds 60g/ g, there may be sone

waldobiogadlt i es i n manufacturing and nay i ncr easeCT/ne2005/018073

cost. The (b) absorbency agai nst pressure (AAP) of the
particul at e wat er - absor bi ng agent of the present

i nvention under 4 .8kPa is —g@%er ally not less than

209/ g, preferably not |ess than 22g/g, nore

preferably not |ess than 24g/g, further preferably not )
ofesthehapuzéary. mﬁstmgeagso\ﬂﬁéﬁ]cyfagai e prawsymeaterial
is less than 20g/ g the hi gh physical properties of the
(pesticukrlyot dibyvdaser eglyheln dseivaisivdi, sposelh disapethylene
or the Iike. The upper Iimt of the AAP is not

dairBdiedlte buotr Whelydiherlealdiegbxesigds 3Bghgciabigrne ifaglkylene
be sonme difficulties in manufacturing and nmay increase

dhe sRate [(B%E”Hcclhl%tﬂiy;ee@h%ﬂéh@t&é)ﬁﬂ)oﬁwt%meﬁs iwsed as a
addition to the specitic surface-cross-I|inking agent,

saﬂefa%%‘a—‘ﬁcirt)is‘ﬁs—gi}%'%iiurg%l ?%E‘Pﬁeréé egsand e dNe the phdysical

|Rve3tors al's e average particle dianeter an

t he dust-size. ¢l e t . er - r hi

SR B RS R P Gty Sl g BrBsure or
wat er absorbent article uch as di sposal _di,aper

R b RGO, AEIRAL BIE SR 1ods SRERSSRryetiiHag, o laree

these factors, the inventors found that the average .

gyt eofii areserliakdngha gt - anfh rtREI% ahsud reaction

are also inconpatible, and overconing this problem
podtevesah higler temgmmedatrear t iThes, even when no ethylene

glycol is used for the raw material, or even when alkylene
carbonate such as ethylene carbonate is completely free from
ethylene glycol or ethylene glycol impurity, the
water-absorbent resin completed as a commodity contain
ethylene glycol as a by-product.

In view of this, the particulate water-absorbing agent of
the present invention is preferably manufactured as follows.
First, the water-absorbent resin is prepared without using
ethylene glycol, and also the ethylene glycol or ethylene glycol
impurity contained in the ethylene carbonate or polyethylene
glycol are reduced (until the purity becomes 98% or greéter,
ioreferably 99% or greater, more preferably 99.9% or greater).
Then, when the water-absorbent resin is processed to be a
product, the ethylene glycol by-product is removed, .more
preferably washed or evaporated. To be more specific, the

resin is exposed to airflow at a temperature of 60°C or at a
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(such as water diaper) ensuring high physical
properties. Specifically, in the particulate

wowioe03=bsor bi ng agent of the present inventi oPCT/g#2805/018073
(c) mass average particle dianeter (D50) is generally
200-450 mm preferably 220-430 mm nore preferably

- 250~400mm Further, the part@ﬂ'ul at e wat er - absor bi ng
agent of the present invention contains particles |ess
than 150mmin an amount of 0-5 % by nass, preferably

higb ey tgmmeAtUit-e preferably 0-1 % by nass.
Furthernore, the (e) logarithm c standard devi ation
(sz) Iof thas twelye Bieepistnt dumvicontion ghoes a1 oy arly tansure
0. 20-0. 40, preferably 0.20-0.38, nore preferably 0.20-0

high pRafitico thiezeadi shatbritdlosoi asad) wsdetcasthe content of
follows. First the particles are processed into a

eGBliahR glypeobaiond PYNTisubhestwdtep-absorbing agent, but
surface-cross-linking, and then, after the :

aSIQF)f AsRroae- thkifnghihe B?rbgcb%§d§,{@c BicatyEdnled glycol
pul'verizing, classification, and aggl onerati on,

BBt BLFURERE PR CLEPRL FELLR B aAe ol ghiy-pure
B3, GBS oL R BUEPAHBYBAMAR P which s

product, such as di sposal diaper. [Content of residual
Séﬂwt@a‘éwghlycér?eTﬁég%nPégﬁga& eélr}icrﬂeld Y ﬂb’f}@iew glycol

the residual ethylene glycol in the particulate
inmpuritiesor bi ndheyematsr s qrleerht 1eRignt idn tBe present
general ly 0-40ppm preferably 0-30ppm

invention therefore has a high physical property.

The particulate water-absorbing agent (second
water-absorbing agent) according to the present invention
contains, as a main component, a particulate polycarboxylic
acid water-absorbent resin having a surface cross-linked by a
surface—cross—linking agent  which contains alkylene
carbonate and forms ester bond with a carboxyl group, the
particulaté water-absorbing agent satisfying 4 following
conditions:

(a) a centrifuge retention capacity (CRC) for a
physiological saline solution being not less than 27g/g;

' (b) an absorbency against pressure (AAP) of 4.8kPa for
the physiological saline solution being not less than 20g/g;

(c) a mass average particle diameter (D50) being
200-450pum;

(d) an amount of particles smaller than 150pm in the
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more preferably O0-20ppm further preferably Qopm
(undetectable) . When the content falls outside this

WO 209033471 may result in not only odor but al SBCEHOIFM05/018073

kind of harmto hunman body. The inventors of the
present invention found a fact that ethylene glycol is
detected even from a water-aBSorbent resin not using
et hyl ene gl ycol as a nononer or as a cross-linking
agent, and also found a safety problemin connection
panticthatetwmatenabsgrbing mrent thringem 0 PEBASHed
the origin of the ethylene glycol, and found that the
det edeph etdgd Bnbngly ctlaridardpdevigtioor | (olh elmarticle size
cases, deconposition productof the surface cross-agent
disedibatid e ¢iavg MLY-0aK Q;pand cul arly, ethylene
gl ycol derivative, such as ethylene carbonate or
pol yqtgljlyée@@n@bﬁ%opetex&ﬁmgaabwHPL@;I kylengidual ethylene
carbonate (particularly, ethylene carbonate) is used

sutfac 0SS5 +4:nki ag AEr e hepei
B el o aas Oy T e SR bRy - beine

(z_@@é Elﬁessure or absorbency agai nst pressure) , it is
eces?® y to use a large amount of cross-1linking agent

el Bf arifodils WEVER SRERTRESEL rREERE grydraRly further
SoRaeien o Dok e Sl el o Sypstance of
free fromethylene glycol or ethylene glycol inpurity, .
@hEOppmey - sbsesliest tlesi phowrirét @rarcrtiesntbdi tthrough (j)
lgglr:)tvsl, r;11“.1d contains the additives below.

The inventors of the present invention found that, when
a water-absorbent resin is subjected to surface-cross-linking
using alkylene carbonate (particularly, ethylene carbonate) as
a surface cross-linking agent so as to increase the physical
property (particularly, liquid-permeability under pressure or
absorbency against pressure), the resulting water-absorbent
resin prod'uct contains ethylene glycol as a by-product even
when no ethylene glycol is used for the raw material, or even
when alkylene carbonate such as ethylene carbonate is
completely free from ethylene glycol or ethylene glycol
impurity. Conventionally, the by-product ethylene glycol
causes various problems such as a safety problem, but the
present invention provides a new absorbing agent immune to

such problems.

A manufacturing method of the particulate
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et hyl ene glycol as a by-product. In view of this, the
particul ate wat er-absorbi ng agent of the present
WO pwefsi4son i s preferably manufactured as fol | on&T/JP2005/018073
First, the water-absorbent resin is prepared w thout
usi ng ethylene glycol, and also the ethylene glycol or
et hyl ene gl ycol inpurity conf&ined in the et hyl ene
carbonate or polyethylene glycol are reduced (until
the purity becones 98% or greater, preferably 99% or )
v kett-@b sarRia S alemdb| §c00rding, tgy ellier PrespRfy, invention
when the wat er-absorbent resin is processed to be a
copmgutscs tthee stbplsent gl ycol by-product is renoved,
.nmore preferably washed or evaporated. To be nore
speci(f)i subfecties nahs axxpesead tswlaitibhowhtan unsaturated
tenperature of 60 C or at ahigher tenperature. In this
MBYrorhBe, PrEESEh | CyRBAINE doendinettyatived eakirghic acid
purity of the raw material so a s to reduce the

a&?{i‘&g?t ofjtgt hyl gner gl yeQd ingthe pagfn cul dd®mponent, . to
wat er - absor bi ng agent, but al so overcone the problem

cg?ésb —;ﬁhggﬁgfry&fer%m%ene ghycol whi Chgkés@h%%uceda?f an

_ esin nade of a highly-pure raw nateri
FERRARIaL e SURUASRS, SRS APLED BRyRtfee Ui Yinkcea
impurities. The water-absorbent resin of the present
RPe¥EREroN t herefore has a hi gh physical property. The
parti cul at e wat er - absor bi ng agent (second ) )

Wat erligbsbrting toentrosschinkieg @oloHBEpr csadt adjusting a
];I)g;/te;rc]:tlle osnize distribution of the cross—linkéd polymer, so as to
obtain a water-absorbent resin satisfying following
conditions:

(a) a centrifuge retention capacity (CRC) for a
physiological saline solution being not less than 30g/g;

(b) a mass average particle diameter (DS50) being
200-450nm;

(c) an amount of particles smaller than 150um in the
particulate water-absorbent resin being 0-8 % by mass;

(d) a logarithmic standard deviation (og) of particle size
distribution being 0.20-0.50;
| (iii) heating a vicinity of a surface of the water-absorbent
resin after adding a cross-linking agent forming ester bond;
and

(iv) exposing the water-absorbent resin during or after

the heating to airflow at or higher than 60°C.
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contains, a s a nmain conponent, a particulate
pol ycar boxyl i c acid water-absorbent resin having a

W@ 0basR7Tr oss- 1 i nked by a surface-cross-|inki PQr/aRpeot/018073

whi ch contai ns al kyl ene carbonate and forns ester bond

wi th a carboxyl group, the particul ate water-absorbing
agent satisfying fol | owi ng tbddrtions: (a) a

centrifuge retention capacity (CRC) for a

physi ol ogi cal saline solution being not |ess than .

279/ gFhebm amuine ba vang ymeghiok tpiglesahly vass ?Bfartlcularly
4. 8kPa for the physiological saline solution being not
floesshehaac@oy/ wgtqrepbes s g veayy pastirtfecdezmesdinking
(D50) being 200-450 nm (d) an anmount of particles

ageht erviilein to@rmihe tdbpakticutarbowmatter -ahsorfuimgs ester
agent being 0-5 % by nmass; (e) a logarithmc standard
wieM@gati on (sx) of particle size distribution being
0.20-0.40; and (g) a content (determ ned by HPLC) .of

resi 6%) et ylgag 9l }é?,%{ra{&etrli@ti%%”i Qi atghe particulate
ab's t

wat er - or bi ng agen ei ng 0-40ppm The second

VAL ABE0LR Y RREt Y EERtr ent ArM R IBhL T ance o
0- | m satisfi es theE physi cal properties (h)
t hr ougHe {9 ApePBWOBAAont ai ns the additives bel ow.

The inventors of the present .invention found tha
when The particulate IC27vater—ab'sorbmg agenr]c op El’le present

invention further contains, in addition to the water-absorbent
resin (main component), an alcohol compound (except for
ethylene glycol) selected from: aminoalcohol, alkylene
carbonate, and multivalent alcohol. Note that, since
alkylene carbonate is an alcohol derivate (for example,
ethylene carbonate is derived from ethylene glycol and carbon
dioxide), the definition of alcohol compound of the present
invention includes alkylene carbonate regardless of whether
or not it contains a hydroxyl group.

Addition of the alcoholic compound improves fixation of
the adsorbing agent into the disposal diaper or the like,
prevents dust issue of fine particles included in the absorbing
égent, and improves absorption rate. The content of the
alcoholic compound is generally 10-10000ppm, preferably
20-5000ppm, more preferably 30-3000ppm, with respect to
the whole weight of the water-absorbent resin. The alcoholic

compound is added separately, or may otherwise be added as
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a wat er-absorbent resin is subjected to
surface-cross-1inking using al kyl ene carbonate

w@ pasisxat arl y, ethyl ene carbonate) as a surf aB€r/JP2005/018073

cross-linking agent so as to increase the physical

property (particularly, liquid-pernmeability under

pressure or absorbency agaimn®® pressure), the

resul ti ng water-absorbent resin product contains

et hyl ene glycol_ as a by-product even when no ethyl ene
aglspufiecies cuosd - Hoking agan avdricht isoleféyancofigin amount.
al kyl ene carbonate such as ethyl ene carbonate is

Homgwerel it fsikkeufdoieetihytehetighycotveon eheylceomepound falls
gl ycol inmpurity. Conventionally, the by-product

weithilre i@ eglrnedie,C ams ek oy dives cpidklampoatsidastlee foregoing
safety problem but the present invention provides a
Hé%’{‘gélb@pr Bifng1 @0t VIMIR: 1 BYEAnREOBh £fBcadise odor when
manuf act'uri ng net hod of the particul at ewat er - absor bi ng

t?%en}eéfﬁorﬂ%mcé@s 1 ReePr &390 eh NVERELBR FOMRRieSeSohf8nt of
S (1) s f

eps o ubj ecting an aqueous sol ution of an

nsat ur at ed nQ .ch.co j - trald :
AT Ve Ra TNt RLEo 1 PLENR R i (e Feegoing
to cross-link-polynmerizing in a presence of an
L&t 8fnal -cross-1inking agent, so as to obtain a
cross-|inked polyner; (ii) drying the cross-Iinked
pol ynidrhirghgozapase™d a particle size distribution of
the cross-linked polynmer, so as to

The particulate” water-absorbing agent of the present

invention further contains, in addition to the water-absorbent
resin (main component), a trace component selected from:
chelating agent, deodorant agent, multivalent metallic salt,
and inorganic particles.

[Surface cross-linking agent]

The foregoing surface-cross-linking agent forming ester
bond is preferably constituted of at least one compound
selected  from the group consisting of:  glycerin,
1,3-propanediol, ethylene carbonate, 3-ethyl-3-hydroxyl
methyl oxetane and ethanol amine. The higher purity the
better, specifically, it is preferably not less than 93%, more
breferably not les than 95%, further preferably not less than
97%.

[Sulfuric volatile substance]

The (h) content (mass quantity, also expressed as

atmosphere concentration measured by a gas detector
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obtain a water-absorbent resin satisfying follow ng
conditions: (a) a centrifuge retention capacity (CRC

wo evoea3yhysi ol ogi cal saline solution bei ng not PCEIER005/018073

than 3Qg/ g; (b) a nass average particle dianeter

(D50) being 200-450 mm (c) an anmount of particles

smal | er than 150mmin the paPficul ate water-absorbent

resin being 0-8 % by mass; (d) a l|ogarithm c standard
deviation (sz) of particle size distribution being i
(defmed 5oin (i the hemsaificatipa)hi t9f ofthe suywHegiss volatile
t he wat er-absorbent resin after adding a cross-I|inking
sagesitafoeniisg gsteralynd)- BOPpory) peﬁg@sﬁthbvt ReSppm, more

. wat er-absorbent resin during or after the heating to

pigfekawlat 0op ppirghefutiteer GirEeFadlynduDadpprnngstill further
nmet hod preferably uses (particularly for the second

prRifela ®1§ o0 B (Iaﬂ@@éie@t%rd‘)ace- cross-linking agent
whi ch contal ns al kyl ene carbonate and forns ester .

bond.py 46 ) XY &Paéafﬁ iicSty Snit9fe t BELRABH ! Ridre than
wat er’-'absor bi ng agent (0] t he pr esent | nventl on.

d. i .er - .hi .
LSRN ARSI TIPSO AL LT 2098 BRcrcane in

ddi,tion h - . . .
eodorantt Op%ore)e\{l%tr.er AP besrﬁlfurlc volatile substance 1is

assumably derived from decomposition product or impurities
of the volatile sulfuric compound (e.g., persulfate, bisulfite),
which is the raw material of the water-absorbing agent.
Therefore, the problem will be solved by completely excluding
the sulfuric volatile substance from the absorbing agent, or
by reducing the impurities of sulfuric volatile substance (until
the purity becomes 99.99% or greater, for examﬁle).

[Residual monomer]

(i) A total amount (determined by HPLC) of acrylic acid,
acetic acid and propionic acid of the particulate
water-absorbing agent of the present invention is 0-1000ppm,
preferably 0-500ppm, more preferably 0-300ppm, further
preferably 0-200ppm, particularly preferably 0-100ppm. A
c.ontent more than 500ppm is not desired, as it critically
decreases the deodorant property. In view of this, the
polymerization is preferably performed by using the foregoing
highly-pure acrylic acid, for example.

[White Index]
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resin (main conponent) , an al cohol conpound (except
for ethylene glycol) selected from am noal cohol,

wa@bdogloarae7 car bonat e, and mul tival ent al cohol . MNot/@P2005/018073

that, since al kyl ene carbonate is an al cohol derivate

(for exanple, ethylene carbonate is derived from

et hyl ene gl ycol and carbon-di®xi de), the definition of

al cohol conpound of the present invention includes

al kyl ene carbonate regardl ess of whether or not it )
cont dhes @) hydvisgy ingrezupf Adw tPartistulate ayabppiaksorbing
conpound i nproves fixation of the adsorbing agent into
aigem tiofpobal pdiemsart dnviehgibinkds preresssddlaY asbaminance
of fine particles included in the absorbing agent, and
ihdexkoYesnabsbirpirhanicaees ithticeanteandb,thd alcndated by a
conpound is generally 10- | OOOQprm preferably

1291300 0o IdPi i@ & .Pr ef@ifabh 130130 QppAin Ahick iedpes. €t is 80
to the whole wei ght of the water-absorbent resin..The

og'lt %PQQ{&C %gfga)tg ngdy i added, $&Ras alehs, Rlor@preferably L is

.eva! sée f dded a sa surface-cross-I'i nki ng agent,

ich is t cert ay . ver:.itashquld b
q\g]bt%ﬁ g%ea%t:eerév@ %ﬁé%%ﬂ%gllj%%f’a%%\?wst }1? n—%h28r%‘%effurther
an excessive copntent (outside.the forgegoing fan f
rreigra E%Ii/\}ﬁlggi Pk EHHFLINE e $8u§g rbmgﬁ tt(ohé)o‘
resin particles are swoll en;. therefore tge content of

al coheybithe Mehitmdngdese Afsthe eFatsbr§PRPLRLAL pgent falls

foregoing range. [Third conponent] ) .
outside the foregoing range, the agent will be not suitable for

an absorbent article product such as paper diaper,
particularly when used with high content. In this view, it is
preferable that the polymerization is carried out with
highly-pure acrylic acid.

[600-150pm particles]

Further, the particulate water-absorbing agent of the
present invention preferably has a bulk density (regulated by
JIS K—3362) of 0.‘40—0.90g/m1, more preferably 0.50'-0.80g/m1.

Further, it is also preferable that the percentage of
600-150um particles is 80-100%, more preferably 85-100%,
further preferably 90-100% by mass with respect to the whole
ﬁarticle quantity. The water-absorbing agent not satisfying
this range is not suitable as a water absorbent article product
(e.g., disposal diaper), and has a poor deodorant property.
In this view, the present invention performs the foregoing

adjustment in particle size distribution before the
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The particul ate water-absorbing agent of the present
invention further contains, in addition to the

wowioe/03=bsor bent resin (nmain conponent), a traP€T/JP2005/018073

conmponent sel ected from chelating agent, deodorant
agent, multivalent netallic salt, and inorganic
particles. [Surface cross-I1 MK ng agent] The foregoi ng
surface-cross-linking agent formng ester bond is
preferably constituted of at |east one conpound, | .
sselrf@@tee@rpsmhm@rm,ouparednsagglﬂgl%alfat@ryr?)c@ﬁ%ﬁlflcatlon of
1, 3-propanedi ol , ethyl ene carbonate,

Paetihld eFtoy dhexplunfeckytrosetdndkiagd et hanol ani ne.
The higher purity the better, specifically, it is

pr ef gvaltgxnabsloesgidhara®3% nore preferably not |es
than 95% further preferably not |less than 97%

[ Sul fpi & C a BRI ti8ns UkteargekhEh {RicutatenvAteesabsorbing
quantity, al so expressed as atnosphere concentrati.on

J'%éﬁ‘c”gfj e 2p@as I8t 6aRH1d6hH 18d JrefEPEbly in a range of,
S f)) oF su}és

eC|f||cat|oonI the sulfuric volatile tance is

nerall y. 0- O ; . .

Vf%?lee hr%%i’vef& Z%Er%%'?iﬁ%?r%?é%g%%ﬁ#"@”k%?é%%ﬂ] phygiplogical
Al d ,

ATIBG ST 0r PPt PLabe  HIED RO S THRACE OB S Shgferably

referable, as it results |n critic decreasge in
ﬁe’é@oﬁ&ﬁprﬁ%’pé]ﬁ%ﬁheﬁhep%@{efrﬁilé’ Vo120 i PECOTS S -anc W hen the

absorption rate exceeds 60 seconds, the particulate
water-absorbing agent or the water-absorbent resin may not
have sufficient absorption ability when used as an absorbent
structure of disposal diaper or the like.

[Amount of extractables, increased extractables by
deterioration, and increased ratio of extractables by
deterioration]

The amount of extractables per hour in the particulate
Water-abso'rbing agent of the present invention must be not
more than 40 % by mass, preferably 0.1-30 % by mass, more
preferably 0.2-25 % by mass, further preferably 0.3-20 % by
mass, particularly preferable 0.4-15 % by mass, most
ﬁreferably 0.5-10 % by mass. When the amount of
extractables exceeds the foregoing range, the extractables are
dissolved into the absorbent structure when . the
water-absorbing agent absorbs water. This may block

diffusion of the liquid (blood, urine) into the absorbent



10

15

20

25

assumably derived from deconposition product or
inpurities of the volatile sulfuric conpound (e.g

w@eoosioBf4at e, bisulfite) , which is the faw mat BET/ab20a5018073

t he wat er - absorbi ng agent. Therefore, the problemw |

be sol ved by conpletely excluding the sulfuric

vol atil e substance from the dBsorbi ng agent, or by

reducing the inpurities of sulfuric volatile subst ance
(until the purity beconmes 99.99% or, greater

strarpiiue..  [AResteubhenbagiear limis, Attb aqllfémw to create a
(determ ned by HPLC) of acrylic acid, acetic acid and

weopi embsoabinigoagemd peithiiculeat eauambkbsmm mange if the
agent of the present invention is 0- |

o etenallfysOlwblppmatter daprebelabt yhe- ﬂﬂ(ﬂglmng lotvear limit.
preferably 0-200ppm particularly preferably 0- |

OOppnThA CPE Lk s 88! eckbfdlc BOPRIM itsy NnaletdasbEadio®s in  the
it critically decreases the deodorant property. In

% c‘i’,{l gg %a%qeaB%ldﬂmhlgz% it iot PREf prabknt invention is
ornmed by u3|ng the foregoi ng highly-pure acrylic

d
BEkEal IR AL A 05, L1 o
R GRA a8 ol Boce v B EUGHIS oL S B 05 % by
Hunt er col ori rreter Preferabl y, the Iurtrjlénan e | dex

MASD or Wi ethey jncrenseds exfigchay er1orat1on

nore preferably L is 83 or qreater ais -2. 5 to 2 5,
andepdiss15 % thy 1@assurstedility of water-absorbent resin with

respect to urine becomes insufficient, and the structure of
resin as a cross-linked polymer will deteriorate after a certain
time period. This may excessively decrease the absorption
ability of the resin.

The increased ratio of extractables by deterioration in
the particulate water-absorbing agent of the present invention
is generally 1-4 times, preferably 1-2 times, more preferably
1-1.5 times. When the increased ratio of extractables by
deterioration exceeds the upper limit (4 times), stability of
water-absorbent resin with respect to urine becomes
insufficient, and the structure of resin as a cross-linked
i)olymer will deteriorate after a certain time period. This
may excessively decrease the absorption ability of the resin.
The measurement methods for these parameters are described
in Japanese Unexamined Patent Publication Tokugan

2004-96083.
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preferably L is 85 or greater, ais -2 to 2, and b is
O to 10. When the white i ndex of the water-absorbing

wag®aw3fat | s out side the foregoi ng range, the BOEM2005/018073

will be not suitable for an absorbent article product

such as paper diaper, particularly when used with high
content. In this view, it is7/greferable that the

pol ymerization is carried out with highly-pure acrylic

acid. [600- 150mm particles] Further, the particul ate

wat er(ldhsAlsiordpeqfestraftune @néséﬁlsquhﬁgh{)laé”ﬁlc le
preferably has a bulk density (regulated by JIS

K- 336Pheofushgd- Of . 90/ pairtiowiatepreatentdysorbing agent of
O 50-0.80g/ M. Further, it is also preferable that the

SOYEt @ﬁv@@ﬁhoﬁSiHnmqlaptdtﬁi@ﬁléxﬁlyBG)}mim% hwwever, the
pre erably 85- 100% further preferably 90- 100% by

PREB bRl SpRRGL- aﬂ@sdﬂ&ﬂ@ohgeﬁﬂﬂisci;ﬁefﬂélﬁ@bli yuskhe as an

wat er - absor bi ng agent not Ssatrsfyi ng his range is not

ac“HéB?JBE a§t13u¥‘?tﬁie %8{ hendoAht 5‘ %rﬂE?QUCtTE% ?ar’tlculate

gsa ) has a poor orant proper

this vie e e ti rfo f1:
PRETO RS AT i i —
ErRSeIalEatPoR. Drebarorira i gP o] T él"ﬁ‘éle diaper
surface-cross- Ilnklng [ Vort ex absorption rate] .
sheet RoBFamite [aT2¢ et Qfl Wteetewa@bﬁpamtbrﬁam), which

agent of the present invention is preferabl{ in a
hasgeonfventionally been having the odor problem

The absorbent structure of the present invention is made
of the foregoing particulate water-absorbing agent. It should
be noted that an absorbent structure according to the present
invention means an absorbing raw material (in the form of a
sheet etc.) constituted of the particulate water-absorbing
agent and, if‘ required, a hydrophilic fiber. If the hydrophilic
fiber is not used, the particul‘ate water-absorbing agent is
fixed on a éheet or a nonwoven fabric.

The absorbent structure of the present invention
contains a large amount (high core content) of particulate
water-absorbing agent with respect to the total amount of the
ﬁarticulate water-absorbing agent and the hydrophilic fiber,
that is 30-100 % by mass, preferably 40-100 % by mass, more
preferably 50-100 % by mass, further preferably 60-100 % by
mass, particularly preferable 70-100 % by mass. The

absorbent structure is formed in a compressed body, which is
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when defined as a Vortex absorption rate for
physi ol ogi cal saline solution, not nore than 60
W@ ewe/0s®;77 nore preferably 1-55 seconds, furthePCT/JP2005/018073
preferably 2-50 seconds. \When the absorption rate
exceeds 60 seconds, the particul ate water-absorbing
agent or the water-absorbent7ffesin may not have
sufficient absorption ability when used as an
absorbent structure of disposal diaper or the |iKke.

Of. @Fp Onb Ogf/ axxfr tiet dpheity iardeded COQZ ARV ABNReHasic weight.
deterioration, and increased ratio of extractables by

Tiet efiberatised ZFse sarvast ohvextraeradl esigierbaolnydrophilic
the particul ate water-absorbing agent of the present

finwrents@ehnusds becrasheer e whad 40 0dpy ness, cotton linter,
preferably 0.1-30 % by nmass, nore preferably 0.2-25 %

ch¥ sHBEh k&G thenups &é erably, Ordydh ,% byttmss, wool, acetate,
particularly preferable 0.4- 15 % by mass, nost .

v&@?ﬁgﬁab%%.o' 5- 'f‘ﬁg% Q%%n%%rh'&ﬂ@uh%tef Ofhe present

ract abl'és exceeds the foregoi ng range, t

iEF ool aR e BRL7 ke A Bl TRAE PG, ippgn air-laid

water. This may bl ock diffusion of the |iquid (bl ood,
BAPAST-i nto the absorbentstructure. As to the | ower

agen(Tai B AHACAIEGWRG GBeOTRATe PIUCIE GUntdt Brosent
soluble matter falls below the foregoing lower limt.
ifiveritiongastbeexfitzet alaw bmatewrialor anidn fhe t hparticulate
water-absorbing agent are first blended or overlaid to be an
absorbent structure (core). The core is then sandwiched
between a liquid-permeable base raw material (top sheet) and
a liquid-impermeable base raw material (back sheet). If
necessary, the absorbent article is further provided with an
elastic member, a diffusion layer, an adhesive tape etc. to be
completed as an absorbent article, that is used for baby
disposal di'aper, adult disposal diaper, or a sanitary napkin.
The particulate water-absorbing agent of the present
invention has an excellent absorbing ability. The absorbing
agent may be used for absorbent articles of various sanitary
broducts such as baby disposal diaper, adult disposal diaper,
baby diaper, sanitary napkin, incontinence pad etc. It
however should be noted that the present invention is not

limited to those. The particulate water-absorbing agent of

the present invention contained in the water absorbent article
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particul ate water-absorbing agent of the present
invention is generally 0- 15 %y nass, preferably 0-10

wOelwg/08@E3s, further preferably 0-8 % by mass, PCT/JP2005/018073

particularly preferably 0-5 % by mass. Wen the

i ncreased extractabl es by deterioration exceeds 15 %

by mass, stability of water-#&Bsorbent resin with

respect to urine becomes insufficient, and the

structure of resin as a cross-linked polynmer wl|
idetsarporiatre iaf t @eodogamtaiprapertperadaseshilifthpyleakage of
excessively decrease the absorption ability of the

ligaid, thhes iecseasey camiforofamdt daghaisisesifhe article. On
deterioration in the particul ate water-absorbi ng agent

t®fist hecPbasant thyempirernits genenaidry kigntifivemtly reduces
preferably 1-2 tinmes, nore preferably 1-1.5 tines.

Bedehhss isieaseduislr anefl tR¥t Eapé abives . by
deterioration exceeds the upper |imt (4 tines) ,.

st abie[lgggé/mﬁle\gﬁlter-absor bent resin with respect to
urin ecortes rnsufficient, and the structure of resin

cort A PR RO B Rn Wl REEEEM ST Hndil by way
GRERGUBRIGP RhehCURRARATE BraTaBLET bokOFR RIS that
s cpBeREnst FOEPIESBNGS ADERT Sen A TEREITIRY kel Plowing
the particul ate water-absorbi ng agent of the present
Ereenpies. is not particularly limted; however, the

Properties of the particulate water-absorbing agent (or
water-absorbent resin) and the water absorbent article were
measured in accordance with the following method. Further,
all the electrical instruments used in the examples operated
on 200 V or 100 V and on 60 Hz. Furthermore, unless
otherwise sp'ecified, the water-absorbent resin, the particulate
water-absorbing agent, and the water absorbent article were
used at room temperature (20 to 25°C) and at a relative
humidity of 50%. Further, 0.90 % by mass NaCl aqueous
solution served as physiological saline solution.

Further, a water-absorbent resin of a commercially
;cwailable product, a disposal diaper, and a water-absorbent
resin of the disposal diaper may be processed in the following
manner before use for comparison. When they have already

absorbed moisture during the course of distribution, they are

dried under reduced pressure (e.g., for 16 hours at 60°C to
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particul ate wat er-absorbing agent is preferably used
as an absorbent structure or an absorbent article. The

WE006i08347 At € wat er - absor bi ng agent ensures SupeCT/ar2005/018073

absorption ability especially as a high-content
di sposal di aper (a single d|a er sheet contain a |large

- amount of water-absorbent redit)y, which has

conventional ly been having the odor problem The

absorbent structure of the present inventjon is

30° Eheunsilegomnj spane eondea twaf aacih ol bh ﬁgWa?gt@ﬁrabISPrbent
shoul d be noted that an absorbent structure according
tesite isr espnilibnatedi top peartmEtedlps o Bondpyr awass, 2 % by
material (in the formof a sheet etc.) constituted of
thespaot Beb die mets): abTord i ngo agente anditarit” is defined by
requi red, a hydrophilic fiber. If the hydrophilic

thoesm Sunet ofskéiterheopdblihed ahethat eFapdseiddibent resin
agent is fixed on a sheet or a nonwoven fabric. The

éésﬂ@féﬁré&w&ttﬁérﬁ ég?tl%rr?stﬁﬂthlsnl’c?&ﬂ ﬁ?ﬂ“a@té‘ls drying

a |large anount e content) of partic
r-ab gent t
B B B ﬂ?ﬁﬁ%&%5?8&%%%?1#91”%%[1?%%13‘ H9 e When 1
lic fib t.hat i s 30-

gr%f AR AT ST SR hrd e bt oy LA §LSRETSefd igpto an
i mass, further preferably 60- 100 %%b nass
plaminiay IGUBr BT B & THameben, o asHmrgid dried for 3
absorbent structure is fornmed in a conpressed body,
hioiuats | &0. G5- Wirsdgsscneven dahsit§0%hd 10-Fucdmeympre, the
in basic weight. The fiber used as a base raw nateri al
feMobdnydromtiHod and the reagents and apparatuses

exemplified in the Examples may be replaced appropriately by
equivalents.

(a) Centrifuge Retention Capacity (CRC) for physiological
saline solution (0.90 % by mass NaCl aqueous solution)

W(g) (approximately 0.20 g) of each of the particulate
water-absorbing agents (or water-absorbent resins) obtained
in the foliowing Examples and Comparative Examples was
evenly contained in a non woven bag (85 mm x 60 mm,
EDANA ERT 441.1-99). Then, the non woven bags were
sealed. Thereafter, the bags were soaked in physiological
éaline solution whose temperature had been adjusted to
25+2°C, and were withdrawn 30 minutes later. By ﬁsing a
centrifuge (manufactured by KOKUSAN Corporation: Model No.
H-122), the bags were drained for three minutes at 250G (250

x 9.81 m/s?), and a mass W2 (g) of each bag was measured.
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fi ber such as crushed wood pul p, or cotton linter,
cross-linked cellul ose fiber, rayon, cotton, wool,

wae@bas®a;y7 vi nyl on etc. The absorbent struct ur ePOl/IJR2065/018073

present invention is preferably made by overl ayi ng

themin an air-laid manner. To manufacture the

absorbent article of the preg€ént invention, the fiber

raw material and the particul ate water-absorbi ng agent

are first blended or overlaid to be an absorbent

Ruerikew ehcosame Phecedird swalserp sEiediieHe v Htawbnusing
a liquid-perneable base raw material (top sheet) and a
parpitud abpewatabt @bbasbingwagetdr (at whack-aheerpent| fesin),
necessary, the absorbent article is further provided

a8 ha o a8lAW | (grerher measlitédsi oTHayefroan thdhasayees Wi
tape etc. to be conpleted as an absorbent article,

dhat ws, usedctairiiye dreposdlonli aRgfaciagul (CRPOgHlg) was

di aper or a sanitary napkin. The particul ate

a%@ﬁoé LBY i‘ﬂ n{%ocrhlet ?&1@@%&:\%30@{&%1 on has an

exce ent sor ty I'ng agent may

be used for absorbe rti {

or oduc PR IEHUR ST taelr%tl i spé‘l‘lg% gi%pgé/ggdul 3%3@%%8\7&{2 () -
di aper, di aper n|t ry napkin, incontinence pad
BASS Wle vERASR ol gg ﬁot ed that the present

invention is not limted tg those. The particul ate

wat ertibs A bBRELEGEI! 0REEHE Shr eSRFRSFAT@Nt i¥n 4.8kPa  for
contained in the water absorbent articleis superior in
phydoobrgicplopesalinecausedutian | e (AdeRAJ®ssfrbency against

pressure)

On a bottom of a plastic supporting cylinder having an
internal diameter of 60 mm, a metal gauze of stainless-steel
400 mesh (having a mesh size of 38 pm) was fusion-bonded.
Then, W(g) (approximately 0.90 g) of each of the particulate
water-absorbing agents (or water-absorbent resins) obtained
in the following Examples and Comparative Examples was
uniformly épread on the mesh. Subsequently, a pi'ston (cover
plate) was placed on each particulate water-absorbing agent
(or water-absorbent resin). External diameters of the piston
were slightly smaller than 60 mm which was the internal
diameter of the supporting cylinder, so that there is no gap
between the piston and the supporting cylinder, and upward
and downward movements of the piston would not be
hampered. Then the mass W3(g) was measured, the mass

W3s(g) is defined by the masses of the supporting cylinder, the
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liquid, thus ensuring confort and dryness of the
article. On this account, the present invention

wa@k@niotiscant |y reduces burden of both the userpPemnaP26i018073

care-giver. [Exanples] The present invention will be
described in detail by way of Exanpl es and Conparative
Exanpl es. Note, however, that/&he present invention is

not to be limted by the foll owi ng Exanpl es.

Properties of the particul ate water-absorbing agent .
Rartigatlatcapsdcseab spebing arg@rtthéonwavv@rteab%gﬁ@éhﬁnt resin),
article were neasured in accordance with the foll ow ng
amtihole Ristbar, Theh,t helebdctwasaplaosd roanenhs pdetion, and
in the exanpl es operated on 200 V or 100 V and on 60

e giwtbhe it ehditbads wahekw aeljopeeds hedio tdvenly apply a
wat er - absorbent resin, the particul ate water-absorbing

RENtor and khe ¥RLE!t1RESPaPEARIARE! Wa@eresaBsHEBEngt agent (or
roomtenperature (20 to 25C) and at a relative .

\Qﬂ]%?'—etl%sgrb%%? Fi ‘?F’IPO' %iﬁ%kw BS3y  BAUGRYI suring

SO uhl on serv:e asbp Si ot ogi cal salihe solution.

Further. a water-absor resin C rc .

SHRA Bt ot - PLCRATSka il @ CRETR 4RAY having a
ter-absorh resin of the.di sppsal di b
RIS8c0]  athanpal Pofl 2t ittiear ARSI BReA fpPgter of 90 mm

conparison. \Wen they have al ready absorbed noisture

And n@ t Hhiekuraes of OHi ST ri BURI oivas heplaged. Thereafter,

physiological saline solution whose temperature had been
adjusted to 25%*2°C was added until it reached a level of an
upper surface of the glass filter. Then, a piece of filter paper
(manufactured by Advantec Toyo Kaisha, Ltd., No. 2) having a
diameter of 9 cm was placed thereon, so that an entire
surface of the filter paper was wetted. An excess of the
physiological saline solution was removed.

The set of measuring apparatuses was placed on the wet
filter pape'r. Then, the particulate water-absorbing agent (or
water-absorbent resin) was made to absorb the physiological
saline solution for one hour under the load. A level of the
physiological saline solution was kept constant by adding the
bhysiological saline solution when the level became lower
than that of the upper surface of the glass filter. One hour
later, the measuring apparatus set was lifted, and a mass W4
(g) thereof with the load being removed was measured again.

The mass W4 (g) is defined by the masses of the supporting
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dri ed under reduced pressure (e.g. , for 16 hours at
60 C to80C) until a noisture content of each of the

wowrioe03=bsor bent resins is equilibrated (approRCTER2003/018073

5 % by nmass, 2 % by nass to 8 % by nmass). The
"moi sture content” is defined by the anbunt of water
contained in the water-absorBnt resin as neasured by
the proportion of the lost weight after drying in the
mass of the water-absorbent resin before drying when 1
cylordene Waeesvepdenbapartissilates watdahsothdper gagnt (or
into an al um num cup having a dianeter of 52 nm and
via ted dsothbémbr=edin) a anddites spistem.at FiggmCthe masses Ws
Furthernore, the follow ng nmethod and the reagents and
appanat uges exeopbéhicgdapnihbe fxesplies (Wig)owas calculated
repl aced appropriately by equivalents. (a) Centrifuge
REAOAIAP EoAR6 NI PRGY dQnaplysi ol ogical sal i ne
solution (0 .90 % by nass G aqueous sol ution) WQ)
(approi Q)< +0 f Rarx te
water@gﬁggtr’gﬁép?g%ﬁ?‘sﬁ(%ng%g?é?- g%}gg)r belgw{ggrns)“h (8)/ W
(o tained in the foll ow ng Exanpl es and Conparative

anpl es was evenly contained in a non woven bag (85
mm x 6 EDANA ERT 44 1.1-99) . Then,, the.non ve
bags (\Rgrgmc?e%ﬁ e%eﬁﬁé’rtéaf?g??agﬁe Bé’ézl%?re 35%%%\8 anSO)’
physi ol ogi cal saline _sol uti on whose .tenperature had
priecrathge thy masssed arialar cach hryaw 3diarhetes of less

later. By using a centrifuge (manufactured by KOKUSAN
ttoampol 20i pm, Kovubllogerithmic standard deviation (o)

Each of the water-absorbent resins or particulate
water-absorbing agents obtained in the following Reference
Examples, Examples and Comparative Examples was sieved
by using JIS standard sieves respectively having mesh sizes of
850 pm, 710 pum, 600 pum, 500 pm, 425 pm, 300 pm, 212 pm,
150 pm, 106 pm, and 45 pm, a weight percentage of particles
each having a diameter of less than 150 pm was measured,
and a residual percentage R was plotted on a logarithmic
probability paper. Then, a particle diameter corresponding to
R=50 % by mass was read as the mass average particle
diameter (D50). Further, assuming that X1 is a particle
diameter in case where R=84.1 % and X2 is a particle
diameter in case where R=15.9 %, the logarithmic standard
deviation (o) is represented by the following equation. A
smaller value of o{ means a narrower particle size

distribution.
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H 122) the bags were drained for three m nutes at
250G (250 x 9.8 1 m s2), and a mass W2 (g) of each

whagoemasneasur ed. Furt her, the sane procedure MEJIP2005/018073

performed wi thout using particul ate water-absorbi ng

agent (or water-absorbent resin) , and a mass W (g)

was measured. Then, fromtheSRasses W and W2, a
centrifuge retention capacity (CRC) (g/ g) was

cal cul ated accor di)gg to the follow ng equat| on.

Cent oSfade I et &nt(>6A/ Edpacity (g/ g) = ((mass W2 (g) -

mass W (g)) / mass W(g) - 1 (b) Absorbency agai nst

pr esdr.© (atg 4oBkBz fwatahed odogenal resin ner sdiatpanticulate
( AAP/ Absor bency agai nst pressure) On a bottom of a

Wl Bsxt-la® SoMpaT ¢ i e 8 Y Iwades phardng nanhienygdnatandard sieves
di aneter of 60 mm a netal gauze of stainless-steel

($6@ TESA CRSTIN@ SESVE 2avh Bl dMhteasal diameter of 80
fu5| on- bonded. Then, Wg) (approximtely 0.90 g) -of

Iﬁﬁperreg (R4 ipef %&éﬁ{g Pﬁ%ts%[ s&}géngf@s?gﬁ%S %90 1m, 600

SOI‘ resi ns tained 1 n the

d
H rRaBhudh 4&"%"@%@2#@?@”‘% E20R . ded WLy é?%r@afﬂ and
%3@%&%@@?@% Rassibed By Brfae R Bantar e wig¥e shaker
pi ston were slightly smaller than 60 mm which was_th
(Pranrdactirasetby dfDiheSEISHORU $E Gy Lindelitdse Madel No.

there is no gap between the piston and the supporting
EStoblidor &Eind opwartes.

Note that, as described in U.S. Patent No. 5051259, the
mass average particle diameter (D50) is a particle diameter of
a standard sieve, having a certain mesh size, which
corresponds to 50 % by mass of the whole particles.

(d) Content (ppm) of an alcohol volatile substance

6.00 g 6f each of the particulate water-absorbing agents
(or water-absorbent resins) obtained in the following
Examples ;and Comparative Examples was uniformly dispersed
in a petri dish (described in GENERAL CATALOGUE A-1000
issued by SOGO LABORATORY GLASS WORKS CO., LTD. (in
2003); Code No. 305-07; external diameter x height = 120 mm
;< 25 mm). Then, the particulate water-absorbing agents (or
water-absorbent resins) were covered by a cut-in-circle piece
(having a diameter of 160 mm) of Heatron Paper
(manufactured by Nangoku Pulp Kogyo Co., Ltd., Model No.

GSP-22), which lets both gas and liquid through (When
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and downward novenents of the piston would no.t be
hanpered. Then the mass Ws(g) was neasured, the nass

wOB{og)33437 def i ned by the masses of the supportPEmJIP2005/018073

cylinder, theparticul ate water-absorbing agent (or

wat er - absorbent resin) , and the piston. Then, a |oad

was placed on the piston, an®k he piston and the | oad

were so adjusted as to evenly apply a |load of 4.8 kPa

onto the particul ate water-absorbi ng agent (or .
Heasroabfamentis ezoh)availablp; savapn aveserpffabric may be
measuri ng apparatuses was prepared. Inside a petri

dsel Hastegd).di afiteareadted,50thimge apgirdsn $i laferthe circular
having a di aneter of 90 mm and a thickness of 5 mm was
plesedf Frertealid apehysirohogi sabveal faieriegl werenfixed to an
whose tenperature had been adjusted to 252C was added

it Whil eschak apbemeldigh Ay uRPSSesukvkageudingh@apes (10
glass filter. Then, a piece of filter paper :

é—gﬂnw 3¢ glﬁglqn%by f‘d%’ﬁg{ &5t BOY:QI@ICIES@CIM bag '\‘gréat%)rlflaftactured

ving a ter o cmwas p t her eon,

n Lir urface Qf the filter e S d. :
B 0PIk AR Soribi drosan RE i FonEhse” e potri
renoved. The.set af neasurin par at uses was .pl aced

dis hel%twgi‘?ﬁerab%pé)ra.r ?ﬁ@ﬂ?g‘?h@vﬁﬁﬁﬁ" iyng “agent (or
wat er - absor bi ng agent (or water-ahsorbent _resin) was .
wadertabspsben t He iRy shaidodresit dasPRESEE uVidsh grglosed in
one hour under the load. A level of the physiologi_cal .
tlati begsol Theompesinkgpof diisteanbybagdivag chesed by using

physi ol ogi cal saline solution when the | evel becane
hawerdhesive tape so that there was no gap. The scent bag

was provided with a glass tube through which air is evacuated
from the scent bag. After the evacuation, 1.2 L of odor-free
air was injected into the bag. Subsequently, 30 ml of 0.90 %

by mass NaCl aqueous solution (physiological saline solution)

whose temperature had been adjusted to 25+2°C was poured

at once into the perti dish in the scent bag by using a glass
funnel prbvided with a teflon (registered trademark) tube,
while preventing outside air from entering into the bag. The
particulate water-absorbing agent (or water-absorbent resin)
was uniformly swollen. The glass tube of the bag was sealed
hermetically by wusing a silicon rubber stopper. The
water-absorbing agent (or water-absorbent resin) was swollen
and left in a constant-temperature apparatus at 37°C.. The
bag was taken out 60 minutes later and then left at room

temperature. The silicon rubber stopper was removed ten
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than that of the upper surface of the glass filter.
One hour later, the neasuring apparatus set was

wo 2dob@s347and a nass W (g) thereof with the | ondr/be2005018073

renmoved was neasured again. The mass W (g) is defined

by the masses of the supportingcylinder, the swollen
particul ate water-absorbi ng &fent (or water-absorbent
resin), and the piston. Fromthe nasses WB and W, the
absor bency agai nst pressure (g/g) was cal cul at ed
méntrtesntatar.t hd Herdafteng aguatinmspreserpepegntration was
agai nst pressure (g/ g) = (W(g) - WB (g)) / VV(%B (c)
fess (red dghy )uaiegagegpar saniplali dmedaenigpsored by GASTEC
percent age by mass of particles each having a dianeter

CORPORATAONSM otte]l aNd. |@Yaniodw) eursd andgasl detecting tube
devi ation (sz) Each of the water-absorbent resins or

RALLElALE RS Cabsordinacagenta. oMadeedNbn ther L), while
fol | owi ng Referénce Exanples, Exanples and Conparati ve

éespggﬁ%ﬁ?éﬁgwﬁg %Sh%éﬁgeélno%fesrgggd%%qo? %@ir]?]a’%oo This
S 300
rorphil® St Rt TP age S s 2 fn ity Wpm) of an

having a di apeter of |ess, than 150
BIPBOY osi HOMFUNEr cortSnstRAREs ol GIABA BHBE | Trom  the

I ggarithrri Cc_probability paper._ Then, a particle
WiearstabsesPieEpARERE t o ﬁks@h@@bynﬁa@% r @efthed, even
the mass average particle dianeter (D50) . Further,

wisuni nghehatsatne s eppaatiane are performed by using

physiological saline solution alone without wusing the
particulate water-absorbing agent, the gas detecting tube may
detect the alcohol volatile substance and indicate a color
change. In this case, the reported value of content of an
alcohol-volatile substance was corrected by subtracting a
blank experiment value detected from the indicator range at
the time of using only physiological saline solution (detection
limit: 2 ppﬁ).

() Content (ppm) of a sulfuric volatile substance
(quantity of a volatile sulfuric substance)

An atmosphere concentration was measured by repeating
fhe same operations as the measurement of the alcohol
volatile substance, except that a gas detecting tube
(manufactured by Gas Tech Co., Ltd., Model No. 4LT) was
used. This value of atmosphere concentration was regarded

a quantity (ppm) of a sulfuric volatile substance. In this
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dianeter in case where R=84 .1 %and X2 is a particle
di aneter in case where R= 15.9 % the logarithmc

W@ t@amadsd7 devi ation (sz) is represented by thePCT/JP2005/018073

followi ng equation.. A smaller value of sz neans a

narrower particle size distribution.sz = 0.5 1In

(X2/ X1) 10.00 g of the water8&bsorbent resin or the

parti cul at e wat er - absor bi ng agent was spread on the

JI'S standard sieves (The |1 DA TESTI NG SI EVE: having an
megeurahgli anetleodef 80enmm) wlepectheel paiagi ngreeskdure is
sizes of 850 mMm 710 nm 600 mm 500 mm 425 nm 300
peRfo2m@dmbyl5hisimg 1@¢hysiolegdcdd nealiard wadution alone
classified by using a Ro-tap-type sieve shaker

v B ech sies e | piSHIaAKUREReabsdiidng adudet, the gas
No. ES-65) for five mnutes. Note that, as descri bed

d;jél’taelét%gp Dgg;ni\%r iACRch%e% é&%ﬂf@ﬁ%rg%/@.r age, Ranki €A8e, the

net e IS a particle dianeter a standard

e SRR, BOPSARAEE D S/ Sere sshsslince was

e I'C Cont ent

( of, gn _al cohol vol atile,substance 6.0 f,_eac
s Spa Y ComBeEn b anBiRHRn i ErTa e sy viuE Perected
wat er - absorhent resins) obtained in the.follown . .
fES?&?rpﬂ@@ éﬂél%ﬁ%ﬁr]&"}ngé Blakpite 106 %i‘f‘%’rrhgyp%yswloglcal
di spersed in a petri dish (described in GENERAL
seittneosoburion ddetestigs lbgniso801L ABORATORY GLASS
WORKS CO. , LTD. (in

(f) Content (ppm) of a residual monomer

500 mg of each of the particulate water-absorbing agents
(or water-absorbent resins) obtained in the following
Examples and Comparative Examples was dispersed in 1L of
ion-exchange water. The mixture was stirred for one hour by
using a 40m cylindrical rotor 40 mm in length and 8mmg in
gauge. Thereafter, the swollen gel was filtered. A residual
monomer of the obtained filtrate was analyzed by liquid
chromatogfaphy so as to determine a quantity of the residual
monomer in the particulate water-absorbing agent (or
water-absorbent resins).

(g) Content of residual ethylene glycol

2g of the particulate water-absorbing agent was added

into 2ml of an aqueous solution of methanol (water: methanol

I

1:2), and the resulting solution was left for ten minutes.
Thereafter, 48 ml of methanol was added into the solution,

and the resulting solution was rinsed while being shaken by
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2003) ; Code No. 305-07; external dianeter height =
120 mmx 25 nmm) . Then, the particul ate

wowioe03=bsor bi ng agents (or wat er-absorbent reBCTI$)2005/018073

were covered by a cut-in-circle piece (having a

di aneter of 160 nm of Heatron Paper (manufactured by
Nangoku Pul p Kogyo Co. , Ltd84 -Mddel No. GSP-22) ,

which lets both gas and |iquid through (WenHeatron

Paper is not avail able, a non woven fabric nmay be used |
usisteaah ultheseaficegendmegemor tAbey ofinshegei £B6l solution
pi ece of Heatron Paper (or non woven fabric) were
waxefiltered sones tmldepdrate pemathdissdl polution, 30 ml of
respectively using tapes (10 mmx 10 nm) . A side of a

whlhdh e a%C et frat terpruf dgiiesd b%y OMin@dah Aivaporator. The
Service Co. , Ltd.) was opened. The petri dish, in

r%ilﬂliiﬁgedQ &1 et MRt 872 8PEPEPORE AULPAIA OIn 3 ml of an

wat er - absor bent resin) had been di spersed, was

egn%égglesg slotutign PGE o To V]gﬁ@t@gcggriteﬁgtﬁ?ﬁf‘éb?\?ﬁgé“ﬁgtcing a

y “usi ngnan adhe tape so t ere

ap. The scent ba S ovi ded wth t
Hepsiemnin sAriple vt oXpiipAl e ladlde ‘¢hFor.  The
After the evacuatiegg, 1.2 L_of odor-free eiir gas liquid
qbtaisted | IR6ANT Bhy. SGIBPdGuentRy, 3B0ALYEEdy 9By, liqui
by mass NaC aqueous sol ution (physiol ogical saline )
chtremalngiapby senperte ieteriBinsen aaptstddof s xesidual
was poured at once into the perti dish in the scent
ddyy len eiglpgod igl 8ks pantieulptovivaddrnabroabing agent.
(registered trademark) tube, while preventing outside

air f(rfgrm\emw indeknto the bag. The

A luminance index L and chromaticness indices a and b
were calculated by using a Hunter colorimeter.

(i) Absorption rate evaluation (Vortex method)

0.02 parts by mass of brilliant blue-FCF, a food additive
“Blue No.1”, was added into 1000 parts by mass of
physiological saline solution which had been prepared, and a
temperatufe of the physiological saline solution was adjusted
to 30°C. 50 ml of the colored physiological saline solution
was transferred into a 100 ml beaker and stirred at 600 rpm
by using a cylindrical rotor 40mm in length and 8mmg@ in
gauge. During the stirring, 2.0 g of each of the particulate
water-absorbing agents (or water-absorbent resin) was poured
into the physiological saline solution in the beaker, and an

absorption rate (second) was measured. An end-portion was

determined in conformity with a standard described in JIS K
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particul at e wat er - absor bi ng agent (or water-absorbent
resin) was uniformy swollen. The gl ass tube of the

whagoemss7seal ed hernetically by using a sili copCT/uoes018073

st opper. The wat er-absorbi ng agent (or water-absorbent
resin) was swollen and left in a constant-tenperature
apparatus at 37C. . The bag ®&s-taken out 60 mi nutes

| ater and then left at roomtenperature. The silicon

rubber stopper was renoved tenm nutes |ater. .
TiM2AedflOR6) al astimephied heshcbont r Watar WaAbsweadipad rate of
by using a gas sanpl er (manufactured by GASTEC
SSORRERALbEW,r bidtite| Pidy ndfd-OD8) s @arightaogas, det etirnueg interval
tube (manufactured by Gas Tech Co. , Ltd. , Mddel No.

Bédwten, ablidre tho Aventthrg siolegdtal fyadimensehitign by the
into the bag. This atnosphere concentrati on was

peeacdadia GRS hRRPIng Akt RIOwaeAldb&orbent resin)

subst ance evaporating fromthe water-absorbing agent.

e QGHEARY R g MRt e BB ros megsured

| uti I iLth ' h i cul
Sarcdh adrBla gl (sdh s Getocti ng tube may

det ect. the. al cohol, vol at.il e suhstance, a L ndi cate, a
ol orULMRBEIETS At & RtoE cPlanioporiDaR BE SFS)

content of an al cohol-volatile substance was corrected

by sudgrefiaanh obithek Parsienheit waltee aleseebuagiagants (or
the indicator range at the tine of using only

whysi ohbgbchle rdalresénsd| abitein ¢detiecttihon falkdwing gprgmples

a.md Comparative Examples was uniformly dispersed on a
bottom of an aluminum cup, the bottom having a diameter of
52 mm and a height of 22 mm. The aluminum cup was
quickly placed and left for 60 minutes in a
constant-temperature-and-moisture apparatus (PLATIOOUS
LUCIFER PL-2G, manufactured by Tabai Espec Corporation)
whose temperature and relative humidity had been adjusted
to 25°C' and 90%. Thereafter, the  particulate
water-absorbing agent (or water-absorbent resin) having been
absorbed moisture was transferred onto a JIS standard sieve
having an inner diameter of 7.5 cm and a mesh size of 2000
1;1m. At this time, if the particulate water-absorbing agent
(or water-absorbent resin) having been absorbed moisture is
firmly bonded to the aluminum cup as it is in a moisture
absorption caking condition, it must be removed with greatest

possible care before being transferred onto the sieve. The
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(e) Content (ppm) of a sulfuric volatile substance
(quantity of a volatile sulfuric substance) An

wW@towedpdaeT e concentrati on was neasured by repertT/nRRo0INES073

same operations as the neasurenent of the al coho

vol ati |l e substance, except that a gas detecting tube

(manuf actured by Gas Tech Co86 ttd. , Mdel No. 4LT).

was used. This value of atnnsphere concentration was
regarded a quantit of a sulfuric volatile

mudcuhate watehis %ﬂngg agstrhod 0T e Vet SiheP S e breresin)
procedure is perforned by usi ng physiol ogi cal saline

wak utlamsificahdon eighit sesiamds Hey pasinguhasieve shaker (IIDA
wat er - absor bi ng agent, the gas detecting tube may

SENEat S HAKEIR! TNHWE. ESrd3) sSEase, Nohe OFpd).t ed Then, a
val ue of content of a sulfuric volatile substance was

et bpe)S Wt g | perdil1ank ¥ReEHEHSoYBINg agent (or
‘gg"t@ect egﬂsf r(séé t he |nd|gatror range at the t|(r)1e ofgusngng (

\%%ﬁ?f%l?%P’%On%aééﬁ?laswmk?loﬂa@?kgﬁafl‘i’@dl of the Os,1e3lfe and a

a resi nmononer 50

of . eachpf i cul at r-
S BEIE e AP Ll AR et (o
npl es and nparat ve . Ex l eg was di rsed in LL .
F‘t?‘é'rﬁléi%ﬁ]aﬁgg \X/Stsé]fl ik nﬂ? ae P&”é%lug?ilr t%’rfze sieve
hour by using a 40mcylindrical rotor 40 mmin |length
wAge gmeashiRdigEeSPestéselver, the swollen gel was

filtered. A residual nonomer of the obtained filtrate
was aMaligredebgblsioquitdon caking ratio (% by mass) = Weight

5 (g)/ (Weight Ws (g) + Weight We (g)) x 100

A moisture absorption caking ratio (% by mass) was
calculated in accordance with the foregoing equation. A lower
moisture absorption ratio means excellent fluidity after
moisture absorption and easier handling of the particulate
water-absorbing agent (or water-absorbent resin) in powder
form.

(k) Amount of extractables, increased extractables by
deterioration, and increased ratio of extractables by
deterioration |

According to the method for evaluating a water-soluble
éomponent and a urine-resistant property, which is described
in one embodiment of Japanese Patent Application No.
96083/2004, an amount of extractables, increased
extractables by deterioration, and increased ratio of

extractables by deterioration were calculated.



10

15

20

25

chromat ography so as to deternmne a quantity of the
resi dual nononer in the particul ate water-absorbi ng

wW@g@a3or wat er - absorbent resins) . (g) Cont ePtT/af2005/018073

resi dual ethylene glycol 2g of the particul ate

wat er - absor bi ng agent was added into 2m of an aqueous
sol ution of nethanol (water:8fethanol = 1:2), and the
resulting solution was left for ten m nutes.

Thereafter, 48 ml of methanol was added into the

sol ut(ljoByadnatiom eteul BAgorbent Uiy umdrng fnsRerigrmance

bei ng shaken byusing an ultrasonic generator. After
ri nsifg,albserbehdtstomieiasrd i(cbeepdvas rrodycsepéremeeach of
met hanol solution, 30 nml of which was evaporated to

tlhiey neastily1lasengvate exepos b hig Ae ntds o ngaderetbsorbent
subst ance was di ssolved again in 3 nl of an aqueous

SR Hlis) ONiPf Gr AOSARAL AT RS . thRer elys FIPEEl NGtructure's
nmeasur enent sanpl e of residual ethylene glycol. The

;g%%ka?ﬁgn%asﬂhﬁj AR i@ﬁaléé;;?%%ﬁ%eldfq'{h@ core under

ography so as to determ ne nt of the

resi dual ethyl | | ticul at
gEsisuel (5Rnens phuchleddyhog perticviate |
gg?iﬁﬁtsigdaofyﬁégﬁﬁtg' gafﬁ?ﬁclé gbgﬁgrgn%]%r _gb\(ge%r%ent structure

Absorption rate evaluation (Vortex nethod) 0.02 parts
willnee degctibiad bede vl ue- FCF, a food additive "Bl ue
No. |", was added into 1000 Earts by mass of

One part by mass of the below-mentioned particulate

water-absorbing agent (or water-absorbent resin) and one part
by mass of wood-crushed pulp were dry-mixed by using a
mixer. Then, the obtained mixture was dispersed onto a
400-mesh wire screen having a mesh size of 38 pm and
formed into a web having a diameter of 60 mm. The web was
subjected to a pressure of 196.14 kPa (2 kgf/cm?) for one
minute. As a result, a test absorbent structure having a
basic Weight of approximately 250 g/cm? was obtained.

Next, a method for evaluating an absorption capacity of
the core under pressure (4.8 kPa) will be described below.

Measurement was carried out according to the method
described in (b), so as to evaluate an absorbency against
pressure at 4.8kPa for physiological saline solution (AAP).
However, this time, the test absorbent structure was placed
instead of the particulate water-absorbing agent on the mesh

at the bottom of the plastic supporting cylinder and that the



10

15

20

25

physi ol ogi cal saline solution which had been prepared,
and a tenperature of the physiol ogical saline solution

wormeasi4ast ed to 30 C. 50 nl of the colored  PCT/JP2005/018073

physi ol ogi cal saline solution was transferred into a

100 M beaker and stirred at 600 rpm by using a

cylindrical rotor 40nmin |eB§h and 8mmin gauge.

During the stirring, 2.0 g of each of the particul ate

wat er - absor bi ng agents (or water-absorbent resin) wa
poyséeldgicalt heliphy sselwijocal weal iafesaed i &or i R hémnutes
beaker, and an absorption rate (second) was neasured.
’Pheenob:poatbisonbwdsaded)amm Edlﬂenptmmiorlcr'gtqahvisarhime solution
standard described in JI'S K7224 (1996) "Testing Method

Wwak Méd£sufbgosplaanabaoepioSupepaditpr(egnif the core under
Pol ynmers--Descriptions” , a tine | nterval bet ween

g;ﬁ}é 7 gfkpla? physi ol ogi cal saline solution by the
ticul at e wat er - absor bi ng agent (or wat er-absor bent

f
reSI n[])E}ggfh QVREL 18§t ?‘i‘b F%%be%ﬂ?@ A&?écond)

sol ut nmeasured as an a Sorpt i onrat e ( .
(i) i sture absporp rati o )
eachl\/gfmt‘ﬁeerﬁaﬁiﬁ’c lﬂvﬁlza@i‘? e%g'%légr%?{% %)ed?sé %rrgq}f()facryhc
wa absorhent r
a0 S Sl A28, B0 pionic acia

di spersed on a bottom of an_al uni num cup the bottom
aladl RS G rivEmed ep - BYe b wy PhaRe 1 ‘ﬁ’éﬁgfﬁ dInte gnRotfgan of a
al um num cup was quickly placed and left for 60
hight elsoiling cposhantimprpétat wep aratimg stomer having 50
appar at us ( PLATI OOUS
ingate-free porous plates, and was distilled with a reflux ratio
of 1, so that malenic acid, acrylic acid dimer (dimer made up
of acrylic acid), and other substances were removed.
Thereafter, further crystallization was carried out so as to
obtain acrylic acid (20 ppm of acrylic acid dimer, 50 ppm of
acetic acid, 50 ppm of propionic acid, 1 ppm or less of
furfural, and 1 ppm of less of protoanenen). The acrylic acid
was further distilled, and 50 ppm of p-methoxyphenol was
added into the acrylic acid.

[Method for Producing an Aqueous Solution of Sodium
Acrylate]

According to Example 9 of U.S. Patent No. 5210298,
1390 g of the acrylic acid was neutralized at 20°C to 40°C by
using 48% caustic soda, so that an aqueous solution of

sodium acrylate with a concentration of 37% and with a

neutralization ratio of 100% was obtained.
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LUCI FER PL-2G manufactured by Tabai Espec
Cor poration) whose tenperature and relative humdity

whaweloarmn adj usted to 25C and 90% Ther eaft er, PC@P2005/018073

particul at e wat er - absor bi ng agent (or water-absorbent
resin) having been absorbed noi sture was transferred

onto a JIS standard sieve ka%¥Png an inner dianeter of

7.5 cmand a nesh size of 2000 mm At this tinme, if

the particul ate water-absorbi ng agent (or

wat efRabsoeentExasinle Havi ng been absorbed noi sture

is firmy bonded to the alumnumcup as it is in a

noi stAwrg labsocipt ivoas caktagnednbiyt tha, foteguistg beethod. An
renmoved with greatest possible care before being

aliPdSher 680ueIE® bhesSdRYS: dbepaltei ewda@tproduced from the
wat er - absor bi ng agent (or water-absorbent resin) was

f f n n
SRR TR Sl SR Qe gy Spekchaucons

ﬁgioﬁ c\ffe's%t& iR ég% tet Qﬁtﬂaét%gﬂltgéﬁzatwn atio, 9 75 %

r--absor I nNg agen or water sor bent reS|n whi

ha re d t

(B3FET G mid ot - SS6PHT atac@%n?a‘?(?gm%e%sw% Hped by
reS|n) mhlch had passed t hrough the sieve were

THEENE edher e%%‘@é]thvear‘E/l Mok 3¢ uraéllé%%%}lspﬁ%lﬁlfégﬁll naf sodium

ratio (% by mass) = ght Wb (g) ./ (Wi
anmydafcevwmb) ya 1I)©UA1”ﬁfb1|Z§tt@®€l Jiedde poif oﬁ%cQa 3aﬁedomzed

(% by mass) was cal cul ated i n accordance W|th the

wategoi ny sopetioon.sddultoesr weas s1 ot rebd obpt dissolating 4.3 g
nmeans excellent fluidity after

of polyethyleneglycoldiacrylate (average added mole number of
ethylene oxide: 9) in 5500 g of the aqueous solution of sodium
acrylate with a neutralization ratio of 75%, which was
obtained by mixing the acrylic acid, the aqueous solution of
sodium acrylate with a neutralization ratio of 100%, and
deionized water. Then, the reaction solution was fed into a
reactor that had been prepared by placing a lid on a 10L
stainless—s'teel double-arm kneader equipped with two
sigma-shaped blades and a jacket. Inside the reactor was
replaced with nitrogen gas and dissolved oxygen in the
reaction solution was removed while maintaining the
t'emperature of the reaction solution at 30°C. Subsequently,
28.3 g of 10 % by mass sodium persulfate aqueous solution
and 1.5 g of 1 % by mass L-ascorbic acid aqueous solution

were added to the reaction solution while the reaction

solution was stirred. Approximately one minute later,
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noi sture absorption and easier handling of the
particul at e wat er-absorbi ng agent (or water-absorbent

W0 e®i/03347n powder form (k) Anmount of extract abtE3R2005/018073

i ncreased extractables by deterioration, and increased

rati o of extractables by deterioration According to

the nethod for evaluating a ®X er-sol ubl e conponent

and a urine-resistant property, which is described in

one enbodi nent of Japanese Patent Application No.
S8lg8setiZ0ion arwasoumitéatestt r ot abf’és, misgitesedafter the
extractabl es by deterioration, and increased ratio of
miyraetr i @by detser i nridiated per theal qdlytedrizhtion peak
Eval uati on of an Absorbent structure's Performance An

tekgpekantiret r vehehed c@®ICwWas predug¢ed hinmieash after the
the particul ate water-absorbi ng agents (or

DElRheRPERRENt a8 nShiliuRder o 0 WuREHASnidming  gelled

bent structure' s performance, and an absorption

5 ety gt £y .ungfgﬁ?géﬁgé%@d(&ra%&?é%{l‘ﬁ@ﬁing gelled

neasured. First, "a meth ducing a tes

SORRAEE" e JHEL Bt SpE B PRl Ro s B ters of
SRBT PN WL sUR HRGR-BFs heBPgubFURbd O E e tainins
by using a m xer. Then, the obtained m xture was

geldpdr pedyore veas spread out on a wire mesh with 50 meshes
(having a mesh size of 300 pm), and was dried by hot air at
160° C for 60 minutes. The dry substance was pulverized by
using a rolling mill, and then classified by using a wire mesh
having a mesh size of 600 pum. As a result, a
water-absorbent resin (a) in irregularly pulverized shape was
obtained. A particle size distribution of the water-absorbent
resin (a) is shown in Table 2.

[Reference Example 2]

The dry substance obtained in Reference Example 1 was
pulverized by using a rollingv mill, and then classified and
blended by using a wire mesh having a mesh size of 850 pm.
Thus, a water-absorbent resin (b) in irregularly pulverized
éhape was obtained. A particle size distribution of the
water-absorbent resin (b) is shown in Table 2.

[Reference Example 3]

Acrylic acid was obtained by the foregoing method. An

aqueous solution of sodium acrylate was produced from the
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400-mesh wire screen having a nesh size of 38 nmm and

formed into a web having a dianeter of 60 nm The web
wormedsdaject ed to a pressure of 196. 14 kPa ( 2P&kmiv2008/018073

2) for one mnute. As a result, a test absorbent

structure having a basic weight of approximtely 250

g/ cn? was obtained. Next, -a2dethod for eval uating an
absorption capacity of the core under pressure (4.8

kPa) will be described bel ow. Measurement was carried
aouylazcecdinghmugh ndthoforegeinpeebhed), sém gqueous
to eval uate an absorbency agai nst pressure at 4. 8kPa
dadutphysodlseglicain salrybets arith enneArPrlizadweyartio of 75%
this time, the test absorbent structure was pl aced

(wishead ehohbenpar idond &l eravdber - absed%ng vegeniolrained by
the mesh at the bottom of the plastic supporting

R kiﬂl%erth%ndaépﬁhc_t heplysi gh&9ithe sl NSoRRtiv 0Bf WaHdium
absorbed for ten m nutes. Then, an absorbed anpunt of

A BRSO A5 88, hionized
B Cams Loy S e @ A Sh S Bt dhipg 75 €
I L L OSBRI BEELLE 2048 001 e o
fed onto a bottom of a high boiling point inpurity )
sdpdead pxidens?) avd 058 phiheeafivee porafditipg e§ sodium
and was distilled with a reflux ratio of 1, so that
axetyelaite, awiltictacrsy | o etaigiad dbprem {xiingrtivedecyplic acid, the
aqueous solution of sodium acrylate with a neutralization
ratio of 100% and deionized water. Then, the dissolved
oxygen of the reaction solution was removed in the same
manner as in Reference Example 1 and was fed into the
reactor of Reference Example 1. Inside the reactor was
replaced with nitrogen gas while maintaining the temperature
of the reaction solution at 30°C. Subsequently, 28.3g of
10 % by méss sodium persulfate aqueous solution and 1.5g of
1 % by mass L-ascorbic acid aqueous solution were added to
the reaction solution, while the reaction solution was stirred.
Approximately one minute later, polymeriéation was initiated.
'In 17 minutes after the polymerization was initiated, the
polymerization peak temperature reached 86°C. In 40 minutes
after the polymerization was initiated, a water-containing

gelled polymer was obtained. The obtained water-containing

gelled polymer had been crushed into particles having
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of acrylic acid) , and other substances were renoved.
Thereafter, further crystallization was carried out so
W@300bo33ht ai n acrylic acid (20 ppm of acryli c BCI/aP2005/018073
di mer, 50 ppm of acetic acid, 50 ppm of propionic
acid, 1 ppmor less of furfural, and 1 ppm of |ess of
prot oanenen) . The acrylic -aBld-was further distilled,
and 50 ppm of p-nethoxyphenol was added into the
acrylic acid. [Method for Producing an Aqueous
dSelmeiers o6f Sappumxicrytelye]l Astor diondgt t :rBcanplBe9 gfushed
U S. Patent No. 52 10298, 1390 g of the acrylic acid
wase newntaditdegd agel16dC polydfie€ byasisspgedd8doecudsoic a wire
soda, so that an aqueous solution of sodiumacrylate

ekl @fcsocgmééﬁbisogl@fxi@g"/ammtshza péw30al pza)j emd was
rati o of 100% was obt ai ned. [ Ref erence Exanpl e 1]

A6k | 6yach gt Wagrobi@i ned by ¢ hgotoremoiign iREROd. Ahe dry
aqueous” sol uti on of sodium acryl ate was produced from

0B AR YL &Yﬁioﬂuggégo Iuwchﬁigl%gi%%ﬁgﬁgdmi@, and then

aqueous “so

eutralization.ratio of 75 % (wth a onmefL o
dassihed Byonsintss %fﬁé‘é‘eé%’t ﬁ%vgalgogoﬁ‘% 3T g et 000 nm.
acrylic acid, the aqueous sol ytion of sodi acryl.ate

vibBh & AESUHEL | Zat FoRLSTaBRS P %rﬁﬁélnde&: ni Ybgirregularly
water. A reaction solution was obtained by dissolyving .
pudverigk dpsihap ayWare P hEving der yRaPartieis: sdecaddetribution
nmol e nunber of
of the water-absorbent resin (c) is shown in Table 2.

[Example 1]}

0.2 parts by mass of ethylene carbonate, 0.2 parts by
mass of glycerin, 3.4 parts by mass of aqueous solution of a
surface-cross-linking agent containing 3 parts by mass of
water were sprayed to 100 parts by mass of the
water-absorbent resin (a) made in [Reference Example 1].
The resulting mixture was heated at a particle temperature of
195°C for '45 minutes while replacing the internal upper gas
with the outside air, by using a paddle-type mixing heating
device, thereby obtaining a water-absorbent resin (1) with a
cross-linked surface. This water-absorbent resin (1) with a
cross-linked surface was passed through a sieve with 710pum
meshes, thereby obtaining a particulate water-absorbing
agent (1). For this particulate water-absorbing agent (1),

Tables 1 and 2 show: centrifuge retention capacity,

absorbency against pressure of 4.8kPa; absorption rate;



10

15

20

25

et hyl ene oxide: 9) in 5500 g of the aqueous sol ution

of sodiumacrylate with a neutralization ratio of 75%
wokiosi33sas obt ai ned by m xing the acrylic aci dPCT/ne2005/018073

aqueous sol ution of sodiumacrylate with a

neutralization ratio of 100% and deioni zed water.

Then, the reaction solution 98s-fed into a reactor

t hat had been prepared by placing a lid on a 10L

stai nl ess-steel doubl e-arm kneader equi pped Wi th two

irielshaped Wlisdedbatidr, | dekeluel nsvhetea hinfdexdt oa-value;

was replaced with nitrogen gas and di ssol ved oxygen in

H-Relueactdantegot ubf onlveholemmiedilshi $vbsdamca;nicgntent of

the tenperature of the reaction solution at 30 C

seUbsea e latile2 81 i cdQ c¥rivemes sasiduabensuldmee; and
aqueous solution and 1.5 g of 1 % by nass L-ascorbic

Cg,g}fgr@%? iaﬂé{tggﬂyy@ﬁ@ glg,@qq.t o the reaction

ution I1e the reaction Solution was stirred. .
Appr gxd I e mnute |ater, polynerization was
Wl tictglt)é%ﬁ“%lﬁ gg m nutes after the polynerization was
initiated, the .polynerizatign peak tenperature c
86C. Y+f MPT% Bésx‘aefst%ro{ hegch&&eﬂ%r(faz ?%%‘%é/asé?g Befts by
initiated, a water-containing gelle ol yner S
TBBSS r@a.l,ﬁh@r@m%?%gwbaﬁeﬁ- RS ﬂ?)ﬁgﬂ{ﬁﬁ e%ga pdity fgfueous
had been crushed into particles having dianmeters, of
spipriognmmfey sunfmceocoparlitddng sgeat containing 3 parts
wat er - cont ai ni ng gell ed pol yner was spread out on a
b 1w eneess o fwivt dit €50 wresdiesptapedngoa l0éspaiise byt BEGsmof the
m, and was dried by hot air at
water-absorbent resin (a) made in [Reference Example 1].
The resulting mixture was heated at a particle temperature of
195°C for 45 minutes while replacing the internal upper gas
with the outside air, by using a paddle-type mixing heating
device, thereby obtaining a water-absorbent resin (2) with a
cross-linked surface. This water-absorbent resin (2) with a
cross-linked surface was mixed with 2 parts by mass of an
aqueous solution so that the content of pentasodium
diethylenetriaminepentaacetate becomes 50ppm with respect
to the whole water-absorbing agent (2) with a cross-linked
surface. The resulting mixture was cured for an hour at
60°C, and then was passed through a sieve with 710um
meshes, thereby obtaining a particulate water-absorbing
agent (2). For this particulate water-absorbing agent (2),

Tables 1 and 2 show: centrifuge retention capacity;

absorbency against pressure of 4.8kPa; absorption rate;
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160 C for 60 minutes. The dry substance was pul verized
by using a rolling mll, and then classified by using

wW@206/0834mesh having a nesh size of 600 M As BCT/@E00%/018073

a water-absorbent resin (a) in irregularly pulverized

shape was obtained. A particle size distribution of

the wat er-absorbent resin (-aP4is shown in Table 2.

[ Ref erence Exanple 2 ] The dry substance obtained in

Ref erence Exanple 1 was pul verized by using a rolling
prtticlansizberdistadsution, addvelesdetvbjtasingex)w revalue;
mesh having a nmesh size of 850 nmm Thus, a
matzdiregbsao st r e§i ml¢bhdln voledgld asiyp ghalneg;i zeontent of
shape was obtained. A particle size distribution of

dligumat eF o IS Reihsta5t8; (dYnienshdwiesiidablmoomer; and
[ Ref erence Exanple 3 ] Acrylic acid was obtai ned by

d8tdOf e8P NG iPRIAO® tHAN eFWIEFHE S0 UtTRE ektsadtaBles were
acryl ate was produced fromtheacrylic acid through the

éOwgsgn%ggghoanéﬁlgﬁgu@gwﬁaé%mé@nag{ggggi%%ﬁrguon per

acrylate wth’a neu izatton ratio o
nononer conceptration of 38% was obtained by mi xing
ROUL WETF £8a 9 by PHeS¥queous sol ution of sodi um

acrylate with g neytralizatjon ratio of 100% and
dei or{iQ%@R/%ﬁ%frl."eAﬁ?{é‘é’EP'%ri]sol uti on was obtai ned by

di ssolving 7.5 g of polyethyl eneglycol djacrylate .
(averQded apeads mbe mamserofore g eslyaale daglycidylether,
5500 g of the aqueous solution of sodium

0.3 parts by mass of 1,4-butanediol, 0.5 parts by mass of
propyleneglycol, 3.85 parts by mass of an aqueous solution of
a surface-cross-linking agent containing 3 parts by mass of
water were sprayed to 100 parts by mass of the
water-absorbent resin (a) made in [Reference Example 1].
The resulting mixture was heated at a particle temperature of
195°C for 45 minutes while replacing the internal upper gas
with the outside air, by using a paddle-type mixing heating
device, théreby obtaining a comparative water-absorbent resin

(1) with a cross-linked surface was passed through a sieve

with 710pm meshes, thereby obtaining a comparative

particulate water-absorbing agent (1). For this comparative

barticulate water-absorbing agent (1), Tables 1 and 2 show:
centrifuge retention capacity, absorbency against pressure of
4.8kPa; absorption rate; particle size distribution, L-value
(white index); a-value; b-value; content of alcohol volatile

substance; content of sulfuric volatile substance; content of
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acryl ate, which is obtained by mxing the acrylic

acid, the aqueous solution of sodiumacrylate with a
woewbnsd4rzati on rati o of 100% and dei oni zed WaP@r/JP2005/018073

Then, the dissol ved oxygen of the reaction solution

was renoved in the same manner as in Reference Exanple

1 and was fed into the reaect®pP of Reference Exanple 1.

Inside the reactor was replaced with nitrogen gas

whil e mai ntaining the tenperature of the reaction
residiuird man @BEr; Subdeqorhehy, oP8esBiued ctthykeme ghweol.

sodi um persul fate aqueous solution and 1.5g of 1 % by

mass [Coas parbittvadixa agpleo2d sol ution were added to

the reaction solution, while the reaction solution was

stirped. pAPRIOHBIRIs WY dthiuted al@fbonate, 4.5 parts by
pol yneri zation was initiated. In 17 mnutes after the

n{f&g\é”%'fi éagm@a%scfﬁééiﬁ#gﬁln he ot YoBht LR i Peplirts by

enperature reached 86C. 40 mnutes after the .
I i ' inifi.a i i

TAEKIRE ERUAERIE AL m AR LRGN Bt sprayed to

er-contai nin el ol r had b cr d j\n :
180 ThaFER RaPhaar anbrare h abor ok par oty SS I () fade in
mm_ The crushed wat er-caopfainin el |l ed.pol ymer wa
[Rsieremeat Eé??@%r | meshhst rgﬁg‘ﬁ%%’r“’eénﬁgié"#/ﬁgwﬁsnégﬁted at
size of 300 mm, and was drigd by hot air at 160 C
& @asiche nte @ eTRial ois A% dRc é0tad Spunietitegdipya closed
using a rolling mll, and then classified by using a
Hvé 46 i sow drav iwngha ute ste pdexéngf tB0 imterasla upper tgaa with
wat er - absorbent resin (c) in irregularly
the outside air, thereby obtaining a comparative
water-absorbent resin (2) with a cross-linked surface. This
water-absorbing agent with a cross-linked resin (2) was
passed through a sieve with 710pum meshes, thereby obtaining
a comparative particulate water-absorbing agent (2). For
this comparative particulate water-absorbing agent (2), Tables
1 and 2 show: centrifuge retention capacity, absorbency
against pfessure of 4.8kPa; absorption rate; particle size
distribution, L-value (white index); a-value; b-value; content
of alcohol volatile substance; content of sulfuric volatile
substance; content of residual monomer; and content of
residual ethylene glycol.

[Comparative Example 3]

0.2 parts by mass of ethylene carbonate, 0.2 parts by

mass of glycerin, 3.4 parts by mass of aqueous solution of a

surface-cross-linking agent containing 3 parts by mass of
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pul veri zed shape was obtained. A particle size
di stribution of the water-absorbent resin (c) is shown

WO ooéabdse7 2. [ Exanpl e 1] 0.2 parts by mass of ethyPeo018073

carbonate, 0.2 parts by mass of glycerin, 3.4 parts by
mass of aqueous sol ution of a surface-cross-|inking

agent containing 3 parts by Bfss of water were sprayed

to 100 parts by mass of the water-absorbent resin (a)

made in [Reference Exanple I]. The resulting m xture
wabcheawedeat sprayedcl éot edff0 at peatsf 195C rwssys of  the
m nutes while replacing the internal upper gas wth

whte outlssaebant, rbpinsi(by anpdddlie t jReferency Hewmiupje 2].
devi ce, thereby obtaining a water-absorbent resin (1)

Thé e €toa 5 hiikked eswdatma B aitvat parahder bemiperature of
resin (1) wth a cross-linked surface was passed

ogg ke hidls A inkhenebyn edi@hnivigpa
ép@a?t?cg?itﬁsmﬁ?g@gﬁorbﬁegr%?gﬁt%n(l% : Fo][r1 this .Imp T 8as

g LG ot eefaﬁbsﬁpbﬂgqg%%{“%&hé é’% ﬁ%};{iﬁgdh%ating

show. “ce uge retention aci

ai nst, .pressur f. 4. 8kPa; absorptio : i .
B PRy Shbhiripy Rocp BBRER I &l B it resin
b-val ue; content of al cohql vol il e substance;

(Sdnt drtthof gyl fARHASS VU EEH e CShce: cdntient ggmparative
resi dual nononer; and content of residual. ethylene
yhyeotabpexrbapite r2sing. (B)parith vy waossolitied strface was
carbonate, 0.3 parts by

passed through a sieve with 850pum meshes, thereby obtaining
a comparative particulate water-absorbing agent (3). For
this particulate water-absorbing agent (3), Tables 1 and 2
show: centrifuge retention capacity, absorbency against
pressure of 4.8kPa; absorbtidn rate; particle size distribution,
L-value (white index); a-value; b-value; content of alcohol
volatile substance; content of sulfuric volatile substance;
content of residual monomer; and content of residual ethylene
glycol.

[Example 3]

0.2 parts by mass of ethylene carbonate, 0.3 parts by
mass of 1,3-propanediol, 3.5 parts by mass of aqueous
s;olution of a surface-cross-linking agent containing 3 parts
by mass of water were sprayed to 100 parts by mass of the
water-absorbent resin (c) made in [Reference Example 3].

The resulting mixture was heated at a particle temperature of

200°C for 45 minutes while replacing the internal upper gas
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mass of 1, 3-propanediol, 3.5 parts by mass of an

aqueous solution of a surface-cross-I1inking agent
we@ewbasarng 3 parts by mass of water were sprapemiJR2005/018073

100 parts by mass of the water-absorbent resin (a)

made in [Reference Exanple | ]. The resulting m xture

was heated at a particle tenBérature of 195C for 45

m nutes while replacing the internal upper gas with

the outside air, by using a paddle-type nmxing heating .

widh dde thetside cbirai hb’nglsan\mtaerp%@ég‘?ﬂé’rﬁe redrpngoheating

with a cross-linked surface. This water-absorbent

desiice, (BDenebh abtriesnki ke sar-bdeo Mesn i sesd i (Bh with a

parts by nmass of an aqueous solution so that the

GOHLMnREJPeNirdaedi unTdiiet kyd et sunbepentasicet(@)ewith a

becones 50ppm with respect to the whole

W &I-1 APROAP ISR FAGRN w4 $) miixleld] %W%-Eh@k@dbﬁu&ﬁé%- of an
The resulting m xture was cured for an hour at 60 C,

%ﬂgeb &N Mﬁtﬁ’@ﬁze%nhhrtﬁlégt}e%ﬂltﬁ’{ W itkRuttorm pBSkES for an

reby obtainin particul ate water-absorbi ng agent
2) . For LS parfigulate water-absorb en :

ﬁ%{ireﬁtl 6a(§1£k52 Eﬁléi/v &&%ﬁtr‘ﬁr Ug SZ%)eeCﬁt ?%gglél ac{’lt }%?éve with
absor bency agai nst pressurg of 4.8kPa;. absorption .
FhP¥PBar t iWeShGSe o ChPrBhY on,O@%Mbg(mate i Rgsiculate
; a-val ue; h-value; content of alcohgl volatile .
wabet slesorbingent agersyl f k)¢ vol at FP& subBisinceparticulate
content of residual nonomer; and content of residual )
whltgr embsgtbing. afentexB)actables hernd % mhomsscentrifuge
and the extractables after deterioration per
retention capacity; absorbency against pressure of 4.8kPa;
absorption rate; particle size distribution, L-value (white
index); a-value; b-value; content of alcohol volatile substance;
content of sulfuric volatile substance; content of residual
monomer; and content of residual ethylene glycol.

[Example 4]

0.2 parts by mass of.ethylene carbonate, 0.2 parts by
mass of giycerin, 3.4 parts by mass of aqueous solution of a
surface-cross-linking agent containing 3 parts by mass of
water were sprayed to 100 parts by mass of the
water-absorbent resin (c) made in [Reference Example 3].
The resulting mixture was heated at a particle temperature of
200°C for 45 minutes while replacing the internal upper gas
with the outside air, by using a paddle-type mixing heating

device, thereby obtaining a water-absorbent resin (4) with a

cross-linked surface. This water-absorbent resin (4) with a
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hour were 10 %y nass. [Conparative Exanple 1] 0.05
parts by mass of ethylene glycol deglycidylether, 0.3

w@0068333y7 mass of 1, 4-butanediol, 0.5 parts byPoEIER06H/018073

propyl enegl ycol, 3.85 parts by mass of an aqueous

solution of a surface-cross-1inking agent containing 3
parts by mass of water were 9@rayed to 100 parts by

mass of the water-absorbent resin (a) made in

[ Reference Exanple | ]. The resulting m xture was
dreatseliitsked parfactewenmperssad ettofougbcaf sievus with 710pm
m nutes while replacing the internal upper gas wth
rheeh@d,si tieepéby bybtaining paddpertigodanexi wateeasbsgrbing
devi ce, thereby obtaining a conparative

£f - @Psor bpak essn daltivtildt@ raes-hbelebisy fagent (4),
élv\%i paggZd t hrough a spi(eve W th 710nm neshes, tﬁlgerﬁ%y )

’Pgﬁ?éé‘i( 2? aeq.&[rpagat iMfoRar t k@ﬁlt?lﬁl%’\%t efe @$E0R NGcapacity,

agent or this conparative particul ate :
LELFFRRRRY PhRRIATE RbadenlE"I 60,3 ARES SHBorprion rate
ﬁégarsc %thqf&ﬁ,ﬂr@f%ﬁhglﬁ%mi —R?ﬁ&ilfg;e; (\&%é%ﬁg%c?é}%)e, a-value;
S posiret: o AGMeL Vohitiae SRS content o
of resi dual .nmononer; and content of residual ethylene
ghifentic votatibe ubsetaxsep eonteny. of sapridup) meopier; and
et hyl ene carbonate, 4.5 parts by mass of a
sontene-off pssiduakiethydgast gtypovhi ning 2 parts by

[Comparative Example 4]

0.3 parts by mass of 1,4-butanediol, 0.5 parts by mass
of propyleneglycol, 3.8 parts by mass of aqueous solution of a
surface-cross-linking agent containing 3 parts by mass of
water were sprayed to 100 parts by mass of the
water-absorbent resin (c) made in [Reference Example 3].
The resulting mixture was heated at a particle temperature of
200°C for .45 minutes while replacing the internal upper gas
with the outside air, by using a paddle-type mixing heating
device, thereby obtaining a comparative water-absorbent resin
(4) with a cross-linked surface. This comparative
\;vater-absorbent resin (4 ) with a cross-linked surface was
passed through a sieve with 710pm meshes, thereby obtaining
a comparative particulate water-absorbing agent (4). . For

this comparative particulate water-absorbing agent (4), Tables

1 and 2 show: centrifuge retention capacity, absorbency



10

15

20

25

mass of water and 2 parts by mass of ethanol were
sprayed to 100 parts by mass of the water-absorbent

wo e®b034a) nade in [ Reference Exanple | ]. ThePCT/JP2005/018073

resulting mxture was heated at a particle tenperature

of 195C for 45 mnutes in a closed heating oven

Wi t hout replacing the intern8P upper gas with the

outside air, thereby obtaining a conparative

wat er - absorbent resin (2) with a cross-|inked surface.
afdin siat presdgoe biafg addaPani absomrtdes- | Taksd pastisle size
(2) was passed through a sieve with 710nm neshes,
dikerdhytioht ailnivadue ¢erpideaindexpard-ivaliat;e b-value; content
wat er - absor bi ng agent (2) . For this conparative

drr{icohét eyvvad e akaobbtadcageordtdnt Tabl sulfuaig Zolatile
show. centrifuge retention capacity, absorbency

sal%‘jsf‘%ﬁcgre%%‘ﬁt%rﬂf 61 8kBRid RO RldInTecat; € aRar téGheent of

size distiibution, L-value (white index) ; a-val ue;

b- v X l,cohol vol atil e substance;

rce ﬁ?lé%tel %?Rgtqﬁ?%r%quc@%[ atil e substance; content of

resi | nono ; and content of residual ethylene
iz ST

gl yc ve Exanple 3 ] 0.2 parts by nass of
et hyl ene car bogna art

e, 0.2 p by . nmass of y in, 3.4 .
partsTb9 mglg‘gﬁ%’gﬁjew@q@g&spgﬁlag a@tgeg% ff obtained in
surface-cross-1inking agent containing 3 parts by mass
Bkaa pie kemeaspnayed (dryridepsting)pyifase. biPaHs by mass of
wat er - absorbent resin (b) made in [Reference Exanple 2
parfilkerlagsul tahgumxt steanase hedadtat @hgani¢al e Co. Inc.),
t enperature of
thereby obtaining a particulate water-absorbing agent (5).
Table 3 "shows: centrifuge retention capacity; absorbency
against pressure of 4.8kPa; absorption rate, and
moisture-absorption caking ratio of the particulate
water-absorbing agent (5). For the other factors, such as
particle size distribution, L-value (white index); a-value;
b-value; content of alcohol volatile substance; content of
sulfuric volatile substance; content of residual monomer; and
content of residual ethylene glycol, the particulate
water-absorbing agent (5) was same as the particulate
water-absorbing agent (2) not mixed with calcium stearate.

[Example 6]
The particulate water-absorbing agent (3) obtained in
Example 3 was mixed (dry-blending) with 0.3 parts by mass of

particulate silicon dioxide-aerosil 200 (Japan Aerosil. Co.),

thereby obtaining a particulate water-absorbing agent (6).
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200C for 45 mnutes while replacing the internal upper
gas with the outside air, by using a paddl e-type
worRo0k/0834neat i ng devi ce, thereby obtaining a coPQERIENDIES73
wat er - absorbent resin (3) with a cross-|inked surface.
This conparative water-absorbent resin (3) with a
cross-linked surface was pas3é&déd-t hrough a sieve with
850nm nmeshes, thereby obtaining a conparative
particul at e wat er-absorbing agent (3) . For this
Tparlei c3il atleowst erceabofbing mfemtipd) , cqpbicéty;l amorbency
show. centrifuge retention capacity, absorbency
ag@ahrst ppesssuecof 4f8kRa;8kabagr ptabsorationpartatée and
size distribution, L-value (white index) ; a-val ue;

o MARHES - a8 @ikt o®f  alceahiglg Volraitibe sobst aee; particulate
content of sulfuric volatile substance; content of

LAY ATPTa ang STk of! RSSe Snss cuch oo
FOAPE, 10, BB Phide S MR St Svalues
Y BES, B TS} B0 ST B e R o
SRS REgaition g RS G wge THieaTleb A3t FRpEomet; and
temperature of 200 C for 45 mnutes while replacing .
cometeant er ndl  ugpedugdswi ¢thylenout GlHeochi r, thy uspagtigulate
paddl e-type m xi ng heating device, thereby obtaining a
water-odbsortviarg reesemt (IP)W wiasa same as the particulate
water-absorbing agent (3) not mixed with silicon dioxide.

For comparison, those factors were also measured for
the comparative particulate water-absorbing agents (1) and
(4). The results are also shown in Table 3.

[Example 7]

In order to evaluate the absorbing performance of the
particulate water-absorbing agent (1) obtained in Example 1,
a test absdrbent structure (1) was prepared according to the
foregoing evaluation method (1) for performance of absorbent
structure. The absorption amount of the core (1) was
measured under 4.8kPa. The result is shown in Table 4.

| Further, an odor sensory test was carried out for the
evaluated absorbent structure with 10 adult evaluators. The
evaluators decided the level of the odor from level 0 (no .odor

is sensed) to level 5 (odor is sensed) depending on the

strength of odor. The average level was determined as an
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cross-1linked surface. This water-absorbent resin (3)
Wth a cross-linked surface was m xed with 2 parts by

worams/08d47an aqueous sol ution, and the resulti NECTIPCT/ES073

is cured for an hour at 60 C, and then was passed
t hrough a sieve wth 710nm neshes, thereby obtaining a

_particul ate water-absorbing a@sht (3) . For this

parti cul at e wat er - absorbi ng agent (3), Tables 1 and 2

show. centrifuge retention capacity; absorbency
agampriptessiirlovoer pBRPpoiatsbngicates dess prgnificant odor.

size distribution, L-value (white index); a-val ue;

>1I\1rmsm;resmltsretra)hlabcm]hok;vrvdlna'ﬂf‘ialbdes‘ﬂ:lbst ance;

content of sulfuric volatile substance; content of

resi diBkampbeers thrd gt B0 of residual ethyl ene

‘glycol. [Exanple 4] 0.2 parts by mass of ethyl ene

car bone.sfine B@é?% BY tB88e0inJkXeehble B \ﬂye%r tarb¥ed out
mass of aqueous solution of a surface-cross-|inking

@cﬂ?%&ﬁ%ﬂl&ﬂﬁg@ﬁléﬁé’% %egyaﬂ%u?b% Vg nt‘%’erg 'rsf)‘y%‘i'ld (6),

mass o e water a ent

Sl b :8%;@@“@1 gvnap@erraeﬁ%l A L e
e T S L R ey

devi ce, thereby obtaini ng a wat er-absorbent resin (

"Wt ineds o%hsprhﬁ@a SHPSEELr SPhi gt 6VadBEdEBe i tﬁe same

resin (4) with across-I|inked surface was passed
mhaowgr asi thetwof hExiDmple 7. The results are shown in

Table 4.

[Example 11]

0.2 parts by mass of 3-ethyl-3-hydroxymethyloxetane,
0.3 parts by mass of 1,3-propanediol, 3.5 parts by mass of
aqueous solution of a surface-cross-linking agent containing
3 parts by mass of water were sprayed to 100 parts by mass
of the water-absorbent resin (¢) made in [Reference Example
3]. The‘ resulting mixture was heated at a particle
temperature of 200°C for 45 minutes while replacing the
internal upper gas with the outside air, by using a
paddle-type mixing heating device, thereby obtaining a
v'vater—absorbent resin (7) with a cross-linked surface. This
water-absorbent resin (7) with a cross-linked surface was
passed through a sieve with 710um meshes, thereby obtaining

a particulate water-absorbing agent (7). For this particulate

"Water—absorbing agent (7), Tables 1 and 2 show: centrifuge
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meshes, thereby obtaining a particulate
wat er - absor bi ng agent (4) . For this particul ate

wowioe03=bsor bi ng agent (4), Tables 1 and 2 shorCT/JP2005/018073

centrifuge retention capacity, absorbency agai nst

pressure of 4.8kPa; absorption rate; particle size

di stribution, L-value (whitel@8dex); a-value; b-val ue;
content of al cohol volatile subst ance; content of

sul furic volatile substance; content of residual

redeorteon arapaoityenthiforlesndyalagaimdteregsigoe . of 4.8kPa;
[ Conparative Exanple 4 ] 0.3 parts by mass of
dbdebptinediralte; O pamacies byzensksofilpntipr enéghstak, (white
3.8 parts by mass of aqueous solution of a

s éRAcency KRse] vt ea gt t&on il aldwhdl parlasiky st@sstance;
of water were sprayed fo 100 parts by mass of the

@?ﬁ%]ﬁ@b%@ ReNFuKES] 90(&@115‘3%@1‘6&&[1‘3@&“ 888 eBtangy eresidual

e resulting mxture was heat ed at a particle

qro ngfitrufe?naf 689600 5 ?Esf'&lﬂ%&gf‘e}}i’ﬁéﬁe %ﬁ%éf} ng the

ddI upper ~“gas vv|t e ou e-air using a

pa g heating device, thereby obtaining a
conpaﬁff%ﬁ’ep]\ﬁaﬁgﬂ absor bent resi n (4) vvit% a )
cross-|inked surface. ative bsor bent2

resi nTbe4S§1m/\ﬁ’ ts‘rfeal)sc@&s§ Plsﬁ‘k BP?B@§ &%&%’&H’le were
through a sieve with 710nm neshes, ther eby obt aining a
canpi@chiiie Usdnig eupadd \atEPeaBEFiBEnheadéne deyice instead

For this conparative particul ate water-absorbing agent
68)a cldableheating oven, so that the mixture was heated at a

particle temperature of 195°C for 45 minutes while replacing
the internal upper gas with the outside air. The heated
particles were then exposed to hot airflow of 90°C, whose
linear velocity was 1m/s, for 60 minutes, thereby obtaining a
water-absorbent resin (8). For this water-absorbent resin (8)
with a cross-linked surface, Tables 1 and 2 show: absorbency
against pressure under a centrifuge retention capacity of
4.8kPa; aBsorption rate; particle size distribution, L-value
(white index); a-value; b-value; content of alcohol volatile
substance; content of sulfuric volatile substance; content of
residual monomer; and content of residual ethylene glycol.
| [Example 13]

0.1 parts by mass of ethanol amine and an aqueous
solution containing 1.9 parts by mass of water were sprayed
to the water-absorbent resin (4) obtained in Example 4. The

obtained mixture was cured by being exposed to hot airflow of
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1 and 2 show. centrifuge retention capacity,
absor bencyagai nst pressure of 4.8kPa; absorption rate;

W@a00bi083427 si ze di stribution, L-value (white i nPErRYP2005/018073

a-val ue; fo-value; content of alcohol volatile

substance; content of sulfuric volatile substance;

content of residual nononer- 1&& -content of residual

et hyl ene glycol. [Exanple 5] The particul ate

wat er - absor bi ng agent (2) obtained in Exanple 2 was .
aDee] fchysbl Emdiangvelbthty. waparts /Iy fras$H@fminutes. The
particul ate cal cium stearate (Kanto Chem cal Co.
bBealnecthes£hy cobé amdmg thear tpessade thaverglbsordievg with
agent (5) . Table 3 shows: centrifuge retention

GaRAcH Y, absgnbency e ey pregpienehgsd. 8k¥a; particulate
absorption rate, and noi sture-absorption caking ratio

gx{%%lr]@?%%rotrjbciw te £E-abgprbing agept (Rhis Forpdb@culate

actors, such @as particle size distribution,

L-val ue, (whi.t.e i ndex): anVv 1. bh-yalue; <o . Qf
SR i SRSt dode. TABNE BNt B b roppn: Ybsorbency
vol atil e substance; r}c;(gntent of Eﬁi dual nmonomer; and citvy of
BEABHT TGS HRI ARy | EncCGRYERFES Hee [l sl Sppacity
wat er - absor bi ng agent (5) was sanme as the particul ate
flaB&PabsobbPAgtigentate] mertigieecsige rdisirépudion, L-value
stearate. [Exanple 6] The particul ate water-absorbing .
godrite ( Indebt)ai med ailn eEx dimyled us ; wap miere of alcohol volatile
(dry-blending) with 0.3 parts by nass of
substance; content of sulfuric volatile substance; content of
residual monomer; and content of residual ethylene glycol.

[Comparative Examples 5 through 8]

The same steps as those in Example 7 were carried out
with the comparative particulate water-absorbing agents (1)
through (4), instead of the particulate water-absorbing agent
(1), thereby obtaining test absorbent structures (1) through
(4). The obtained absorbent structures were evaluated in the

same manner as that of Example 7. The results are shown in

Table 4.
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particul ate silicon dioxide aerosil

Aerosil .

Co. ),

wowioen3mbsor bi ng agent (6)

retention capacity;

4. 8kPa; absorption rate,
caking ratio of the particu
For the other factors,
L- val ue (mhlte i ndex) ;

(6)

di stribution,

200 (Japan
t hereby obtaining a particul ate
. Tabl e 3 shows:

cenpCT/irReges/018073

absor bency agai nst pressure of

2o

and noi sture-absorption

wat er - absor bi ng agent
Teh as particle size
a-'val ue;

b-valﬁf; ?oghent of  al cohol volatile substance;
conte aB ©sul furic volatile substance; content of
resi dual nononer; and content of residual ethylene
| ycol, the particulate water-absorbing agent (6) was
sane as [ he artrculaggnM@ggr-aMQMEMWn ent @?EMQP<
mi xed wi tPhRnggA SOBIERi owtestey Igol; r %Pﬂghﬁos YT,
ABS NT /6) RE E(se ALUE/
factors were al so ngadtcBY=#qr Iheeeonparati ve| b-value/
p F - UT phencuatsarmisor b, ng ggent g (1) | and,(4) | . fhes
rgghlg B EORBINGASENTH v inlaﬁ¢£;4;——95xfﬂp!e 7 g+
oederct o YL B Hle absorbilng perforance of |t keoes
par {1 CUl Bhench@ rofarerd S O D) Ng ggent L 1) pbtajned|ip, ...
| ABsGRBRNESENT@HSOr hent gt r uctur e 1) was prepared
i A T U 9 5
a@mh_e_lun g’B§ORBM AGEN??[ egO| 09 eV a[ uatd on fret hed ( 1) @08/
Per fora B rc O TATEATEAL bermt—strqcture—Thg—absor (9)4[/]
afAE 7 of askbreneaier(|l) wds ndasur &d unger ®_skmpa*/ e
cg&gk%wkb sieomAATivR Tlabl e 4. Rurther, am odor s?n§41¥5
te&Wmmas‘ﬁégﬁﬁgygﬁﬁx f or®t he |eval tfat ed|abs8r bent * %
sStructure V\gokaMEddﬂm t—evatgators. 1hg
O o/ F [ PARTICULATE WATER- 38 18 4 80/-0.7/5
E 2 | ABSORBING AGENT(2)
GCOMPARATIVE
O & | PARTICULATE WATER- 34 19 49 80/-02/7
E ABSORBING AGENT(3)
COMPARATIVE
COMPARATIVE | pARTICULATE WATER- 29 24 49 94/-06/5
EXAMPLE 4 | ABSORBING AGENT(4)
CONTENT OF RESIDUAL
PARTICULATE WATER-|  ALGOHOL. CONTENT OF ETHYLENE | RECIUAL
SULFURIC VOLATILE MONOMER
ABSORBING AGENT VOLATILE SUBSTANCE(ppm) GLYCOL (ppm)
SUBSTANGE(ppm) RESIDUE (ppm) P
PARTICULATE WATER- a
EXAMPU.E ! ABSORBING AGENT(1) 0 0 0 20
PARTICULATE WATER~
EXAMPLE 2 | ABSORBING AGENT(2) 0 0 ° 200
PARTICULATE WATER-
EXAMPLE 3 | \BSORBING AGENT(3) 0 0 ° 210
PARTICULATE WATER-
EXAMPLE 4 ABSORBING AGENT(4) 0 0 0 210
PARTICULATE WATER- .
. EXAMPLE 7| \BSORBING AGENT(D) 0 0 ° 210
COMPARATIVE
COMPARAT};’E PARTICULATE WATER- 21 0 0 200
EXAMPLE 1 | ABSORBING AGENT(1)
COMPARATIVE
OO T & | PARTICULATE WATER- 12 0 92 200
EXAMP ABSORBING AGENT(2)
COMPARATIVE
 COMPARATIVE | oA RTICULATE WATER- 0 0 48 200
EXAMPLE 3 | ABSORBING AGENT(3)
COMPARATIVE
OO A TVE | PARTICULATE WATER- 56 0 0 210
(EXAMPLE 4 | ABSORBING AGENT(4)
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wat er - absor bent

resin (7) with a cross-|inked surface

was passed through a sieve with 710nm neshes, thereby

w@bdoaiosd4ny a parti cul at e wat er - absor bi ng agent PCT)YP2005/018073

For this particul ate water-absorbing agent (7), Tables

1 and 2 show centrifugeretention capacity; absorbency
agai nst pressure of 4.8kPa; absorption rate; particle
size distribution, L-value {wgite index) ; a-value;

b-val ue; content of al cohol volatile substance; ,
con_t[g{l?;?l%f iul furic volatile substance; content of

resi n% oner; and content of resi dual ethylene

glycol [ Exanple 121 The-sare—steps—ashose T T yosture

: E|
gggg?[ft %%G@Raé L6 2 &?E&;Uﬁgr [ 'Aéjﬁ P(i}étr USi ARGorPTION | ABSORPTION
_ ¢a v QﬂEéSUﬁEt(ﬂ-'aC GhATER Q| QMG RATIO

heat i ng {oven, so t hat CHETHERt Lir eswae/ehedt ed at a | (i BY MASS)
particlré erat ur o 195Cfor 45 m nutles whil e

ERMPEG ra&‘;{ﬁrg, Tiﬁﬁﬁ& upPer gps witth the out¥ide |air.’
The heatled parti —expoeset—tghot—arrfii-ow

of %OE C, pNHﬂ@a@wtwmeax velgcity|lwas bm s,| forg60 0
s, Awdmeslmyeﬁﬁbtﬁbli ning a water-absorbent resin (8)
—For—t el Absaroent resin (8) wth a
C@M@e‘géﬁYﬁ cUBAtE hagre,| Tabdses 1 ant(JI )ZOShOV\rZ ab%or bejncy ™
Ll%l‘f%{h%‘t pn@;ime%mder a centrifuge reteni i

Ratdach SRPNE on rat e; partlcl si ze
%éﬁﬁ;l ”gé:‘[ ABSOBB GAggfj)Je (Wtht ! ,nde.xl a- v
coRtent teohot—votatite Subst ance,

content of sul furl c volatile substance;

cont ent of

resi {liabl mer; and content of residual ethylene
gl ycol .
o AC ODOR
ABSORBENT PARTICULATE WATER- ABSOC::RE&S [?r\'?‘;ER iy SENDSORY
STRUCTURE ABSORBING AGENT USED | porasi ior oF 4gkPa () | | TEST
TEST ABSORBENT | PARTICULATE WATER-
2 1
EXAMPLE 7 STRUCTURE (1) ABSORBING AGENT(1) 0
TEST ABSORBENT | PARTIGULATE WATER~
21 1
EXAMPLE 8 | 1RUGTURE (2) ABSORBING AGENT (5)
TEST ABSORBENT | PARTICULATE WATER-
4 1
EXAMPLE 9 | STRUGTURE (3) ABSORBING AGENT(3) 2
TEST ABSORBENT | PARTICULATE WATER-
5 1
EXAMPLE 10 | " orRUGTURE (4) ABSORBING AGENT(6) 2
GOMPARATIVE: GOMPARATIVE
C(é';”(mﬁﬁg ‘;’E TEST ABSORBENT | PARTICULATE WATER- 20 3
STRUCTURE (1) ABSORBING AGENT(1)
COMPARATIVE COMPARATIVE
C‘;ﬂmiﬁg ’ZE TEST ABSORBENT | PARTICULATE WATER- 18 2
STRUGTURE (2) ABSORBING AGENT(2)
COMPARATIVE GOMPARATIVE
C%ﬁiaﬁﬁg ‘;’ E | rEST ABSORBENT | PARTIGULATE WATER- 17 1
) STRUGCTURE (3) ABSORBING AGENT(3)
COMPARATIVE GOMPARATIVE
C(é';"(m';ﬁg I;/E TEST ABSORBENT | PARTIGULATE WATER- 24 3
STRUGTURE (4) ABSORBING AGENT(4)
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[ Exanple 13] 0.1 parts by mass of ethanol am ne and an
aqueous solution containing 1.9 parts by mass of water

wowooe/0sarayed to the water-absorbent resin (4)probiezooeadsors

in Exanpl e 4. The obtained m xture was cured by bei ng
exposed to hot airflow of 90 C, whose |inear velocity

was |m s, for 60 mnutes.-THe7obt ai ned particles were

then passed through a sieve with 710nm neshes, thereby
obtaining a particul ate water-absorbi ng agent (9) .

For thss photwoul dne VBabiembsdr biamdagént (tje , particulate
Tables 1 and 2 show. absorbency agai nst pressure under
watertabhsogeitigt engenn adpathey pfedeBkPanvahstiomt i contains
rate; particle size distribution, L~value (white

hEHREr 81 ValdShol ovyRItURs $@BkeAhcel rAdeaokuvRléld velatile
subst ance; content of sulfuric volatile substance;

&QEEFthgf 4Ral 93?86@%%@0@%&8%1@&“ ntas Q%Hen and
ene gl ycol Conparative Exanples 5 Through 8]

hl?ﬁéfge:d RS 28 élhosq«}{éw F Lﬁager- Fefe %E's%‘iib‘?H‘g agent

corrpar at ve par ate wa SOI‘

th 4 t f.th t I t.e
el B088 b ndARE M ehthehil¥Y ReleRyi oy shiAn H e Ssorbency
asor ent structur (1) .th h . Th bt
%%%H?%‘én@@tsrsgbﬁ%r :gmﬁe?réne\rﬁg}ggﬁféalmh trﬁgeganglfgﬂéﬁm?r by

as that of Exanple 7. The results are shown in Table
adfiitore of] inoogemig particles, multivalent metallic salts, or

deodorant agents, the particulate water-absorbing agent of
the present invention becomes superior in anti-caking
property (low blocking rate, see Table 3), urine-resistance,
and in deodorant property.

An absorbent article (disposal diaper in Table 4) made of
the particulate water-absorbing agent of the present invention
ensures an excellent absorbing performance, and therefore
the liquid absorbed therein does not easily return.
INDUSTRIAL APPLICABILITY

The present invention relates to a particulate
water-absorbing agent containing a water-absorbent resin as
a main component. More specifically, the present invention
felates to a particulate water-absorbing agent superior in
absorbing agent ability, and causes no odor when the agent is
used for an absorbent article such as disposal diaper.

By using the particulate water-absorbing agent of the

present invention for a thin absorbent structure of disposal



cr (Dto Ocp5 018073 - 106 - [Table 3] [Table 4] As
shown in Tables 1 and 2, the particul ate

woren3absor bi ng agent of the present inventi oPCT/JP2005/018073
contai ns neither an al cohol volatile substance nor a
sul furic volatile substance, and causes no odor when
the agent is swollen and cenveBted into a gel. The
parti cul at e wat er-absorbi ng agent is al so superior in
centrifuge retention capacity, absorbency against
diessura, thedlike,abspepioorabaoebifgragent apilatiisi epsured
of inorganic particles, nultivalent netallic salts, or
deatosped agdent s, dhevpationnl ahbseabemtabsonbiingre, thereby
agent of the present invention becomes superior in
g%w&ﬁ&%% RIS ¥ ¢ | QW19 RGvidielesedabl e 3),

rirne-resi stance, and in deodorant property. An

absorbent article (disposal diaper in Table 4) nade of
the particul ate water-absorbi ng agent of the present
i nvention ensures an excell ent absorbing performance,
and therefore the liquid absorbed therein does not
easily return.



10

15

20

25

| NDUSTRI AL APPLI CABI LI TY The present invention rel ates
to a particul ate water-absorbi ng agent containing a

wowrioe/03=bsor bent resin as a nmai n conponent. NOPET/JP2005/018073

specifically, the present invention relates to a
particul at e wat er - absor bi ng agent superior in
absorbi ng agent ability, and@3uses no odor when the
agent is used for an absorbent article such as

di sposal diaper. By using the particul ate
GleAEN-Sbsor bi ng agent of the present invention for a
t hi n absorbent structure of disposal di aper or the

| i ke, superior absorbing agent ability is ensured
conpared with a conventional absorbent structure,

ther gbypr ovi ghpgi Al ARSoFRest- shEysbihe BaW ¢@ABaining a
odor. CLAIMS: " 1. A particul ate water-absorbi ng agent

cont aj i a ' :pol ycarRoxyli Ci :
EPTLES, £ aREt Bk RS SR ek fporbent  resin
surf ace-cross:.Li.nki ng_agent [ 0 b :
SR e EP B P LY T e phR i Y BTk Fh g Bt gohich
agent satisfying . follaowing conditigns: (a) a .
fOERS | ﬁ@ésrrﬁw%@i o‘ﬂl‘gspéci F?rgéﬁéé‘;? fghoygp, the particulate
physi ol ogi cal saline solution being not |ess_than

wae -ahsorbingrgnnbsatiafEns iopossiag € qpapiogs:

4.8kPa for the physiological saline solution being not

| ess (ehana2C0gfemtrifugea meiendienagegracityl e (GRFRt efor a

(D50) being 200-450 mm (d) an anmount of particles
phakislodibah ski0n® soltition being not less than 27g/g;

(b) an absorbency against pressure (AAP) of 4.8kPa for
the physiological saline solution being not less than 20g/g;

(c) a mass average particle diameter (D50) being
200-450pm;

(d) an amount of particles smaller than 150pum in the
particulate water-absorbing agent being 0-5 % by mass;

(e) a logarithmic standard deviation (o{) of particle size
distribution being 0.20-0.40; and

(f) a content of an alcohol volatile substance evaporated
from the particulate water-absorbing agent being 0—10ppm,
the content being measured by a gas detecting tube as an

atmosphere concentration.

2. A particulate water-absorbing agent containing a
particulate polycarboxylic acid water-absorbent resin

surface-cross-linked by a surface-cross-linking agent which
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particul at e wat er - absor bi ng agent being 0-5 % by nass;
(e) a logarithmc standard deviation (s ) of particle
W@ 2we/083431 ri buti on bei ng 0.20-0.40; and (f) a PONIE005/018073
of an al cohol volatile substance evaporated fromthe
particul at e wat er - absor bi ng agent being O0-1 Copm the
content bei ng neasured by-ald&s-detecting tube a s an
at nosphere concentration. 2. A particul ate
wat er - absor bi ng agent containing a particul ate
conkyiasbalklylenacichmteneatabsardeformssi aster bond with a
surface-cross-1linked by a surface-cross-I|inking agent
c#hbekgorddwp, al kyl ene carbonate and forns ester bond
with a carboxyl group, the particul ate water-absorbing

agentn sat i ghytRafhakl oWt Goadddidisig (aagent  satisfying
centrifuge retention capacity (CRC) for a

f@?é?‘é%’%bﬁltg‘gﬁgne sol ution being not |ess than

) an orbency against pressure (AAP) of 4

SOt ra RO fRleA e TALY DRIRD D or o
P aC o 205R 0 Ty B TR AFL AR
Gevi do) o (SREOGPAaY | SIS & E STRTBLLE BB) bl g BicPa for
t}?ézgi'lgfsiig(l)(;)g?cnadl saline solution being not less than 20g/g;

() a mass average particle diameter (DS50) being
200-450pm;

(d) an amount of particles smaller than 150um in the
particulate water-absorbing agent being 0-5 % by mass;

(e) a logarithmic standard deviation (o) of particle size
distribution being 0.20-0.40; and

(g) a content (determined by HPLC) of residual ethylene

glycol in the particulate water-absorbing agent being

0-40ppm.

3. The particulate water-absorbing agent as set forth
in claim 1 or 2, further containing an alcohol compound
(except for ethylene glycol) selected from: aminoalcohol,

alkylene carbonate, and multivalent alcohol.

4. The particulate water-absorbing agent as set forth

in any one of claims 1 through 3, further containing a
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(g) a content (determ ned by HPLC) of residual
et hyl ene glycol in the particul ate water-absorbing

wagam3tel ng 0- 40ppm 3. The particul ate PCT/JP2005/018073

wat er - absor bi ng agent as set forth in claim1l or 2,
further containing an al cohol conmpound (except for

et hyl ene gl ycol) sel ected frbhil -am noal cohol, al kyl ene
carbonate, and rultival ent alcohol. 4. The particul ate
wat er - absor bi ng agent as set forth in any one of
odmipsndnthseletted) frommhechebatiaigi magent, Ideotdorant agent,
conponent selected from chelating agent, deodorant
ragtnivalen t invatehic mefla) bind daldrgaarnid paetidHeisc
particles. 5. The particul ate water-absorbi ng agent as
set forth in any one of clainms 1 through 4, wherein:
the surface-cross-linking agent is constituted of at

| eastgone fﬁ%p%légféiéﬁiae&é %fé%%&ﬁrsf&%ga 8A%i ki 88t forth

of : glycerin, propane , et ene Tarbonat e,

! B e gt e aetienl M ene

ticu t er-absor bi ng agen set f

any.one of clains.1 through 5, wherein: the (h)

S o< SR RinEc AR 1o LopaiRatédy diorat elpast one
fromth%éloarti cul at e_ wat er - absor bi ng agent i.s O- fj )
PMROVRE coptaste dodiregindhsurSr vy £psidénegciqfngglycerin,
tube as an at nosphere concentrati on.

1,3-propanediol, ethylene carbonate, 3-ethyl-3-hydroxymethyl

oxetane and ethanol amine.

6. The particulate water-absorbing agent as set forth
in any one of claims 1 through 5, wherein:

the (h) content of a sulfuric volatile substance
evaporated from the particulate water-absorbing agent is
0-10ppm, the content being measured by a gas detecting tube

as an atmosphere concentration.

7. The particulate water-absorbing agent as set forth
in any one of claims 1 through 6, further satisfying a
following condition:
| (i) a total amount (determined by HPLC) of acrylic acid,

acetic acid and propionic acid being 0-1000ppm.

8. The particulate water-absorbing agent as set forth

in any one of claims 1 through 7, further satisfying a.
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7. The particul ate water-absorbing agent as set forth
in any one of clains 1 through 6, further satisfying a

wo edobosd4ny condition: (i) a total anount (detepoi/nedo3018073

HPLC) of acrylic acid, acetic acid and propionic acid

being 0- | OOOppm 8. The particul ate water-absorbi ng

agent as set forth in any enélé&f -clains 1 through 7,

further satisfying afollowing condition: (j) Iumnance
indices L being 80 or greater, a being -2 to 2.5, and
plbeimygocondibimm: L denotes a | umi nance index, and a

and b are chromaticness indices, all nmeasured as white

i ndi c@g$ loymén Budeeindotes i bEdeing BO dihiggbatenf enbeing -2 to
absorbent structure forned of (a) the particul ate

m,era—@@smﬁéﬂﬂ%]@gantwafeﬁem Heridtdshadyndm@a®ée index, and
clains 1 through 8 and (b) hydrophilic fiber, wherein

8. G ent LHfe té}?rmfetﬂif-:ﬂ'e@se e i¥lesaDS ] Difih 89888 as white

respect to a total content of the particulate

Wt

- rbiﬂ% t t hydrophilic fiber is 30-
@%@ﬁé%§Q§ggs_ &%i%ﬁgﬁg aggggrng nmet hod of the
parti cul at e wat er - absor bi ng agent as set forth in any
one of clains 1 through 8, conprising the steps of:

(i) subjecting an aqueous splution of an unsatuyrated
mononBr, whi dHEbmon it absosbertalstrae ey | fiogmaedy of (a)

and/ or its salt as a main _conponent, to )
the particulate water-absorbing agent as set forth in any one

of claims 1 through 8 and (b) hydrophilic fiber, wherein a
content of the particulate water-absorbing agent with respect
to a total content of the particulate water-absorbing agent

and the hydrophilic fiber is 30-100 % by mass.

10. A manufacturing method of the particulate
water-absorbing agent as set forth in any one of claims 1
through 8, comprising the steps of:

(1) sﬁbjecting an aqueous solution of an unsaturated
monomer, which contains a non-neutralized acrylic acid
and/or . its salt as a main component, to
cross-link-polymerizing in a presence of an
iﬁternal—cross—linking agent, so as to obtain a cross-linked
polymer;

(ii) drying the cross-linked polymer, and adjusting a
particle size distribution of the cross-linked polymer, so as to

obtain a water-absorbent resin satisfying following
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cross-1link-polynerizing in a presence of an
internal -cross-linking agent, so as to obtain a

w@ews®3i4rnked polyner; (ii) drying the cross-|Peikarb00s5/018073

pol ymer, and adjusting a particle size distribution of
the cross-linked polynmer, so as to obtain a

wat er - absor bent resin satisflyl8g foll ow ngconditions:
(a) a centrifuge retention capacity (CRC) for a
physi ol ogi cal saline solution being not |ess than
aNeditions): a mass average particle di aneter (D50)
bei ng 200-450 mm (c) an anount of particles smaller

than (&gomirtetﬂlﬁip@gbi Cyledbaty@her calisositgnt (CRBCY for a
being 0-8 % by mass; (d) a logarithm c standard

Y SR bt Wa 19he PRI Elch, HeARithridud kAR o;

(r11) heating a vicinity of a surface o

the g@é?géab&?ﬁ’&”?aé@i& e A HELRAM Ndidmeter (D50) being

surf oss-Tinkin n rmng ester bond;

1Y) 0osing the water-absorbent resin during or
S04 SthE:

e eating to airflow at or higher than 60 C

11. The manufacturing, nmethod of a ticul ate .
wat erlCAb3sr BIRGUHRERT BATHCLPS, SR HEE| Qiﬁanlol,SOum in the
wherein the non-neutralized acrylic acid contains at
pasnticudasekvatevfakanpbendsresitereda s Pofh Yhdygiaaps;
consi sting of: 10-200ppm )

(d) a logarithmic standard deviation (of) of particle size
distribution being 0.20-0.50;

(iii) heating a vicinity of a surface of the water-absorbent
resin after adding a surface-cross-linking agent forming ester
bond; and

(iv) exposing the water-absorbent resin during or after

the heating to airflow at or higher than 60°C.

11. The manufacturing method of a particulate
Water~abso‘rbing agent as set forth in claim 10, wherein the
non-neutralized acrylic acid contains at least one kind of
compounds selected from the group consisting of: 10-200ppm
of methoxyphenol; 0-10000ppm of acetic acid and propionic
écid combined together; 0-1000ppm of acrylic acid dimer;
0-10ppm of furfural, and 0-10ppm of protoanemonin, all with

respect to a mass of the non-neutralized acrylic acid.

12. The manufacturing  method of  particulate



of met hoxyphenol; 0- | OOOOppm of acetic acid and

propi onic acid conbi ned together; 0- | OOOppm of
wa@eooglosx7aci d dinmer; 0- | Qopm of furfural, anecCD3IP2005/018073

| Qopm of protoanenmonin, all with respect to a mass of

the non-neutralized acrylic acid. 12. The

manuf act uri ng met hod of partl télat ewat er-absor bi ng

agent as set forth in claim10 or 11, wherein the

surface-cross-1inking agent contains al kyl ene )

watborsEib sorbhing apen hesifstt ot tly imetchadmoflO or 11, wherein

particul ate wat er-absorbi ng agent as set forth in

tHaismridcewbebesnlialkioy esferof cettpliaseatkybule ioathhenate.

al kyl ene carbonate is 0.1 % by mass or less with

respect to a mass of al kyl ene carbonat e.

13. The manufacturing method of  particulate
water-absorbing agent as set forth in claim 12, wherein a
content of ethylene glycol in the alkylene carbonate is 0.1 %

by mass or less with respect to a mass of alkylene carbonate.



