-1- DESCRI PTI ON PARTI CULATE WATER- ABSORBI NG AGENT CONTAI NI NG
WATER- ABSORBENT RESI N AS A MAI N COVPONENT TECHNI CAL FI ELD 5 The
present invention relates to a particulate water-absorbing agent
containing a water-absorbent resin as a main conponent. More
specifically, the present invention relates to a particulate

wat er - absor bi ng agent used for an absorbent structure of an
absorbent article, such as disposal 10 diaper. The particul ate
wat er - absor bi ng agent of the preseDESCRIPIUOM is superior in
absorptive ability, and causes no odor or ethylene glycol. The

conbi nati on
conventi onal
resin (or a

of these three benefits has never attained by the
agent. 15 BACKGROUND ART Recently, a water-absorbent
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absorbing resin) and a hydrophilic fiber such as pulp are w dely
used as a main GPATHRCABFORBENT RESN afs FaMABNYC OMPRIENTR! S,
such as 20 disposal diapers, sanitary napkins, incontinence.pads, in
order to absorb body fluids. The water-absorbent resinis minly

made of (i)

cross-linked partially neutralized polyacrylic acid;

(i) a hydrofgéq@N§@§m:Im@ﬁJrﬁl ic acid graft -2- polyner; (iii) a
saponi fied vinyl acetate-acrylic acid ester copolyner; (iv)

hydrokyzed acryl opiLri '}f-‘rg%%ﬁ’f)é Yy MBlyettiof’ OSte1htBked +8CT Vd Onplirki &alate
copolymer; (v) hydrolyzZe
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water-absorbing agent containing a water-absorbent resin as
a main component. More specifically, the preseﬁt 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 (iJ cross-linked partially neutralized

polyacrylic acid; (ii) a hydrolyzed starch-acrylic acid graft




acryl am de copol ymer or cross-linked acrylam de copolyner; 5 (vi) a
cross-|linked cationic nonomer and the |ike. There have conventionally
been needs for a water-absorbent resin having the follow ng
absorption properties: (i) a high absorption capacity for a agueous
liquid such as a body fluid, (ii) an exzellent absorption rate,

(i1i1) 10 excellent liquid-perneability, and (iv) excellent gel
strength of a swollen gel, and (v) an excellent suction anount from

a wet substgaltygneont @ii)i ry sqpenifieli ainyl @detaseda¢hditi keid Tester
neet these demands, a recent particul ate water-absorbing agent has a

particul ar F&W@ahep;r Opgky Y. hikiddly¥eew cicryienindileperspligntiamands

for high water absorption capacity and high liquid perneability

under pressgigdys-fittkdeds akeyldyptieileabs Yoyl mes; n q&qtl ch§@rolyzed
significantly narrow particle size distribution, or

vat er - absor bgdtly1heside RAIBdISHREr hayl@&@-mﬁbe@baef?mﬁ@daocsﬁs%te&
and | ow Water-sol ubl e conponent, nmany paraneter ents and

measus ement  ipf Qo%stbﬁ\lﬁﬂ@@&rba?‘tﬁehh@%§ﬁo@ﬁei‘%mdl@c@ié & the various
phisycalities of water-absorbent resin. The follow ng docunents 1

through 39 are exgiple ofdhe Rt 0AR 1RO CUHRAn 1 HSLdosesor  a

wat er - absorbent resin superior 3- 1n gel ngt h, water-sol uble

conponent , apg: Wat8fsoARSPF Ptiddin ar}?;&»l?gper rreafm{au&w@'ﬁ cl Sorption

wat er - absorbent resin superior 1n liqul bility w hout

absorption raf&,.a30s aP5H0L PLIAD SARAYGYn PREUTEEY S0P a aqueous liquid

such as a body fluid, (ii) an excellent absorption rate, (iii)

10 excellent ligquid-permeability, and (iv) excellent gel strength of
a swollen gel, and (v} an excellent suction amount from a wet
substrate containing agqueous liquid,. (vi} and the like. To
meet these demands, a recent particulate water-absorbing
agent has a particular physical property.

i5 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 mnarrow particle size distributic;n, or a
water-absorbent resin particles having a high absorption

20 capacity and low water-scluble 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. .

25 ' Document 1 discloses a water-absorbent resin superior




5 through 6 disclose techniques of naking specific particle size

di stribution. Further, many other docunents suggest a

wat er - absor bent resin superior in absorbency agai nst pressure under
different pressures, as well as neasurenents nmethods for checking

t he absorbency agai nst pressure. The 10 4al |l ow ng Docunents 7 through
16, 38 and 39 suggests water-absorbent resins, sone of which are
superior solely in absorbency against pressure, and others are

superior botih i pelabserdegtly, agebmst-duledsidr e cvitponeaither aplklysi waker
properties. Further, Docunents 17 and 18 suggest a 15

wat er - absor kgidorRsbA Whicehprasyexcel | emyogampaet r esst adégclgded ts a
properties, Docunent 19 suggests a water-absorbing agent whose

dust-size pajhté&d-ardamweint $esReHdpeFiorand 1i@9@&r§@im%@bmg9eﬁﬁﬁu@ut
wat er - absor bent resin causing | ess " coloring. Further, Docunents 21

and 22 suggqghda £Ps¥RHBLrARSAEPEMAr £85BrpHRA | ApafityalBbcuments 3
absorption anount and gel-stability against an L-ascorbic acid

aqueays sol Lmr%ggwrs discld&e téghrfi@%sabkr}aa%h%esb%iﬁ& P&RricGize

Docunment 23 suggests a water-absorbent resin superior in-air

per meabi | i t Yy o4 FRd iBRTOT € g DAGUTENty 24,5 S AR NBhEntEDSU AR a
- Her,

resin 25 having | ess residual nmohomer. ~-4 urt cunent s~25

through. 32 apdy SOUsORhel AOGUIRNL S SUGORRE tNa! %Yl AES RO beRlinet

resin with a “specific physic pr o ty 1'S usef an absor bent
o et (DRl R B LRI PP crpnce
methods for checking the absorbency against pressure. The
10 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
15 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
20 water-absorbent resin superior in Wa.ter absorption amount
a.nd 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

25 having less residual monomer.




for surface-cross-linking which is perforned by pul verizing at |east
a part of resin particles. Further, in recent years, the thickness of
a sanitary raw material, such as a disposal diaper, tends to be
reduced, 10 nmki ng wat er-absorbent resin content higher, which

i ncreases a demand for relieving odor frpom the water-absorbent resin.
To relieve the odor, there has been suggested use of various
deodorant agents and/or anti bacterial agent together with a

wat er - absorbent 1giiherSO Sch Ve 8sdeapey FPPELY §8mld bbSer
wat er - absor bent resin. Exanples of this produc i ncl udes a

wat er - absor Redity, AR 13 Cé‘gg@%ﬂ Q@la{]{gdé %a@ell‘-%sed’ﬁﬁaliﬁorpﬁé&tn '3t a

and an extract from | eav of a theaceous plant (for exa e,

Docunent 34)3&%}!1518: %ﬁ%ﬁ%&?ﬁngP% &S L SUIPESH 14 PN HREELGh Aarticle

wat er - absor b ecifi1c property and an extract

[rom an 21 SHILEL9RPSALLIA SHATDL Ssp BT et EURLUCE S6PEcture
bropioni ¢ acldy whi ek A7 BB U1 95, i A VLIt 86llestas fhetnod

cause of odor o er-absorbent resin. her, ~ ot her t echnol ogy

| ati ' | .e. 0, .00 e -y m == - -5 -5
1[gcﬁ%éggoﬁoé‘%ﬁ@?%C{%F%E%ﬁéf&ﬁﬁg?’% ok {%’tsiriﬁiﬂ%r%hyt pifhesidee et
acryl ate. escribed, there have.been many technol ogies for
rree%/i ng vaﬁﬁ83§ c?e?é‘ﬁgsoﬁ’é%%ipﬁd%b&&ﬁerty gf 5 wat e?-absor bent

resin. However, ose conventi onal . .
tEhLU:’l:FI‘u-:r, in recen% years, the thickness of a sanitary raw

material, such as a disposal diaper, tends to be reduced,
10 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
15 the water-absorbent resin. Examples of this product
Iincludes a water-absorbent resin composition made of a
water-absorbent resin and an extract from le_aves of a
theaceous plant (for example, Document 34), or a
water-absorbent resin composition made of a water-absorbent
20 resin having a specific property and an extract from an
éiculilignosa (for example, Document 35). Furither, 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

25 technology relating to a residual monomer (e.g. Document 37)




wat er - absor bent resins can no |l onger ensure their effects in the
recent absorbent structure (such as disposal diaper) which uses a
greater anount of water-absorbent resin, that is, has a higher
content (higher weight ratio) of water-absorbent 10 resin. Moreover,
as the usage anount (content) of water-absorbent resin for an
absorbent structure, such as disposal diaper, is increasing, the
deodorant property has becone an inportant factor, but trials of

vari ous deo ent. [ gi dead S
e R e Tt e R

satisfactory qeeagtg,&teof obt ai ning sufficient deodorant property.
Further, an absorbent article, such as disposal diaper, has been

havi ng defects OIASCO@é\A%?ré%gaI i ng .Qf bept %gﬁlhﬁi}gﬁhrﬁ}%ﬁies g?r

particle segregation makes parficle Srze ew

these probl HBeti n%r € {rariaor{f)é her fig?ﬂgﬂ(&s forlie%ﬁilh%g'solr_gv?\géggﬁgzyof

particles having rrower partic Size dis ;
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vvater-absort%%nt resin saéi sfgi ng altl of fthe demands i n,.act ua!1 Cg‘se:
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distribution and |less particle segregatipn. Wth, this . .
wat er - absor BERICH 83545 atgge?ﬂ:eersgﬁgop efl i“b?'lteé'l'i@sorlbent resin, that is,

has a higher content (higher weight ratio) of water-absorbent

10 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

15 onto the absorbing agent, have not made satisfactory results
of obtaining sufficient deodorant property.

FurtEer, an absorbent article, such as disposal diaper,
has been having defects of coarse feeling of absorbent
particles, and particle segregation which makes particle size

20 uneven. In view of these problems, there is another demand
for water-absorbent resin particles having n.arrower particle
size distribution.

However, any of conventional water-absorbent resins
have not satisfied all of these demands in actual use: reduced

25 odor, excellent absorption capacity, narrower particle size




provi des an absorbi ng agent which can be used as a confortable

absorbent article ensuring high physical property and safety and has

a conposition not causing odor after 10 swelling. ( Docunent 1) US

re-i ssued Patent No. Re32649 Specification (Docunment 2) UK Patent

No. 2267094 B Specification (Document_3) US Patent No. 5051259

Specification 15 (Docunent 4) US Patent No. 5419956 Specification

(Docunment 5) US Patent No. 6087002 Specification (Docunment 6) EP

Pat ent No. ch £ jjCald.O : : Patent No. 0707603
Sne I BEEPE s Bar ERE R s R

Speci ficati ent No.” 071 Speci fication 20
bat gﬁ[m . ?)545595? 3353%\? iocfi?%gl%gs(%eﬁﬁ%ﬁ%%&{ﬁ nﬁé“%ﬁﬁgﬁnmwéﬁ 3%
S 11 S kOISR i od5, S0 A, oY BFSBE, SR S04 oy
Catent N0 SRR (40, oo hORIBRE R LREE R Mg
Specidl oot SRR Al ahoRh e MONTORERELLERLIE". Ty,
Patent No. 994440, Speci{  calion (RaSuTep 20}, LS Pt o, Mo f444TAS
provides an absorbing agent which can be used as a
comfortable absorbent article ensuring high physical property
and safety and has a composition not causing odor after

10 swelling.
[ Document 1) US re-issued Patent No. Re32649
Specification

(Document 2) UK Patent No. 2267094 B Specification

(Document 3] US Patent No. 5051259 Specification

15 [Document 4] US Patent No. 5419956 Specification
[Document 5) US Patent No. 6087002 Specification
(Document 6)  EP Patent No. 0629441 Specification
(Document 7] EP Patent No. 0707603 Specification
[Document 8] EP Patent No. 0712659 Specification
20 (Document 9)  EP Patent No. 1029886 Specification

(Document 10) US Patent No. 5462972 Specification
(Document 11] US Patent No. 5453323 Specification
[Document 12] US Patent No. 5797893 Specification
(Document 13)] US Patent No. 6127454 Specification

25 (Document 14] US Patent No. 6184433 Specification




[ Document 21) US Patent No. 6194531 Specification (Docunent 22) EP
Pat ent No. 0940148 Specification 10 [ Docunent 23) EP Patent No.
1153656 Specification (Docunment 24) EP Patent No. 0605215
Specification (Docunent 25) US Patent No. 5147343 Specification
(Docunent 26) US Patent No. 5149335 Specjfication [Document 27) EP
Pat ent No. 0532002 Specification 15 (Docunent 28) US Patent No.
5601452 Specification [Docunent 29) US Patent No. 5562646

Speci fication (DogyERined) 165 Patgnia i t%@%@é7§@®i§r§§@ﬂic‘&@ion
[ Document 31) US Patent No. 6150582 Specitication ( Docunment 32 )

I nternational Publfiggti 20 1Moy 02/19§3198; @gp?l &, deACUeENt R33)
Pat ent No. 093773 Spe}:]?]??%ation][ Docu%n%éz Jaapanese unexan‘ir?(?ccil
patent publicat is)&',z'l'-@ L §ho 60-158861 ( Docunment 35 ) Japanese

unexam ned pat ent % publication Tokukai hei 11-241030 -8- ( Document
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(Document 20) US Patent No. 6444744 Specification
[(Document 21)] US Patent No. 6194531 Specification
{Document 22] EP Patent No. 0940148 Specification
10 (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
15 [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
20 No.02/053198 Pamphlet
| [Document 33] EP Patent No. 0937739 Specification
( Document 34 ) Japanese unexamined patent
publication Tokukaisho 60-158861
[ Document 35 ] Japanese unexamined patent

25 publication Tokukaihei 11-241030




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

wat er - absor bent 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 15 deodorg%t property of the absorbing
agent when used as a product such as di'sposal diaper. Then, the

i nventors have further studied the cause of the characteristic odor

of the water- abSOF beptotc{]a eyt angde fqund t h?nf(%%ﬁgwd}ﬁbf aCtPulér/}?@&tio.n

they found was a Tac a 20 proddct nadé wat er - absor be resin

obtained with Usg 05330%5550%?5%1??&{ ace-cross-1|inking agent
4 agent

(surface-cross-linkKrn orns ester bond with a carboxyl

o esour e gener at LR ERT, 40 or U8t PR 1830 Mot ot 2y SR Sredd kg tion
the 1 Lb FEES& 32!%&’3{%@??%@35@% %%?&w%?ﬁ&?@?%d‘S%%%riﬁ%ﬁogﬁ

| . . The. | th .
Found that by el F AP SuGh: an Dok abrBt aeer 2450 heRPerearation
t he physical property of resin 5 increases and the resin becones

applicable for an absorbent article, such as disposal diaper. This
hi gh- performance_ absorbent article, such as disposal diaper, is nmade

of the fordgb?RGQulEE BHEINYBYTHENt, which uses a

surface-cross-linking agent formng ester bond with a 10 car box%/I
group, and ensuré8 PTer 4BsePhne HAC dREsEPinERreblems, the inventors of

the present invention have studied the deodorant property

10 (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

15 deodorant property of the absorbing agent when used as a
product such as disposal diaper.

Then,. the inventors have further studied thg cause of

the characteristic odor of the water-absorbent resin, and

found the following fact. What they found was a fact that a

20 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 absorbe-ncy against pressure or without pressure

generates the characteristic odor, thereby decreasing the

25 performance as a water-absorbing agent of disposal diaper or




result of high-tenperature processing, and reduced odor. These two
characteristics have been inconpatible in the conventional products.
In the process of studying a specific 15 surface-cross-I|inking agent
not causi ng nmuch of odor, the inventors further found that,
dependi ng on the type of cross-linkingsfgent, sonme wat er - absor bent
resins contain residual ethylene glycdlF "which is generated as a
by-product, even though they are produced using no ethyl ene glycol

as a 20 non r Qf a.crosslinking agent. Lf th t er-absorbent .
resin cont aiQE s]d%ﬁ A8 A et Fe%eved'f yE%P}lgﬁh\g@ESf é%ffv oP??ﬂeé“al of
resinis not fully.ensured. Then, after further .study of . the. origin
of “resi dual ER ARSI ToHiBy FoBnd nafof: ittilyes ThE oiptentofs
inmpurities qr deconpgsition products of the 25 surface-cross-1li,nkin
agent used ffr&rtgﬁE r Qe eﬂgé‘g’- Ry elmmating | §u hﬂ%neOSWcogf
derivative, such as ethylene carbonate, | yet hyl ene gl ycol, etc.),
Further, if BRIGH-@RSOTOs YondC& i Ppartitul g%}c%fh@@ée%é'r b&Hat &F512
used as a surface-cross-1|jnking agent so as toq.i ncregse t he physj cal
5 préperty (P&TERSEPaRRY thpqifsipdrerames epRiicrrleies A caBporbent
absor bency agai nst pressure), it is necessary to use a |large anount
of cross-1i ritigleagsttctandst lismesalovdiaperact ilgHs phiglewRerormgpce
tenperature. Thus, even when no ethylene glycol is used for the raw
material, orakserbemerasiirld.emaicly 2ar donnpsatudinper.ctifyieade of the

carbonate does not contain ethyl ene glycol, the absorbent article
conpl et ed adomegoing  water absorbing agent, which uses a

surface-cross-linking agent forming ester bond with a

10 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

15 surface—crosé-linking agent not causing much of odor, the

inventors further found that, depending on the type of

cross—linkfng agent, some water-absorbent resips contain

residual ethylene glycol, which is generated as a by-product,

even though they are produced using no ethylene glycol as a

20 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

25 surface-cross-linking agent used for the raw material




commodity contains ethylene glycol as a by-product. The inventors
finally solved the problemof safety caused by ethylene glycol, and
found a way of obtaining an absorbent 15 structure (such as di sposal
di aper) with superior physical property (particularly, liquid
-perneability under pressure or absorbency against pressure) with
the use of al kylene carbonate in a suriQCE-cross-linking agent, as
well as sufficient safety, which have been inconpatible in the 20
conventi onal g&gﬂ Furt t he i nventors lso morkﬁd on t

e
probl em of 4P aé'%un‘?ﬂﬁfelea’lfstggf“z%l FIVA éveandmb‘é t iy e"“"%yl"'me
segregation, which are d whe ent r,
pul verized CERTRARREE pé’-}qqlVEF y&Ene g ‘gl’r(%ﬁ t ‘é§7 %’{rnd‘ Zﬁﬁ[‘:ﬁj}lne
the average particle dianmeter, the anpunt of du t X
particle, afs@mngtst{radicnlarlys sethylensn caf tléntus‘?%cﬁér &
for particul ate water-absorbent resin to ensure |ts h si cal
property as sarigigssoepess-lsnking urgepdude adsdtepdaare ab’é?) physical
Accordingly, the inventors found a way of 5 restricti ng t hese
factdrs: thernmseiye (partlp@ﬂ@rbi,amw -perencahilitiy wndegsprepgure or
particle, and the particle size distribution, of water-absorbent
resin parti dlesonipéby argaimelopresispiee), pll’liyﬁ ot CHFTPST thoediser Red@bge
obtaining particulate water-absorbent resin with narrow particle
si ze distri bamoomt 16 andssntinkipg tagdwt segdedat canry oLk sudlkasdipn
findings (1)a desired surface-cross-linking agent, desires physi cal
property, amsrocess at high temperature. Thus, even when no ethylene

glycol is used for the raw material, or even when alkylene
10 carbonate such as ethylene carbonate does not contain
ethylene glycol, the absorbent article compleited 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
15 structure (such as disposal diaper} with superior physical
property (particularly, liguid-permeability under pressure or
absorbenc_\} against pressure] with the wuse of alkylene
carbonate in a surface-cross-linking agent, as well as
sufficient safety, which have been incompatible in the

20 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

25 that the average particle diameter, the amount of dust-size



al l owabl e | evel of odor are inconpatible, 2) the high physical
property given by surface-cross-1inking agent such as 15 al kyl ene
carbonate results in by-product of ethylene glycol which has safety
i ssue, 3) a desired average particle dianeter and all owabl e -anount
of dust-size particle are inconpatible,_ _4) the five physical
properties: centrifuge retention capaci } " (CRC), absorbency agai nst
pressure (AAP), nass average 20 particle dianeter, the anmount of

particles less than 150pm;in the particul ate er: absorhi ng agent
| ogari t hmic Rﬂ%h%d ey the; oPnaBtrlcg%r 81%g edé?*szglba’it’s?’%i BEEi oﬁ?Pﬁr fpat
i nportant factors %or t he .use of absorbent structure, such as .
di sposal di 4B&E9TS {9k PATHALIRLe nRdCheiRSPRREBL EBRIT | IR AP RYNE 1tS
whi ch 25 provides a practically ideal particul ate water-agbsorhj.n
agent, 12 _ RIYICaIsRTQPEItY agsant plserhens peiGtersnipsica s %Jisgosal
properties. _More specifically, the fartipulate wat er - absor bi ng agen}
(first waterdigPgsibi ng AgepTiinglyer dtlng t Bttt esdpind nantVay ©
contains, as a main conponent, a particulate 5 polycarboxylic acid
wat erB absor Jestriciing thapeabactarsssthenrEgrageaparticle diameter, the
surface-cross-linking agent which forns ester bond with a carboxyl
group, the prmount af slusiatséze glavditlienpraddite sarntisly piger dlstgibrgion,
conditions: (a) a centrifuge retention capacity (CRC) for a 10
physi ol ogi caf sehitee-adusathamt beé¢sig npertieds, t wrick7gare {Byompatible
absorbency agai nst pressure (AAP) of 4.8kPa for the physiol ogical
sal i ne sol utplopshmilng nptopesseshan 2Bgtgby(c) @bimisengver agerticulate
particle diameter (D50) being

water-absorbent resin with narrow particle size distribution

10 and small particle segregation.

With such new findings (l)a desired
surface-cross-linking agent, desires physiéal property, and
allowable level of odor are incompatible, 2) the high physical
property given by surface-cross-linking agent such as

15 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 incompatible,
4) the five physical properties: centrifuge retention capacity
(CRC), absorbency against pressure (AAP), mass average

20 particle diameter, the amount of particles less than 150pm 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

25 provides a practically ideal particulate water-absorbing agent,



200- 4501zm 15 (d) an amount of particles snmaller than 150pmin the
particul at e wat er - absor bi ng agent being 0-5 % by nass; (e) a

| ogarithm c standard deviation (off) of particle size distribution
bei ng 0.20-0.40; and (f) a content of an al cohol volatile substance
evaporated 20 fromthe particul ate water-absorbing agent being
0-10ppm the content being neasured byl%’gas detecting tube as an
at nosphere concentration. The particul ate water-absorbi ng agent

(second wat er-absorbing ggent) according tQ the present invention
25 cont ai ns Wﬁi’é@%a%“i’frﬁ %ﬂ'ﬁ&ﬁénﬁhﬁe gwﬁa??%&lﬁ%‘ét&%g’r%Pﬁa?ﬁ%R?Wles'- 13
aci d wat er-absorbent resin _surface-cross-|inked by a .
surf ace- cr oss- | i MQ%fy sefsificailbhtRenPar HeHpkg| Wiadercabsorking ARt
forns ester bond with a carboxyl group, the particulate
wat er - absor biifgt ageatesRhSIThing f AW ngacsogdnagt i &hs: the) mresent
centrifuge retention capacity (CRC) for a physiological saline
sol uti on beiingension esontigdns27giy; a(Rain eewepeltagai earticulate
pressure (AAP) of 4.8kPa for the physiological saline solution being
not IBess t hawlpogtgoxybic(c) a n@sddaver ageWnerrabgogbgmit er (D5DgSIN
bei ng 200-450-m (d) an anount of particles smaller than 150pmin
the particsafeceastrrsabivkdinlyagermutfaicegcoossdinkingsagens) which
| ogarithm c standard deviation (off) of particle size
forms ester bond with a carboxyl group, the particulate
water-absorbing agent satisfying following conditions:
(a) a centrifuge retention capacity (CRC) for a
10 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;
(¢) a mass average particle diameter (D50) being
200-450um;
15 (d) an amount of particles smaller than 150pm in the
particulate water-absorbing agent being 0-5 % by mass;
(e) a-logarithmic standard deviation (of) of particle size
distribution being 0.20-0.40; and
(f) a content of an alcohol volatile substance evaporated
20 from the particulate water-absorbing agent being 0-10ppm,
the 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

25 contains, as a main component, a particulate polycarboxylic



15 distribution being 0.20-0.40; and (g) a content (determ ned by
HPLC) of residual ethylene glycol in the particul ate water-absorbing
agent being 0-40ppm The particul ate water-absorbing agent and the
20 manuf acturing nmethod thereof neet all of the requirenments of
particul at e wat er-absorbi ng agent in actual use: reduced odor,
safety, excellent absorption capacity,- A& row particle si ze
distribution and | ess particle segregation. Accordingly" the

wat er - absor bi ng agent can be used for a confortable .25 bso%(?entD
article ensu@$ifly hWgheptRRseEPeRt opsetin séf-’étfﬁfce"l%’osaﬁ]%é’r y @&
absorption ability and causes | ess odor in actual use, espeC|aIIY
when used asS%Tf@Wﬁcﬁﬁ@éﬁt igkipgsal ageaper Fehisimg| confiaipsr swdkylene
contain a | arge anount of water-absorbent resin), which has

convent i onal ¢§rhreathandgferasogstepr BBNdmwis hBRS T avboE R ORT CARRYHING
OQUT THE | NVENTI ON The fol |l owi ng expl anati on deals wth the

particul at e pastienlabsor iratpragbsordinghe pgestnt satisiningn, iqlbowmg
wat er - absorbent resin used for the particulate 10 wat er-absorbi ng
agenth and téendibiomsterials, reaction condition etc. Further, in

t he present invention, specific neasurenent nethods, which are
described | ater i{a) "&xacphdsifugn e nededtion neapacéipnt CBLC)(afor a
centrifuge retention capacity for physiological saline solution

wi t hout 15 | phsis{die@ical Bilabseoianimn dgdngshoprlessutleanf22g8gPa f or

(b) an absorbency against pressure (AAP) of 4.8kPa for
the physiological saline solution being not less than 20g/g;
10 (c) a mass average particle diameter (D50) being
200-4501m;
(d) an amount of particles smaller than 150pm in the
particulate water-absorbing agent being 0-5 % by mass;
(e} a logarithmic standard deviation (og) of particle size
15 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
20 manufacturing method thefeof meet all of the requirements of
p'articulate water-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 éomfortable

25 absorbent article ensuring high physical property, safety,



physi ol ogi cal saline solution (AAP), (c) nmass average particle

di aneter (D50), (d) anount of particles smaller than 150pmin the
particul ate water-absorbing agent, (e) logarithmc standard
deviation (ot) of particle size distribution, (f) content 20 of an
al cohol vol atile substance evaporated fromthe particulate

wat er - absor bi ng agent, (g) content of -rédidual ethylene glycol in
the particul ate water-absorbing agent, (h) anmount of volatile

sul furic substance evaporated fromthe particulate &@ten-absorbing

agent (anourffURETips| HpsPELEeR: abibty ARt F3VAES dSSFoPRAT I acfugdidge,
content (ampunt) of acrylic - 15 acid, acetic acid, or_ propionic
aci d in the gswadislivamdenmatsad assbighneontent digrese) digner (a@ingle
Note that, in the present specification, "% by mass”" and by weight”
are identi caliapersehset aantainsarlayiggcaament D wateatabsapBenbaiesin,
resin A water-absorbent resin in the present invention designates a
cross- | i nkedvhitlydeas comvientinpally delen Waivihgi the odsin probjemat er
and insoluble in water. Here, the swelling property by water denotes
an alility of absorbing a large 10 anount of water, for exanple, 5
times, preferably 50 tinmes to 1000 tinmes ion exchange water of tare
mass. The wdBEST MODRIRCRt CARRYINSG (Y TpTHEANYENTIRIN K
wat er - sol ubl e conponent is 50% by wei ght or |ess of the substance.
To check these @i folbowinghesxpsnaEmant deeihowitkedhien psrticulate
"Exanpl es" of the present invention, ERT (EDENA Reconmended Test
Met hod) 441.vafOr-absbtbihgd9 ade®DANMS the present invention, the
water-absorbent resin used for the particulate
10 Water-absorbi'ng 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
15 load (CRC), ‘(b) absorbency against pressure of 4.8kPa for
physiological saline solution (AAP), (c) mass average particle
diameter (D50}, (d) amount of particles smaller than 150um in
the particulate water-absorbing agent, (e) logarithmic
standard deviation (og) of particle size distribution, (f) content
20 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

25 containing component), (i} total content (amount) of acrylic



(Eur opean Di sposabl es and Nonwovens Association) nmay be wused. To
nmeet the foregoing condition, the water-absorbent 20 resin of the
present invention is a water-absorbent resin obtained by drying a
cross-1linked polynmer, which is produced by cross-link-polynerizing
of an unsaturated nonomer containing an acid and/or the salt
thereof. One preferable exanple of suchSa-resin may be a

pol ycarboxylic acid 25 water-absorbent resin, particularly a
partially neutralized - 16 _ polyacrylic, acid pol yner objai ned by

pol yner i zat iifer &ReHEnkdFigl-of OBn RFRRIUHS e8CHONdRer thenwnpapticulate
contains an acrylic acid and/or the salt thereof. (neutralized) as
mai n conpondhtter-ahmantiag ageptnand (Hhebiteandedsin used in the
present invention is not limted to the one nmanufactured by the
nmanuf act uri ng netfeie dheél ésethé eregenhppacificadionande fyy massamnd
resin obtained by drying a cross-linked polyner containing a
structure ud% Wfeweightf ranm shenbisaluimaset st0amdntivgs, repliagigabie.
described later. The structure unit derived froman unsaturated
nmonorfer corresporfdy Weter-adisardiameresimhi ch pol yneri zabl e doubl e
bond of each nononer is opened, for exanple, by polynerization
reaction (that ifs, watotralbesdrdrehl - @e€ih berantha Pregenibondvention
(-CGC)). 15 (2) Particul ate water-absorbi ng agent and Manufacturing
met hod t her ebd sibmen tear & i cxud sat-¢inviae érpabsaebi fogmagenthyadrdlgel prelsandt is

swollen by water and insoluble in water. Here, the swelling
property by water denotes an ability of absorbing a large
10 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
15 - "Examples" of the present invention, ERT (EDENA
Recommended Test Method} 441.1-99 or 470.1-99 of EDANA
(European Disposables and Nonwovens Associatiop) may be

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

25 water-absorbent resin, particularly a partially neutralized



i nventi on nmeans an absorption/ solidification agent for an aqueous
|l iquid. The agent contains a water-absorbent resin 20 as a main
conponent and may contain a snmall anount of additives and/or water
as required. The content of water-absorbent resin in particulate
wat er - absor bi ng agent of 100% by mass s 70-100% preferably
80-100% nore preferably 90-100% by ﬁa%é.‘Apart fromthe 25

wat er - absorbent resin, the particul ate water-absorbing agent 17-

mai nly contains Wa%fr and the yvarious adqitives describged | at er. b
Further, ap@YACE#ifater, tA&%hqueous PAFHY may be®PiAiP¢fquid PY
cont ai ni ng water, such,as,uri ne,lwg#ood, feces, waste fluid

moi st ur e/ st BHYReEZaHoR (FEO%T- e 588r gARSAtAaLeR | MOMPMES

sol vent, rainwater, or groundwater. . However, urine, g’géti cul ar%
human uri ne WRichogontpdngal an e yis t idSifat enadar - dHe odilhg thgeRet
of the present invention can be manufactured through any nethods
ensuring t hdnestEgbizsg) phy snatl oBpengHs$. For exanple, the 10
surface-cross-linkigtgqnay be perforned after the particles are into a
cert & n particl e Fqistdierthihe oWpbor P suirR begipngsefeiRobhe  present
describes a further preferable exanple. Simlarly, "Manufacturing
nmet hod 2", ‘imaesftienudsngatetlhiodted, tendhe nemef seaovifpgtusedod s the
are also available. 15 [Manufacturing nmethod 1] A water-absorbent
resin with anspetiafturpagtinsitbosi désclisad iibuthis agnlieatipesi #nd may
absorption capacity is produced first, and then the vicinity of the
surface of the sany resin obtained by drying a cross-linked polymer
containing a structure unit derived from an unsaturated
10 monomer, which is described later. The structure unit
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-)).
15 (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
20 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

25 water-absorbent resin, the particulate water-absorbing agent



wat er - absorbent resin is heated after mxed with a 20
surface-cross-|inking agent which causes an ester bond. During or
after the heat treatnent, the water-absorbent resin 1is exposed to
airflow at 60C or nore. In this nethod, the purity of the raw
material, that is an acrylic acid, is referably specified to the
range described | ater. 25 [Manufacturi™n “method 21 18 An unsaturated
nmononmer aqueous solution, which contains a non-neutralized acrylic
acid and/or the salt thereof as a i n,conponent of  the nonqner,..is
Subj ect ed t AR L CORHAIAR I JASFT 7RG ithe ﬁ@rﬁp@sser?e%émvs% escribed
internal -crgss-linking_agent and, if required, also a chain, k transfer
agent, so adater-obEHTthERaRrBRI BHEOIh TR L9Tastine RARRQUSalREE may be
absorption capacity. The particle size distrjbution  of the
wat er - absor Berx  Hadlid eontaimiag jeater, THechead tvrige crbleod.i dfregs.
pol ymer having a specific absorption capacity 10 and a specific
particle si Zasist flwighi omaistyue] staasa, t dcesurmaxiirg o9d- | vakehgand
[ Manuf acturing nmethod 31 An unsaturated nononer aqueous sol ution,
whi ctB cont aingamicnendnean inbrgediagoiveatactalinasatemabn gonpodsmter.
15 is subjected to cross-link-polynerizing in the presence of an
i nt er nal - cr ddswieivekj nriagemartsoubarlyohumannuainsaiemabt dypéeal.
resin having a specific absorption capacity. The water-absorbent
resin is further Theut paktizedadad wdter-phsoirbliegsiagend sof i the | ppesent
adjusted. The resulting

invention can be manufactured through any methods

ensuring the foregoing physical properties. For example, the
10 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.
15 [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

20 surface-cross-linking agent which causes an ester bond.
buring 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.

25 [Manufacturing method 2]



20 cross-linked polyner having a specific absorption capacity and a
specific particle size distribution is subjected to
surface-cross-1linking. [Mnufacturing nethod 4] An unsaturated
nononer aqueous sol ution, which 25 contains a non-neutralized
acrylic acid and/or the salt - 19 thereof as a main conponent of the
mononer, is subjected to cross-link-pot$nmerizing in the presence of
an internal-cross-linking agent, so as to obtain a water-absorbent
resin having a specific absorption capacity. 5 The particle size _ .

di stribution of #He wméat%@g@%erm%nﬁri s2qpget R djs e n;Thavhich
resulting cross-Ilinked polyner having a specific absorption capacit
and a speci faoniginsi cd e noReneyitsalizpdt j aprylic s @idct agdye@r the sal
surface-cross-linking. If required, a chelator is added during the
pol yneri zat ithe¢reof defomainfeanporent ofitiqgnphemer, is subjected to
surface-cross-linking. The follow ng explains a particul ate

wat er - absor inog s-Hodhpdiym ¢wizpngsentin nvenhicon apdesemmeuf aceliri n@n
met hod thereof. (3) Unsaturated nonomer 15 [Acrylic acid]: For the
unsatiur at ed imteaonet-dresselirdfirer agéet eadd;, o ifisrequimsthr alscoradi ¢lgain
the context), an acrylic acid and/or the salt thereof is preferably
used. Furt hdranafencagdil sciak tbavbtaimaspedetrigbpurbenf ntdsan hayimg
acrylic acid having a 20 specific amount of a specific conmpound is
particul arl ya specific absorption capacity. The particle size distribution

of the water-absorbent resin is then adjusted. The resulting
cross-linked polymer having a specific absorption capacity
10 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,
15 is subjected to cross-link-polymerizing in the presence of an
internal-cross-linking  agent, SO 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
20 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

25 contains a mnon-neutralized acrylic acid and/or the salt



suitable for the particul ate water-absorbing agent of the present
invention. An exanple of the acrylic acid may be one containing one
or plural of the conpounds selected from 10-200ppm of

met hoxyphenol , 0- 10000ppm of acetic acid and 25 propionic acid

conbi ned toget her, 0-1000ppm of acrylic acid - 20 diner, 0-10ppm of
furfural, and 0-1Oppm of protoanenoni A.19NMore preferably, the acrylic
acid contains acetic acid and propionic acid in a range of 1000- Copm
intotal, and acrylic acid diner in a range of 1000- Oppm Further,
each 5 cont &hereéf taseaaprine caspgoasa tpedshenroRRIEn, nist stdjeched to
the acrylic acid diner are preferably not nore than 500ppm further
preferabl y nooseolink-pely@eoppingnd dni || thet herpresemeeabl yohot an
nore than 100ppm Each content of furfural and protoanenonin is
preferably motermakctrbas-Bphingnd hEemdne pseferalsl y Mot nmhdaihan a
| ppm When the anpbunt of acetic acid and propionic acid in total,
and t he anowdteaf-abaorpent aesih diawing fal dpexifiofalaserrtiann cagapety.
t hese conpounds nay cause odor or residual nononer, and therefore
it i$ not aTie tmbhéclawizmtdisitaibuticthefpthéi watet-@li$orbent resin is
wat er - absor bi ng agent of the present invention which contains only a

smal | anmountheh aljaisted. oTh@niresnatirgs , cxushlirdsedl pobpmerolhatving a
substance (al cohol -basis conversion). Further, when the acrylic acid

contai ns an speeefgl VebasPption OEaE_Lﬁfcﬁtlf alard Y Obp@BEHONI partitld Sshod
suitable to make a 20 water-absorbi ng agent ensuring high absorption
capacity. Rrigefimuaienenlsvisjeeselitto firfaeat ¢Mbdd NUAkDi DL reguibed,
a chelator is added during the polymerization, or before, after

10 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

15 [Acrylic acid]

For the unsaturated monomer (hereinafter refereed to as
monormer 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

20 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

25 propionic acid combined together, 0-1000ppm of acrylic acid



pol ymeri zati on. The anmount of p-nmethoxyphenol is generally not nore
t han 200ppm preferably in a range of 20-160ppm nore preferably in
a range of 30-100ppm 25 Such an acrylic acid can be obtai ned by
controlling the 21 condition in oxidizing the acrylic acid, or by
restricting condition for distillation or crystallization. Wen the
acrylic acid is purified by distillati®®,-the rectification degree
can be increased, for exanple by increasing nunber of theoretical 5
plates (e.g. use 6-20 nore plates) or by increasing_ the reflux |
rati o. Furtdémemnl @ppmeiyiurduzeldansl fudiOmrma 8f protoanemonin.
crystallization, the rectification degree can be increased, for i
exanpl e, by incr detengoraieseblnf Wrysaaryligawicdd posdaedsssacesig. acid
carry out 3-10 nore crystallization processes). Note 10 that, the
acrylic aci cnhypbepjpumict issddbyna anstarege usf n066+-Aprdnsin| tatabnasdd
crystallization. Further, after the acrylic acid is produced, the

t enper at ur e sicsyliec meddedintd- 25Cr tangakef hOGOe@ppmmserFurtbar, each
condition. [Oher nononers] 15 O her nononer.than the acrylic acid
may Be usedcasiticlg ofrihenmcetior acuohstnd uprowidrie aesidrinabtsmlbeand the
resin of the present invention, either as a co-polynerization
conmponent, awrydie adciehl dimenoser fmrefeoabiyt motngnbhe than 500ppm,
wat er - absorbent resin. Exanples of the other nononmer include water

sol ubl e 20 gtrbidrophehirablysaiatr ahede mphamer308ppn asndetdtallr yhirther
acid, maleic acid (or maleic anhydride), fumaric acid, crotonic
acid, itacopiefaghBly oy mowkl enhe aOppm. Each content of furfural
and protoanemonin is preferably not more than 5ppmvand
10 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
15 water-absorbing agent of the present invention which
contains only a small amount of volatile organic matter, such
as alcohol volatile substance (alcohol-basis cgnversion).
Further, when the acrylic acid contains an excessive amount
of furfural or protoanemonin, it is not suitable to make a
20 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.

25 Such an acrylic acid can be obtained by controlling the



2- (met h)acryl am de- 2- et hyl pr opanesul foni ¢ aci ds,

(met h) acryl oxyal kane sul fonic acids and their alkali netal 25 salts,
their ammoni um salts, N-vinyl-2-pyridone, Nviniyl -22- acetam de,
(meth)acryl am de, N-isopropyl (neth)acrylam de, N, N-dinethyl

(et h)acryl am de, 2-hydroxyethyl (nmeth)acrylate, nethoxypol yethyl ene
gl ycol (neth) acrylate, polyethylene gl3tol (neth)acrylate,

| sobutyl ene, lauryl (nmeth)acrylate.. Note 5 that, the "water sol uble"
in the present invention nmeans a property at |east 1g of which is

di ssol ved i aongdgiost iRt @xidizingobheermivdiar eciftur Phedy abrEieHEE
t he foregoing cross-linked polyner nade from an unsaturated nononer,
a pol ycar bogyphiddtimsi dor 1distél aticabsar beyistaldizatiany bWheedheEearylics
of this type of resin include cross-Ilinked polyamno acid (e.g.

pol yaspart i eciddisdpugifiadcbysdidtilkeéibmatbexyéctifisstjomrdegreg can be
car boxymnet hyl cel | ul ose, carboxynmethyl starch). In case of using an
unsat ur at edinoneaeed ptfver exizanpde b¥Siacrgasmachunibatt pf fthedmetical
preferable in view of the object of the present invention that the
cont gnt of phaetewrener uaché&-20hanor¢ heladesy o tacidctsasing itheOrgflux
nmol % nore preferably 0-10 nol % further preferably 0-5 nol % w th
respect to theid.ot @urteeynt whfert hetteer ydeylaci daaid! iiss galdifieldat by
are used as nmain 20 conponents. Note that, in case where the nonomner
i S an unsat grabegdllizenensr tihavidigifibadiin geghge ¢ds Bal inarasesl afor

al kali netal salt, an alkaline earth netal salt, or an amoni um
salt. example, by increasing number of crystallization processes
(e.g. carry out 3-10 more crystallization processes). Note
10 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]

15 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 component,
or as an only monomer for constituting the water-absorbent
resin. Examples of the other monomer include water soluble

20 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

25 salts, their ammonium salts, N-vinyl-2-pyridone, N-viniyl



Meanwhil e a sodiumsalt or a potassiumsalt is particularly 25
preferabl e because (i) the sodiumsalt and potassiumsalt are -23-
easily obtained in dust-size particle, (ii) the sodiumsalt and
potassiumsalt are harmess, and (iii) use of the sodiumsalt and/or
potassium salt gives better property to the water-absorbent resin
obtai ned and affects the other 5 advar#dges. Further, the

unsat urated nononer containing an acid group (such as an acrylic
acid) is preferably neutralized in terns_of both physical propert
and pH rati @&cetamidmut(maeibadryhamddee é%-lsmra@ivg greip)asrylamide,
generally in a range 10 of 20 to 100 nol % nore preferabl¥ in a
range of 30 N,N-SHmeiylod miedihy) aerylareids aBi-hyidroxyedhyé(roetinqrylade,
nmol % The neutralization may be carried out in a stage of a
nonomer, or methaxygpayeeidiylealey gy coknvi ity aormhatac poly eih stitoglgeol
or both. 15 (4) Cross-linking Mononer (Internal-cross-1inking agent
The wat er - ajamztigacrybsiay ofsdahetyleasentlairydmicdh)acrdater oss- | ibhiksl
pol ymer obtained by drying a cross-linked polyner, which is made by
pol yrgeri zi nghtdte tinsatwratedsolabiletein Thesprebenitnievemtion means a
cross-linking structure of the 20 water-absorbent resin may be

obt ai ned by mausintg at leassal greft echichnosetissolbedsil 100 gsd- Watkedat
Wi t hout using a cross-linking nononer. However, it is nore

preferabl e thaim tehepsesenrebsorbent resin is obtained by

copolynerizing or reacting the unsaturated nononmer with the
cross-linking  Purther, aside from the foregoing cross-linked polymer
made from an unsaturated monomer, a polycarboxylic acid
10 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
15 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
20 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

25 preferable because (i) the sodium salt and potassium salt are



25 nononer (also referred to as an internal-cross-1inking agent -24-
of water-absorbent resin). Here, the cross-Ilinking nononer which
functions as an internal -cross-linking agent has two or nore

pol ymeri zabl e unsaturated groups contained in one nolecule thereof

or has two or nore reactive groups. Wien 5 the water-absorbent resin
has water-insolubility and a water-swel23 rg property, it is regarded
as having an internally «cross-linking structure. Exanples of such an
i nternal -cross-1inking agent includes

N, N - net hy| etadily( abtaieed yina s, size nFudligle, etiby thregbdiom salt and
di (nmeth)acryl ate, (poly) propylene glycol di(neth)acrylate,

tri met hyl ol ppopassiutn( relthraer hkatwlessgl gudr Git)rizgeeoh )ther goatiem salt
gl ycerol acryl at enet hacryl ate, ethyl eneoxi de nodified

tri net hyl ol pangdoet r igoteissiaonyl| aadt gives Dbetter property to the
pent aerythritol hexa(neth)acrylate, triallyl cyanurate, triallyl 15

i socyanur at ewaieradbybdripdmsphedsin t roteldivledamaed affects the other
pol y(net h)al | yl oxyal kane, (poly) ethyl eneglycol diglycidylether,

gl ycepol di gl yaveylepber, ethylene glycol, polyethylene glycol,

propyl ene glycol, glycerine, pentaerythritol, ethylenedi am ne,

et hyl ene car bonatRurfii @y tére 10as honed d Peloted Mirereintelfing 28nardid
glycidyl (meth)acrylate, and the |ike. These internal -cross-I1inking
agents may bgreigpd(Shthchs iandiadduad |aciel) 9 Froféirhdleneitbhligkidionn
of two or nore kinds. The internal-cross-1inking agent nay be added
to the reaCtté’:@nssy%ffen’b%'thherpt?}si%@.‘[?ngi-opﬁr’&fpaéﬁﬁe qpgesraWen the

usi ng one or 25 nore internal-cross-1linking agents, it is preferable
that a neutralization ratio of the acid group is generally in a range
10 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.

15 (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 C;‘oss—linked
polymer, which is made by polymerizing the unsaturated
monomer. Thus, the internally cross-linking structure of the
20 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

25 monomer {also referred to as an internal-cross-linking agent



-25- cross-1linking nononer including not |less than two polynerizable
unsaturated groups is always used for the polynerization, taking

I nto account the absorption properties or other properties of the
product water-absorbing agent. 5 For desirable properties of the

wat er - absorbent resin, the amount of internal-cross-1inking agent
used is preferably 0.001 to 2 nol % -n®fe preferably 0.005 to 0.5
nmol % further preferably 0.01 to 0.2 nol % and particularly
preferably 0.03 to 0.15 nol % all with respect to the_ unsaturated
monomer 10 Eéxwedertebsohbeinmt seain) cHors,| itﬁki GgoageRnkingn TeaBE™M Fle
anount of the internal-cross-linking agent to be added is |ess than
0.001 rol %wlich Hucaskonbeasrmurintesnabrarassabinkingegunt: hasetwe er
possibility that a sufficient absorption properties cannot be

attai ned, sambhat pdlysaéizabie prehesabtated 5ghbrgsSpeentqigwd yinj one
case the amount of the internal-cross-linking agent to be added is

| ess than t haoldmukgthegeudlae hddhawo ans shonkirgpdiivacguoepss ndthen
fully fornmed, resulting in failure of production of the cross-I|inked
pol yrer desahichedrdterédbsonbieah i sesitol ltams bywakdreinantiBlitynsandl ea
in water. On the other hand, in case the anbunt is nore than the

f oregoi ng valatsr-shellaiLhbrogditle icqapmetded a1y bdiviag, ahuinmsally
absorption capacity of the water-absorbent resin or absorbing agent

is reduced, didekefinkidecseastfgrébsorption capacity of the absorbent
article when 25 realized as disposal diaper or the like. - 26

Examples of such an internal-cross-linking agent

includes N,N’-methylenebis(meth)acrylamide,
10 (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
15 isocyanurate, triallyl phosphate, triallyl amine,
poly(meth)ailyloxyalkane, (poly)ethyleneglycoldiglycidylether,
glyceroldiglycidylether, ethylene glycol, polyethylfene glycol,
propylene glycol, glycerine, pentaerythritol, ethylenediamine,
ethylene carbonate, propylene carbonate, polyethyleneimine,

20 and glycidyl(meth}acrylate, and the like.
- These intermal-cross-linking agenis 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

25 more internal-cross-linking agents, it is preferable that a



When the internal -cross-linking agent is used to forma cross-I|inked
structure inside the water-absorbent resin, the

internal -cross-linking agent is added to the reaction system before,
during, or after the polynerization of the unsaturated 5 nononer, or
after the neutralization of the unsaturated nononmer or the pol ymer.
(5) Polynerization Initiator The water-2Bsorbent resin of the present
invention is obtained by using a polynerization initiator in

pol ymeri zing 10 the unsaturated nonomer. As the pol ynerization
initiator, topsexdnpling a masiogaerpolipebaingi omatni thessor ham agwo
pot assi um persul fate, amoni um persul fate, sodi um persulfate,

pot assi um pe@xdystetieabiodluragtartadedat groywpsadsi @hwasks casgendos, the
sodi um per car bonate, t-butyl hydroperoxide, 15 hydrogen peroxide, and
2, 2' - azobi s pdlyanedezationr,opaki)g iditeydcoohindr thie, absogption properties
phot opol yneri zation initiator such as

2- hydr oxy- 2-orevtly¢r prppenyiespodpareeproduetmegtbe- alssakbintg agsnt.
preferable that an anount of the polynerization initiator is wusually
in asrange of 0. 0@t midsifabbe 2propebbieandipthEemadier-absiomrbantargeinf
0.01 mol %to 0.1 mol % in terns of physical property with respect

to the totakhrugbesuat abigseiabldrosbelinkiagt Hgaheduspdonesefseably
obtain the water-absorbent resin. If the polynerization initiator is

|l ess than 0.000D 182 %ol 38, JMOHEtDIfcMRBYIE. O0E tbedS edoh4, Fafther
over (residual 25 nononer anount) is increased. On the other hand, if
the -27- amyipiephbln®. DAl YORY.Z246DW6 ] Bild de@tid Gy eptdRaBlyd. 8
to 0.15 mol %, all with respect to the unsaturated monomer

10 (except for the internal-cross-linking agent). In case the
a-mount of the internal-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.

15 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

20 insoluble in water. On the other hand, in case the amount is
ﬁlore 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

25 realized as disposal diaper or the like.



it becones difficult to control the polynerization. Thus, neither of
t he amount of the polynerization initiator |ess than 0.001 nol % nor
the anount nore than 2 nol %is preferable. 5 (6) Polynerization

nmet hod and pol yneri zation solution For the polynerization of the
unsaturated nmononer to obtain the water-absorbent resin of the
present invention, bulk polynerizatioem®r- precipitation

pol yneri zati on may be perfornmed. However, in consideration of the
desired physical 10 properties of the water-absorbent resin, nore
preferabl e nethbidsenftipoliyprernakticrossatinkbique agempoliy nesed atd daranch
reversed suspensi on polynerization, using an agqueous solution of the
monorer . Wienoas-dgltecdustsokutirenimdideheherenatar-absotdedt rhein, the
concentration of the nononer in the 15 aqueous solution (hereinafter,

"nmononer aqigPesnablctbserlirkihg dgeannisedddsdacsotil@ncsasiibh 8ystem
tenperature of the solution and a type of the nononer and hence is

not |imtedbefor@nyliahl i aftemlitie. pbiyRatizatipe egndantimédOirdted
preferably within 10 to 70 % by mass, and nore preferably 20 20 to 60

% by smass, wWheRAokNEr,PobY Mariezat {108 inegefdliftion! ¥ tthedunsaturated
previ ousl y-neutralized unsaturated nononer containing an acid group

by conbi ni ngno B AGKUHAGoTPRIMs 1 and 2", or "Manufacturing
met hods 1 and 4" (neutralization polynerization). Further, the

aqueous pol yneri E@)tpg R-iZ2riBe E/{#Hhesk out not only with water but
also wth any other -28- additional solvents. The pol ynerization of

the monomer is iffd ak&ERUYEYMEnt resin of the present invention is
obtained by using a polymerization initiator in polymerizing

10 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,

15 hydrogen peroxide, and 2,2'-azobis (2-amidino-propane)
dihydrochloride, or a photopolymerization initiator such as
2—hydroxy—'2~methy1—1—pheny1—propane—1~one may b_e 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

20 in a range of 0.01 mol % to 0.1 mol % in terms of physical
iar0perty 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

25 monomer amount) is increased. On the other hand, if the



t he aforementi oned polymerization initiator. Besides the

pol ymeri zation initiator, an activating energy ray, such as 5
ultraviolet light, an electron ray, and a y ray, nmay be used solely
or in conbination with the polynerization initiator. Note that,
which tenperature the polynerization is initiated is selected as
requi red dependi ng on which kind of pd&%Yrerization initiator is
used. However, it is preferable 10 that the polynerization is
initiated at a tenperature in a range of 15C to 130C, and it is nore
pref erabl e thmadunieof fhley pedywatrization initintoedsamera éhper 2 mel %
a range of 20C to 120C. The reverse phase suspension polynerization
is a 15 politynbecoahesn diffihuit t bat contcalritbe opolipypesisgdadi ndhhe,
nmononer aqueous solution in a hydrophobic organic solvent. For

exanpl e, theecither s {thasansuspeosithe polymerizatiooninitiathes tesdbdetiam
docunents such as United States Patents No. 4,093,776, No.

4,367,323, KoO0A, 46l 26 horf\phe Atiddt/ homndhad Nomd, ZAiéls tisfefable.
exanpl e. Further, the aqueous solution polynerization is a.

pol ymeri zati on meshedlimeMikatiothene f1odd nen d zediyanerzattoni eslutionby
usi ng the nononer aqueous solution w thout using a dispersion

sol vent. For examplretheh®olafitaarstingl Wi ehepalys@iizaiddnnbsomer to
descri bed in docunents 25 such as U. S. Patent No. 4, 625,001, No.

4,873,299, Ntair9the ABRiI8AbMRHE 3iIR J0the PPedelt iNeention,
5,124,416, No. 5,250,640, No. 5,264,495, No. 5,145,906, and No.

5,380,808, 1Ak dPSHRRESXH6R 8% BHeePSRAthehepolnedz8ibib3iRayNtbe

performed. However, in consideration of the desired physical

10 properties of the water-absorbent resin, more preferable

methods of polymerization are agueous 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

15 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

20 to 60 % by mass, when the polymerization is carried out with

a 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

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



0, 955,086, and No. 0,922,717. Note that, when perform ng 5 aqueous
pol ymeri zation, a solvent other than water may be used as required.
The type of solvent used together is not particularly limted. The
nmononmer and/or the initiator disclosed in those docunents are al so
applicable in the present invention. 10 (7) Oher polynerization

met hods (a) Polynerization of an unsat-uR&t-ed nononer containing a
non-neutralized carboxylic acid (acrylic acid) group as a nmain
conponent The pol yneri zation nmethod described in (6) is generally 15
performed wiaddi@monatsolivaneés. nononer containing a

previ ously-neutralized acid group (neutralization polynerization).
However, as with Tihe pdiyuferization ofrthbachddointeri & dhstdasbtobpbhieing
that the polynerizati-on is perfornmed with an unsaturated nonomner
contai ni ng ah# adorewidridbnzedd polpmgromption paitietotar Besides the
non-neutralized acrylic acid, as a main conponent. In this case, the
acid group pelyigetizaltigediaftiatot hexwobytiv=tiaki emnerklyi raygt both sas
known as "acid polymnerization and post-neutralization”. . For

exanm e, ingfieavidled§ Behit,i 88 seéd@endtayd add a y ray, may be used
specifically-concentrated unsaturated nonomer aqueous -30- solution,

whi ch cont ai disledy NBR- MRUIChZh b7 tiRG Writh achd a®lemdMEatieenpalienitor.
is subjected to cross-Ilink-polynerization in he presence of an

i nternal - cr oggtd i tHd )9wABRM tedPpdfalifre ARlAIPDIFnYGFRtANS OlbeRitiated

resin having a specific absorption
is selected as required depending on which kind of
polymerization initiator is used. However, it is preferable
10 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
15 polymerization method that is carried out by suspending the
monomer agueous solution in a hydrophobic organic solvent.
For exampie, the reverse phase suspension polyme_rization 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
20 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

25 such as U.8. Patent No. 4,625,001, No. 4,873,299, No.



5 capacity. The water-absorbent resin is further neutralized and the
particle size distribution is adjusted. The resulting cross-1linked
pol ymer having a specific absorption capacity and a specific
particle size distribution is subjected to surface-cross-Iinking. 10
In this "acid polymerization and post-neutralization”, the

wat er - absorbent resin used in the pres@® -invention is obtained by
addi ng an univalent salt, in particular, alkali netallic salt, to a
cross-1linked polynmer so that .a part of acid groups of the polyner
i's neutral i 2¢986008RKaNb.4F27EB|682saNb. 4.9 &hS L8 pd¥ol i Kt [dl g ndto.
was prepared by polynerization of an unsaturated nonomer containing
a non-neutr gl,23edeacr yNoc 5,264 485 aNwai B, t4Hpod6ntandThi¥oc dniB&, &6X8,
the non-neutralized acrylic acid is preferably 30-100 nol % nore
preferably 96rdlQbdhcttsl siidicrapBisspdhy PABendl Nta @B W 1686 hidko.
wat er - absorbent resin thus obtained by the "acid polynerization and
post - neut r aki 286,086, hhel PNEPED{9Y2257 BN. Nbser bhag, aghetn anskforming
stability to urine are ensured for the particul ate water-absorbing
ageng of thgRIAseNtpbAMABH AtionNo esbRaint At Rhidhe waeed may be
pol yneri zati on and %5 post -neutralization", additional nononmer may

be used W t R geBlys thenagey. | THRCI1§pRS Jfequilvedt asecW tBgkbRer is not
foregoing polynerization nethod described in (6). Further, the

condi tion (typefuRPYNimet&éd) Of ThBe adddheral aanewere thRiator
cross-1inking nononer” (internal-cross-1linking agent), and 5 the
pol ynmeri zat iQQcidNdd 2iR" 1B eS B d S CadesHisBedapplicdble in the
present invention.
10 (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

15 performed with an wunsaturated monomer containing a
previously-neutralized acid group (neutralization
polymerizétion) . However, as with the Manufacturing

method 3, it is also allowable that the polymerization is
performed with an unsaturated monomer containing a
20 non-neutralized acid group, in particular, a non-neutralized
r;mrylic 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

25 specifically-concentrated unsaturated monomer aqueous



(4) and (5) above. Further, when the "acid polynerization and
post-neutralization" is perfornmed with a solvent, the concentration
of the whol e unsaturated nononer is not particularly limted,
however, it is preferably adjusted to a 10 snall value, for exanple,
5-40 % by nmass, nore preferably 10-30 % by mass. The pol yneri zation
Is started with an aqueous solution kep® at a | ow tenperature, for
exanple, 10-25C. 1In the "acid polynerization and
post-neutralization", the 15 cross-linked polyner resulting fromthe
pol yrreri zat issdutist, weidlewtontdized a Arathatitrabzed agrylbgi deid as a

(sodi um hydroxi de, potassium hydroxide, lithium hydroxide, etc.),
al kal i net amaoar bomypen§sodisimehjdded ¢o soubaqlimkcpebonarizadion)in
or the like is used for the alkali netal conpound, which induces 20

neutral i zat ithve ofrédeneei df groupin tertizd-pod ysdinking hageatpasp ad to
the cross-linked polynmer is neutralized into alkali netallic salt.

Ot herwi se, sihmiki nd witavabsorbeeit assimhaving al kpecifiankbaprption
anmoni um car bonate may be used, A sodiumsalt or a potassiumsalt is
par tigoul ar | yedpedigyabl @hb wetausb{dobdiite edhuns shhttiead poh asdized
salt are easily - 32 obtained as commercial products, (ii) the

sodi um sal t e tIPOURESIEID $¥é¢ dRriwatloasds adfusidd) UBee ofeduiging
sodiumsalt and/or potassiumsalt gives better property to the

vat er - absor gz o Siti e Pbpalyed ranth S £ch s sheifkbheb forgvant aggracity

this "acid polynerization and post-neutralization", it is preferable

that 50-90 mplq%a MbRcific particle size distribution is subjected to
surface-cross-linking.

10 In this "acid polymerization and post-neutralization”, the
water-absorbent resin used in the ptresent invention is
obtained by adding an univalent salt, in particular, alkali
metallic sal"c, to a cross-linked polymer so that a part of acid
groups of the. polymer is neutralized to alkali metallic salt.

15 The cross-linked polymer was prepared by polymerization of
an unsaturated monomer containing a non-neutralized acrylic
acid as a main component. The content of the
non-neutralized acrylic acid is preferably 30-100 mol %, more
preferably 90-100 mol %, further preferably 100 mol %.

20 With this water-absorbent resin thus obtained by the "acid
lz;olymerization 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

25 post-neutralization", additional monomer may be used with



preferably 60-80 nol % of the acid group in the cross-1linked polyner
be changed into alkali netallic salt resulting from neutralization
reaction with the alkali nmetal conpound. To 10 carry out such
neutralization of the cross-linked polyner produced by

pol ymeri zation by using an alkali netal conmpound, the foll ow ng

met hod nay be adopted. A gel polyner; $hi-ch is obtained through
polynerization with a solvent, is cut into 1cnB or smaller pieces
whi | e pouring an 15 aqueous solution of the alkali metallic conpound
into the gethe Themyliche agétl i @skneededrog, a &meawdth or thye mefaregoing
chopper. To obtain the particul ate water-absorbent resin of the
present i npehlyimmrizahien enpetlaedr edesctritededtr alflzat i oFursher, the
preferably 50-100C, nore preferably 60-90C, and the first 20

neutral i zat comdinax {tgegseecanfounetyt redlci ¥ aifi dhef addit®nplarnpologgers,
see Claim1l1 of US Patent No. 6187872) is preferably even,

speci fi cal | yheotro®s-dihkiamg kA onphebbtihtdrnalngossehalking agshé), and
agent (e.g., Manufacturing nmethod 2) 25 In the manufacturi-ng nethod
of thke partitasl poBym3izarabarrebordieareresne at wsodesenibed in (3),
I nvention, the polynerization may be perforned by using a chain
transfer ageptandn(spdiboes. t oFrtibehensavheal athorvaei@r polymerization
i nternal -cross-linking agent, and the polynerization initiator. 5
Wth the waig/d absetbeahitrasiatiprodueedpéffotide veithssa | sokesht, the
pol ynmer manufactured through this nethod, the ability as an

absorbi ng agepicadatiaRi Idft WHO WHAR afi@saturated monomer is not

particularly limited; however, it is preferably adjusted to a

10 small value, for example, 5-40 % by mass, more 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

15 cross-linked polymer resulting from the polymerization must

be neutralized. An alkali metal hydroxide (sodium hydroxide,

potassium' hydroxide, lithium hydroxide, etc.), a}kali metal

carbonate (sodium carbonate, sodium bicarbonate etc.) or the

like is used for the alkali metal compound, which induces

20 neutralization of the acid group in the polymer so that a part

cﬁ” the cross-linked polymer is neutralized into alkali metallic

salt. Otherwise, some kind of amine, such as ammeonia,

alkanol amine, or ammonium carbonate may be used. A

sodium salt or a potassium salt is particularly preferabie

25 because (i) the sodium salt and potassium salt are easily



ensured for the particul ate water-absorbi ng agent of the present

I nvention. 10 The water-soluble chain transfer agent used for

pol yneri zation according to the present invention may be any agent
soluble to the water or a water-sol uble ethylene wunsaturated
nmononer, such as thiol, thiol acid, the secondary al cohol, am ne,
hypophosphite or the |ike. Mre 15 spec3Zically, the chain transfer
agent is selected fromone kind or two kinds of: nercaptoethanol,
mer capt opr opanol, dodecyl nercaptan, thioglycol, thiomalic acid,

3- mer capt pr opitaimedaeisd camopmpahobroduditem Hjjpoftrosprdien sedkmasd
acid, and their salts. However, considering the 20 property of the
resul ting pelotassiunpsialprafetahimliéss t had Hiipoptss pii tiee sadinmssalt
sodi um hypophosphite. The anpunt of the water-soluble chain transfer
agent is deietfdnedpdepesidimg emlthegiyge obetter agerdperiy ortot hehe
nononer concentration of the nononer aqueous solution, but 25 is

preferably Ok-absekb¥ntnoresit ef ebahiyed. 08ndD. Eifettd thd4 otlen
the anmpbunt is less than 0.001 nol % it is too nuch for the anount

of the intepRlaret i nki ngiragenthid herednid exgesiimetizatien easiamgl
the cross-linking density, thus excessively decreasing the

absorption ¢rRpachbntrEUERRRIn" SitieNptdRramenthat FOLS0 tial %,Mlore
an excessivé anount of water-sol ubl'e conponent becones higher,
thereby de¢yeasid@ly -H@ABhbi 1%. of BhdPaviAdgroup in the cross-linked
polymer be changed into alkali metallic salt resulting from
neutralization reaction with the alkali metal compound. To
10 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
15 . 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
20 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)

25 In the manufacturing method of the particulate



In general, the cross-1linked polyner obtained by the 10 foregoing
pol yneri zation nmethod is a cross-linked polyner in a formof a

wat er-containing gel. |If necessary, the water-containing gel-form
cross-1linked polynmer, which contains water in an anount of 10%to

| ess than 70%is crushed and then dried. The drying is carried out
at a 15 tenperature in a range of 60C-t®3250C in general, preferably
in a range of 100C to 220C, and nore preferably in a range of 120C
to 200C. How long the drying is carried out (drying tinme) depends on
how much sunfa@ice-absarbeatnoiretsine ofontide theepohymeinhastiang wiiheh
type of a dryer is used, so 20 that the drying time is so set, as
required, thpallyhieripatiotermani [be hpendfoanied gy msisguee chaihentansier
drying. Note that, in the present invention, only the dried
cross-|inkeégeeltymerin i s £ddit¢dna Wes er -ghsor hensatesated Themowicxhere
content of the water-absorbent resin used 25 for the present

invention i sne@in®BicbedlBRRINlG Bgkad, 3bd thersdfmétizasidu dhétiahbe.
to control the noisture content sO0 that the polymer is in a particle

(powger) fornyand fiouwabkestavabsdrbeeam rRERAr atgiiRBucddat ffém t hthe
wat er - absorbi ng agent has a noisture content generally in a range of

0.2 to 5 30 ¥R%-NR%k%ed ?Hl?n@é?ﬁﬁh@ﬁi%citﬁrédr angsugh @hds tmetho ihe
mass, further preferably inh a range of 0.5 to 10 % by mass. Wen the

wat er Conte%:[bii.lﬁ'lyrme[se Ba”aEQja?b{x?%gr%.gehﬁe 44481 Hthpili®y tbe urine are

wat er - absor bent Tesin decreases, by not only nmaking the

manuf act uri ng, difdd C¥bi . AUt PLSQc RN IwdRr-absorbing agent of the
present invention.

10 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 thicl, thiol acid, the
secondary alcohol, amine, hypophosphite or the like. More

15 specifically, the chain transfer agent is selected from one kind
or two kinds of: mercaptoethanol, mercaptopropanol,
dodecylmefcaptan, thioglycol, thiomalic: acid,
3-mercaptpropionic acig‘i, isopropanol, sodium hypophosphite,
formic acid, and their salts. However, considering the

20 property of the resulting polymer, most preferable is the
.ﬁypophosphite, 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

25 is preferably 0.001-1 mol %, more preferably 0.005-0.3 mol %.



10 crushing difficult. As a result, the desired particle size

di stribution may not be obtained. As the termis used herein, the
"nmoi sture content” is defined by the anount of water contained in

t he wat er-absorbent resin as nmeasured by the proportion of the |ost
wei ght after drying in the mass of the 15 water-absorbent resin
before drying when I g of the water-abs®4bent resin is spread on a
52mm alum numcup and is dried for 3 hours at 180C. As long as it is
possible to attain the target npoisture content, the drying is not
particul arl y Wheit ¢le angouhti s pessitiiantd.Gibpmolats.olfs i80toetthudd
Specifically, the drying nethods that can be adopted here are, for
exanpl e, thdopathdr gimgunhbobf athie dityiermaldeyo swr-linkideg agdutedthereby
pressure, infrared drying, mcrowave drying, drying by azeotropy

wi th a hydr ephebistvelyganinselsiagt . thie gheroysslinleirgy yi dgnisityhi dhies
hi gh tenperature steamis 25 used, and the |ike drying nethods. - 36

The shape ofexdideesipéler - AbePERSIig I €BEN dissstgidont heappeigent Further,
i nvention, which is produced in the foregoing nmethod, is not

partigul ar | ywhifi tigd a8 chaNgidsmble fleshnl Gasl by, tieadacksHvepomidaint
Exanpl es of shape include sphere, fiber, bar, 5 substantially sphere,

planul ar, irgfeguyated-@oM1p269! @BRhpbe@nt OrPechRIQUS RighEE Ur etleéeby
However, nost preferable is irregular- shaped powder produced

through pul vard23ldiAB. tHd)stBWiMeyi zi ng, classification, and control
of particle size distribution, absorption capacity 10 The

wat er - absor bent r(gfi]jlrygh%duced t hrough t he manner

In general, the cross-linked polymer obtained by the
10 foregoing polymerization method is a cross-linked pqolymer 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
15 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
20 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

25 for the present invention is mnot particularly limited.



of (8) above is processed into a specific particle (powler) size
distribution so as to be conpleted as the particulate

wat er - absor bi ng agent of the present invention. In 'consideration of
the characteristic of the particulate 15 water-absorbent resin of
the present invention, the diameter of the resin particle is set as
foll ows. The mass average particle di-a@Bter is generally 150-6001i m
preferably 180-5001im nore preferably 200-4501zm further
preferably 220-430pm Further,.the percentage of particles |ess than
20 150pm i s Hewevar| \yit0is8 poafgrabls, tpraferabl the- B oisbyrensentent so
further preferably 0-3 % by mass, still further preferably 0-1 % by
mass. Furt hdhati bheopsideeat inrinofa tpeartidlar fpoerdert) i toreh ahd flowable
particul at e wat er - absor bi ng agent of the present invention, a 25
desired bul levdensat yrdomguileahpdrhipuidess K- TheR- 1998)hof witer-8Bsorbing
wat er - absorbent resin is preferably in a range of 0.40-0.90g/m,
more preferaident s rsangeisfuf: Mbhtdig/gdnerdliy tikers, ramgeparicénRate
of 600- 150pm particles is 90-100% nore preferably 95-100% further

pref ey abl y % H30%ybih fsd1aasoid tdrdfesably it of hanweobé QB ttocll® % by
quantity. The Jlogarithm c standard deviation (off) of particle size

distributi Oﬂnh%sf)rﬁir&h%@ prO&fdG¥lySOn AorenpgecdLrmbl Yo 0029 bylanass.
further preferably 0.20-0.40. Wen the cross-Ilinked polyner is

nmanuf act ur edyhREP 4l whlehe¥&hsEH t SieS pesSd qmleaplﬂfferfgﬁ?éprthet BRuidity
particle size may be adjusted by subjecting the particles to

dispersion of the water-absorbent resin decreases, thereby not only

making the manufacturing difficult, but also making the

10 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

contain‘ed in the water-absorbent resin as measured by the

proportion of the lost weight after drying in the mass of the

15 water-absorbent resin bhefore drying when 1lg 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 wvarious

20 methods. Specifically, the drying methods that can be adopted

ﬁere 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

25 used, and the like drying methods.



pol ynmeri zati on and di spersion drying. However, in general, when
carrying out aqueous polynerization in particular, the particles are
pul verized and classified after drying, and then 15 nass average

di aneter of D50, and the anmount of particles snaller than 150pm

whi ch are inconpatible physical properties, is adjusted so as to
obtain a specific particle size distrid@ition. For exanple, if the
specific particle size distribution is achieved by decreasing the

di aneter of the 20 particles having nass average dianeter of D50 to
400pm or smal | eThandlepoe pédtlkengatesr-asonbenft tesini weashridre|thes
havi ng di aneter |ess than 150pm the particles may be first

cl assified preeendairsemdoni, cvbicharid produpad: imites fragoidrg inmethdy,
usi ng a general classifying equipnent such as a sieve. 25 This
process pretemabdt pareimybsriydinstedansilores as theareg8r cdinaivet ereadfed
5000mto 4001lm nore preferably of 2000mto 40011m further
preferably efs HPdetro 48&mmphen, of nshape imchuddj sphrrnt fibecesbar,
it is preferable that the fine particles with a dianmeter |-ess than

200mg nore pidfaablixlly kederdchapldbOnar arieré gabvedorihe agutoveerated
coarse particles may be discarded, but they are nore likely to be

pul verized fgg,n gdvavghstiecthiofegetdd pHowever hamprsicaaefefubldeis
the renoved fine particles are preferably subjected to the follow ng

"particle dijaneierae8RaNEd$oRF @6L T odiocéd alhdolltth Hhlvesizatiba.
resul ting water-absorbent resin thus produced wth a specific

part 'eﬂ)feS'Cg e f': $o1 Egﬂg;ga?mh@r, eRsiheatBH VBHIEZ cBA tPHPeESSatticle size
' distribution, absorption capacity
10 The water-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
15 water-absorbent resin of the present invention, the diameter
of the resin particle is set as follows. The mass average
particle diameter is generally 150-6001m, _preferably
180-5001m, more preferably 200-450pm, further preferably
220-430um. Further, the percentage of particles less than
20 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

25 desired bulk density (regulated by JIS K-3362-1998) of the



irregularly-pulverized particles. It should be noted that it is
preferable that the 15 water-absorbent resin obtained through the
met hod of (8) above with the foregoing particle size distribution
preferable has a centrifuge retention capacity, with respect to the
physi ol ogi cal saline solution, not |ess than 30g/g, preferably not

| ess than 32-70g/g, further preferably 3b5-65g9/g, still 20 further
preferably 40-60g/g, before surface-cross-linking. The centrifuge
retention capacity can be adjusted by changing the conditions in
pol yner i zat warteanabsprbandr yineginf oris exprafesably changisg tasge of
internal -cross-1inking agetit in polynerization. To obtain the
parti cul at eOwaDed: 20gdrblent®@® pesierably fiv pressge PHVBHA-6hS0anl.
wat er - absorbent resin is -39- subjected to surface-cross-|inking

whi ch is defurithed, | tierperdcogt gl @D&-dmmmqmnth@le@aml%mhf)@%,
wat er - absorbent resin of the present invention whose centrifuge

retention capeed t preifsraioly | 85510086, 2Tgtihet hprefetabliyugesr €06/ i by
capacity of 5 the water-absorbent resin before surface-cross-1inking
must 5 be at n@sssDReithharesAYedtg. tdlovkeerwhbbe t partiade ofuanitity.an The
i nternal -cross-1inking agent which causes an increase in centrifuge

retention C@@%@chrﬁicthetmﬂa&dabscbé{aﬁ’tﬁonesi(mg)i t ol f fyriiel i ngize
(see US Pate No. 5389722, No. 5532323), 10 the centrifuge retention

capacity mayiberibesSohhans27gheferably P®.RICCIe50I, amehere enhardengbly

process The fine particle renpved through the fore90|ng pul veri zi ng,
cl assi fi cat i;ppoapdabheRant o reraBlFiGRI0-oukiooN

When the cross-linked polymer is manufactured through

10 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

15 mass averagé diameter of D50, and the amount of particles

smaller than 150um, 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

20 particles having mass average diameter of D50 to 400urﬁ 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.

25 This process preferably removes coarse particles with a



adj ust mrent processes are reproduced as larger particles or as 15 new
particul ate aggregation, which are still useful for the

wat er - absorbent resin of the present invention. This particle

di anet er enhancing process for the fine particles is perforned
according to, for exanple, US Patent No. 6228930, No. 5264495, No.
4950692, No. 5478879, and EP Patent Ne.320 844270. Note that, the-
recycl ed wat er-absorbent resin substantially has a porous structure.
The content of such a recycl ed water-absorbent resin produced by the
f oregoi ng prdieesstdmof HE0ODpe tonetOda ahsordrentpredsrably of 209 Pwsento
i nvention is preferably 25 0-50 % by mass, nore preferably 5-40 % by
mass, furtheroG@f, Fuetkeabpyeikiay%obyl @01 mSitocetGpnr.ecythed, in
wat er - absorbent resin has a | arger surface area than the original

wat er - absor get mhash nadjhibteeie dweiss), it isepsefesabls ghert the fine
absorption rate when conpleted as a partlcul ate 5 wat er-absorbi ng

agent produgartididls iwitht e diagyéeted 1eesi thagang@smiei®re preferably
performance.” This recycl ed wat er-absorbent resin whose particle

di ameg er ha%e@@%a@:ﬁ‘hﬁﬁ‘ﬁﬁ%' arki FethoveixedThd heidievoicyarabspabeales
resin having just been hrough the drying process (8) above, before

subj ected tqplQ B! H@éé&hﬁ‘gd 86 ity alrieOmn 8P RRELY ClE 18 FAulverized
di stribution dj ustment. ( 11) Surface-cross-1inking As described in

t he " Manuf agy é.g[lglg f{)}%td}gl&i theapGregdfRrpf GGIvE Bth Fephedess. t hireugher,

4", the water= nt
the removed fine particles are preferably subjected to the

following "particle diameter enhancing process" to avoid the

10 loss. The resulting water-absorbent resin thus produced

with a specific i)article size distribution through the

- pulverizing prc;cess is therefore constituted of
irregularly-pulverized particles.

It should be noted that it is preferable that the

15 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

physioclogical saline solution, not less than 30g/g, preferably

not less than 32-70g/g, further preferably 35-65g/g, still

20 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

25 resin of the present invention, the water-absorbent resin is



15 resin of the present invention is preferably includes, for

exanpl e, a water-absorbent resin, which is first processed into a
specific particle size distribution and specific absorption
capacity, followed by surface-cross-linking. For exanple, the
particul ate wat er-absorbent resin of the present 20 invention nay be
obt ai ned by decreasing its centrifuge- 3®%t-ention capacity (CRC) (to a
val ue 95-50% nore preferably 90-60% of the original centrifuge
retention capacity (CRC)) by the surface-cross-linking. It however
shoul d be neudjectdratto therideg-eross-dukingsewhichhés cénseribgge later.
retention capacity 25 (CRC) may be controlled by type/anount of the
cross- | i nki dgcatdingfente peattcenthienpartacutaie weater-absorbent resin
[ Surface-cross-linking agent] The surface-cross-I|inking agent used
for the forefdoilng psasdmicénveadsohi mMtiowy weacesfigs ragutied taphalky
a function of 5 necessarily formng ester bond with a carboxyl
group. WthogtnstiCkesas ahess-27gkgnotlegerdntriifugs refertdoht capacaty yof
to ensure the specific physical properties (centrifuge retention

capagi ty, abber beley-ababnbenpr eesiti chefutte aadakce-ensssdinkafgt ynwdt
residual cross-linking agent. This is because other 10 general

cross-linki mg agest mafe GRNEIATLYgNot Haswvewdg B thhe caspeof fuging an
cross-1linking agent (preferable exanple are (a) nultivalent al cohol

conpounds, (RleAhk)lceBesCRARGAB! CagSRIPRHNTSh CalIsS¥ECt aRe igTeagedSin
or (d) am no al cohol conpounds) ich formester bond with a

;Sfeﬁfxfyl)r Or Ueprirdf A PRSI SnOAPASItYT dthanirfagercdwssrbénki Adsin
itself by heating (see US Patent No. 5389722, No. 5532323},
10 the centrifuge retention capacity may be léss than 27g/g.
(10) Particle diameter enhancing process
The fine particle rémoved through the foregoing
pulverizing, classification and the particle size distribution
adjustment processes are reproduced as larger particles or as
15 new particulate aggregation, which are still useful for the
water-absorbent resin of the present invention. This particle
diameter e'nhancing process for the fine particles ig performed
according to, for example, US Patent No. 6228930, No.
5264495, No. 4950692, No. 5478879, and EP Patent No.
20 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

25 0-50 % by mass, more preferably 5-40 % by mass, further



causi ng ester bond (preferably dehydrate enter bond) to a functional
group (carboxyl group) of the polycarboxylic acid water-absorbent
resin may be one made of nultival ent al cohol or am no al cohol whose
nol ecul es contai n hydroxyl groups, or 20 one produci ng a hydroxyl
group in response to ring-opening of alkylene carbonate,
oxazol i di none, oxetane etc. Exanples of #Phe surface-cross-1inking
agent are polyval ent al cohol conpounds such as nono-, di-, tri-, or

pol yet hyl enegl ycol , . nonopr opy!l enegl ycol , 1, 3-propanedi ol ,. 25
1-net hyl - 1, 356p2 Rk di §B§§ rrg@hylby | BANopane Qo -Hpe  recycled

di propyl enegl ycol, (2,3, 4-trinmethyl- 1,3-pentanediol, polypropylen
glycol , gl ycBateE-ahnofheptemiesing has enelargeqi snrfage 4@5%§aﬁ§aiﬂo|t— e
1, 3-but anedi ol , 1, 5-pentanedi ol, 1, 6-hexanediol, neso-erythritol,
D-sorbi tol , amgimal wateychbrexBaadi resiRaMdth $ame giasmited; dbmnsures
conpounds (U.S. Patent No. 6559239) such as N-acyl oxazolidine and
2- oxazol i di deighen i 3baprptiem carbonareeBorgidsted s pat eprtigglate
5409771) such as 1, 3-di oxolan-2-on (also referred to as "ethylene |
car bdnat e") ,waterrhgorbiggdagestapradargt. 1dhat is, the recycled resin
4, 5-di net hyl -1, 3-di oxol an- 2-on, 4,4-dinethyj-l,S-dioxolan-2-on,
4- et hyl - 1, 3-ehoxotanbetten, petidmdemomet Biis resydiodkowatep-apsorbent
1, 3-di oxane-2-on, 4-nethyl -1, 3-di oxane-2-on, 4, 6-di nethyl -
1, 3- di oxane-f2sén, whndel prdiceeshizméien; haisv)baemet andagorgbumsisfirst
(e.g., 15 3-ethyl-3-hydroxynet hyl oxet ane) and cyclic urea conpounds
(e.g., 2-inmmizedi dvitdnetheU. SatPatainsoNoenP0G25007 24ating agdst been
through the drying process (8) above, before subjected to
10 pulverizing, classification and particle size distribution
adjustment.
(11) Surface-cross-linking
As described in the "Manufacturing method 1" and
"Manufacturing methods 2 through 4", the water-absorbent
15 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
20 invention may be obtained by decreasing its centrifuge .
I:etention 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

25 (CRC) may be controlled by type/amount of the cross-linking



(v) am noal cohol compounds such as et hanol am ne, diethanol am ne, and
tri et hanol am ne. These exanples may be wused either alone or in

conbi nation. 20 To obtain the particul ar odor-suppressing effect of
the present invention as well as the surface-cross-|inking

function, the surface-cross-linking agent is preferably made of at

| east one raw material selected from th&lgroup of: pol yhydroxy

al cohol or am no al cohol with 3-6 carbons and 25 havi ng nol ecul es
each contai ni ng 3 hydro grou -43 al kyl ene carbonate with 3-5
car bons, ancﬂ%erb@eeﬁeéiffetm@og?ﬁﬂﬁﬁﬁa £8/5m0. carbons. A furt her
preferable surface-cross-linking agent is_nmade of at |east one raw
mat eri al sel ect edSPréae ‘?Tf‘é'O@ISoUEHﬁﬁ}g gegedtin, 1, 3- propanedi ol, 5

pol yet hyl ene gl ycol, | ene carbonate, 3- eth | - 3- hydr ox math I
oxet ane” and et haddte a?fqlﬁféweméoaﬂdmnklag ﬁrg@r@uﬁx%&da fprro§¥xﬁ| .fﬁvzﬁggmg
agent is determ ned depending on the type and/or conbination of the
conpounds usuirfece-ehessdinkieg @umeds pkiteguigedt to bawoaelnctiome of
preferable anmount is in a range of 0.001-10 % by nass, nore
pref & abl y nédessamily fasming t kstespdeendo witk vholaarboxyl group.
wat er - absorbent resin. Further, the surface-cross-Ilinking agent may

i nclude " otWéthazubsgm}thiar@sasgﬁmlsing Bgarpl, e of dilﬁﬁcugt heet oigy to
cross-linking agent” are as follows: (i) epoxy conpounds such as

et hyl enegl yoaisiige yidiei ¢ o dific auidygioadi dolopgutigs pleeytaiferge raendion

conpounds such as et hyl enedi am ne,
capacity, absorbency against pressure}) but also to ensure
safety of residual cross-linking agent. This is because other

10 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.

15 A possible example of the surface-cross-linking agent for
causing ester bond (preferably dehydrate enter bond) to a
functional-group (carboxyl group) of the polycarboxylic acid
water-absorbent resin may be one made of multivalent alcohol
or amino alcohol whose molecules contain hydroxyl groups, or

20 one producing a hydroxyl group in response to ring-opening of
élkylene 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,

25 1-methyl-1,3-propanediol, 2-methyl-1,3-propanediol,



di et hyl enetriam ne, triethylenetetram ne, tetraethyl enepentam ne,
pent aet hyl enehexam ne, 20 pol yet hyl enei m ne, and pol yam depol yam ne;
(ii11) hal oepoxy conpounds such as epichl orohydrin, epibronmhydrin,
and a-nethyl epi chl orohydrin; and (iv) condensates of the polyval ent
am ne conpounds and the hal oepoxy conpounds. The "ot her
cross-linking agents" may nmake up 0 to 48,-25 preferably 0 to 5, and
nore preferably O to 1, % by nmass of a -44 total percent by mass of
the total suyface-cross-linking agent. [Addition of )
surface-cro PFPRW&ﬁ’aegﬁé‘Fﬂq:and heat i ng2>prbdidd et%ﬂlb]exef'd’rerﬁﬁ?d"?@é’l’
surface-cross-linking, it_is preferable 5 tq use water. In this _,
case, an amAMyPsPPryRengaiEsol gBlycerine P olygdRasridh Ro&ﬂ?ﬁ@ﬁ"%ﬁ‘s‘i@ﬂe
content of the water-absorbent resin to be_used has. |n_general,
with respedtdrhatamsidiodat er - absbdrditanediol, t he anobm-Ryniarediol,
water to be used is preferably in a range of 0.5-20 % by mass, 10
nore pref er dbbyhiexsnadiode of GII@SDGGW%?TWQ%S. | t Pssqidyépbl e t oaikd

a hydrophilic organic solvent in addition to water and the-
sur f &e- cr osls 2-cHkiclyesgasdimeaibravel;, (if)hexarolidinohsut dnteoas dsndld |S.
as possible to avoid occurrence of odor fromthe resulting
parti cul at e Pdtenst erNabsobbia® 39ent suspeci4$ caN-peyldpeagobdineof arid
hydrophilic organic solvent is in a range of 0-10 % by nass,
preferably iZroxazaipdirod; 0HE adkbylerassyrbomiaborommppefsrabdl (J.5.nPatent
range of 0-3 % by nmass, particularly preferably 0 % by
No. 5409771) such as 1,3-dioxolan-2-on (also referred to as
"ethylene carbonate"), 4-methyl-1,3-dioxolan-2-on,

10 4,5-dimethyl-1,3-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-2-0on,
4-methyl-1,3-dioxane-2-on, 4 .6-dimethyl-1,3-dioxane-2-o0on,
and 1,3-dioxespan-2-on; (iv)] oxetane compounds ({(e.g.,

15 3-ethyl-3-hydroxymethyloxetane) and cyclic urea compounds
(e.g., 2-imidazolidinone) (U.S. Patent No. 2002/0072471); and
(v) aminoalcohol compounds such as ethanolamine,
diethanolamine, and triethanolamine. These examples may be
used either alone or in combination.

20 To obtain the particular odor-suppressing effect of the
present 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

25 having molecules each containing 2-3 hydroxyl groups,



mass (substantially not used) with respect to the whole 20
wat er - absor bent resin. The hydrophilic organic solvent used in the
present invention nmeans an organic solvent, at least |Ig, preferably
not | ess than 10g, nore preferably not | ess than 100g, of which is
di ssolved into 100g water at room tenperature. It is also preferable
that the boiling point of 25 the hydrdpﬁ?lfc organi c sol vent be at or
| ower than 150C. -45- Further, it is also allowable to use various
aci ds such as;,an organic,acids (lactic,acid, citric acid
2"t of uensul {arReBer cagpRiats  sfithnoAGEn caTHR Lpngdithord ¢ SEptATe
sul furic acid, sulfyrous ci% ?bc.), Xﬁrious bases sug? as Caﬁgtiﬁl
soda, 5 car BFHPPORTE s8dhPet @ RO nul t4tvafBhthefet pEeisraple
as alum niumsul fate, in,aggition to the surface-cross-linking
agent. HowevETIaORsCERBRIENSINBhARTNoulY Feadh] Rt R slFagthabRehdaw
extent of odor of, the resulting resin does not exceed _the allowable
|l evel for tHaatsriglcaekncdedattmiegsenp odsigdveeritg 1 mrproangpediol,
invention. Specifically, the amount is preferably in a range of 0-10
wei gh® % nopelysithydeasl glygod, raHydesre ocarborpgnt %—eﬂwlr%ehydroxyl
preferably in a range of 0-1 weight % In the present invention, the
fol | owi ng mmictihyher¢rd@rie anst @ftgm@ﬂeanmneadvance, t he
surface-cross-linking agent is 15 mxed with water and/or the .
hydr ophi | i ¢ or garfilte schaarunt anef t hiben ftwfacecmssppekingr @gent  is
preferably sprayed, into the water-absorbent resin. An average
di aneter of déetpriminedopetpesdingbensphayiand supt foeraphpinatiarp of the
300pm and nore preferably 0.1 to 200pm

compounds used for the surface-cross-linking agent.

10 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
15 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,

20 polyethyleneimine, and polyamidepolyamine; (iii) haloepoxy
;:ompounds such as epichlorohydrin, epibrofnhydrin, 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,

25 preferably O to 5, and more preferably O to 1, % by mass of a




20 As to a m xing apparatus for use in mxing the water-absorbent

resin, the surface-cross-1linking agent, and water or the hydrophilic

organic solvent, it is preferable that the m xing apparatus has a

| arge m xi ng power in order, that these conpounds are m xed

uniformy and thoroughly. 25 Exanples of m xing apparatuses that can

be preferably used -46- as the m xi ng-apparatus are: a cylindrical

m xer, double-wall conical m xer, a high-speed stirring m xer, a

V-shaped mi xer, a ribbagn blender, a screw m xer, a double-arm
m%éﬁc‘ah

kneader, a tetdlsRergpBtdnezaess of thedoja crassdinkong agsidr |
a 5 turbulizer, batch-type Lodige m xer, continuous Lodige Hi er, .,
and the |ike appbhadifdes of t SUThRRE TRE aSfe lgiEmE o 2&C8ds - #PAK| hgating
agent with the water-absorbent resin, it is preferable that the
wat er - absor Bsecesesin i s heated. Conditions of the heating 10 are:
wat er - absorbent resin or a heating mediumused to performthe
heating preferably pasfarmimpethe Werfaseacropgdinkingpgt in prederable
nmore preferably in a range of 150C to 250C, and heating period is
pref & abl y itn mseamymtert. ode thisucesep amoatmuest ekafpt ewaser to be
appropriate conbinati ons 15 of the heating tenperature and heating
period are: Usod 18D¢penhds Ood tbhoww 5 thowwts, mpdste 200@ et 0of tidhe
one hours. The device for carrying out heating is not particularly.
linmted, andvay-hbsanheddvimasinunicf odbel ygerbphgat es heagenerai hewith
m xture of the surface-cross-linking agent and the 20 water-absorbent
resin. Howevwespechetheawihuledewdtee-absorbent resin, the amount of the
water to be used is preferably in a range of 0.5-20 % by mass,
10 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;
however, the amount should be as small as possible to avoid
occurrence of odor from the resulting particulate

15 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

20 water-absorbent resin. The hydrophilic organic solvent used
iﬁ 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

25 the hydrophilic organic solvent be at or lower than 150°C.



preferably has a | arge m xi ng device, which ensures even heating
treatnment. Exanpl es of the heating device include various dryers or
heaters, such as a belt-type device, a channel m xing device, a
screw-type device, a rotation-type 25 device, a disk-type device, a
kneader, a flowtype device, an -47 airflowtype device, an infrared
device, or an electron ray device. [Exﬁésure to airflow A
preferabl e manufacturing nethod to be adopted in the 5 present

i nvention includes ap airflow exposure ocess. Mor.e specificall.y,
after or while t REREESr 1hESANEh AR RIS faviRg FUEAUN REiARiTHeth as
surface-cross-linking agent .is .heated, it ,is preferaply exposed to,
ai rflow Thigd! &F BRI a%@ﬁo@@rcévﬁ@éééssmitglcpémif Pé&oaﬁbg% Hariceacid
repl ace the@gas 10 inside the processing, device after, or |l e the,
wat er - absor §86t) r&%si ¥R haRPRgaBeenaridePhPsRheTiguACcide- BREIIF| AEig
agent is heated or subjected to other treatnents._ The high
t enper at ur e ShEAUTeRSaErifL &f6rbr MAEOUS \RAES | BUEENTRMeRE UG hsoda,
causes . odor, and the airflow 15 exposure process serves to renove
the ol ati | cashosdgeacid spea gis..t or WapUuShBpldiTaland mgiedePwel
wat er vapor, air, nitrogen, or a mxture of them The anpunt of the
gas is detelmmatiwrocsudfate t dnt edditiennioatbes surdaeeeeregs-linking
general ly is 0.001-100n8/hr, preferably 0.01-10n8/hr per 20 unit
vol ume 1nB cigerie h&kiwayedeihee amnountieef dbemeshonuldhbehadfiested so
wat er - absorbent resin or the particul ate
that the extent of odor of the resulting resin does not exceed
the allowable level for the particulate water-absorbent resin of

10 the present invention. Specifically, the amount is preferably
in a range of 0-10 weight %, more preferably in'a range of 0-3
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

15 mixed with water and/or the hydrophilic organic solvent, and
the mixture is dropped, more preferably sprayed, into the
water-absorbent resin. An average diameter of liquid
droplets to be sprayed is preferably 0.1 to 300um, and more
preferably 0.1 to 2001am.

20 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.

25 Examples of mixing apparatuses that can be preferably used



wat er - absor bi ng agent exists. To express this range in thé linear
velocity of the airflow, the linear velocity is preferably in a
range of 0.01-100m's, nore preferably in a range of 25 0.1-50ms.
Further, the exposure tine is preferably in a -48- range of 1-120

m nutes, nore preferably 10-90 m nutes. The airflow may be generated
by ventilation or suction. Further, £ He Change in pressure due to
the ventilation/ suction is preferably within 10% nore preferably

wthin 1% 5 n the,exposure to airflowi rried out at the stage
of heat i ny At ABUENSHME FBBAT= TS 41 Giadh FEIBERICH FBtaR oupie wal
surface-cross-1inking agent,.g dryer/heater having a gas. supplyin
devi ce or acGR4CH] SBRETGI APHVITREGS SHETEEBF Tudhd - Shaped Jiger,
preferable that_ the replacenent of gas (water é‘g v%;i)or, air,
nitrogen, of AiRPREurKIesdather) SCRePhdTdRGEr /heaPBPIe R foteadse 2
too | ong, because it may excessivel¥ decrease the tenperature of the
devi ce fromctHehGéYREI Knggdss, fpFetahdni®en Ay #§eCBIreRdEYsen) 2
If the tenperature excessively drops, the energy_ supply_cannot be
ensuBed. 15twabilizrs, ekpbeluryneo LAidige omiker c gorittaueuts hokddget maxer,
heating treatnment, it is preferable to aerate the cooling device,
t he transfe@nd fbe ke ahparabaspy. whi ch the wat er-absorbent resin
having been mi xed with a surface-cross-1inking agent is cooled and
transferred. |t After | miabhg thbeheatrfacecondssHinkingaggemdnevidh the
order to facilitate evaporation of the volatile conponent, which
causes odor wédtenrabiserbetdr - abeoient itresism orprdferpbiei cutlaae the
wat er - absor bi ng agent, the
water-absorbent resin is heated. Conditions of the heating
10 are: water-absorbent resin 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
15 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

20 water-absorbent resin. However, the heating device
preferably 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

25 device, a disk-type device, a kneader, a flow-type device, an




tenperature of the gas is preferably kept at not |less than 50C, nore
preferably not | ess than 60C, further preferably 25 not |ess than
70C. Note that, when the tenperature of -49- airflow to which the
resin is exposed is below 50C, renoval of the volatile conponent
cannot be ensured. Further, since the exposure is perfornmed after
the heating treatment, the tenperature?*has to be set |ower than
120C, the heating 5 tenperature. Further, this airflow exposure
process at a Eﬁr8edeterm' ed tenperatuyre oc;f rs.not only an_effect of

reduction oiBHEM-1BRE s1eFICqn ’Pf dBETHFCG BV 00Tt | EHFLIGR JGY
which is generated during the high-tenperature heating 10 when using
an al kyl ene 4¥iB6nat e conpound, 1, 3 di oxol ane-2-on in particul ar,
as a surface-cross-1linking agent. _The ethylene glycol is suspected
to harm human bod§xpesugente wayflostd t heref ore shoul d be renmpved or
at | east reduced as nuch as possible at this stage. The harm of the
15 et hyl ene gl ycét prefexpelespeantifeatnyinpsacthed tathe adgnied inokhe
the foregoing airflow exposure process at a predetermned -
t enpér at ur e praserier inpossiibe mechodesf an ermgvilogr ogFRosallgy| paecess.
glycol etc. is cleaning of the water-absorbent resin or the .
particul at e Mater sgesiiibably, 2eftgemr hahilgy beenwalsreabedrbent resin
surface-cross-linking.' For exanple, the resin or the agent may be_
washed by a lsotivent behavi mgxed| omitdoi bi nguplHiad-creesekniongedagenbr 1s
remove a constituent causing odor. To be nore specific, the solvent
heated, it is preferably exposed to airflow. This airflow
exposure process is performed to circulate/replace the gas
10 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
15 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
20 unit volume I1Im3 of the heating device or other device in
ﬁrhich 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

25 0.1-50m/s. Further, the exposure time is preferably in a



1

preferably has a boiling point of not |ess than OC but | ower 25 than
70C, nore preferably has a boiling point of not |ess -50- than 30C
but | ower than 50C. Acetone, dinethylether, nethylene chloride are
particularly preferable. Further, since the ethylene glycol is
soluble in water, it is possible to use water; however the anount of
water is limted because an 5 excessi ve4&munt of water may cause
swelling of the water-absorbent resin. The resin thus washed by a
solvent may have odor derived fromthe solvent. To avoid_this, the
sol vent needé&ngs 9 }ehdQdainudast meoreoneigraply tH Wrntpntesys (Hae
al cohol volatile conponent falls within a predeterm ned 10 al |l owabl e
range. This gichieralmey hecgpBeravtdthy & esdidaiient orngycliercar Fugdher,
out, for exanple, by subjecting the water-absorbent resin or the
parti cul at e tleet echabgsr imgpregsgure t dusot tai thdr yWemfilathenisucsion is
dryi ng nmust be stopped before the performance of the water-absorbent
resin or thepref6rably ivithinel (&t emates profenphlyemitidin erf%or at es. (12)
Aggl oneration To produce the particul ate water-absorbing agent of the
presehnt inventi oWhele that ekpabsaebentairflow isavangecdeemt stilijhecsbage
to surface-cross-linking is then mxed with water so 20 as to be
converted i ndfohaggingetla iwatef-alesdrdientpaesinl kasizg beestmigadi with
if required. The water to be added nay contain a chelating agent, a
pl ant extracdd, sapfzdd-dragikselindingoeidenty avedsyrersdiedter dodyiney ,a gas

I norganic salt etc. so that. the concentration of the resulting
aqueous sol WupplpesONEsvide dr a gas discharging device is preferably
used. It is also preferable that the replacement of gas {water

10 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.

15 When the exposure to airflow is carried out after the
heating treatment, it is preferéble to aerate the cooling device,
the transfer line, and the tube by which the water-absorbent
resin having been mixed with a surface-cross-linking agent is
cooled and transferred. It is allowable to heat or cool the

20 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

25 not less than 70°C. Note that, when the temperature of



25 range of 0.001-50 % by mass. A suitable aggloneration -51- nethod
and recomrended processes are described in Japanese Unexam ned

Pat ent Publication Tokugan 2004-211856. (13) Addition of chelating
agent 5 The particul ate water-absorbing agent of the present
invention may contain a chelating agent, particularly a multival ent
carboxylic acid and the salt thereof. -B$Pecially, according to the
foregoing "Manufacturing nethod 4", the particul ate water-absorbing

agent of the_ 10 present invention, is manufacture s f ows. An
unsat ur at ed %ﬁe%rwaa'&@@bs ths)| ﬁ@ﬁ@h,lsmﬁmﬁseén%%ﬂféoa\’ Bo ¢7 removal
non-neutralized acrylic acid and/or the salt thereof_ as a main
conponent ofPitHee miakde, compepsBticehnot Ry easuTatk- pdl YRd¥Tzi Hg G
the presence ' of an internal 15 cross-linking agent; and the
particle sizbediespasutd ds @rerfpemeghtadtenbsbebbsating; freatmenp the
adj usted. The resulting cross-linked polyner having a specific
absor pti on dapap¢raturmdhasspecitfd csgfarloimge dize didiY¢ hutheonheating
subj ected to surface-cross-linking. A chelating agent is added
duri g the 26npptyamriezati on, or before, after or during the
surface-cross-1inking. The particul ate water-absorbing agent of the
present inventiofumberhus tost ai nidflewel ackpgsagent pirpcadeptiay t e
"manuf acturi ng nmethod 4". Preferable exanple of the chel ati ng agent
to be 25 coieaiatedmiimeiche tparpéercatiatee wifeas- ahedr bonly agent edfedtheof
reduction of odor, but also an effect of removal of ethylene
glycol which is generated during the high-temperature heating
10 when using an alkylene cérbonate 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
15 ethylene glycol is more specifically described later.

Apart from the foregoing airflow exposure process at a
predetermined temperature, another possible method of
removing odor, ethyicne glycol etc. is cleaning of the
water-absorbent resin or the particulate water-absorbing

20 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

25 than 70°C, more preferably has a boiling point of not less



-52- present invention is one having a high ion-blocking function or
a high chelating function with respect to Fe or Cu. Specifically,
the chel ating agent preferably has a stability constant of not |ess
than 10, nore preferably not less than 20 5 with respect to Fe ion. A
further preferable chelating agent is one containing three or nore
of amino nultivalent carboxylic acids @hd the salt thereof, nore’
preferably three or nore of am no carboxylic groups and the salt

t hereof . Specific exanples of the polyval ent carboxylic acids are

: 10
di et hyl enet Ehani ROYenbadcdomeracitpnt B0 Chy| eAscEpRgantii@ethylether,
hexaacetic acid, cyclohexane-1,2-diam ne tetraacetic acid,
N- hydr oxyet m¢idtHgnenecehtatide tarecerdicsiarly preferable. Further,
et hyl enegl ycol di et hyl et herdi anmi ne tetraacetic acid, ethylenediam ne
t et r apr opi osimcadig etbyheatkgly-oql- sasodrphetin wakggaridgih@argible to
N-al kenyl - N - carboxynet hyl asparagine acid, alkali nmetal salts
t her eof , al kaslei wertear thowevet thal asnohetenf wated isahimoiiedrbsgiatise an
thereof or am ne salts thereof. Particularly, diethylenetriamne
pent 8acet i ceacedsive | etrhghieriet ef r amatee 20apexcauveti cswelldpg of the
N- hydr oxyet hyl et hyl enedi am ne triacetic acid, and salts thereof are
nmost pref er ahtter-Absbhbeptesesin.i n@dnd imsint hrusnsashed biiehasohent
agent, particularly the amunt of am no nultival ent carboxylic. acid
shoul d be sgmi, hapecodibeadbyiveich faoranie aolPeNBO0ITd CaRsidwihgh] tHe
nore preferably in a range of 0.0001-1 weight %- 53
solvent needs to be removed from the resin until the content
of the alcohol volatile component falls within a predetermined
10 allowable range. This removal 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
15 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
20 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

25 range of 0.001-50 % by mass. A suitable agglomeration



with respect to 100 wei ght % of the water-absorbent resin. Wen the
anount is nore than 10 weight % the effect is no |onger
proportional to the amount, that is, it only takes nore cost; in
addition, it may cause a decrease in absorbing agent 5 ability.
Further, when the amount is | ess than 0.00001 weight % the required
function of the chelating agent woul d- ddt- be brought out. (14) QO her
additives Apart fromthe chelating agent, the present invention 10
also allows use of a little ampunt of various additives, such _as (A
pl ant extradeethel opgshi Feppramendad ndracessesal are( Clesprdrgshni ¥
particles (including (D) conposite hydrous oxi d%‘))’ . (E) reductive
subst ance, skapanesegi v&nexamisesddi t Pabemnt fuRathléeatios t heTokugan
particul at e wat er - absorbi ng agent of the 15 present invention. The
respective ht21d850he additives (A) through (E) and (F) are
determ ned depending on the objective or the desired function;
however, each cofl8htAdditgemerfathyel@tib® agentts by wei ght, preferably
0.001-5 parts by weight, nore 20 preferably 0.002-3 parts by weight.
VWhen & he cont ent Tk | pasticullate Owtierpabssrbyngeiagunt tdfe idesi pedsent
effect or function cannot be ensured. On the other hand, when the
content is inReatidan Maypacostdin wa gbhelatimeef igent| s paortionely a
proportional to the anmount, or the absorption ability 25 decreases.
- 54 - (A Rhantivetthéarboxylic acid and the salt thereof.

Especially, according to the foregoing "Manufacturing
method 4", the particulate water-absorbing agent of the
10 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
15 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
20 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

25 contained in the particulate water-absorbing agent of the



The particul ate wat er-absorbi ng agent of the present invention may
contain a plant extract wthin the foregoing range to have a
deodorant property. A preferable plant 5 extract for the present
invention is at |east one conmpound selected fromthe group of:

pol yphenol, flavone or the relatives, and caffeine; or at |east one
conpound selected fromthe group of: -t@®Bmi n, tannic. acid, galla,
nutgall, and gallic acid. Oher preferable plant extracts can be
found in 10 US Patent No. 6469080, WO2002/ 423479, or International
Pat ent Appl inrgsest boTe2bo jPerse. haBinguat high cem-fdegking Sanetipge
particul at e wat er - absor bi ng agent according to the present invention
may cont ai noa pol highenthekttihgsdumnctios paiith cuespegt atpolBevapentCu.
netal salt of organic acid, within the foregoing range, so as to

i nprove powdpedifidaliyy ire tohelahingt agraki npreficeabdy mbiast ua estability
absorption. Specific exanples of the nultivalent netallic salt and

t he m xi ng metrstdrcaof ke masdthan! hOermatreopat fcRabdntnolbess than 20
Appl i cati ons PCT/JP2004/ 1355, PCT/ JP2004/ 1007, PCT/JP2004/ 1294, or
PCT/ 3P2004/ S2i4h. rébpeptesede ionvenAi durtlses meforghld chulbalng cagaht
whi ch contains 7 or nore carbons per nol ecul e (PCT/JP2004/ 1355), .
and particgkardyepresgtsindng cohséet Wed mbra rot abhiincsabhubtinete2b
than an alkali metallic salt, such as fatty acid, petroleum -55-

acid, or a pelrvEiyla€iabide@ndntigaiile aiddog| @Bore preferably three or

more of amino carboxylic groups and the salt thereof.
Specific examples of the polyvalent carboxylic acids are
10 diethylenetriamine pentaacetic acid, triethylenetetraamine

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

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

N-alkenyl-N'-carboxymethyl asparagine acid, alkali metal

salts thefeof, alkaline earth metal salts the;reof, and

ammonium salts thereof or amine salts thereof. Particularly,

diethylenetriamine pentaacetic acid, triethylenetetraamine

20 hexaacetic acid, N-hydroxyethylethylenediamine triacetic acid,
E;.Ild 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

25 weight %, more preferably in a range of 0.0001-1 weight %



The particul ate wat er-absorbi ng agent of the present invention may
contain inorganic particles, particularly 5 water-insoluble
inorganic particles, so as to have a function of preventing caking
due to noisture absorption. The inorganic particles used for the
present invention nay be a netal oxide such as silicon dioxide,
titaniumoxide etc., silicic acid (sal b8 such as natural zeolite,
artificial zeolite etc., kaolin, 10 talc, clay, bentonite etc. Anmpbng
these, the silicon dioxide and the silicic acid (salt) are )
parti cul ar| ywishefresasics, toedpécivegightote of titharwaverajespdranicingsin.
di aneter of 0.001-2001zm which is neasured by a Coul ter counter.
(D) Conposi tWhieydithes avxodetld Therpahan ul at weiglhbr¥addor siffertagemo
of the present invention has an excellent "fluidity after noisture
absorption 1ptigeirdprypattiomalhto witce nrmabaortpaiatr &5 it onlyhmkes more
particul ate water-absorbing agent absorbs noisture)”. The

parti cul at e cossit einr aldktitivmg ihgeay cdukkeapdesesdse riveabisorbing agent
further 20 contain a conposite hydrous oxide including zinc-and
silicpn, orawiliignposiuethyds owheaxitiee i aatodihngizi besanthahurd. 0000 1
(see Japanese Unexam ned Patent Publication Tokugan 2003-280373, and

PCT/ JP2004/ 1583t WY tthesdefuired diposiibe by ditotisoiading tdgent would
particul ate water-absorbing 25 agent is given an excellent deodorant

property. -56ot bl) bRedgslti yatsubstance The wat er - absor bi ng agent of
the present invention preferably contains a reductive substance,
particularly an (14) Other additives
Apart from the chelating agent, the present invention
10 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
15 present invention.
The respective amounts of the additives (A) through (E)
and (F) are determined depending on the objective or the
desired function; however, each content is generally 0-10
parts by weight, preferably 0.001-5 parts by weight, more
20 preferably 0.002-3 parts by weight. When the content is less
t-han 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

25 decreases.



i norgani ¢ reductive substance, nore particularly a reductive 5
substance containing sul fur or oxygen. A suitable exanple of the
reductive substance is a conpound included sul fur or oxygen, nore
preferably sulfite or hydrogen-sulfite, which are disclosed in US
Pat ent No. 4863989, or in US Patent No. 4863989. 10 (F) Ot hers As
l ong as the particular characteristict ptoperty is ensured, the
particul ate water-absorbi ng agent of the present invention may
contain any other additives, such as an antibacterial agent,

wat er - i nsol ubl e Hbl Phent egfraet organic 15 particles etc. (15)
Particul ate water-absorbing agent of the present invention The
particul ate wat eThgbgeattinglatenwatantdbeotbing 8Beddgiett HEer REefsIHg
met hod or Manufacturing nethod 1, 2, 20 3 or 4 is a brand-new

parti cul at einmesticabsoray ngoatrin haplamt sexiewgieMishiantbet feregrisg
never been achieved by the conventional agents. That is, the
parti cul at eranaeertcabsavbi mg dgedorahtt lpropessgnt iAvereferabls plant
desi gned/ made based on the five specific physical properties 25 in
accorsdance wixthaceviol niiengsesehtaidesntinh - B7-ats dehat eoncosont pokingg
agent, desires physical property, and allowable |evel of odor are
i nconpat i bl gel@dteal désbiredtheerggruppastti cpelyblaemobr fHadoald oeabltdie
anount of dust-size particle are inconpatible, 3) the five physical
properties getaiifpe[tand caffeine; or at least one compound selected
from the group of: tannin, tannic acid, galla, nutgall, and
gallic acid. Other preferable plant extracts can be found in
10 US Patent 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,
15 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
20 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

25 than an alkali metallic salt, such as fatty acid, petroleum



5 factors for the water-absorbent agent used as an absor bent
structure of disposal diaper or the like). The present invention
thus provides a practically ideal particulate absorbent structure
product satisfying the five specific physical properties. 10 The
particul at e wat er-absorbi ng agent (first water-absorbing agent)
according to the present invention cert&i-ns, as a mai n conponent, a
particul ate pol ycarboxylic acid water-absorbent resin having a
surface cross-linked by a surface-cross-Iinking agent which forns
ester bond wicith, 8715 rdyBosy lacdfloup, the particul ate water-absor bi ng
agent satisfying follow ng conditions: (a) a centrifuge retention
capacity (CRC) f{@) inopggsiolpsyitéelessal i ne sol ution being not |ess
than 27g/g; (b) an absorbency agai nst pressure (AAP) of 4.8kPa for
20 the physi ol ogThal patticulatt uwiaderbebagrbing | egsnthaf bg pErsenia
mass average particle dianmeter (D50) being 200-450l1am (d) an anount
of particl esnsenticr timay 150ziminn tinergpariti cpeaticleat erpabborbany
agent being 0-5 % by nass; 25 (e) a logarithm c standard devi ation
(of f 5 of pamtaidreissalmiblesBnodgahic bphridnldsi 89 85200 thdfe anflufédiozn
content of an al cohol volatile substance evaporated fromthe
parti cul at e ofatgrevalisdngi ngaRiegt ched ngo0-mGiptmre t dbszongtéan. bei fidpe
nmeasured by a gas detecting tube as an 5 atnosphere concentration.
inorganic particles used for the present invention may be a

metal oxide such as silicon dioxide, titanium oxide etc., silicic
acid (salt) such as natural zeolite, artificial zeolite etc., kaolin,

10 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
0.001-2001am, which is measured by a Coulter counter.

(D) Composite hydrous oxide

15 The pafticulate 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

20 contain a composite hydrous oxide including zinc and silicon,
6r 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

25 agent is given an excellent deodorant property.



The followi ng nore specifically explains the particulate

wat er - absor bi ng agent of the present invention. [Alcohol volatile
subst ance] The al cohol volatile substance designates an anount 10
(at nosphere concentration nmeasured by a gas detector) of an al cohol
vol ati |l e substance detected by the neasurenent nethod defined in
"Exanpl es" of this specification, and- Pérticularly designates a

vol ati |l e conponent neasured by an al cohol detection tube (a nethanol
gas detection tube in 15 particular). As explained, the al cohol

vol atil e substant®) &ked@ptivessabsiansei | e conmponent neasured by an

al cohol detection tube, particularly by a nethanol gas detection
tube, and therefdhe Wwatgsezbaorbingesgont yofiedhs proint Muention
it indicates a 20 gross anount of volatile conponents neasured in

al cohol - basigrefonaelsi onntaioror di ngdpctovhesubsitandes panfsculady an
t han al cohol, e.g., the acetic acid, the propionic acid, the

resi dual norinoegapacriedycticied pulmtaalesn beotetpatiédulasiy ive redeutibre
vol ati |l e substance. 25 The inventors of the present invention have
st udised t he sathsidancramtginiper syl{doroexaxypgen. byAt fuitskleofexample
deodorant agent) of the water-absorbent resin (water-absorbing
agent) as idfstladdiddweidivel snbistanceais 4 aund panndexpdotdst] fsadfut hat
a water-absorbent resin itself generates a characteristic odor 5

after swelligigrgeri edotmpreéerniant salifitedee tepdtoge i heulfiieqdethdoh are
property of the absorbing agent when used as a
disclosed in US Patent No. 4863989, or in US Patent No.
4863989.
10 (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
15 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,
20 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

25 in accordance with new findings {((1}a  desired



product such as disposal diaper. Fromthis viewpoint, the inventors
carried out further exam nation of odor of the water-absorbent

resin, and the deodorant property when the 10 resin is used as

di sposal diaper or the |like, and found that the odor of the

wat er - absorbent resin and the deodorant property when the resin is
used as disposal diaper are highly reta®éd to the atnosphere
concentration, which is detected by an alcohol detection tube. The

i nventor studied this new 15 paranmeter, and found its critical range,
t hereby conpPBriaRge-qnassphiaddme | agenti odesines ddrysimalofproperty) and
al cohol volatile substance of the particulate water-absorbing agent
of the preseatlowgkle ilenel of edasrare yngomypamble: 2lepaldegitsBpprarage
more preferably 20 0-5ppm further preferably Oppm (undetectable).
When the cobeghiclpariametesi aadt Iailg)wahé@,aMmJNbI@ft diistasizn perticle
odorant increases, and the effect of the present invention is not
ensured. [ Absoepmiaameaptile,3) pbeTheei phgatacalspobpthiiesr @seimportant
invention found that, in the -60- conventional absorbing agent, the
pref ebabl e S$acfaseforotise | wakengmbgeribett hegenbsastdnkisngnagéddorbent
i nduci ng ester bond with a carboxyl group), the desired physi cal
properties (bighctbsorbéndispgaabstdippeasuse, thieghtikent ri fTge Dresent
retention capacity etc.), and the odor (deodorant property) are

i nconpat i bl ein¥értiowerthus fprdvieles ownd gridtieycofdedgl thiiculate
probl em creates a water absorbent article (disposa

absorbent structure product satisfying the five specific
physical properties.

10 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

15 carboxyl grbup, 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

20 the physiological saline solution being not less than 20g/g;
| (c) a mass average particle diameter (D50) being
200-45011m;

(d}) an amount of particles smaller than 1501um in the
particulate water-absorbing agent being 0-5 % by mass;

25 (e) a logarithmic standard deviation (o{) of particle size



di aper etc.) ensuring high physical properties. Mre specifically,
the (a) centrifuge retention capacity 10 (CRC) for the physi ol ogical
saline solution of the particulate water-absorbing agent according
to the present invention is generally not |ess than 27g/g,
preferably not |less than 28g/g, not less than 29g/g, not |ess than
30g/g, not less than 33g/g, or not |es38t-han 36g/g. Wen the '
centrifuge retention 15 capacity is |less than 27g/g, the high

physi cal properties of the resin my not be ensured when used as

di sposal di dpstributichebéirke 0.ZBeOupPerandnit of the CRC i s not
limted, but when the value exceeds 60g/g, there may be sone
difficulties in (fremufactant of zmdalemholngptakite thebstmce 20 afher s
absor bency agai nst pressure (AAP) of the particul ate water-absorbing
agent of thérgpmesdrd pamdotilate wader-ab8kisitg geet abéingod-1@ppm,
than 20g/ g, preferably not |ess than 22g/g, nore preferably not. |ess
than 249/ g, ther chertenyr eledngbhyeiotirédsbyt hagasglgectheg thbe as an
absorbency 25 against pressure is |ess than 20g/g, the high physi cal

61 pyopertiag@meiphbee@aiden®atioh. be ensured when used as disposal
di aper or the like. The upper Iimt of the AAP is not |imted, but

when the val ue exeredsliding rhbeeespayifialgmexpdairs Ctid igsrtioulate
manuf acturing and may i ncrease the cost. 5 [Particle size

di stributi o e biplorbifgasséht OT i PresepeCidvention. _
surface-cross-linking agent; the specific physical properties and

EEZ odor; the i T}(fé}sﬂéfvghéﬂlé %qfwsgalygc@iverage particle dianeter and

The alcohol volatile substance designates an amount

10 (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

15 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

20 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.

25 The inventors of the present invention have studied the



dust-si ze particle anpbunt of the water-absorbing agent 10

(wat er - absorbent resin) as inportant 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 dianeter and the dust-size particle anobunt are al so
i nconpatible, and 15 overcom ng this pr&®l-em achi eves a water
absorbent article (such as water diaper) ensuring high physical
properties. Specifically, in the particul ate water-absorbing agent
of the presdsodonag ipmpety ((for nexsmpwkr,ady pi¢i tise diifarét%forant
(D50) is generally 200-4501zm preferably 220-4301zm nore 20
preferably 25empafi the Fatdrepbsorbepdr tésin fwa tantaly sabkirdiaggndy &ft
of the present invention contains particles |ess than 1501zmin an
amount of 0ifs Wddithesal fumafienabdydofGuidbpnmassexpoctedriactr By 2
0-1 % by mass. Furthernore, the (e) logarithm c standard deviation
(ac) of 25 padterchbssirbendi sesibuttsedf i segersted |y skaraot€rigic0.odpr
62- preferably 0.20-0.38, nore preferably 0.20-0.35. Particle size

di str§ but i oafter adfmusilaty aswiichowhasi bglen t betpally cldesraneing the
processed into a certain size before being subjected to

sur f ace- cr ogieddotdntg, prviskittheni ghtenbishebingurizace- wives- Liseki s a
the particles are subjected to pulverizing, classification, and

aggl oner at i grodiiter Q¥ch ORé sl p@sPardinPees ofFrodit tihis siiewpdint] hidie
when the particle size falls outside the range, the particul ar

31‘5 fe ect of  HgeRtBEENTArPYAN 0RYt |MartBlerensiBin RNt bE RN o5 the

water-absorbent resin, and the deodorant property when the

10 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

15 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 O0-8ppm, more preferably

20 0-5ppm, further preferably Oppm (undetectable). When the
c.ontent falls outside this range, the volatilization of odorant
increases, and the effect of the present invention is not
ensured.

[Absorption capacity]

25 The inventors of the present invention found that, in the



10 as an absorbent product, such as disposal diaper. [Content of

resi dual ethylene glycol] The content (determ ned by HPLC) of the
residual ethylene glycol in the particul ate water-absorbi ng agent of
the present invention is generally 0-40ppm preferably 0-30ppm 15
nore preferably 0-20ppm further preferably Oppm (undetectable).
Wien the content falls outside this ran@@,-it may result in not only
odor but also sone kind of harmto human body. The inventors of the
present invention found a fact that 20 ethylene glycol is detected
even from aopmventipsglpent 2e8prbingt usiagsbhyl endlgl ycolPTgderable
mononer or as a cross-linking agent, and also found a safety problem
i n connect i @nrfpeh-erassdimkinpeaggytdtheThepsstlipkingeagont Iodineins
the origin of the ethylene glycol, and found that the detected

et hyl ene 25 egitgrolbdred i mpikhi tg, aarboxylmgnpupkeshaledenprnd t physical
product -63- of the surface cross-agent used for the raw materi al
(particul ar Ipropettiidefbighyabsodbeneyt ageinsugressugrhyhigle centrifuge
carbonate or polyethylene glycol). Especially, if alkylene ' carbonate
(partd cul ar Irgtentinn eapactposiat.p) andl tked dsr ddsodorant property) are
surface-cross-linking agent so as to increase the physical property
(particul ar lipcomgatiblper nFéle lintvgnioder fyridssurfevord Ebesbordercpming
agai nst pressure), it is necessary to use a |large anount of
cross-linki ngpiggeiiosletht @reatey cut vaateeacibeorbenocesside Hidgbposal
tenperature. Thus, even when no ethylene 10 glycol is used for the

raw mat eri aldia@lerey®y)) Witsu il hegd physical properties.
More specifically, the (a) centrifuge retention capacity

10 (CRC) for the physiological saline solutién 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

15 capacity is less than 27g/g, the high physical properties of
the resin may not be ensured when use@ 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.

20 The (b) absorbency against pressure (AAP) of' the
i)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

25 against pressure is less than 20g/g, the high physical



carbonate such as ethyl ene carbonate is conpletely free from

et hyl ene glycol or ethylene glycol inpurity, the water-absorbent
resin conpleted as a coomodity contain ethylene glycol as a
by-product. 15 In view of this, the particul ate water-absorbi ng agent
of the present invention is preferably manufactured as foll ows.
First, the water-absorbent resin is preéphred wthout using ethylene
glycol, and also the ethylene glycol or ethylene glycol inpurity
contained in the ethyl ene carbonate or polyethyl ene 20 glycol are
reduced (untirppensiesuraft fhsedesis 88y onofr Ot SRSUIFET BHEH yU189% &S
greater, nore preferably 99.9% or greater). Then, when the K

wat er - absor désposebidiaperppodbseskiket o Bheaupmesdlisrit ehdhst AFeie not
gl ycol by-product is renoved, nore preferably washed or evaporated.
To be nore $pmtidd,chuthehes tlsivalus exposdd C)i%gégr theweamay be some
tenperature of 60C or at a 64 higher tenperature. In this way, the
present i nveliffionltdeesmoiannfycbnsiore ankd graplunicrgast the cosi.
material so as to reduce the content of ethylene glycol in the
partiscul at e wat efPahidoldisize aljeitibuhion} al so overconme the probl em of
by- product of ethylene glycol which is produced even in the resin
made of a highl yFuttherr dw addétioal tbetpearaddificesiyfzoe-carssehiatlang
which is substantially free fromethylene glycol or ethylene glycol
inpurities. apehtyathe- alisarifant phesicabf pidipepriesentnd 1@hienwaddi;orthe
therefore has a hi gh physical property. The particul ate

wat er - absor lRenrgedt a(secithd the average particle diameter and the

dust-size particle amount of the water-absorbing agent

10 (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

15 overcoming this problem achieves a water absorbent article
(such as water diaper) ensuring high physical properties.

Specifically, 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

20 preferably  250-400pum. Further, the particulate

ﬁrater-absorbing agent of the present invention contains

particles less than 150pum 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

25 particle size distribution is generally set to 0.20-0.40,



wat er - absor bi ng agent) according to the present invention contains,
as a main conponent, a particul ate polycarboxylic acid

wat er - absorbent resin having a surface cross-|linked by a 15
surface-cross-|inking agent which contains al kyl ene carbonate and
forms ester bond with a carboxyl group, the particulate

wat er - absor bi ng agent satisfying foll oWBg conditions: (a) a
centrifuge retention capacity (CRC) for a 20 physiol ogical saline
sol ution being not |less than 27g/g; (b) an absorbency agai nst
pressure (ARPeieraalysRPa0f@r381 reophywicdebybtal0-28-PrdSsol uti on bei ng
not |ess than 20g/g; . (IC) a mass average particle diameter (D50) being
200- 4501i m 25 (%ﬁr&m andire dstpdratioredssadjneiedhan iodpwe.i n Hinst
-65- particul ate water-absorbing agent being 0-5 % by mass; (e) a .

| ogari t hmi c theamsaticldevirati pmocobkedofinpar ai ceetainz esizdi befobut being
being 0.20-0.40; and (g) a content (determ ned by HPLC) of residual
et hyl ene 5sglbjecktedn tde suarfeicedcacesvianéinghsamdngtiagent dfseng the
0-40ppm The second wat er-absorbi ng agent preferably further

sati $f i es asfrfacangeod-1ookimgt ofhal cohmttivhdsat | beesubsthjwaedf to
0-10ppm satisfies the physical properties (h) through U 10 bel ow,
and cont ai npulverbgidid,i vadabeifivatithe, i naadt or agglomkeapiasent thereby
i nvention found that, when a water-absorbent resin is subjected to

surface- cr ogpthiifikhgg particles of certain size. Further, when the
particle size falls outside the range, the particular effect of
the present invention is not ensured when the resin is used

10 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,

15 more preferably 0-20ppm, further preferably Oppm
(undetectable). When the content falls outside this range, it
may result in not only odor but also some kind of harm to
human body.

The inventors of the present invention found a fact that

20 ethylene glycol is detected even from a water-absorbent resin
1.10t 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

25 glycol is impurity, or, in many cases, decomposition product



usi ng al kyl ene carbonate (particularly, ethylene carbonate) as a
surface cross-1inking agent so as to increase the physical 15
property (particularly, liquid-perneability under pressure or

absor bency agai nst pressure), the resulting water-absorbent resin
product contains ethylene glycol as a by-product even when no

ethyl ene glycol is used for the raw nat@Bial, or even when al kyl ene
carbonate such as ethylene carbonate is 20 conpletely free from

et hyl ene glycol or ethylene glycol inpurity. Conventionally, the .
by- product @fhytlee gpjiase @58§§saﬁag¥ou‘ésﬁdobff€rrst Gchray amaketipl
problem but the present invention provides a new absorbing agent
~imune to <pemtimueriys. etwylgnmmngheeluirdetiveditod Pachheas ethylene
particul ate -66- water-absorbing agent according to the present

i nvention canbdsets tbe ppmﬂuflcr(d)gmléctiq@wp@duéoﬁ edkytgnm
of an unsaturated nononer, which contains a non-neutralized acrylic
acid 5 and/amrtdrsasal (pastiaubaily, cetbodene, qarbonate) is used as a
cross-link-polynerizing in a presence of an internal-cross-Iinking
agents so asurfacktaross-linkbsg| ageed sl gseto (ncyeasyi biget physical
cross-1linked polyner, and adjusting a 10 particle size distribution
of the crossgpildpwkeg pphytienlashy,asidwid-gleraneabiliby enndesopbeasureson
satisfying followng conditions: (a) a centrifuge retention capacity
(CRC) for aabsorbency against pressure), it is necessary to use a large

amount of cross-linking agent and to carry out a reaction
process at high temperature. Thus, even when no ethylene

10 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.

15 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

20 glycol are reduced (until the purity becomes 98% or greater,
breferabty 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

25 resin is exposed fo airflow at a temperature of 60°C or at a



physi ol ogi cal saline solution being not |ess than 30g/g; 15 (b) a
mass average particle dianmeter (D50) being 200-450pm (c) an anpunt
of particles smaller than 150pmin the particul ate water-absorbent
resin being 0-8 % by mass; (d) a logarithm c standard devi ation (of)
of particle size 20 distribution being 0.20-0.50; (iii) heating a
vicinity of a surface of the water-absd@dent resin after adding a
cross-linking agent formng ester bond; and (iv) exposing the

wat er - absorbent resin during or after 25 the heating to airflow at
or hi gher thaghédGendperdaheremnuf acturing nethod preferably uses
(particularly for the second water-absorbing agent) a '
surface-cross-|ihkitigs agent thbisiesant dnwsndidy| @nes caobanzlye easdire
forms ester bond. 5 (16) Qther characteristics of the particulate
wat er - absor hiigh poeity of the rameseaterialesv iaanto [1Sehooe thenponennk of
The particul ate wat er-absorbi ng agent of the present invention

further coneghfifené ngBdwit irorihie0 icalte abserbabsorbingeagent miut
conponent), an al cohol conpound (except for ethylene glycol) selected

froms am noglsehetverebind ehe mdHlenat 6f wchradhevaberdthatieakolglycol
Note that, since alkylene carbonate is an al cohol derivate (for

gg?gglne, etdWicaNa sC HReR Al | Svdleriny ethd raviat hivhaee ol y¥chighndpure
raw material (especially ethylene carbonate} which is
substantially free from ethylene glycol or ethylene glycol
impurities. The water-absorbent resin of the present

10 inventibn 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

15 surface-cross'-link'ing agent which contains alkylene
carbonate and forms ester bond with a carboxyl group, the
particulaté Water-ébsorbing agent satisfying following
conditions:

(a) a centrifuge retention capacity (CRC) for a

20 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
200-4501um;

25 (d) an amount of particles smaller than 150pm in the



15 dioxide), the definition of alcohol conpound of the present

i nvention includes al kyl ene carbonate regardl ess of whether or not
it contains a hydroxyl group. Addition of the al coholic conpound

i nproves fixation of the adsorbing agent into the di sposal diaper or
the Iike, 20 prevents dust issue of fine particles included in the
absor bi ng agent, and inproves absorptiamsr-ate. The content of the

al coholic conpound is generally 10-10000ppm preferably 20-5000ppm
nore preferably 30-3000ppm w th respect to the whole weight of the
wat er - absor particwsite. wiher s lbodbing 25ecdnpeimg 0-5 &dded rsapay at el v,
or may otherwi se be added as - 68 a surface-cross-I|inking agent,
which is left a (&rtalogarmhmic stowesard ddviahoot dofp ebtpedtidiat size
even the conmpound falls wthin the range, an excessive content
(outside thdistribgaiog beang®.LD)-P.40; alredhol vol atil e substance may
cause odor when 5 the resin particles are swllen; therefore the

content of alcolwl avebatthe gldzranes:d bprEPRbbY Midiliualt thylene
foregoing range. [Third conmponent] The particul ate wat er-absorbi ng

agents of theglpessenn kd nvsitienidty t hehteLHBENDbind aglgéht orbéing
t he water-absorbent resin (main conponent), a trace conponent

sel ected fromomhel ating agent, deodorant agent, nultivalent
netallic salt, “and inorganic particles. [Surface cross-Ilinking

agent] 15 The forrggoi 88-sHAT agaLEFAISsdi Bk Uapgant dTBraABILSTeither
satisfies a (f) range of content of alcohol volatile substance of
0-10ppm, satisfies the physical properties (h) through (j}

10 below, and 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
15 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
20 completely free from ethylene glycol or ethylene giycol
i-mpurity. 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.

25 A manufacturing method of the particulate



bond is preferably constituted of at |east one conpound selected
fromthe group consisting of: glycerin, 1,3-propanediol, ethylene
carbonate, 3-ethyl-3-hydroxyl nethyl oxetane and et hanol am ne. The
hi gher purity the 20 better, specifically, it is preferably not |ess
than 93% nore preferably not les than 95% further preferably not
|l ess than 97% [Sulfuric volatile subséé@nce] The (h) content (nass
quantity, also expressed as 25 atnosphere concentration neasured by
a gas detector -69- (defined in the specification)) of the sulfuric
volatile swhsteanabsbsbijegeragdryt Oad¢Oppidingr &b erthls ypOeSppin imvenrtion
preferably 0-2ppm further preferably 0-0.3ppm still further
preferably Qopnpfistdetieetstlelps) of5 The content of sulfuric volatile
substance nmore than | Oppmis not preferable, as it results in a
critic decrease (i) st@ddotiarng anoperugousheoiutfani of vahatiheaturated
substance is assumably derived from deconposition product or

inpurities rAbnbReer0l aHikh subhusies cenpavid nerigalizet suctalie, acid
bisulfite), 10 which is the raw material of the water-absorbing

agents  Therg{@y6r theidroblsam wi | lasbe sgl vedmbynconpteinglonext,| udi g
the sulfuric volatile substance fromthe absorbing agent, or by

reduci ng th%rlorgguhhtkl eo19embingi ¢ vphatila subgrareadeuntilof thean
purity beconmes 99.99% or  greater, for exanple). 15 [Residual nononer]
(i) A total ;apepRh1(FekelinIas dYaddtC) s6f aacry igh®@Gnd.a cross-linked
polymer;
(i) drying the cross-linked polymer, and adjusting a
10 particle size distribution of the cross—linkéd polymer, sé 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;
15 (b) a mass average particle diameter (D30) being
200-4501m;
(c) an amount of particles smaller than 150um in the'
particulate water-absorbent resin being 0-8 % by mass;
(d) a logarithmic standard deviation (o) of particle size
20 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

.25 the heating to airflow at or higher than 60°C.



acetic acid and propionic acid of the particulate water-absorbing
agent of the present invention is 0-1000ppm preferably 0-500ppm
nore preferably 0-300ppm further 20 preferably 0-200ppm
particularly preferably 0-100ppm A content nore than 500ppmis not
desired, as it critically decreases the deodorant property. In view
of this, the polynerization is preferadfy performed by using the
foregoing highly-pure acrylic acid, for exanple. 25 [White |ndex]
-70- The (j) white index of the particul ate water-absorbing agent of
the present inveMtbombanudaptesseg thythoduprafacddly mées (pandcularly
chromaticness indices a and b, all neasured by a Hunter colorineter.
Preferably, fohetHeisevamee wadaxabsosb8fgbagenty easenrfaceiaoss-limlsing
and b is -5 to 15, nore preferably L is 83 or greater, ais -2.51to

2.5, and b iggerdt t@hidh fowritaghs pilgfydenbl drbmdfe oangr datrets aster
-2 to 2, and is O to 10. When the white index of the

vvater-absormc;}gdagent falls outside the foregoing range, the agent
will be not suitable for 10 an absorbent article product such as

papers di aper, arlsﬁul apkMevhencueed ctetfzthégh contenthe | n phitdcuilere
it is preferable that the polynerization is carried out with

hi ghl'y- pure @gfyl a6 REn ol £80n LAPR P relsenesin ven fibhi her, the

particul at e wat er -absorbi ng agent of the present invention

preferably has aBulkkndens lgéﬁg lated by JIS K-3362) of
0. 40- 0. 90g/ | 3 pref ergﬁ 2b. 0. 80g/ 1 .

The particulate water-absorbing agent of the present
invention further contains, in addition to the water-absorbent
10 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
15 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,
20 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

25 compound is added separately, or may otherwise be added as



Further, it is also preferable that the percentage of 600-150, pm
particles is 80-100% nore preferably 85-100% 20 further preferably
90- 100% by mass with respect to the whole particle quantity. The

wat er - absor bi ng agent not satisfying this range is not suitable as a
wat er absorbent article product (e.g., disposal diaper), and has a
poor deodorant property. In this view gRhe present invention
performs the foregoing 25 adjustnent in particle size distribution
before the -71 surface-cross-1inking, and aggl onmeration/

cl assi fi cat ipmaffacpacitd d-dirtitirer ddenisuwiidet- t¢ dsét bi nkitajn pveotiet.
absorption rate] The absorption rate of the particulate

wat er - absor I agreveragenishefulidhdaresesd ihaghleven ithepraeimpatiryd i falds
range of, when defined as a Vortex absorption rate for physiol ogi cal

saline sol Utvirft@min“@her@iﬁigé hamh ekaarandsconBeat Qoefteiddl the Fobbgoing
seconds, further preferably 2-50 seconds. Wien the absorption rate

exceeds 60 seGoRdgf))the dl@bh'o@u\l'@ltemﬂeo SR SarrBds QhyN8ag@enbder Witen
wat er - absorbent resin may not have sufficient absorption ability

when dised astan A0SHY bgatrtuﬁéé UGliar esRbilirspogfdredoapernh® tbgtéhkeof
[ Arount of extractable i ncreased extractables by deterioration,

and incr ease{lcb@%dwveiaﬁ%é raehabh§8ebys ﬁlﬁaf@%my%{hﬁmm@%@@um

of extractables per hour In the particulate water-absorbing agent o
the present i %é’ltl on nust be not nore than 40 % by nass, preferably
0.1-30 % by mas%, nore

[Third component]
The particulate water-absorbing agent of the present

10 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]

15 The forAegoing surface-cross-linking agent forming ester
bond is preferably constituted of at least one compound
selected from  the group consisting ofi  glycerin,
1,3-propanediol, ethylene carbonate, 3-ethyl-3-hydroxyl
methyl oxetane and ethanol amine. The higher purity the

20 better, specifically, it is preferably not less than 93%, more
iareferably not les than 95%, further preferably not less than
97%.

[Sulfuric volatile substance]
The {h) content (mass quantity, also expressed as

25 atmosphere concentration measured by a gas detector



preferably 0.2-25 % by mass, further preferably 0.3-20 % by 20 nass,
particularly preferable 0.4-15 % by mass, nost preferably 0.5-10 %
by mass. Wien the anount of extractables exceeds the foregoing
range, the extractables are dissolved into the absorbent structure
when . the water-absorbing agent absorbs water. This may bl ock 25
diffusion of the liquid (blood, urine) ¢gato the absorbent 72
structure. As to the lower Iimt, it is difficult to create a

wat er - absor bi ng agent within an all owable cost range if the content
of sol ubl e Atfigved alins hbhleowstheifienedmn))g bdwethei ndulfuitie volatile
i ncreased extractables by deterioration in the 5 particulate

wat er - absor Bugstagard f gobeepalgerg- 10wy ﬂil oprdferabineDablppf; 1mdbe
by mass, preferably 0-10 % by mass, furt preferably 0-8 % by

mass, parti predetybBF &f-er@biny ﬂlﬁr%xbxpreﬂraﬁébzyvvce—m BiprhncsigHs edrther
extractabl es by deterioration exceeds 15 % by nmass, stability of

wat er - absor hgRfer €61y W3R (dnaeSREGIHIEY. Uri ne becomes i nsuffi ci ent,
and the structure of fesin as a cross-linked pol yrmer wil |l

deterj orate aftenyr CEsh8dmt &f MBuPRIri€dvolAtile TRYIHRNEGEORY lote than
decrease the absorption ability of the resin. The increased ratio of

extract abl es qyy, AP4Er het abi O rable 1ad e Mﬁl‘tguix@taﬁ Rl daksenbinm
agent of the esent invention is generally 1-4 tinmes, preferably

1-2 times, -1.5 th
i mes o ﬁer?’%?tl t t1"11 S suffighid @ole[‘ﬁ[eea%%gt%fﬂ& ofs

extractabl es excee s the upper rmt (4 tines),

stability ofy MG IRERR 63 HMSBISSREAL PR PhtPOLIEATR ities

of the volatile sulfuric compound (e.g., persulfate, bisulfite),
10 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 exampﬁe].
15 [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

20 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.

25 [White Index]



20 insufficient, and the structure of resin as a cross-|inked
polymer wll deteriorate after a certain tinme period. This may
excessively decrease the absorption ability of the resin. The
measur enent mnet hods for these paranmeters are described in Japanese
Unexam ned Patent Publication Tokugan 25 2004-96083. 73- (17)
Absorbent structure and Absorbent articdt@®-The usage of the

particul ate wat er-absorbi ng agent of the present invention is not
particularly limted; however, the particul ate water-absorbing agent
is preferably usBHea¢j)amwhitabdodeentofstthectpnaticulaie avstebaisorbing
article. The particulate water-absorbing agent ensures superior
absorption abkhitt yf #spasieddyt davenitigh- tordemtesiespdsnl a ditapénagae
singl e diaper Sheet contain a | arge anount of water-absorbent

resin), whi¢hdeRab sxodvantdonpaidyebedndiavsng did mdatl predwersd Hy a
The absorbent structure of the present invention is nade of the

foregoi ng paniheed alotovaheteabs @hifegaiBlgnthel lumhauhde bedest Bdst Bax
an absorbent structure according to the present invention freans an

absorbi ng r 3w gedfleralg (5N 3 be 3 0aMOb B —Sheetl Bt tadre paslétallgd Lofs
the particul ate water-absorbing 15 agent and, if required, a

hydrophi l'i c gfd bar grebhibhe dyiy aphtl ke 2f5beinks p1es usedo 1B§ further
particul ate water-absorbing agent is fixed on a sheet- or a nonwoven

o o RIS L L e e g Gt

agent with respeginif {le LRI iAMRYbT Ghd RRater-absorbing agent falls

outside the foregoing range, the agent will be not suitable for

10 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.

[600-1501um particles]

15 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/ml, more preferably 0.50-0.80g/ml.

Further, it is also preferable that the percentage of

600-150um particles is 80-100%, more preferably 85-100%,

20 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

25 adjustment in particle size distribution before the



particul at e wat er - absor bi ng agent and the hydrophilic fiber, that is
30-100 % by nmass, preferably 40-100 % by nmass, nore preferably
50-100 % by mass, further preferably 60-100 No by mass, particularly
preferable 70-100 % by mass. The 25 absorbent structure is forned in
a conpressed body, which is 74- 0.05-0.50g/cn2 in density and
10-1000g/ n2 in basic weight. The fiber7used as a base raw materi al
may be hydrophilic fiber such as crushed wood pul p, or cotton
linter, cross-linked cellulose fiber, rayon, cotton, wool, acetate,
5 vinyl on etsaarfabe-ahme-biankisg,r uetnd e aggidmepativanf clagsifichitoon i sof
preferably nmade by overlaying themin an air-laid nmanner. To

manuf act ur e gaheiclesafteenthashirtheeofréde- lpikiept i nvention, the
fiber raw material and the particulate 10 water-absorbing agent are

first blended or [pyetdpiahdoapitoanraejor bent structure (core). The
core is then sandwi ched between a |iquid-perneable base raw materi al

(top sheet) and Tad iZhdshpiIBer Feabl efbase pawicailarte awAteackbsbeeing
I f necessary, the absorbent article is further provided with an 15

el asty ¢ menhgientd ot thesippeseateinvantasiiesd verdfapam@ycint & Bange of,
conpl eted as an absorbent article, that is used for baby disposal

di aper, adulgnhdhspRithedi 2R WorRxSahiipripaPkiate The PRKGiSMALE]
wat er - absor bi ng agent of the present invention has an excell ent

absorbi ng ahidjify- JN1fiBRSORBkNth oD ALENt6ORYeBEnREdni SFe ADRGEPEBLy
articles of various sanitary products such as baby di'sposal “di aper,
adul t di Sposf—'S@@@&Snds, further preferably 2-50 seconds. When the
absorption rate exceeds 60 seconds, the particulate
10 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
15 deterioration]
The amount of extractables per hour in the particulate
Water—absofbing 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
20 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

25 diffusion of the liguid (blood, urine) into the absorbent



baby di aper, sanitary napkin, incontinence pad etc. It however
shoul d be noted that the present inventionis not I|imted to those.
The particul ate wat er-absorbi ng agent of 25 the present invention
contained in the water absorbent article -75- is superior in
deodorant property, causes little | eakage of 1iquid, thus ensuring
confort and dryness of the article. On 7his account, the present
invention significantly reduces burden of both the user and the
care-giver. 5 [Exanpl es] The present invention will be described in
detail by watruetulkxanphestanth€ohpaeat liveitExdnps ediffatle, thovewete a
that the present invention is not to be limted by the foll ow ng
Exanpl es. lGwv&tapalscadiat thenmariithihahe wdlewabbs ordsing aagentif (idie
wat er - absorbent resin) and the water absorbent article were neasured

i n accor danacddt bheolablewhagtertand. bEWww tre forddoinpelekestiimial
instrunents used in the exanples operated on 200 V or 100 V and on

60 Hz. Furthernorghe Unhesgadedot EeiMi R BIRECI by eddetdi@oration in the
wat er - absorbent resin, the particulate water-absorbing agent, and

the water ahsorbheila@y st -WBsdrbif da@%n‘to@mth%ﬁgeé@éﬂ'teir(t?eglﬁi@n is
25C) and at a relative humdity of 50% Further, 0.90 % by nass NaC

aqueous  soldid o 13¢10/9% aF RPHELSOP LA raBlY TR 19Pb4IHPINadl, further
Further, a water-absorbent resin of 'a comercially available

ol 3 hresabi o0 U A chugiaren preiany 005 % by
mass. When the increased extractables by deterioration
exceeds 15 % by mass, stability of water-absorbent resin with

10 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

15 the particuléte 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

20 insufficient, and the structure of resin as a cross-linked
ﬁolymer 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

25 2004-96083.



manner before use for conparison. Wen they have already absorbed
nmoi sture during the course of distribution, they are 25 dried under
reduced pressure (e.g., for 16 hours at 60Cto -76- 80C) until a
noi sture content of each of the water-absorbent resins is”™ =~
equilibrated (approximately 5 % by mass, 2 % by nass to 8 % by
mass). The "noisture content” is defineggby the anmount of water
contained in the water-absorbent resin 5 as neasured by the
proportion of the |ost weight after drying in the nass of the

wat er - absor bent ey mbedsentisyingtuberrdd Abebrbert watibcleabsor bent
resin is uniformy dispersed into an alum num cup having a di aneter

of 52 mm and dri gthd ofisdgehe@r thé nparvicidhess vamenr-absé8bing agent of
Furthernore, the 10 followi ng nmethod and the reagents and appar at uses

exenplified e HhesEXANRIRH 1IBY ise_nrc&piégm@tﬁa@wmmat@iyhlmyeafever, the
equi val ents. (a) Centrifuge Retention pacity (CRC) for

physi ol ogi cgl,ri3aliifee SRhYEF AL 19 20 s fedAHOPUE st Wd o
15 W) (ap r'oxi rat el y 0.20 g) of egic% %eﬁeﬁp% gul a’?’g g%&

wat ers absor b«iﬁ'@ﬁ)ﬂ@@ﬁ‘f ?.t(‘ﬂ'bt'}ﬂ@é &5+ Ak AL 185 ik siciebt ai‘l‘l@d}tsa:kf‘lcmgﬁte
anp Co

foll ow ng EX es an npar ati ve Exanples was evenly contained in

e o e

woven bags eafter, S were soa i

S5 “and e R AR SRR IR L S R et

nutes later usin cen uge

(manuf actur % gé(t KRN aC%.PQE Y QUntBE&h 2 br-absorbent resin), which

has conventionally been having the odor problem.

10 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

15 agent and, if required, a hydrophilic fiber. If the hydrophilic
fiber is not used, the particul‘ate water-absorbing agent is
fixed on a sheet or a nonwoven fabric.

The absorbent structure of the present invention
contains a large amount (high core content) of particulate

20 water-absorbing agent with respect to the total amount of the
éarticulate 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

25 absorbent structure is formed in a compressed body, which is



H 122), the bags were drained for three m nutes at 250G (250 25 x
9.81 nls2), and a mass W2 (g) of each bag was neasured. -77- Further,
the sanme procedure was perforned w thout using particulate

wat er - absor bi ng agent (or water-absorbent resin), and a nass W (Q)
was neasured. Then, fromthe masses W and W2, a centrifuge
retention capacity (CRC) (g/g) was 5 catgul ated according to the
follow ng equation. Centrifuge retention capacity (g/g) = ((mass W2
(9) - mass W (g))/ mass W(g) - 1 (b) Absorbency against pressure at
4. 8kPa for ophyso BO®gfeal2 sal 888ssG win DN §-AAPDBRFendbdnc paagai weightll
pressure) On a bottom of a plastic supporting cylinder having an

internal dignet €ib&f @9 dMasd aBifde OAFe nPht&tial nhags-15é ety dréphilic
mesh (having a nmesh size of 38 pn) was fusion-bonded. Then, WJQ)

(approxi mat glyer0. 1 Ohs €aghudhetine vagsdi cphape 15r\/\/aé6ft0ab501ﬁhtélg,
. agents (or water-absorbent resins) obtained "in the fol | ow ng

Exanpl es and, (ognan gkl ecEAAMPLES f1BSr, um;f@ﬁm KotRS82dwedl] haceeste,
Subsequent |y, a piston (cover plate) was placed on each partl cul ate

vat eg- absorpiagiadeniie (Of 1hker aBasanasn! éﬁ%ﬁ@l)ureEXto?r Ngthe di rEdealtSs

of t lmsto 0 were slight y smaller than 60 mm which was the
i nterna r t t r&nl $ir0
gap Dot veeh TR S et P Ee The chansr Pra cyvagg: ent PRLin Sirofid

downwar d rm%zé%? Ats of the piston would not be hanpered. Then the
mass WB( Q) neasured, the nass

To manufacture the absorbent article of the present

invention, the fiber raw material and the particulate

10 water-absorbing agent are first blended 61‘ overlaid to be an

absorbent structure (core}. The core is then sandwiched

between a liguid-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

15 elastic membér, 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

20 agent may be used for absorbent articles of various sanitary

ﬁroducts 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

25 the present invention contained in the water absorbent article



25 WB(g) is defined by the nasses of the supporting cylinder, the -
78 particul ate water-absorbing agent (or water-absorbent resin),

and the piston. Then, a |load was placed on the piston, and the .

pi ston and the | oad were so adjusted as to evenly apply a |oad of
4.8 kPa onto the particul ate water-absorbing agent (or 5

wat er - absorbent resin). In this way, a Bgt-of neasuring apparatuses
was prepared. Inside a petri dish having a dianmeter of 150 nm a
glass filter having a dianeter of 90 mm and a thickness of 5 mm was
pl aced. Thehigabtgeriophysi deodiocants @roperiyl uthuseshdsitle erqpdragar ef
had been 10 adjusted to 252C was added until it reached a |l evel of an
upper surfagapefd,t tleusl eéasulrihg etomToen ard piwere s ofithenmnagder On
(manuf actured by Advantec Toyo Kaisha, Ltd., No. 2) having a

di ameter of t8i§Makowphacethé h@r&@entsqrﬁd@maﬂ esiigrificalfacedafces
the filter paper was wetted. An excess of the 15 physi ol ogi cal

sal i ne sol uth\pfy $R o1 BEPN &@the TR rSEhd0Eh ARASU-ENE@PPar at uses was
placed on the wet filter paper. Then, the particulate .

wat ers absor bi ng aggRim HiLs] Wat er - absor bent r esi n) was nmade to absorb
t he ;;C_hym ol ogi cal salTne 'solution for one hour under the load. A

I evel of the 20 a $éhtive SENPHORMARTIKEAL I NTedNbydYa,
addi ng the physio ﬁegghgal}ngﬁslo 'ut1 on when thé Ievlel becamaybowej;

than that of,dRe UPPRIS SYd & 8 d@'lig%%mgﬁllefser Ngﬂ@ hreviAl Bhat

t he nmeasuri ng appargt us set was

mass W& {g) ther eof
with the lo S d NiMR e NG Wh1{dBdin
defined by t ssesetn?ﬁ%%éﬁgﬁnwgﬁﬂsﬁ t8 9B Nixktte yre idg
Examples.
10 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

15 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.

20 Further, a water-absorbent resin of a commercially
—available 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

25 dried under reduced pressure (e.g., for 16 hours at 60°C to



791- cylinder, the swollen particul ate water-absorbing agent (or

wat er - absorbent resin), and the piston. Fromthe masses WB and W,

t he absor bency agai nst pressure (g/g) was cal culated according to
the foll owi ng equation. 5 Absorbency agai nst pressure (g/g) = (W (9)
- W8 (g))/ W (g) (c) Mass (weight) average particle dianmeter (D50),
percentage.by mass of particles each haygng a dianeter of |less than
150 pm and | ogarithm c standard deviation (off) 10 Each of the

wat er - absorbent resins or particulate water-absorbing agents

obt ai ned i n 80eCY alddhiangnGafterrencenténangl eachbExhrrpleewadrd-absorbent
Conpar ati ve Exanpl es was sieved by using JI'S standard sieves

respectivel yrd®uknds neghilsbzese &f (aBSfoxitha¥dly BNY%O60Y prass)02 pi by
425 pm 300 pm 212 pm 15 150 pm 106 pm and 45 pm a wei ght

percent age ohaRartd & 85 bpagadyyi Nphe YndiBiere Por ast”™t harietbledrivy
was neasured, and a residual percentage R was plotted on a

| ogarithm ¢ {1y eiabidrtt hiPaR&er dbRRaidedad i1 WwhedBldisorbent resin
corresponding to R=50 % by mass was read as the nmss average

partigle 20 Qé%ﬁ@hgﬁréQSB tllfel }sm@r%ﬁum%é hgst ¥leighitapairt Heyeng
di aneter in case where R= and X2 is a particle | ameter in

case where R@lm néasfshsf ltagawattwle@bééﬂ@@ﬁf C}es@ﬁvﬂa@fdr‘éﬂd(- Mg wehen 1

represented by the followi ng equation.. A snaller value ot o~ neans

a narrower pardd o & whelr-adssliddd l?@@&ﬁ?ni-s 8formly dispersed into an

aluminum cup having a diameter of 52 mm and dried for 3
hours in a windless oven at 180°C. Furthermore, the

10 following method and the re.agents- 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)

15 W(g) (ai)proximately 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

20 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

25 x 9.81 m/s?), and a mass Wz (g) of each bag was measured.



a~ = 0.5 x In (X2/Xl') 10.00 g of the water-absorbent resin or the
particul ate water-absorbing agent was spread on the JIS standard
sieves (The Il DA TESTING SIEVE: having an internal dianeter of 80 5
nm) respectively having nesh sizes of 850 }Im 710 um 600 pm 500
lim 425 pm 300 pm 212 um 150 um 106 pm and 45 um and was
classified by using a Ro-tap-type sieveyghaker (manufactured by I1DA
SElI SAKUSYO Co., Ltd., Mddel No. ES-65) for five mnutes. 10 Note
that, as described in U S. Patent No. 5051259, the nmss average
particle di aneitdrer,DPRE isameppibicedeirdi avasepeeformest anttdraiisievying
having a certain nmesh size, which corresponds to 50 % by mass of the

whol e parti @£gichiBteCardivnt abppibinl ageakc@iowaieraabkerbehst pesia),
15 6.00 g of each of the particul ate water-absorbing agents (or

wat er - absor kgid 4 eshss)Wabldi wee hiedderd@! | orhed, fesanphesnaigkes W
Conpar ative Exanples was uniformy dispersed in a petri dish

(described i NERAL - 2080h tibS UEAHAY I § 123 Y
GLASS WORKS %‘lo&f L'I"D.a(cé-r%ﬂéto 2 cg\); CodFe:l No. % 5-%) , extgﬁg"}’#—y@ was

di angj er x hej1g{liafed 2 dHPd ik g2fo Mk foN6RinkheqRAkdEUl at e

wat er - absor bi ng agents (or water-absorbent resins) were covered by a

cut-in-circle pi Q}:\ﬁntr(i L NQe e i iANet Ehp RE it of (ddeaidomyia -

(manuf act ured by ngoﬁ%é/Pu?% KIgtglyo Co.? L:'E f%%el I\So 25 GSI% 5%

which lets |1 aui ugh (When 81 Heatron Paper is not
RS, B b v e

avai |l abl e, a“non wov
(b) Absorbency against pressure at 4.8kPa for

physiological saline solution (AAP/Absorbency against

10 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 pum) was fusion-bonded.
Then, W(g) (approximately 0.90 g) of each of the particulate
15 water-absorbing agents (or water-absorbent resins) obtained
in the following Examples and Comparative Examples was
uniformly épread on the mesh. Subsequently, a piston (cover
plate) was placed on each particulate water-absorbing agent
(or water-absorbent resin). External diameters of the piston
20 were slightly smaller than 60 mm which was the internal
ciiameter 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 Ws(g) was measured, the mass

25 Ws(g) is defined by the masses of the supporting cylinder, the



used instead). Thereafter, three portions of the circular piece of
Heatron Paper (or non woven fabric) were fixed to an inner wall of
the petri dish by respectively using tapes (10 5 mMmx 10 mm. A side
of a 3-liter scent bag (manufactured by OM CGdor Air Service Co.,
Ltd.) was opened. The petri dish, in which the particulate

wat er - absor bi ng agent (or water-absorbeggt_resin) had been dispersed,
was enclosed in the bag. The opening of the scent bag was cl osed by
usi ng 10 an adhesive tape so that there was no gap. The scent bag

was provi dedhadtibude gl aﬁétdﬂdbbsbhﬂa@ﬂghagﬁhﬁhgcﬁi fwateresbevabedt f¢oim),
the scent bag. After the evacuation, 1.2 L of odor-free air was

injected inthdhehdagistoumlsthkent bylos8 WasOiplec8l Yn Mlienpssid¥aCand
aqueous sol ution (physiol ogi cal saline solution) 15 whose tenperature

had been adjusd ¢st®On 202§ M?é 188Hr ¢ redko 0GPus D ddheo Qafetmydapmyna
the scent bag by using a glass funnel provided with a tef

(registered johaders g ktliétbgntov"fhé qaepft%ﬁmwgvaowﬁa%o@bing int (or
entering into the bag The particul ate water-absorbi ng agent

wat ers absorq@gg i{)rt?eqlﬁ/\/als oj)f oy ytm*golmﬁyl Hesgtl ags trﬂéﬁsa}mg

t he bag was sea rmeti ca y by using a con rubber stopper.

The water- apa geRfad OhL URLREHRDIARAR! 4 Pt VaSEdBRg a
@ons?%n? ?tu 3?8 V\ﬁ

and left in t enper e apparatus at bag wa

taken out 60;10,Auies diaf & 90 Lherdethsal 1AAM2E ARImREE) Witoo Tt

silicon rubber stopper was ren’ove m nut | ater. ereafter,

an at ”DSpheragngonce” a@l‘:r? s¥@Sof MSULGE DY S PHaBef2S S&T‘B'e?éafter

(manuf acture

physioclogical saline solution whose temperature had been
10 adjusted to 2522°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
15 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

20 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. Omne hour
later, the measuring apparatus set was lifted, and a mass Wg
(g) thereof with the load being removed was measured again.

25 The mass Wi (g) is defined by the masses of the supporting



CORPORATI ON, Model No. GV-100S) and a gas detecting tube

(manuf actured by Gas Tech Co., Ltd., Mddel No. 111 LL), while 5
preventing outside air fromentering into the bag. This atnosphere
concentration was regarded a content (ppn) of an alcohol volatile
subst ance evaporating fromthe water-absorbing agent. In this
measuring nmethod, even when the sane-operations are performed by -
using 10 physiol ogi cal saline solution alone w thout using the
particul at e wat er - absorbi ng agent, the gas detecting tube nay detect
t he al cohol cydiradét e thihsswmntlenanslaitidiitate watetreabschaime. agenthisr
case, the reported value of content of an al cohol-volatile substance
was correct edatyr-abisordbenitngesin}b dndnthexpistonent Fyairuehdetredsas W
fromthe indicator range at the tine of using only physi ol ogi cal

sal i ne sol utdrod Wdetthet absorbificy: agaPRsl .pried)suzen{gg) trmrcattubated
sulfuric volatile substance (quantity of a volatile sulfuric

substance) ZRANTr@EhEOSPhBEEIAMWeREIahafioms neasured by repeating
t he sane operations as the nmeasurenent of the al cohol volatile

substzince, exceptaHdthen SRR NG hREsEUPE nuf(@es ygpd by W
Tech Co., Ltd., Model No.(gjﬁL . Wasp used. #r%iv;@val(ue gFPatrmssp )Zr/e

concentrati qg was regarded 25 a quantity (ppm) of .a sulfuric
vol atil e sub zance. In this - 83 nmeasuring nethod, even when the

ST P SEaun Lo, BRGS0 kol Saliterh (bt
percentage by mass of particles each having a diameter of less
than 150 um, and logarithmic standard deviation {o{)

10 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 1am, 710 pm, 600 pm, 500 jarm, 425 pm, 300 pm, 212 um,

15 150 1am, 106 pm, and 45 pm, a weight percentage of particles
each having a diameter of less than 150 pnm 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

20 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 (0() is represented by the following equation. A
s.maller value of oy means a mnarrower particle size

25 distribution.



detecting tube may indicate a color change. In this case, the 5
reported value of content of a sulfuric volatile substance was
corrected by subtracting a bl ank experinent value detected fromthe
i ndi cator range at the tine of using physiological saline solution
(detection limt: 0.1 ppm. (f) Content (ppm of a residual nononer
10 500 ng of each of the particul ate wag@r—- absorbi ng agents (or

wat er - absorbent resins) obtained in the following Exanples and
Conpar ati ve Exanpl es was dispersed in iL of ion-exchange water. The
m xture was stirgoge 005 ona (KRYXAY using a 40mcylindrical rotor 40
mmin length and 8mmin 15 gauge. Thereafter, the swollen gel was

filtered. A residgabo goepnite obatdie aMimaibiatt frekinade tiis pnetiyabate
by liquid chromatography so as to deternmine a quantity of the

resi dual me@etabaokbmgaé%eﬁvlvaag Yetadd abys ore I Sageahdeet sieves
wat er - absor bent resins) g) Content of residual ethylene glycol

2g of the pgrheCUIPA erRBTEN@PSIEVENGhASSRE dASiddetk] Hldmaiet of s
aqueous sol ution of methanol (water: nmethanol = 1:2), and the

resulsting sehiyi posyestibely HavidemBsAULSse s thsrs@afptrar 786 #n,0600
nmet hanol was added Tnto the solution, 25 and the resulting so ut’i on

was rinsed Wi Sdwiie ha8eRnby 3008 hm N (a0, U 03IANY £0B°{IeH A6l
the a

After rinsi tion WanI ered so as to separate a

el sl g, 0 U8B B YARE Lot e et
3 m of an . anufactured by IIDA SEISAKUSYO Co., Ltd., Model No.
ES-65) for five minutes.
10 Note that, as described in U.S. Patent No. 5051259, the
mass average particle diameter (D50) is a particle diameter of
a standard siéve, having a certain mesh size, which
corresponds to 50 % by mass of the whole particles.
(d) Content (ppm) of an alcohol volatile substance
15 6.00 g ;:»f 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
20 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., Litd., Model No.

25 GSP-22), which lets both gas and ligquid through (When



5 aqueous solution of a phosphate carrier, thereby producing a
measur enent sanple of residual ethylene glycol. The obtained
nmeasured sanple was anal yzed by liquid chromatography so as to
determ ne a content of the residual ethylene glycol in the

particul at e wat er-absorbing agent. 10 (h) Wite index A |l um nance
index L and chromaticness indices a andgh -were cal cul ated by using a
Hunter colorinmeter. (i) Absorption rate evaluation (Vortex nethod)
0.02 parts by nass of brilliant blue-FCF, a food additive 15 "Bl ue
No. 1", was addadromtPapebOipands dHyailablepofa miwyswalveyi dalbrial ey be
sol ution whi ch had been prepared, and a tenperature of the

physi ol ogi cahsedl insteodut i oTH@aSadthtyStitdeet PHIToNnS0 ofl thfe tdiecular
col ored physiological saline solution was transferred into a 100 m

beaker and ?iefcreedf@’{eéﬂ(bﬁ PPager yrusbAdwavey! fabkigaveret ikedOtandm
| ength and in gauge. During the stirring, 2.0 g of each of the

particul at e jiwederyaRS et bting ?G@ﬂt GHYEL b\roatre@peewdwnus&ﬁgl BAPYES(10
poured into the physiological saline solfution in the beakér, and an

absorption rafe «SeEORh)Wasa MBaMIIGda AD1@RH- R th%‘ﬁ?n@ﬁufactured
determined in conformty with a standard described in K 85- 7224

(1996) " TesthRgoht '@Qoi‘ohly\%@{*vﬁbss@&“E'iidr)atv@an poHREl ARSQY hedri

Pol yner s- - Descri ptions time 1ntervall bet'ween absorptl on of the
physi ol ogi c | i:ne opy, by i &F oL bﬂg
agent (or wg‘lfiesr%?ablglor ldtl-Er egln% ﬂélg%\%ﬁfg‘{c}%erc‘?&%gégfm st]?lra%;r ? (Or

an test sol %b@@r%séw e:%sm) had been dispersed, was enclosed in

the bag. The opening of the scent bag was closed by using
10 an adhesive tape so that there was no gap. The scent bag
was provided with a glass tube through which air is evacuated
from 1;he 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 agqueous solution (physioclogical saline solution)
15 - 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 prévided with a teflon (registered trademark) tube,
while preventing outside air from entering into the bag. The
particulate water-absorbing agent (or water-absorbent resin)
20 was uniformly swollen. The glass tube of the bag was sealed
Il‘lermetically by using 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

25 temperature. The silicon rubber stopper was removed ten



as an absorption rate (second). (j) Misture absorption caking ratio
(% by mass) 2g of each of the particul ate water-absorbing agents (or
wat er - absor bent resins) obtained in the foll owm ng Exanples 10 and
Conpar ati ve Exanpl es was unifornmly di spersed on a bottom of an

al um num cup, the bottom having a dianmeter of 52 mm and a hei ght of
22 mm The alum num cup was quickly plgged and left for 60 m nutes
in a constant-tenperature-and-noisture apparatus (PLATI OOUS 15

LUCI FER PL-2G nanufactured by Tabai Espec Corporation) whose

t enper at ur e midwtek diaitee. hulhdréyfiead eenradsphicad conc2hCratidrDGbas
Thereafter, the particulate water-absorbing agent (or

wat er - absor heeh sigednbyhasing hegas ahaoslked(mRirniidctures biyaithASTELC
onto a JIS standard sieve 20 having an inner dianmeter of 7.5 cmand a

nmesh size of COEOPORATIAW, tMbdeliNg, GV-1boFashidcul ghe detecting tube
wat er - absor bi ng agent (or water-absorbent resin) having been

absorbed noi ghih@fh8tuiéd By PRYAIRLH TbheLed UnViBdRICNR. aB1 1 LL) Swhild
noi sture absorption caking condition, it nust be renoved with

greatest 25 ﬁbiﬁér?ﬂiﬁgc%&tstiafeorﬁrb%fi% t eaneteld eth Nt thé h@a3l. eveThis
The 86- part’icul ate water-absorbing agent (or water-absorbent resin)

was cl assifi [Walg : | HEWE,S I
SHAKER, TYPE@@HI%%-QEEI?r%E%ﬁgNgﬂ@g%%% WS pegarted Sh‘tp@i\{/‘\%ér(lé)(bg?“ | B

parti cul at edg\%tr?q{ﬂabsg;oqgrgﬂeagergugg{%écgvat e%ﬁ&m{aﬁgﬂ% I esh-Hin Whi ehe

had remai ned e sieve and a weight W (9g) articul ate
vater-absor b 0g. A98Nofhg agent. In this measuring method, even

when the same operations are performed by using

10 physiological saline solution alone without using 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

15 blank experiinent value detected from the indicator range at
the time of using only physiological saline solution (detection
limit: 2 ppm).

() Content (ppm) of a sulfuric volatile substance
(quantity of a volatile sulfuric substance)

20 An atmosphere concentration was measured by repeating
't:.he 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

23 a quantity (ppm) of a sulfuric volatile substance. In this



wat er - absor bent resin) which had passed through the sieve were
measured, respectively. Misture absorption caking ratio (% by mass)
= Weight 10 Wb (g)/(Weight Wb (g) + Weight W (g)) x 100 A noisture
absorption caking ratio (% by mass) was cal culated in accordance
with the foregoing equation. A lower noisture absorption ratio neans
excellent fluidity after noisture absogption and easier handling of
the particul ate 15 water-absorbi ng agent (or water-absorbent resin)
in powder form (k) Anpunt of extractables, increased extractables

by deteriomathsnriggd inkehedsedevehi owdielextflact aklrae byrocedure is
deterioration 20 According to the nethod for evaluating a

vat er - sol ubkferigepRANeHy antkiagll ifleydie3bsickll Badpas t solwlich islone
described in one enbodinent of Japanese Patent Application No.

96083/ 2004, wpnnaiBulisifl eixérparabiaate i WateAskoiAl gSthY gas
deterioration, and incréased ratio of 25 extractables by

deteriorati %t%'i:ﬁzn%acllﬂié %@fl indiBAte (d)cor¥al i 88, Of I ARNARSUNENthe

structure's Performance An -absorbent structure (core) was produced

fromgeach of heeRayhitd! At E’oﬁ"@éﬁ’ﬁ cﬁbéoéﬁ!lﬂﬂnég@é‘fﬁlﬁé)rsubstance was

‘o
water-absorber?t resins) in order to eva uate t he absor bent

et OB RIS AR B S CERARDSBRRSIE CLpAle O0Ectcd
a test absorpent SIIUGtHtGtor range at the time of using physiological
saline solution (detection limit: 0.1 ppm).
(f) Content (ppm) of a residual monomer
10 500 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
15 gauge. Thereafter, the swollen gel was filtered. A residual
monomer of the obtained filtrate was analyzed by liquid
chromatogl.'a.phy so as to determine a quantity of the residual
monomer in the particulate water-absorbing agent (or
water-absorbent resins).
20 (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
= 1:2), and the resulting solution was left for ten minutes.
Thereafter, 48 ml of methanol was added into the solution,

25 and the resulting solution was rinsed while being shaken by



wi |l be described below. One part by nass of the bel ow nentioned
particulate 10 water-absorbing agent (or water-absorbent resin) and
one part by mass of wood-crushed pulp were dry-m xed by using a

m xer. Then, the obtained m xture was di spersed onto a 400-nmesh wire
screen having a nesh size of 38 -pmand fornmed into a web having a
di aneter of 60 mMm The web was 15 subjegsed to a pressure of 196.14
kPa (2 kgf/cnR) for one mnute. As a result, a test absorbent
structure having a basic weight of approxi mtely 250 g/cn2 was

obt ai ned. Nexinga dfet vk afsdmiev gewdirangran adfser prinwingaptitet gobhition
the core under pressure (4.8 kPa) will be described bel ow. 20

Measur enent wes GRklkddsaUbsats WP d¥h e at Rectihol selegtsnpe3D iml of
(b), so as to evaluate an absorbency agai nst pressure at 4.8kPa for

physi ol ogi ca¢h7H iwrgs S@Jéﬁéﬁﬁte%w)dr HOYEVSY udilie ald BRapltatbestThe

absorbent structure was pl aced |nstead of the particulate

wat er - absor %Q&l’@ﬂf‘é‘tdﬁedt BepRahced vAls t&l%s%%ée”hgém hig, @ a8t i 6f an
supportlng cylinder”and that the - 88 physiological saline-solution

Ofbe% Roh8 s SIHbASof awgmb Saﬁé%%{&?éramaﬁébffpﬁ&&ucmga

phy5|olog|c |ne utlon ured as an absorption capacity

f th f
bt oduci ng. ALY Frued %?f” ol &, FEy | E‘%@“"‘ﬁ?ﬁ%@?g%‘z’éoghe

oo P e Lo DRGSO i
bot t om of achromatography so as to determine a content of the residual
ethylene glycol in the particulate water-absorbing agent.
10 (h) White index
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
15 “Blue No.l1”, 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
20 by using a cylindrical rotor 40mm in length and 8mmg in
éauge. 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

25 determined in conformity with a standard described in JIS K



hi gh boiling point inpurity separating tower having 50 10 ingate-free
porous plates, and was distilled with a reflux ratio of 1, so that
mal enic acid, acrylic acid dinmer (dinmer made up of acrylic acid),

and ot her substances were renoved. Thereafter, further
crystallization was carried out so as to obtain acrylic acid (20 ppm
of acrylic acid diner, 50 ppmof 15 aceggc acid, 50 ppm of propionic
acid, 1 ppmor less of furfural, and 1 ppmof |ess of protoanenen).
The acrylic acid was further distilled, and 50 ppm of

p- met hoxyphearik 4 waso9agldetesting tMethoklyfioe a¥ader [ Mbidoagptiom rate of
Produci ng an Aqueous Sol ution of Sodium 20 Acrylate] According to

Exanpl e 9 ofStpé& PdissrbdNet Po1PAfs--D3WRrgptibnidte acryime deitérvakb
neutralized at 20C to 40C by wusing 48% caustic soda, so that an

aqueous sol WHdireerl alSBhpiibacsHyltatke Wgr%ﬁlohgi@maﬁlﬁﬁbi Sohdfiod 7By agtte
with a 25 neutralization ratio of 180A)was obt ai ned. -89- [Reference

Exanpl e 1] AcdpticGlRE Gy des--apisvirbetgbygeht {0F egaios-dWidttbnAtesin)
aqueous sol ution of sodium acryl ate was produced fromthe acrylic

aci d g hroughy { & dieH8 B aNBHRPEr 1P BAUAOUS D sOhitibANwals aRMdTRed
acrylate with a neutralization ratio of" 75 % (wth a nononer

concentrati Qi gy gﬁs‘@fﬁ%q@t@i (I@%@O%)_ m xing the acrylic acid, the
S

aqueous solution o odium acrylate wth a neutralization ratio of

3?2‘;”’033?”3629? S%ﬁ MUALEHre ABSATEOR SOkHLE M2 1890 MR LSSk oY

2g of each of the particulate water-absorbing agents (or
water-absorbent resins) obtained in the following Examples

10 and 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

15 LUCIFER PL;ZG, 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 onfo a JIS standard sieve

20 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

25 possible care before being transferred onto the sieve. The



10 of polyethyl enegl ycol diacryl ate (average added nol e nunber of

et hyl ene oxide: 9) in 5500 g of the aqueous solution of sodium
acrylate with a neutralization ratio of 75% which was obtained by
m xing the acrylic acid, the aqueous solution of sodiumacrylate
with a neutralization ratio of 100% and 15 deionized water. Then,
the reaction solution was fed into a -rggctor that had been prepared
by placing a lid on a | OL stainless-steel double-arm kneader

equi pped with two sigma-shaped bl ades and a jacket. Inside the
reactor was parephilead wdiernhbsogbingaagsnd (b1sohved abeadreriin rekin)
20 reaction solution was renoved while maintaining the tenperature

of the reacti D9 cigbuifion Rir ddkht Sekseqleny Yasingdalsigvel shakirbfIDA
mass sodi um persul fate aqueous solution and 1.5 g of 1 % by nass

L-ascorbi ¢ aERIWIAKBR| UTWVEPE: VERe68JdeERy Nee 05@L).on Fhlew,i an
while the reaction 25 solution was stirred. Approxi mately one m nute

later, -90- jpoloHrerizatsonmahd nphiacedatd nwhierlauseshaigengthe (or
pol ymeri zation was initiated, the polynerization peak tenperature

reached 86%&&@&%@5&?& 2E4i01) +M8chPRAUTRS kBahkaNoNas, & Nibatasd 2
wat er - cont ai ni ng gel | po y r was obtained. The obtai ned

wat er - cont aighis tgewg g% @éf'n%‘iat@rw%&%? aﬁéere?ﬁglﬁgem (or

havi ng di arrete r oxi mat el he crus ed

wat er - cont al‘lﬂéﬂ:ﬁ. ag)%lolr%% ol.yQqes V@%béﬂr %%\Qi;b% diat (5 g eWsidye

50 neshes aving a nesh size o by hot air

at 10 160 CJ]Q{C %Qeggﬂ%&s.regg%cqi‘ye@gbstance was puI ver| zed by
Moisture absorption caking ratio (% by mass) = Weight
10 Ws (g)/ (Weight W5 (g) + Weight We (g)) » 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

15 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

20 According to the method for evaluating a water-soluble
c.omponent 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 pf

25 extractables by deterioration were calculated.



using a rolling mll, and then classified by using a wire nesh
having a nesh size of 600 pm As a result, a water-absorbent resin
(a) inirregularly pulverized shape was obtained. A particle size
di stribution of the water-absorbent 15 resin (a) is shown in Table
2. [Reference Exanple 2] The dry substance obtained in Reference
Example 1 was pulverized by using a rag¥ing mll, and then
classified and blended by using a wire nesh having a nesh size of
850 pm 20 Thus, a water-absorbent resin (b) in irregularly

pul verized shapf)Esalabtonedf ah padrddrdienisskmachiste's Reifommmdntae
wat er - absorbent resin (b) is shown in Table 2. [Reference Exanple 3]

Acrylic acid wasabbbzbeed sHyridiefeo{egmd)ngasephoduchd fi2bnagaeh usf
sol ution of sodium acrylate was produced fromthe - 91 acrylic acid

through the ther ggiti@ueichotaté A RBing sofeion(cf watitiatanbeaite
with a neutralization ratio of 75% (with a nononer concentration of

389 was obtgknes) byn Mbxdes the wbIhibgcacilte tdissaEous stelieties's
of sodium5 acrylate with a neutralization ratio of 100% and

dei ogj zed rEoroAd&ACHRD £R! Hbls@Rptdsn OBAphBed F dhesebyengindér
g of polyethyleneglycol diacrylate (average added nol e nunber of

ethyl ene oxiflessPrel (1. 8ORPa9 Whsieageueeys solution of sodium
acryl ate, Ich is obtained by mxing the acrylic acid, the 10

saicous 5oL L1 0ngiks OLMEACKY i Bl hest widnt sttt
will be described below.
One part by mass of the below-mentioned particulate

10 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

15 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.

20 Measurement was carried out according to the method
&escribed 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

25 at the bottom of the plastic supporting cylinder and that the



oxygen of the reaction solution was renoved in the sanme nmanner as in
Ref erence Exanple 1 and was fed into the reactor of Reference
Exanple 1. Inside the reactor was 15 replaced with nitrogen gas while
mai ntai ning the tenperature of the reaction solution at 30C
Subsequently, 28.3g of 10 % by mass sodi um persul fate aqueous
solution and 1.5g of 1 % by mass L-ascggbi c acid aqueous sol ution
were added to the reaction solution, while the reaction solution was
stirred. 20 Approximately one mnute |later, polynerization was

initiated. phydiclogitdlesadiderséheipal ywes i aBsopbedasor nidn abddutebe
pol yneri zation peak tenperature reached 86C. In 40 mnutes after the

pol ymeri zat e M % Bblsoabed amcyvam_roﬂ:@maﬂan%ragalogembdapmymnum
obt ai ned. The obt ai ned wat er-contai ni ng 25 gell ed pol yner had been

crushed i nt gzR3ricelsefreidsNan92bsdipoRIe 'ca p cidpPfdXbmehel ¥ode B & Or
4 mm The crushed water-containing gelled polynmer was spread out on

a wre meshyQfsf) hegpEhaving a mesh size of 300 pm, and was
dried by hot" air at 160 C for 60 m nutes. The dry 5 substance was

pul veyized by USiipgagnbAl Mot gﬂgg I’;Hgdﬁﬁﬁ’ig LEPPSETAGHDY using a

wi re nesh having‘a nesh size o .m Asa reéesult, a

wat er - absor bent r(g%%éféiag&jar{%%% '&gyﬁﬁh&%ﬁﬁzﬂb@@%m acrylic

obtai ned. A parti Sl ze di'stri e wat er - absorbent resin

() ot h 0, 0 BOUARITG) oP0Lp l Bsbiat v
aqueous sol uat.Ii'.tgn28B f%pm of p-methoxyphenol) was fed onto a bottom of a
high boiling point impurity separating tower having 350
10 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
15 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
20 Acrylate]
| According to Example 9 of U.3. 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

25 neutralization ratio of 100% was obtained.



surface-cross-|inking agent containing 3 parts by mass of water were
sprayed to 100 parts by mass of the 15 water-absorbent resin (a) nade
in [Reference Exanple 1]. The resulting m xture was heated at a
particle tenperature of 195C for 45 minutes while replacing the
internal upper gas wth the outside air, by using a paddle-type

m xi ng heating device, thereby obtaipigg .a water-absorbent resin (1)
with a 20 cross-linked surface. This water-absorbent resin (1) with a
cross-1linked surface was passed through a sieve with 710pm neshes,

t her eby obt ai ni ngq@fe@ehwecEkampy@tl r-absorbing agent (1). For this
particul ate wat er-absorbing agent (1), Tables 1 and 2 show
centrifuge retenpkepiicanard twas29b e DR thagdbhsoi@Inetkodl An
4. 8kPa; absorption rate; -93- particle size distribution, L-value
(white index} eyl ditiutidn Vel Uss d RoRt eRiryPhtdl waBobryai@ied €rom the
substance; content of sulfuric volatile Substance; content of

resi dual no o (o] MW s'c;yé@ igkh dl.ycolan S5agueous
[ Exanpl e 2] ag.gghgaﬁkgdbgg?afgé%f tglt‘:'ﬁyil~ ene Oégtrrgb?)&%g?g? 0.3 partsqby
massz0f 1, 35B1 QPP dkUoditm R HRYWIBES He1AF3OURPHE bWl 98 W

a surface-crossﬁl i nki ng agent co%t alning 3 parts by mass of water

were spraye 100 0 I, eRtbthesk

made in [Re?‘gitg[}lc% Eggﬁn%?ré@%] mgﬁgft%‘%@%#i%%vaémgxt rzﬁga/gs heat edaat a
particle te r.at ur f f.or: 45 /m.nu id e :aci t -

i nternal up%gl%lggs ﬁ-lvﬁ?t ﬁcgﬁggou‘?wsﬁdge tﬁe‘l Lﬁéeygéngséﬁ%ialggl gﬁyggdmm
m xing heat Iarc]:(x:lylate with a neutralization ratio of 100% and deionized

water. A reaction solution was obtained by dissolving 4.3 g
10 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 mneutralization ratio of 100%, and
15 deionized water. Then, the reaction solution was fed into a
reactor that had been prepared by placing a lid on a 10L
stainless—s'tecl 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
20 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 react_ion

25 solution was stirred. Approximately one minute later,



devi ce, thereby obtaining a water-absorbent resin (2) with a 15
cross-linked surface. This water-absorbent resin (2) with a
cross-linked surface was mxed with 2 parts by mass of an agueous
solution so that the content of pentasodi um

di et hyl enetri am nepent aacet ate becones 50ppmw th respect to the
whol e wat er - absorbi ng agent (2) wth a gposs-linked 20 surface. The
resulting mxture was cured for an hour at 60C, and then was passed
through a sieve with 7101im meshes, thereby obtaining a particul ate
wat er - absor palgmegeatidz) . wher ihitdapedii dnl atld wahmubbsordfitag the
agent (2), Tables 1 and 2 show. centrifuge retention capacity; 25

absorbency agaiynstripaessnr e wafs 4. BliPa teahsorihid onpohteriZdionar tpelle
size distribution, L-value (white index); a-value; b-value; content

of al cohol \t@h@ﬁéf&tﬁt@ﬁr@%eio%m. of Ul fap i anyel8és!| eafter the
subst ance; content of residual nmononer; and content of residual

ethyl ene gl yeaymdfiga@xdhackal esnleaeed, 8 4 bwdmescoatdiditg gelled
extractabl es after deterioration per. hour were 10 % by nass.

[ Conpar at i ve, Feydd OpPRiMAL ! S T BISS e PIANB0a M ERINE gelled
degl yci dyl et'her, 0.3 parts by mass of 1,4-butanediol, 0.5 parts by

mass of 10 @1@@3{%#%&&%9& SrashRd iStdYpARES & vidi/eQHeeters of

sol ution of ace-cross-1|inking agent ‘containing 3 parts by mass

of water mq&?f%%ggeebg ﬂ%np%tzf R, M chrﬁikq}ed‘@ﬁéfé@%?ﬁla?ﬂing

resin (a) m nce Exanple 11. The resulting m xture was

heated at a g&ié&%&;ﬁﬁ@%gg%fréﬁd out on a wire mesh with 50 meshes

(having a mesh size of 300 pm), and was dried by hot air at
10 160° 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 pm. As a vresult, a

water-absorbent resin (a) in irregularly pulverized shape was

obtained. A particle size distribution of the water-absorbent
15 resin (a) is shown in Table 2.

[Reference Example 2]

The ciry substance obtained in Reference Example 1 was
pulverized by using a rollingAmill, and then classified and
blended by using a wire mesh having a mesh size of 850 pm.

20 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

25 aqueous solution of sodium acrylate was produced from the



15 195C for 45 mnutes while replacing the internal upper gas wth
the outside air, by using a paddle-type m xing heating device,

t hereby obtaining a conparative water-absorbent resin (1) with a
cross-1linked surface was passed through a sieve wth 710lam neshes,
t hereby obtaining a conparative 20 particul ate wat er-absorbi ng agent
(1). For this conparative particul ate gwter-absorbing agent (1),
Tables 1 and 2 show. centrifuge retention capacity, absorbency

agai nst pressure of 4.8kPa; absorption rate; particle size

di stributioacriticalaEid (rdeghndte ; faregrlitig, hethbde;, cam eatuebus
al cohol volatile 25 substance; content of sulfuric volatile

substance; geMui€iin ®f I5diuesadeglatORdBra wedirddizetiorotraties odusd%
et hyl ene glycol. [Conparative Exanple 21 0.5 parts by mass of

ethyl ene carhefiat @, rhohdiakhrs dhcd®Es tddna oTUIISRG- ¥ RS Sobitakhed by
agent cont a| ning 2 parts by 5 mass of water and 2 parts by nmass of

et hanol wer gnsanayethd 0a339911@:ar5.é1d3y t@%sagﬁeb% vebRlitials oppesbdium
resin (a) made in [Referenhce Exarrp e he resulting m xture was

heat ed at c\%?i%té|\§11§1‘Fr@eh%tdﬁ§1&fatil@§créﬁb 4% Nowyeand detdbRsrd

heat| ng oven out replacing the internal upper gas with 10 the

out si de air o thgr ebmgpgehry %(ﬁlﬁﬁ&?%@s' B%tai’@éérb?béi%é}ﬁ%nge'ﬁlﬁ‘ g

(2) with a cross | i nked surface wat er - absorbi hg agent wth a

cross-li nke%fﬁé%th%ﬁeﬂ@&ly@@ﬁﬁﬁ@rgm&ugeﬂv@r @\é@d’&d ri‘nzi@:l'lbﬂlf‘i‘nber of

nmeshes, ther a conparative particul ate water-absorbi ng

?gzg;a’nt ngl) s e(%i‘ly}éngh6§§1cféqr@)a51qt$360p§r<)tf' G A fdBhE s AREIHR! HOsBEEAM
acrylate, which is obtained by mixing the acrylic acid, the

10 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

15 replaced with nitrogen gas while maintaining the temperature
of the reaction solution at 30°C. Subsequently, 28.3g of

10 % by mass sodium persulfate aqueous solution and 1.5g of

1 % by mass L-ascorbic acid agqueous solution were added to

the reaction solution, while the reaction solution was stirred.

20 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

25 gelled polymer had been crushed into particles having



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
subst ance; content of sulfuric volatile 20 substance; content of

resi dual nononer; and content of residual ethylene glycol.

[ Conparative Exanple 3] 0.2 parts by nagg .of ethylene carbonate, 0.2
parts by nmass of glycerin, 3.4 parts by mass of aqueous sol ution of
a 25 surface-cross-linking agent containing 3 parts by nass of 96
wat er were sphayettrso cf0Q parfdxinbytelgssl ahmmheo #atem.absPheertrusésid
(b) made in [Reference Exanple 2]. The resulting m xture was heated

at a particheatempenabimih®f ge R6AC fallymbr mvaist epmdad eonepbaci mgwite
internal upper gas 5 with the outside air, by using a paddle-type

M xi ng heat iifgshde¥ist® meBRERbYhabidé i NEe8hCBiFAEt 80O pm), and was
wat er - absorbent resin (3) with a cross-linked surface. This

conpar ati ve gMaHer,pbsQibelir r£si 1603) @ tih@ 600sEihiutked suThacedry
was passed through a sieve with 850m neshes, thereby obtaining 10 a

conpgy ati ve Méﬁ%@t@aﬁ’agﬂlvé?%@ilﬂﬁ agent 43rollh@g niit,Sand then
particul ate water-absorbing agent (3),”  Tables | and 2 show

centrifuge rateniion WH@%@%a @@?@&ﬁ%@ﬁ)/hagﬁil%% mOERSSHCoPE00 pm.

4. 8kPa; absorption ratwe; Icle size distribUtion, L-value (white

| ndex) ; a-val ?Lrab' ¥@é#ﬁ; GPNLENe 0h Aol 140l aﬁd)' & B Ubsianagrly

content of su ic Vo afile substance; content of residual nononer:
and cont ent p%hfe%kg&'aéhgbgylvﬂ? obtained. A particle size distribution

of the water-absorbent resin (c) is shown in Table 2.
10 [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 sprayéd to 100 parts by mass of the
15 Water—absorﬁent 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
20 cross-linked surface. This water-absorbent resin (1) with a
c;ross-linked surface was passed through a sieve with 710um
meshes, thereby obtaining a particulate water-absorbing
agent (1). For this particulate water-absorbing agent (1),
Tables 1 and 2 show: centrifuge retention capacity,

25 absorbency against pressure of 4.8kPa; absorption rate;



glycol. [Exanple 31 0.2 parts by mass of ethylene carbonate, 0.3
parts by 20 mass of 1, 3-propanediol, 3.5 parts by nmass of aqueous
solution of a surface-cross-Ilinking agent containing 3 parts by mass
of water were sprayed to 100 parts by nass of the water-absorbent
resin (c) made in [Reference Exanple 31. The resulting m xture was
heated at a particle tenperature of 25 @#QC for 45 m nutes while

repl acing the internal upper gas 97 wth the outside air, by using a
paddl e-type m xi ng heating device, thereby obtaining a

wat er - absor BeRtidlesi $iz3)d Mtk ibaticdl,0SE=Vdted (whitacender)s a-value;
wat er - absorbent resin (3) with a cross-linked surface was m xed Wi th

2 parts by mRgaIRE; a@oﬁt@ﬂt'eaﬂsa%@bldblloﬁoléﬂfﬂet@@Hsﬁ&uidd NG:JA Peirit eof
is cured for an' hour at 60C, and then was passed through a sieve

with 710m geg ﬂ?ﬁc VBRI G QAU AG BoRREhkC3Y aESidWal ehonbeRép) Bad
agent M For this particulate water-absorbing agent (3), Tables

and 2 show c&%@%é’tfbjﬂ? gt g%yate ggbiy absorbency agai nst

pressure of sorptlon rticle size distribution,
L- valzue (mhlte L g é%p Xalue b-val ue; content of al cohol vol atile
substance cont su? uric volatile substance; content of

ESLun onOeD p ol S AL MBS B o s oy
mass of glyGeLLD: of ¢, DY dchdN IR 875 2BUFESHFOHALONPTaR aqueous
solution of a surface-cross-linking agent containing 3 parts

by mass of water were sprayed to 100 parts by mass of the

10 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

15 cross-linked surface. This water-absorbent resin (2) with a
cross-linked surface was mixed with 2 parts by mass of an

agueous solution so that the content of pentasodium
diethylenetriaminepentaacetate becomes 50ppm with respect

to the whole water-absorbing agent (2) with a cross-linked

20 surface. The resulting mixture was cured for an hour at
6;0°C, and then was passed through a sieve with 710pnm

meshes, thereby obtaining a particulate water-absorbing

agent (2). For this particulate water-absorbing agent (2),

Tables 1 and 2 show: centrifuge retention capacity;

25 absorbency against pressure of 4.8kPa; absorption rate;



surface-cross-|inking agent containing 3 parts by mass of water were
sprayed to 100 parts by mass of the 20 water-absorbent resin (c) nade
in [Reference Exanple 3]. The resulting m xture was heated at a
particle tenperature of 200C for 45 minutes while replacing the
internal upper gas wth the outside air, by using a paddle-type
m xi ng heating device, thereby obtai nigg a water-absorbent resin -(4)
with a 25 cross-linked surface. This water-absorbent resin (4) with a
- 98. cross-linked surface was passed through a sieve with 710m

meshes, thenpticlt asRidgdbstpablitinn at €-vales - dhsdrdi igdexjenta-gdlue;
For this particul ate water-absorbing agent (4), Tables 1 and 2 show.

centrifuge netenheonceaRasit bf nlabs@beraytdgaidishspessureovtent of
4. 8kPa; absorption rate; particle size distribution, L-value (white

index); a-vahpeuridveihtRe $OPseNtcof Rmehd of detidiial sbsicanes; and
content of sulfuric volatile substance; content of residual npnomer;

and cont ent, Qft 1ASIFHURE sl BN ¥k EOl 51y L01] Compar aidtyacExBIaY avéte
0.3 parts by mass of 1, 4-butanedi dl, 0.5gparts by mass of .

propy enegl yeody, 13, 8,RALd S g MBSS Bkt ANUEANE sS Uit OBeBiriBration per
surface-cross-11nki ng agént containing 3 parts by mass of water were

sprayed to of e 15 water-absorbent resin (c) nade
in [Referen%g&égyn% eeg?l%ﬁhe ar'éegg'ul ting mxture was heated at a

per L ermer st BheoPHACETRI AR T 65 1 [oplc 0 e
m xing heating 0.05 parts by mass of ethylene glycol deglycidylether,
0.3 parts by mass of 1,4-butanediol, 0.5 parts by mass of
10 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
15 195°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 710pam meshes, thereby obtaining a comparative
20 " particulate water-absorbing agent (1). For this comparative
éarticulate 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

25 substance; content of sulfuric volatile substance; content of



devi ce, thereby obtaining a conparative water-absorbent resin 20 (4)
with a cross-linked surface. This conparative water-absorbent resin
(4 ) with a cross-linked surface was passed through a sieve with
710m neshes, thereby obtaining a conparative particulate

wat er - absor bi ng agent (4). - For this conparative particulate

wat er - absor bi ng agent (4), Tables 25 1gmd 2 show centrifuge
retention capacity, absorbency -99- agai nst pressure of 4.8kPa;
absorption rate; particle size distribution, L-value (white index);

a-val ue; b-yeadidRial aidR0inef anlicohetendlodttdsddusdis¢dndenecghtanit of
sulfuric volatile substance; content of residual nononer; and

content of 5 remgﬂqiaﬁthyéeneaﬁi @odg] [ Exanpl e 51 The partl cul ate
wat er - absor bi ng agent (2) obtained in Exanple 2 was m xed

(dry-bl ending) wpta ﬁaitspawSmlésésrr%i"Se@ﬁKmaétwﬂbahat@alzmwrparts by
stearate (Kanto Chem cal . Inc.), 10 thereby obtaining a

particul at erd@éaeroiﬁ%ﬁ%f@faaea@fdﬁsnmkmgaag@n% céﬁ@éﬂﬁnr%?rﬂ rpd1ge by
a,

retention capacity; absorbency against pressure of 4.8

absogption p&s FatBPisi4re 5%%%@9?' R SRR NG Wt b Oweret §frayed to

particul ate water-absorbing a For the other factors, such

as 15 partighy glqsdl 3};5% H%' thle & E%otr%e'dld?é%ma(‘a‘{aﬁéﬁie in

b- val ue; conten of a 0 atl e substance; content of “sulfuric

volatil e Sub e o an el ol JANATEL RS LBl ot

was same as t%%.r%%lt' (Egh'%grature of 195°C for 45 minutes in a closed

heating oven without replacing the internal upper gas with

10 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 710pm meshes, thereby obtaining

a comparative particulate water-absorbing agent (2). For

15 this compa.rative 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

20 substance; content of residual monomer; and content of

r-esidual 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

25 surface-cross-linking agent containing 3 parts by mass of



20 wat er - absor bi ng agent (2) not mxed with cal cium stearate.

[ Exanpl e 6] The particul ate water-absorbing agent (3) obtained in
Exanple 3 was m xed (dry-blending) with 0.3 parts by mass of

particul ate silicon dioxideaerosil 200 (Japan Aerosil. Co.), 25

t hereby obtaining a particul ate wat er-absorbing agent (6). - 100
Tabl e 3 shows: centrifuge retention capagi-ty; absorbency against
pressure of 4.8kPa; absorption rate, and noisture-absorption caking
ratio of the particul ate water-absorbing agent (6). For the other
factors, su&aies 5weard i csderayed distr Dot i gards vdhyue fads e dindekk;
a-val ue; Db-value; content of alcohol volatile substance; content of

sul furic voladitidreabybsbante restnt ¢b) piadesituiRefimrsanes: ; Exadnple 2].
content of residual ethylene glycol, the particulate water-absorbing

agent (6) Wahe 2BBudSiddenBaiireCaal Beatfdvat &f pahisivlel famageatud)of
not mxed with silicon dioxide. For conparison, those factors were

al so nmeasur e folrh8 sCONRAI A4 WEhDar b Gl Whiee in 88504 Dhuith @i eitiss
(1) and (4). The results are also shown in Table 3. [Exanple 7] 15

I'n orgder toyayal vREe 1 A0S BY N_LAL HRpGA AIE-¢ BRkinE Uheh €l
wat ersijabsor bi ng agen?h?%@%bt ai neg in Egarrp?e 1 aﬂ?eest abs%r bent ne

structure (leMes ghep%ggo%fﬁ@ﬁﬁigna é(?mtﬂlfratﬁ@é Q02119 2B SV tOFe sin

met hod (1) for petforman absorbent “structure. The absorption

amount of 1 8) CO4gth 1) Q@SR JTRAMER] YdPAcH: BkPATHIRS Iblarhtive
water-absorbent resin (3) with a cross-linked surface was
passed through a sieve with 850um meshes, thereby obtaining
10 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; absorﬁtidn rate; particle size distribution,
L-value (white index); a-value; b-value; content of alcohol
15 volatile subétance; 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
20 mass of 1,3-propanediol, 3.5 parts by mass of aqueous
golution 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

25 200°C for 45 minutes while replacing the internal upper gas



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 fromlevel O (no odor is sensed) to |evel 5
(odor is sensed) depending on the 25 strength of odor. The average

| evel was determ ned as an 101 odor point. A |l ower odor point

i ndi cates | ess significant odor. These9Fesults are also shown in
Tabl e 4. [Exanples 8 through 10] The sane steps as those in Exanple 7
were carried out 5 with the particul ate water-absorbing agents (3),
(5) and (6)withnsheadutbiddeaiparbycusithg mapedddbsiyid mypisgepthédling
t hereby obtaining test absorbent structures (2) through (4). The

obt ai ned absteviies] thlereblyubdsairing ex atwadtedbsotihensansinngBheritds a
that of Exanple 7. The results are shown in 10 Table 4. [Exanple 11]

0.2 parts byrpasslinked eiutnfhcd: hyTthoxyweitby! dxebsinent fdnpd8} swhhh a
mass of 1, 3-propanediol, 3.5 parts by mass of aqueous solution of a

sur f ace- cr Osyokkkhke dAGARIHfaceN Pl §i MExd8 Fiplar s pytseby afay@tel an
were sprayed to 100 parts by mass of the water-absorbent resin (c)

made § n [ Ref.ges6@s BXHMi8n, ShndThAer esshiliing Mhidtilre Weschead efthatara
particle tenperature of 200C for 45 ninutes while replacing the

internal , uppRkr 086 Bbbl the PUiidAevald  pRY¥ssdl REraugd paddidrd yweth
m xi ng heating device, thereby obtaining a water-absorbent resin (7)

with a crossrippkpd SHd&AcEs, Thifhereby  obtaining a  particulate
water-absorbing agent (3). For this particulate
water-absorbing agent (3), Tables 1 and 2 show: centrifuge
10 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.

i5 [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
20 water-absorbent resin (c] made in [Reference Example 3].
;I‘he 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

25 cross-linked surface. This water-absorbent resin (4) with a



wat er - absorbent resin (7) with a cross-linked surface was passed
through a sieve with 710m neshes, thereby obtaining a particulate
wat er - absorbi ng agent (7). For this particulate 25 water-absorbing
agent (7),. Tables 1 and 2 show. centrifuge - 102 retention
capacity; absorbency agai nst pressure of 4.8kPa; absorption rate;
particle size distribution, L-value (whoge. index); a-value; b-val ue;
content of al cohol volatile substance; content of sulfuric volatile
substance; content of residual 5 nononmer; and content of residual

et hyl ene gl y¢gks-liEkd®Is@iridbe ThHe sS pals st RBragghhes sitve Gorga 7o ym
Exanple 2 were carried out using a paddl e-type m xing heating device

instead of Regheged theabbRy ¥eRinSlk t hat plheididdter ewdasrheiBsefbialg
a 10 particle tenperature of 195C for 45 mnutes while replacing the

i nt er nal UD%*gerﬂﬁsm‘j\{i thridhe t?l%s?%%t%ﬁlat@h%ﬁﬁé’ﬂ-ﬁ%smhigc|a9g%rlﬂﬁ; @),

t hen exposed™to hot "airflow of 9 ose linear velocity was

for 60 m nu;%sbletsherlebyalggt a'gni %@w Vet & ¢ APSQE PeptidBBloh (%apfél;’ty,

this water-absorbent resin (8) with a cross-1inked surface, Tables

L and 2 Shouy, SRSRLPAPCY A0 NShr UGS OrUHIHIPa COBbRLIRM  rate;

reterntion capacity sorption rate; particle size

al conol vol 8Tt Siaean ekt SRR FHRIVE, (Bpain i), o2 xitue:

al cohol vol ance: ¢ uri'c vo Ubst ance;

f i dual ' f | h
olycol . | EAARBBeLarop Eaartts By oHEds Hatlkarnir STt ARt of

aqueous sulfuric volatile substance; content of residual monomer; and

content of residual ethylene glycol.
10 [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
15 water—absorﬁent 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 r‘esin
20 (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

25 1 and 2 show: centrifuge retention capacity, absorbency



solution containing 1.9 parts by mass of water were sprayed to the
wat er - absorbent resin (4) obtained in Exanple 4. The 25 obtai ned

m xture was cured by being exposed to hot airflow of - 103 90C,
whose linear velocity was Ims, for 60 mnutes. The obtained
particles were then passed through a sieve with 710m neshes, thereby
obtaining a particul ate water-absorbimpagent (9). For this '
particul ate 5 water-absorbing agent (9), Tables 1 and 2 show
absorbency against pressure under a centrifuge retention capacity of
4. 8kPa; absegpihet patesupar tdfclde 8kiR®; dissorptivonrate;valamiclavhsize
i ndex); a-value; b-value; content of alcohol volatile substance;

content of gasfibigive| @ivadusubehine eindat)t eatvaifud,0 realdeplcontent
nmononer; and content of residual ethylene glycol. [Conparative

Exanpl es 5 biir euebh8l Voeatide® siitePmrdse;t hosetdmt Eyanpheditrisereolatile
carried out wth the conparative particul ate water-absorbing agents

(1) throughutardist eashint hef PaesiduABt thoRbaledbsOidi RO A@et db
(1), thereby obtaining test absorbent structures (1) through (4).

The ﬁbt ai ned.ahpenberhydaddiyees. Wwere evaluated in the sanme manner
as that of Exanple 7. the results are showmn in Table 4. - 104 -

[ Tabl e 1] CENTRI &%@ ENCY WH TE | NDEX PARTI CULATE WATER-
RETENTI ON AGAI NST ABSCRPTI L- VALUE/ ABSORBI NG AGENT CAPACI TY(4g/9)

PRESSURE OF RATEQ$SC-JaAidGtd water-absorbing agent (2) obtained in

Example 2 was mixed (dry-blending) with 0.1 parts by mass of
particulate calcium stearate (Kanto Chemical Co. Inc.),
10 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 ratioc of the particulate
water-absorbing agent (5). For the other factors, such as
15 particle size distribution, L-value (white index); a-value;
b-value; content of alcohol volatile substance; content of
sulfuric vc;latile substance; content of residual monomer; and
content of residual ethylene glycol, the particulate
water-absorbing agent (5) was same as the particulate
20 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.},

25 thereby obtaining a particulate water-absorbing agent (6}.



4. BKPa(g/g) h-VALUE/ EXAMPLE 1 PARTI CULATE WATER- 34 20 44 94/-0.6/5
ABSORBI NG AGENT(1) EXAMPLE 2 PARTI CULATE WATER- 35 21 45 94/-0.6/5

.S ABSORBI NG AGENT(2) EXAMPLE 3 PARTI CULATE WATER- 30 25 50 94/-0.6/5
ABSORBI NG AGENT(S) EXAMPLE 4 PARTI CULATE WATER- 29 24 49 94/-0.6/5
ABSORBI NG AGENT(4) EXAMPLE 7 PARTI CULATE WATER- 30 25 50 94/-0.6/5
ABSORBI NG AGENT(7) COVPARATI VE COVPARATOWE- EXAMPLE 1 PARTI CULATE
WATER- 35 20 45 94/-0.6/5 ABSORBI NG AGENT(1) COVPARATI VE COMPARATI VE
EXAMPLE 2 PARTI CULATE WATER- 33 19 44 90/-0.7/5 ABSORBI NG AGENT( 2)

10 COVPARATINE]EOMPARATIME EXAMRIFui G PARTE AT E CAiERRLy 34ab@osbency
80/-02/7 ABSORBI NG AGENT(S) COMPARATI VE COVPARATI VE EXAMPLE 4

PARTI CULATEaMATIERY 2Drtdsifr €94/ 00. 6/4, 8 IABSORBIING A@ NI h4) £AETENTa b
RESI DUAL PARTI CULATE WATER- ALCOHOL SULFURI C VOLATI LE RESI DUAL

ABSORBI NG ANE+MPeAd bbEr SlldrFURIca kihleE GeX€d. MolOVRRhe — particulate
SUBSTANCE( ppm) SUBSTANCE(ppm RESI DUE (ppm (ppm

water-absorbing agent {6). For the other factors, such as
5 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 (6) was same as the particulate

10 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]

15 In order to evaluate the absorbing performance of the
particulate water-absorbing agent (1) obtained in Example 1,
a test abso.rbent structure (1) was prepared according to the
foregoing evaluation method (1) for performance of absorbent
structure. The absorption amount of the core (1} was

20 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

25 strength of odor. The average level was determined as an



EXAMPLE 1 PARTI CULATE WATER- 0 0 O 200 ABSORBI NG AGENT(1) EXAMPLE 2
PARTI CULATE WATER- 0 0 0 200 15 ABSORBI NG AGENT(2) EXAMPLE 3

PARTI CULATE WATER- 0 0 0 210 ABSORBI NG AGENT(S) EXAMPLE 4

PARTI CULATE VATER- 0 0 0 210 ABSORBI NG AGENT(4) EXAMPLE 7

PARTI CULATE WATER- 0 0 0 210 ABSORBI NG AGENT(7) COMVPARATI VE

COVPARATI VE EXAMPLE | PARTI CULATE WATERE021- 0 0 200 ' ABSORBI NG
AGENT(1) COVPARATI VE COVPARATI VE EXAMPLE 2 PARTI CULATE WATER- 12 0 92
200 ABSORBI NG AGENT(2) COVPARATI VE 20 COVPARATI VE EXAMPLE 3

PARTI CULATE YAGER0iR) 48 RoDer ARBORPIIGt AGENTE3Es CENB/AFATIYEant odor.
COVPARATI VE EXAMPLE 4 PARTI CULATE WATER- 56 0 0 210 ABSORBI NG
AGENT(4) 105 ThEsbl e=911tS ardalsoeshbo®nChh ITalile %.CO M M CO CO

10

15

20

25

[Examples 8 through 10]

The same steps as those in Example 7 were carried out
with the particulate water-absorbing agents (3), (5) and (6),
instead of the particulate water-absorbing agent (1), thereby
obtaining test absorbent structures (2} through (4). The
"obtained absorbent structures were evaluated in the same
manner as that of Example 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 ﬁass 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 wusing a
paddle-type mixing heating device, thereby obtaining a
v;srater—absorbent resin (7) with a cross-linked surface. This
water-absorbent resin (7) with a cross-linked surface was
passed through a sieve with 710pm 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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absorption rate; particle size distribution, L-value (white
index); a-value; b-value; content of alecohol volatile substance;
content of sulfuric volatile substance; content of residual
5 monomer; and content of residual ethylene glycol. |
[Example 12]
The same steps as those in Comparative Example 2 were
carried out using a paddle-type mixing heating device instead
of a closed heating oven, so that the mixture was heated at a
10 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)
15 with a cross-linked surface, Tables 1 and 2 show: absorbency
against pressure under a centrifuge retention capacity of
4.8kPa; aEsorption rate; particle size distribution, L-value
(white index); a-value; b-value; content of alcohol volatile
substance; content of sulfuric volatile substance; content of
20 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

25 obtained mixture was cured by being exposed o hot airflow of
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90°C, whose linear velocity was 1lm/s, for 60 minutes. The
obtained particles were then passed through a sieve with
710pm meshes, thereby obtaining a particulate
water-absorbing agent (9). For this particulate
water-absorbing agent (9), 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
substa;lce;' content of sulfuric volatile substance; content of
re;idual 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}, therebyv obtaining test absorbent structures (1) through
(4). The obtained absorbent structures were evaluated in the
same maﬁner as that of Examplé 7. The results are shown in

Table 4.
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E/E, ABKPale/s) b-VALUE/
. PARTICULATE WATER- i
EXAMPLE1 | A pcoRBING AGENT(L) 3 2 “ 94/-08/5
PARTICULATE WATER- -
EXAMPLE 2 | 4o oRBING AGENT(2) 8 & i S4/-08/5
PARTICULATE WATER- 94/-06/5
EXAMPLE 3 ABSORBING AGENT(3) 0 = %0 i
PARTIGULATE WATER- N
EXAMPLE 4 | ot 29 24 4 94/-05/5
. PARTICULATE WATER- -
EXAMPLE 7 | r 30 25 50 94/-06/5
COMPARATIVE
COMPARATIVE |5y oty e 35 20 5 84/-06/5
EXAMPLE 1 | ABSORBING AGENT(T)
COMPARATIVE
COMPARATIVE | pARTICULATE WATER- 33 19 44 80/~0.7/5
EXAMPLE 2 | ABSORBING AGENT(2)
COMPARATIVE
COMPARATIVE | pARTICULATE WATER~ a4 19 49 80/-02/1
EXAMPLE 3 | ABSORBING AGENT(3)
COMPARATIVE
COMPARATIVE | oARTICULATE WATER- 20 24 4 94/-08/5
EXAMPLE 4 | ) 5SORBING AGENT(4)
CONTENT OF RESIDUAL
PARTICULATE WATER-|  aLoohoL | SOWENTOF | pryviene | FESOLAS
ABSORBING AGENT VOLATILE GLYCOL
SUBSTANCEGpm) | SUBSTANCEGEM) | e Vg (ppm) | PP™
PARTICULATE WATER—
EXAMP”.ET ABSORBING AGENT(1)} 0 0 0 20
PARTICULATE WATER-
EXAMPLE 2 | ABSORBING AGENT(2) 0 0 0 200
PARTICULATE WATER-
EXAMPLE 3 | 5 ooRBING AGENT(E) 0 N ° 20
PARTICULATE WATER-
EXAMPLE 4 ABSORBING AGENT() 0 0 0 20
PARTICULATE WATER— :
. EXAMPLE 7 |\ BaoRBING AGENT() 0 0 0 210
GOMPARATIVE
GO';ESEE‘:"E PARTICULATE WATER- 21 o 0 200
& ABSORBING AGENT(1) |-
GOMPARATIVE
AT e | PARTICULATE WATER- 12 0 92 200
EXAMP ABSORBING AGENT(2)
COMPARATIVE
- COMPARATIVE | o5 i )L ATE WATER- 0 0 48 200
EXAMPLE 3 | ABSORBING AGENT(3)
COMPARATIVE
COMPARATIVE | o priGULATE WATER= 56 ) 0 210
(EXAMPLE 4 | \BSORBING AGENTA)
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property (low bl ocking rate, see Table 3), urine-resistance, and in
deodorant property. An absorbent article (disposal diaper in Table 4)
made of the particul ate water-absorbing agent of the present
invention 15 ensures an excellent absorbing perfornmance, and
therefore the liquid absorbed therein does not easily return.

| NDUSTRI AL APPLI CABI LI TY The present inwention relates to a
particul ate water-absorbing agent containing a water-absorbent resin
as 20 a main conponent. Mre specifically, the present invention

rel ates to a partisculsiiewmat dn alBablisng hgeandsup2y i dihd n pabkonbaty
agent ability, and causes no odor when the agent is wused for an
absorbent artiatdreadbisorbdagdi spesal ofi afies . By sesiingirtventiant i cohddins
wat er - absor bi ng agent of the 25 present invention for a thin

absor bent strg¢ithdreanf adcohotarolkifle dirtlpstarnce ther | aksulBuper votatile
absorbing agent ability is ensured conpared with a conventional

absorbent stglséidrece,! Aakiebyugy¥OvicdbHaraRhales @hkeageAt iYCs wobtldinvnd
| ess odor. 109 CLAIMS: 1. A particul ate water-absorbing agent

cont & ni ng aqaFddred! abeo wtgél-.abmreb?atrtimme fvﬁﬂé&daﬁseﬁbm%_a ent
partially neutralized polyacrylic acid polyner, surface-cross-[inked

by at | eastjs0Ress Wi peLoRT Qﬁscéhlﬁiﬁifﬁg_eag@fﬁnﬁ%he%%Jitﬁ,méﬁ‘@)ﬁ%
consisting of glycerine, 1,3- propanediol, ethylene carbonate,

3- et hyl - 3- hydr oogret byd Oxgténea nandigt %%z?ffﬁ&ﬁ rdiee parghsHAle by
wat er - absor bi'hg agent satisfying followng conditions: (a) a

centrifuge refentdAn.£apRTiobhicCRart{dEsa MEival1ediCalet3dicnN8alts, or
sol uti on being
deodorant agents, the particulate water-absorbing agent of
10 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
15 ensures an éxceﬂent 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
20 a main component. More specifically, the present invention
1:e1ates 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

25 present invention for a thin absorbent structure of disposal



not | ess than 27g/ g; (b) an absorbency agai nst pressure (AAP) of
4.8kPa for the physiological saline solution being not |ess than
20g/ g; (c) a mass average particle dianmeter (D50) being 200-450m

(d) an armount of particles smaller than 150min the particul ate

wat er - absorbi ng agent being 0-5 % by nmass; (e) a logarithmc
standard deviation (a) of particle sizgggstribution being 0.20-

0.40; and (f) a content of an al cohol volatile substance evaporated
fromthe particulate water-absorbing agent being 0- 10 ppm the
content bei nfjafRasur athab¥ike ,ges pdeinac aibygriingeagenamiiligs pherresured
concentration. 2. A particul ate water-absorbing agent containing a
particul at e wah@aradsaiRents ras ventiomsEd fywrkempardiraldtynre, thereby
neutralized polyacrylic acid polyner, surface-cross-Ilinked by

ethyl ene carbhonatienphiss b santpéns sak-irtane warhiondées ddwer.particul ate
wat er - absorbi ng agént satisfying followng conditions: (a) a
centrifuge retention capacity (CRC) for a physiological saline
solution being not less than 27g/ g; 110 (b) an absorbency agai nst
pressure (AAP) of 4.8kPa for the physiological saline solution being
not | ess than 20gl g; (c) a mass average particle dianeter (D50)
bei ng 200-450m (d) an amount of particles smaller than 150min the
particul ate water-absorbing agent being 0-5 % by nmass; (e) a

| ogarithm c standard deviation (a4) of particle size distribution
being 0.20- 0.40; and (g) a content (determ ned by HPLC) of residual
ethylene glycol in the particulate water-absorbing agent being

0- 40ppm



3. The particul ate water-absorbing agent as set forth in claim1l1 or

2, further containing an al cohol conpound (except for ethylene
glycol) selected from am noal cohol, al kylene carbonate, and

mul tival ent al cohol. 4. The particul ate wat er-absorbi ng agent as set
forth in any one of clainms 1 through 3, further containing a
conmponent sel ected from chelating agﬁﬁ}, deodor ant agent,

mul tivalent netallic salt, and inorgani‘c particles. 5. The

particul attdAddMSr - absor bi ng agent as set forth in any one of clains 1
through 4, wherein: the (h) content of a sulfuric volatile substance
evaporated fromthe particul ate. water-absorbing agent is Q- 10 ppm
the contert be T S R o SR e e
concent r atfh@ded ffom If}ﬁnﬁﬂztﬂeﬁt@ﬁlf%@ pYBLAYEARS HBlyRftr, a8eMRte-@8ssSIfked B tah
in any one of clainms 1 through 5, further satisfying a follow ng
condi t i on:leastione spifycecrpsstlipkingagaritseleaiad Siomm the grayp cpmiltingof shieetns &.3-

aci d, ace:p Spaliidl, %E&gf(ljeﬁép&‘r%'a{é %Qé.tﬂyl-ﬁ?}(?%}}?%etﬂyl%%%&mang 'e{lﬁgﬁlgll‘n}%lse, 1

particul ate ‘wat er*- rbi ng ageht as se I‘n"any one o0

t hrough  6he fantidutete wstat-alssbytiimgagrnt satitfyingriglleweing iconditions0) | um nance
indices L being 80 or greater, a being -2 to 2.5, and b being 0-4,
where L denotes.a | um.nance | ndex, .an d b are chrommticness. |

i ndi ces, all @&F@a*fug&gemlqne@myagﬁﬁg 2 pinftolosioab e sakition bejne A
high-contgs{hggﬁgfﬁgyg;structure formed of (a) the particulate

wat er - absorbi ng agent as set forth in any one of clainms 1 through 7

and (b) hydrophilic fiber, wherein a content of the particulate
wat er - absor bi np)agebsorbency ageigpepressurs @ARtfl 4. Pdatfentheghysihlpgical saline

parti cul at .- absoer bin nt and the hydrophilic fiber is 30-
100 % by ﬁ@%ﬁ&{ ?H%Qéﬁ%ﬁgpgggﬁgfﬁg met hod of the particul ate

wat er - absor bi ng agent as set forth in claiml, conprising the steps
of : (c) a mass average particle diameter (D50) being 200-450um;

(d) an amount of particles smaller than 150um in the particulate water-absorbing

agent being 0-5 % by mass;

(e) a logarithmic standard deviation (6&) 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- 1 0 ppm, the content being measured by a gas detecting

tube as an atmosphere concentration.

2. A particulate water-absorbing agent containing a particulate water-absorbent resin
formed from a partially neutralized polyacrylic acid polymer, surface-cross-linked by
ethylene carbonate which contains alkylene carbonate, 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;



(i) subjecting an aqueous solution of an unsaturated nononer, which
contains a non-neutralized acrylic acid and its salt as a main
conponent, to cross-link-polynerizing in a presence of an

internal -cross-linking agent, so as to obtain a cross-1linked pol yner;
(ii) drying the cross-linked polyner, and adjusting a particle size
di stribution of the cross-I|inked polrgp SO as to obtain a
particul ate water-absorbent resin sattsfying follow ng conditions:
(a) a centrifuge retention capacity (CRC) for a physiological saline
sol ution being not Iess t han 309/ g; (b) a nmass average particle

di anmeter (D50) ,hein 0-4501im 112 a articles

Sl Fer |t han 160 Bsdt ROy BRI TSI oAr) R i e B $lﬂ1051§fdn5@h@e 8
% by MasS 5olGHdn BeihPfiRNdsh hﬁhgog/tgandard deviation (at) of particle size
di stribution being 0.20- 0.507 (iii) heating a vicinity of a surface

of the particul ate water- absorbent resin after addi ng at | east one
sur f ace- cr oss- [d) akhasgaeegrgstpag wledamdef (QHY) beigg d0Up4EQYimsi sti ng of

gl ycerine, 1, 3- propanediol,ethylene car bonat e,

3- et hyl - 3- hydr pxynet hyl oxet an an th Ianl e and (iv) exposi.n
the wat or - absofaRTE of Regieles PRy o g sCuyh O IRy S @ﬁteag?f’g#&gg
from 120Cag@tgéﬁ§:o$%lb@gngsbge heating, and / or to airflow at or
tenperature in a range from 70C to 120C after the heating. 10. The
manuf acturing method of a particulate water-absorbing agent as set
forth in clai fA)g loghihmicrsiandardrdayiaien (el df pediclecyise glétn%éil@ boing Bi2fs
at | east g nd of conpounds selected fromthe group consisting
of . 10-20 pph1 met hoxyphenol ; 0- 10000ppm of acetic acid and
propi oni ¢ acid conbi ned together; 0- 1 000ppm of acrylic acid diner;

0- | Oppm of fu(g)urc@htenaqaldteﬁnm&d)bpmmif) of reidwahetiviehdglyedllin el garticulate
respect to ss, .of the non- neutralized acrylic acid.

water sorbing 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 component selected from: chelating agent, deodorant agent,

multivalent metallic salt, and inorganic particles.

5. The particulate water-absorbing agent as set forth in any one of claims 1 through

4, wherein:

the (h) content of a sulfuric volatile substance evaporated from the particulate
water-absorbing agent is 0- 1 0 ppm, the content being measured by a gas detecting tube

as an atmosphere concentration.

6. The particulate water-absorbing agent as set forth in any one of claims 1 through

5, further satisfying a following condition:



11. The manufacturing nethod of particul ate water-absorbi ng agent as
set forth in claim9 or 10, wherein the surface-cross-|inking agent
contai ns ethylene carbonate. 12. The manufacturing nmethod of

particul at e wat er - absorbi ng agent as set forth in claim1l, wherein
a content of ethylene glycol in the alkylene carbonate is 0. 1 % by

mass or less with respect to a nass o{ugthylene car bonat e.

(i) a total amount (determined by HPLC) of acrylic acid, acetic acid and propionic acid

being 0- 1 000ppm.

7. The particulate water-absorbing agent as set forth in any one of claims 1 through

6, further satisfying a following condition:

(j) luminance indices L being 80 or greater, a being -2 to 2.5, and b being 0-4,
where L denotes a luminance index, and a and b are chromaticness indices, all measured

as white indices by a Hunter colorimeter.

8. A high-content absorbent structure formed of (a) the particulate water-absorbing
agent as set forth in any one of claims 1 through 7 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.

9. A manufacturing method of the particulate water-absorbing agent as set forth in

claim 1, comprising the steps of:

(i) subjecting an aqueous solution of an unsaturated monomer, which contains a
non-neutralized acrylic acid and its salt as a main component, to cross-link-polymerizing

in a presence of an internal-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 particulate 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 (D50) being 200-450um;
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(c) an amount of particles smaller than 150pm in the particulate water-absorbent

resin being 0-8 % by mass;

(d) a logarithmic standard deviation (o)} of particle size distribution being 0.20-
0.50;

(iii) heating a vicinity of a surface of the particulate water-absorbent resin after
adding at least one surface-cross-linking agent selected from a group consisting of
glycerine, 1,3-propanediolethylene carbonate, 3-ethyl-3-hydroxymethyloxetane, and

ethanolamine and

(iv) exposing the water-absorbent resin to airflow at or a temperature in a range
from 120°C to 250°C during the heating, and / or to airflow at or a temperature in a range
from 70°C to 120°C after the heating,

10.  The manufacturing method of a particulate water-absorbing agent as set forth in
claim 9, wherein the non-neutralized acrylic acid contains at least one kind of compoimds
selected from the group consisting of: 10-200ppm of methoxyphenol; 0- 10000ppm of
acetic acid and propionic acid combined together; 0- I 000ppm of acrylic acid dimer; 0-
10ppm of furfural, and 0- 10 ppm of protoanemonin, all with respect to a mass of the non-

neutralized acrylic acid.

11. The manufacturing method of particulate water-absorbing agent as set forth in

claim 9 or 10, wherein the surface-cross-linking agent contains ethylene carbonate.

12, The manufacturing method of particulate water-absorbing agent as set forth in
claim 11, wherein a content of ethylene glycol in the alkylene carbonate is 0. 1 % by

mass or less with respect to a mass of ethylene carbonate.



