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DESCRIPTION WATER-ABSORBENT RESIN SUITABLE FOR USE IN
HYGIENIC MATERIALS 5Technical Field [0001] The present invention
relates to a water-absorbent resin suitable for use in hygienic materials,
and an absorbent material and an absorbent article using the same.
10More particularly, the present invention relates to a water-absorbent
resin obtained by a reversed-phase suspension polymerization method,
which contains a small amougt ngﬁ@ m hydrocarbon dispersion
medium remaining therein used in reversed-phase suspension

15polymerization, anddhws teducing amedor ergipating from the
petroleum hydrocarbon dispersion medium, and also which is suitable for

use in hygienic neteriatsiranyagsarhentimateriat and Boratispebent article
using the same. 20Background Art [0002] Water-absorbent resins
are widely used in hygienic materials such as disposable diapers and
sanitary napkins; daily commodities such as pet sheets; and industrial
TecDBiateridld dch as water blocking materials for cables. [0003]

[0001]

The present invention relates to a water-absorbent
resin suiltable for use in hyglenic materials, and an
absorbent material and an absorbent article using the same.
More particularly, the present invention relates to a
water-absorbent resin obtained by a reversed-phase
suspension polymerization method, which contains a small
amount of a petroleum hydrocarbon dispersion medium
remaining therein used in reversed-phase suspension
polymerization, and thus reducing an odor originating from
the petroleum hydrocarbon dispersion medium, and also which
is suitable for use in hygilenic meteriesls; an abscrbent

material and an absorbent article using the same.

Background Art
[000Z2]

Water—-absorbent resins are widely used in hygienic
materials such as disposable diapers and sanitary napkins;
daily commodities such as pet sheets; and industrial

materials such as water blocking materials for cables.

[0003]
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2 Hygienic materials such as disposable diapers and sanitary
napkins are generally composed of a top sheet, a back sheet, a hot melt
adhesive, an elastic material, a water-absorbent resin and a pulp fiber,
and use various 5synthetic resins angd modifiers and, therefore, an odor
originating from raw material components is felt from the hygienic
materials, in some cases. Since these hygienic materials are worn on the
human body, the odor makes those who wear them uncomfortable even if
it is SUbHlesdhe: 108Heréfore Sit Blddsired t6 develdplarrodbrafes matdrial.
[0004] Among constituent materials of these hygienic materials, the

SaTyyatet-AbEaent fesht fia8 & Subtie 'obor Sgitiatifg fronT tHesulistarices =

used in the production rocess, and since the odor tends to diffuse
o2 g SbsorBng At coReiad 1 b deSTARIE o el e ddch

wa {00021 Known water-ahsorbant resins use;fpr the hygienic 20materials

include, for example, a partially-neutralized product of polyacrylic acid, a

syrheulralized pradict of a stargh-aceylic acid graft,polymer.a hydrolysate of

a starch-acrylonitrile graft copolymer, a saponified product of a vinyl
oriacetate:acrylic-aeid esterrcopelymer. 2b[008knts is felt from the
hygienic materials, in some cases. Since these hygienic
materials are worn on the human body, the odor makes those
who wear them uncomfortable even if it is subtle and,
therefore, it is desired to develop an odor-free material.
[0004]

Among constituent materials of these hygienic
materials, the-water~absorbent rasin has a subtle odor
originating from the substances used in the production
process, and since the odor tends to diffuse during
absorbing water, it is considered to be desirable to reduce
the odor.

[0005]

Known water-absorbent resins used for the hygilenic
materials include, for example, a partially-neutralized
product of polyacrylic acid, a neutralized product of a
starch-acrylic acid graft polymer, a hydrclysate of a
starch-acrylonitrile graft copolymer, a saponified product
of a vinyl acetate-acrylic acid ester copolymer.

[0008]

As the method for producing such the water-—-absocrbent
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3 resin, an aqueous polymerization method and a reversed-phase
suspension polymerization method are known, but in the case of the
water-absorbent resin prepared by the reversed-phase suspension
polymerization method in which 5po|3/merization is performed by
suspending a water-soluble monomer in a dispersion medium, a major
cause of the odor is considered to originate from the dispersion medium.
[0007] Known conventional arts for producing the water- 10absorbent

reggsin Bythereversedrshasessispension polimerzation metheddriclade a
method of polymerizing an aqueous solution of a,-unsaturated carboxylic

Phegdd SHd Rt mBtar saltfieré6fin ‘S pefrGielifthydfScarbBh S olVent using
a radical ggly erization initiator in the 15presence or absence of a

P G fetiAl-crossImking agent it Whidh A Sucfose tatty G6id 'deteris uséd as a
redd %)geé:gyg £olloid saxgs%';'é I(ISSeJ_eOE’)latﬁ]g Document 1), and g H‘c?}%h Qd ol cn
[ oré o

olymerizing a 25% by mass or aqueous sollatlono an
poly g

po18snsatyrated.carboxylicracid and;alkalimetal salt ;gyog'e\ﬁ%%fég G5 uble

petroleum hydrocarbon solvent using a radical polymerization initiator in

nortbedpresence eriahsence of araternal-crasslinking agentdn whichha odor
polyglycerol fatty acid ester with an HLB of 2 to 16 is used as a surfactant
is (see Patentddocumenti2)i However, dhese pratiuctien 25technetogies. did
not focus on reduction of an odor, and thus the resultant water-absorbent
[ OGesins were not those 4 with a low enough odor.

Known conventicnal arts for producing the water-
absorbent resin by the reversed-phase suspension
polymerization method Iinclude a method of polymerizing an
aqueoué solution of o,f-unsaturated carboxylic acid and
alkali metal salt thereof in a petroleum hydrocarbon
solvent using a radical polymerization initiator in the
presence or absence of a internal-crosslinking agent in
which a sucrose fatty acid ester is used as a protective
celloid agent (see Patent Document 1), and a method of
polymerizing a 25% by mass or more of agueous solution of
an o, p-unsaturated carboxylic acid and alkali metal salt
therecf in a petroleum hydrocarbon solvent using a radical
polymerization initiator in the presence or absence of a
internal-~crosslinking agent in which a polyglycerol fatty
aclid ester with an HLB of 2 to 16 is used as a surfactant
(see Patent Document 2). However, these production
technologies did not focus on reduction of an odor, and

thus the resultant water-absorbent resins were not those
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Patent Document 1: JP-A No, 61-87702 Patent Document 2: JP-A No.
62-172006 Disclosure of the Invention Problems to be Solved by the
Invention [0008] An object of the present invention is to provide a
10water-absorbent resin produced by a reversed-phase suspension
polymerization method, which contains a small remaining amount of a
petroleum hydrocarbon dispersion medium used in reversed-phase
suspension polymerization, and thus reducing an odor originating from the
witdetiolduin 15hgdtafisbir dispersion medium, when the water-absorbent
resin absorbs water, and also which is suitable for use in hygienic
materials; an absorbent material and an absorbent article. 20Means for

Sol\éing éhe Pro%l)ee?_s [989%] The prese %]Pg/ ntors intensively studied

Paten cumen : N ~
aebout a rei;c{ﬁon ween an Od%f’ (0] |%1|na INg 1from a petroleum

Pa@xﬁjﬁo%%ﬁg@e s;io[}ﬁrl%di%@, W%‘E[h“?% a\@éer-absorbent 25resin
bon

absorbs water, and a petroleum hydrocar ispersion medium used in
production of the water-absorbent resin and, 5 as a result, found out that
a water-absorbent resin containing a specific amount or less of a

D1 aeteodeurs hydragasbam dispersien medium remaining therein is obtained
by performing reversed-phase suspension polymerization at multi-stages

P rogf teo ortmoresstéges arithiesyprodectionvefrthé avater-absorbent resin and
adding a surfactant to a dispersion obtained after dispersing an aqueous

[ 0Udghdtion of a water-soluble ethylenically unsaturated monomer in a
petroleum hydrocarbon dispersion medjum in reversed-phase suspension

polyfieriz&tidiat thé firSstAgE, Stithus SigHificahtty TeddciRg at'corin
wa tthe _vg%[gr-ggs%r egié %elsin as ggt@ggée%witg avvg%er-abggr ent resin

oebﬁamedey the conventional art yar reeamphase
suspension polymerization method, which contains a small
remaining amount of a petroleum hydrocarbon dispersicn
medium used in reversed~phase suspension polymerization,
and thus reducing an odor originating from the petroleum
hydrocarben dispersion medium, when the water-absorbent
resin absorbs water, and also which 1s suitable for use in

hygienic materials; an absorbent material and an absorbent

article.

Means for Sclving the Problems
[0009]

The present inventors intensively studied about a
relation between an odor originating from a petroleum

hydrocarbon dispersion medium, when the water-absorbent

resin absorbs water, and a petroleum hydrocarbon dispersion

medium used in production of the water-absorbent resin and,



[0010] That is, the present disclosure relates to a water-absorbent
resin obtained by subjecting an aqueous solution of a water-soluble
ethylenically unsaturated monomer to reversed-phase suspension
polymerization in a petroleum hydrocarbon dispersion medium in the
presence of a surfactant, wherein the amount of the petroleum
hydrocarbon dispersion medium rengaining in the water-absorbent resin is
2,000 ppm or less. [0010a] In one aspect, there is provided a
water-absorbent resin obtained by subjecting an aqueous solution of a

as water-seluble-ethylenically unsaturategkmonomes te: revarsedipbase resin

sus}gension polymerizatiFon ina %etéolgumot}ydrggarbon spersionen%%%iu(renum
+

COREé prébente of AsUrfactant™ Wherein tié amount of the pétrol&u
hydwdracarbon dispessisnamediamiremairingiin the water-absorbentaesiniised
by 52 éLr oOrBBrrE‘ Or.ree§\§é Osoe]du ha Qe B(? Qltlg__lis&lios'}grgl%lﬁgf%lggeasi@nanat
absorbent material and an absorbent article using the above
mu Water-bbgorbent résin. [001¥alre HAcrordingly, inandstheFaspectithefe ishe
wa Provided an.absorbent material.compyising.the water:absorbentresinas  a
. defined above and a hydrophilic fiber. [0011Db] In yet another aspect,
digReresis Provinea Hirsbsorbért SHicBComprising tHE absbberitthaterdt ©F
a asdefined-above-heldheiweenaliquid-permeable sheet anthamer in  a
_quuid-impermﬁable Sf}loeet. ffects of th?,1 In%%ntion [0Q12] @ccorgisneqjt_o t@gse
PeGredéntinvention it ispdssiblie o sprovite A water-absorbent resin -~
suswitablecfor uselipmerization at the first stage, and thus

significantly reducing an odor in the water-absorbent resin
as compared with a water-absorbent resin obtained by the
conventional art.

[0010)

That is, the present disclosure relates to & water-
absorbent resin obtained by subijecting an agueous sclution
of a water-soluble ethylenically unsaturated monomer Lo
reversed-phase suspension polymerization in a petroleum
hydrocarben dispersion medium in the presence of a
surfactant, wherein the amount of tThe petroleum hydrocarbon
dispersion medium remaining in the water-absorbent resin is
2,000 ppm or less.

[0010a]

In one aspect, there 1is provided a water-absorbent
resin obtained by subjecting an agueocus solution of a
water—soluble ethylenically unsaturated MONOMEr to
reversed-phase suspension polymerization in a petroleum
hydrocarbon dispersion medium in the presence of a
surfactant, wherein the amount of the petroleum hydrocarbon

dispersion medium remaining in the water-absorbent resin is



hygienic materials, which has a reduced odor originating from a petroleum
hydrocarbon dispersion medium, when the water-absorbent resin absorbs
water. An absorbent material and an absorbent article using the
water-absorbent resin of 10the present invention are most suitable for use
as hygienic materials because of less discomfort due to generation of an
odor. Best Mode for Carrying Out t alnvention 15[0013] The
water-absorbent resin of the present invention is a water-absorbent resin
obtained by subjecting an aqueous solution of a water-soluble
1, ﬁ@ylggmc%lé/ unsaturated monomer to reversed-phase suspension
polymerization in a 20petroleum hydrocarbon dispersion medium in the
[Opkédence of a surfactant, and the amount of the petroleum hydrocarbon
dispersion, medium remainingsin.the water-absorbent resin is, 2,00, ppALRL,
less. [0014] 25The amount of the petroleum hydrocarbon dispersion
raffdditm réffainfiy i teWatdtabdorfbent fesitt ofthe 7 presente water-
ab sverdion is2500Q ppm or less, preferably 1,500 ppm or less, more
I:chﬁfaefably 1,000 ppm or less, still more preferably 750 ppm or less, and
even'more preferably 500 ppm or less, in view of reducing an odor
origimatimgfrom lay bpetroleune hydrocarbioncdispersionamediuny, wivenithe an

ab %@Bgzg‘}bs%k{e& resin absorbswater. Althoygh sensitivity 10.a0 oL s , ;5

varies depending on the kind of the"petroleum hydrocarbon dispersion
de méditinkieh tHedarmobEsPihlerehtail Hegafiedium is 2,000 ppm or less,
[odbigfelt that an

In yet another aspect, there 1s provided an absorbent
article comprising the absorbent material as defined above
held between a liguid-permeable sheet and a liguid-

impermeable sheet.
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10odor was significantly reduced as compared with a water- absorbent
resin of the conventional art, The amount of the remaining medium is 500
ppm or less, it results in the level where little odor is felt. In the
present invention, the "amount of a rgmaining 15petroleum hydrocarbon
dispersion medium" is the value measured by a measuring method
described hereinafter. [0015] The method for producing a
water-absorbent resin of the present invention is not particularly limited as
long 20as it is a method which enables the amount of the petroleum
ﬁ/drocarbon dispersion medium remaining in the water-absorbent resin,

h
EELR5HE obtaihBd by SUBjECHRG an aqueous solution of a water-soluble

[Ooatg lenically unsaturated monomer to reversed-phase suspension
polymerization in a 25petroleum hydrocarbon dispersion medium in the

presgnce,of:a syrfactapt, o be adiusted to 2,000 ppm or less. ?% [0046] As..

a conventional reversed-phase suspension polymerization method, a
pranethed:of.adding-am agueeus menomer SolUtionte ardispersion; medium

with a surfactant 5dissolved therein under stirring to disperse the aqueous
hygienic materials, which has a reduced odor originating
from a petroleum hydrocarbon dispersion medium, when the
water-absorbent resin absorbs water. 2An absorbent material
and an absorbent article using the water-absorbent resin of
the present invention are most suitable for use as hygienic

materials because of less discomfort due to generation of

an odor.

Best Mode for Carrying Out the Invention
[0013]

The water-absorbent resin of the present invention is
a water-absorbent resin obtained by subjecting an agueous
solution of a water-soluble ethylenically unsaturated
monomer to reversed-phase suspension pcelymerization in a
petroleum hydrcecarbon dispersion medium in the presence of
a surfactant, and the amount of the petroleum hydrocarbon
dispersion medium remaining in the water-absorbent resin is
2,000 ppm or less.
[0014]

The amount of the petrocleum hydrocarbon dispersion

medium remaining in the water-absorbent resin of the
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monomer solution in the dispersion medium. However, regarding the
water-absorbent resin obtained by these polymerization methods, an odor
originating from the dispersion medium was felt, when the
water-absorbent resin 10absorbs water. [0017] In the production of a
water-absorbent resin by a reversed-phase suspension polymerization
method, a petroleum hydrocarbon having a boiling point of about 80 to
15130C is usually used as a dispersion medium. Therefore, it was found
P 4Rt AltREUGHLE i Borisidered tRatrarro@dr originatinyfrom i dispersicr 0
medium is reduced by heating at the temperature of not less than the

PPhdiing poift of tHE Hispeidibh thedium: hedting Ectdlly Ras théfow - more

20decreasi ffect and little effect is exerted. [0018 hus, as a
PESesat %?lgxgg%%aﬁgﬁﬁ o?fhé1 cause v?/ﬁlf? aﬁ%%r%ﬁél ating %%ﬁ‘?g?y 200

ppnﬁi%ﬂfrﬁigggneqiﬁwaaerw05Pegsg%%%gvangga%wi%;%%@%caté%he from a

water-absorbent resin 250btained by a feversed-phase sdspensio

pe tROlakzation methoad, it wassfound out that & small amount gtthe, 8. -
dispersion medium is confined in particles of the water- absorbent resin

ab sancbam oderis felt by effincofihe dispesiommedimavhenthei tv to an
water-absorbent resin absorbs water. 5[0019]
odor varles depending on the kind of the petroleum
hydrocarbon dispersion medium, when the amount of the
remaining medium is 2,000 ppm or lesgss, it is felt that an
odor was significantly reduced as compared with a water-
absorbent resin of the conventional art. The amount of the
remaining medium is 500 ppm or less, it results in the
level where little cdor is felt.

In the present inventlon, the “amount of a remaining
petroleum hydrccarbon dispersion medium” islthe value
measured by a measuring method described hereinafter.
[0015]

The method for producing a water-absorbent resin of
the present invention is not particularly limited as long
as it i1s a method which enables the amount of the petroleum
hvdrocarbon dispersion medium remaining in the water-
absorbent resin, that is obtained by subjecting an aqueous
solution of a water-soluble ethylenically unsaturated
monomer to reversed-phase suspension polymerization in a

petroleum hydrocarbon dispersion medium in the presence of

a surfactant, to be adjusted to 2,000 ppm or less.
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In order to prevent the dispersion medium from confining and remaining in
particles of the water-absorbent resin, the present inventors continued
intensive study and found a method of effectively decreasing the amount
of the 10remaining dispersion mediugn by dispersing an aqueous
monomer solution to the dispersion medium and adding a surfactant to the
resultant dispersion, followed by reversed-phase suspension
polymerization. [0020] 15That is, the method for obtaining the

[ OOd/&ter-absorbent resin of the present invention includes, for example, a
method in which the reversed-phase suspension polymerization is
perféinet ARURESAGES of fio’ 6 midre BRGES, and i elefsed-phase
susgensiop.polymeri at performed by: Q\I)Sadding

! ion at 20the first stage is p C
PO L S ah, B EP S felSaIbie IR oAy uRBh i AR6s Wonomer

moniGnfkpetioleym; hydrogarbop dispersion medium o dispersg the, aguequs, .

solution in the dispersion medium, 25(B) adding a surfactant to the

di s'esultant dispersion to.furtherdispersedhe aquequs.selution,angd; 10 ()
performing the reversed-phase suspension polymerization using a
monwater-seluble: tadicalpolymaerizationdritiatorreptionally indhe peasence of
an internal-crosslinking agent. 5[0021] Examples of the water-soluble
regethylenicali einsaturatedimondmertusetinthelistep (A)dnklude memomers
having an acid group, such as (meth)acrylic acid ["(meth)acrylic" means
polgppylic” Ahd “MetvacIiIit® , theL0%afTe SHalbdpply hereinaftst] the

. 2-(meth)acrylamide-2- ,
dispersicn medium was felt, when the water-absorbent resin

absorbs water.
[0017]

In the production of a water-—absorbent resin by a
reversed-phase suspension polymerization method, a
petrcocleum hvdrocarbon having a beiling peint of about 80 to
130°C is usually used as a dispersion mediumJ Therefore,
it was found that, although it is considered that an odor
criginating from a dispersion medium is reduced by heating
at the temperature of not less than the boilling point of
the dispersion medium, heating actually has the low
decreasing effect and littlie effect is exerted.

[0018]

Thus, as a result of examination of the cause why an
odor originating from a dispersion medium cannot be reduced
by heating with respect to the water-absorbent resin
obtained by a reversed-phase suspension polymerization

method, it was found out that a small amount of the
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methylpropanesul-onic acid and maleic acid, and salts thereof; nonionic
unsaturated monomers such as (meth)acrylamide,
N,N-dimethyl(meth)acrylamide, 2- hydroxyethyl (meth)acrylate and
N-methylol(meth)ac yide; 15 and amjno group-containing unsaturated
monomers such as diethylaminoethyl (meth)acrylate and
diethylaminopropyl (meth)acrylate, and quaternized monomers thereof.
These water-soluble ethylenically unsaturated monomers can be used

A1 sRBAE IGMWOSsHHBre Kings b tHeptlcam beaseHGh 20c6mbination 2 [0022]
Am‘on% water-soluble ethylenically unsaturated monomers, (meth)acrylic

abSLER ana atSaittheredt, Ahd Bifieth)dcylaitle R¥e Hreferablein View of
di sif@%%%”ii al2 %a\?‘]’c?_il %%i!itng\j\é%e ".the water-50 !%%"s% %%géfhe{‘icraé'%fnsghusr ated,
1 monomer has an' acid group, it can also be used as a salt after

wa +heutralizing the acid group. [0023] Examples of an alkaline g:ompound
used when a monomer 5having an acid group is converted into a salt by

[ ooneutralization include compounds of lithium, sodium, potassium and
ammonium. When the monomer having an acid group is neutralized,
the reautratization:degree-is prefetablyifrem=30; to:90 1mal%:k0af the acid
group of the water-soluble ethylenically unsaturated monomer. When the

conddutialization degreeiis less than30uholth stheatid-groupss Aot elsifyrbent
ionized and water-absorption capacity decreases, and therefore it is not

reSaraferfétf \WRER e nettraizafion degrde i Rsreithhfnsive study and

found a method of effectively decreasing the amount of the
remaining dispersion medium by dispersing an agueous
monomer sclution to the dispersion medium and adding a
surfactant to the resultant dispersion, followed by
reversed-phase suspension polymerization.
(00201

That is, the method for obtaining the water-absorbent
resin of the present invention includes, for example, a
method in which the reversed-phase suspension
polymerizaticon i1s performed at multi-stages of two or more
stages, and the reversed-phase suspension polymerization at
the first stage is performed by:
(A} adding an agueocus solution of a water-soluble
ethylenically unsaturated monomer to a petroleum
hydrocarbon dispersion medium to disperse the agueous
solution in the dispersion medium,
(B) adding a surfactant to the resultant dispersion to

further disperse the agueous solution, and
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1590 mol%, safety issues may arise when used as hygienic materials, and
therefore it is not preferred. [0024] The concentration of the monomer
in the aqueous solution of the water-soluble ethylenically unsaturated
20monomer is from 20% by mass t(?h%aturation concentration. If
necessary, the aqueous solution of the water-soluble ethylenically
unsaturated monomer may contain a chain transfer agent and a thickener.
[0025] 25Examples of the chain transfer agent include compounds such
(Clathiols, thiblie akles, secsrvaiyl aldohsls, SLERypoepHORpRerovsacid and on
phosphorous acid. These chain transfer agents can be used alone, or two
1S I are kinGS of thenT &an balised in RomBifdtiont fo026] SEXkaipiesof
the thickener include carboxymethyl cellulose, hydroxyethyl cellulose,
Py ptongl collTobe B carLIts, HonEions BRCSE boly e
age ¢cid, neutralized polyacrylic aciq and _ponacry]amide. [0027] 1QExampIes
of the petroleum hydrocarbon dispersion mediumelude aliphatic
[ 0 oydrocarbon having 6 to 8 carbon

Examples of the water-soluble ethylenically
unsaturated monomer used in the step (A) include monomers
having an acid group, such as (meth)acrylic acid
[M(meth)acrylic” means “acrylic” and “methacrylic”, the
same shall apply hereinafter] Z-{meth)acrylamide~-2-
methylprepanesulfonic acid and maleic acid, and salts
thereof; nconicnic unsaturated monomers such as
{meth)acrylamide, N,N-dimethyl (meth)acrylamide, 2-
hydroxyethyl [(meth}acrylate and N-methylol (meth}acrylamide;
and amino group-containing unsaturated monomers such as
diethylaminoethyl (meth)acrylate and diethvlaminocpropyl
(meth)acrylate, and gquaternized monomers thereof. These
water-scluble ethylenically unsaturated monomers can be
used alone, or two or more kinds of them can be used in
combination.

[0022]

Among water-soluble ethylenically unsaturated
moncmers, (meth)acrylic acid and a salt thereof, and
(meth)acrylamide are preferable in view of industrial
avallability.

When the water-soluble ethylenically unsaturated
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atoms, such as n-hexane, n-heptane, 2-methylhexane, 3- methylhexane
and n-octane; alicyclic hydrocarbons having 6 to 8 carbon atoms, such as
cyclohexane, methylcyclopentane 15and methylcyclohexane; and
aromatic hydrocarbons such as benzene, toluene and xylene. [0028]
Among these petroleum hydrocarbon dispersion medium, at least one
kind selected from an aliphatic hydrocarbon 20and an alicyclic
hydrocarbone, each having 6 to 7 carbon atoms, or a mixture thereof is

mMOTKrEfeFably Bised a3thé dispeision hiedidim ifl vicw bRindastiat availabiliy
and the low cost. [00291 25The used amount of the petroleum

2 TR - SCatboR dispePsiort Meditrds BEG4IR from 50 to 600 parts by mass,

(0 Cf% ore preferably from 50 to 400 parts by mass, and still more preferably
rom 50 to 200 parts by mass, based on 100 parts by mass of the

aquepus,solution of the waferssaluble eihylenically unsatyrated mono Hox

in view of uniformly 5dispersing the aqueous solution of the water-solub

nawthylenically- upsaturated monomer.and facilitating-cantrof of the
polymerization temperature. [0030] In the step (A), when the aqueous

newgofutionzefithe 1 Owatersstiublerethylenicatyr unsaturated monomer,is
added

potassium and ammonium.

When the monomer having an acid group is neutralized,
the neutralization degree is preferably from 30 to 50 mol$%
of the acid group of the water-soluble ethylenically
unsaturated monomer. When the neutralization degree is
less than 30 mel%, the acid group is not easily ionized and
water-absorpticon capacity decreases, and therefore it is
not preferred. When the neutralization degree is more than
90 mol%, safety issues may arise when used as hygienic
materials, and therefore it is not preferred,

[0024]

The concentration of the monomer in the agueocus
soluticn of the water-scluble ethylenically unsaturated
monomer 1s from 20% by mass to saturation concentration.

If necessary, the agueous solution of the water-
soluble ethylenically unsaturated monomer may contain a
chain transfer agent and a thickener.

[0025]

Examples of the chain transfer agent include

compounds such as thiols, thiolic acids, secondary alcohols,
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and dispersed in the petroleum hydrocarbon dispersion medium in the
presence of a polymeric dispersion agent, it is effective to decrease the
amount of the remaining petroleum hydrocarbon dispersion medium.
15[0031] It is preferred to select.and use, as the polymeric dispersion
agent, those which are dissolved or dispersed in the petroleum
hydrocarbon dispersion medium to be used, and examples of the
polymeric dispersion agent include those 20having an average molecular
RYRRSIGREEN20,000 of fés3, preterdbiis PO0D0®F lessi dnd rMbFSpretérably
5,000 or less. Specific examples thereof include maleic .
T aihyaride4fibdified PBIyRthyisE Malgiteantydridemodifiggre kinds of
the%ol)éprgp%lgnggg maygiccaon Q{{d -j{rg)%C{ified ethylene- 25prc_)pylene
copolymer, a maI%u: anhyérrllde-eat yléné copolymer, a maleic
[O@rgmjydride-propylene copolymer, a maleic anhydride- 14
ethylene-propylene copolymer, polyethylene, polypropylene, an
ethylenerpropylene copalymer @xidized polyethydene,.oxidized v 11
polypropylene, an oxidized ethylene-propylene copolymer, an
celathylene;actylitractd copglymes, ethykbeelluloge rethylhydroxyethyl 1ulcose,
cellulose, anhydrous maleinated polybutadiene and anhydrous maleinated
me tERDM: (ethylénefpropytene/tienederpolymery J0032} Amony thiesezat. d,
least one kind selected from the 10group consisting of maleic
neuddRydrieiecmbdified pokretivylénd nafeit ashydridexhedifies -
polypropylene, a maleic anhydride-modified ethylene-propylene

(005 olymer, a maleic anhydride-ethylene copolymer, a maleic

anhydride-propylgpe Gopolymer, a maleic anhydride-ethylene-propylene
copolymer,
medium include aliphatic hydrocarbon having 6 to 8 carben
atoms, such as n-hexane, n-heptane, 2-methylhexane, 3-
methylhexane and n-octane; alicyclic hydrocarbons having 6
to B carbon atoms, such as cyclohexane, methylcyclopentane
and methylcyclohexane; and aromatic hydrocarbons such as
benzene, toluene and xylene.
10028]

Among these petroleum hydrocarben digpersion medium,
at least one kind selected from an aliphatic hvdrocarbon
and an alicyclic hydrocarbone, each having 6 to 7 carbon
atoms, or a mixture thereof is preferably used as the
dispersion medium in view cf industrial availability and
the low cost.

[0029]

The used amount cof the petroleum hydrocarbon

dispersion medium is usually from 50 to 600 parts by mass,
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15polyethylene, polypropylene, an ethylene-propylene copolymer,
oxidized polyethylene, oxidized polypropylene and an oxidized
ethylene-propylene copolymer is preferred. [0033] The additive amount of
the polymeric dispersion agent 20is jreferably 5 parts by mass or less,
more preferably from 0.01 to 3 parts By mass, and still more preferably
from 0.05 to 2 parts by mass, based on 100 parts by mass of the aqueous
solution of the water-soluble ethylenically unsaturated monomer. When

Mo the REdkVEAMountoithe 25p6lyeficiispersibi deRtis more thahls-
parts by mass, it is not economic, being not preferable. 15 [0034]

MOARhBA Thé Agtiedus Soilition of the Watersbiublé éthfetially iRatiiatet

onomer is added to_and dispersed in the petroleum hydrocarbon .

e R A Edioin, 118 aCA8845 Ssdlitch oF e Hator Sol bIE BTG

ecipliyunsaturated monomet is dispersed by stining. However, sUrt. .,
conditions vary depending on a desired dispersed droplet Hlameter and

a1 dherefarecannot be determined wpgonditionally. The dispersad, drgplet
diameter can be adjusted by the 10kind of a stirring wing, the wing

etrdiameter-and theretatiopawmabeionomer and facilitating control

par

of the polymerization temperature.
[0030]

In the step (&), when the agueous soluticn of the
water-scluble ethylenically unsaturated monomer is added
and dispersed in the petroleum hydrocarbon dispersion
medium in the presence of a polymeric dispersion agent, it
1s effective to decrease the amount of the remaining
petroleum hydrocarbon dispersion medium.

[0631]

It is preferred to select and use, as the polymeric
dispersion agent, those which are dissolved or dispersed in
the petroleum hydrocarbon dispersion medium to be used, and
examples of the polymeric dispersion agent include those
having an average molecular weight of 20,000 or less,
preferably 10,000 or less, and more preferably 5,000 or
less. Specific examples thereof include malelc anhydride-
modified polyethylene, maleic anhydride-modifiad
polypropylene, a maleic anhydride-modified ethylene-
propylene copolymer, a maleic anhydride-ethylene copolymer,

a maleic anhydride-propylene copolymer, a maleic anhydride-
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[0035] It is possible to use, as the stirring impeller, a propeller
impeller, a paddle impeller, an anchor impeller, 15a turbine impeller, a
Pfaudler impeller, a ribbon impeller, a FULLZONE impeller (manufactured
by Shinko Pantech Co., Ltd.), a MAXBLEND impeller (manufactured by
Sumitomo Heavy Industries, Ltd.) and Super-Mix (manufactured by
Satake Chemical Equipment Mfg., Ltd.). 20[0036] A surfactant is
added to the dispersion obtained in the step (A) and the aqueous solution
e thafRe watérsollBlSetRyIBRICENY ins&ttrated MdrfotRer iBeHspersaty incthe -

petroleum hydrocarbon dispersion medium (step (B)). 25[0037] Examples

41 Grthe StacRhtHded ifthedtép (B 16 ifdiute horionic sirfactaits Such
.as sorbitan fatty acid ester, polyoxyethylene sorhitan fatty acid ester
e Bl i S5, B Ehyra e SyEarns By A taere
e fatyac geter-sorbital fathSacld ester, polypajethideng porbitol
fatty acid ester, polyoxyethylene alkyl ether, polyoxyéthylene alkyl phenyl
cel1ether polyoxyethylene-casier-oil, polyoxyethylene hardensd.castor oil,
alkyl allyl formaldehyde condensed polyoxyethylene ether,
ma lpolyexyethylerie/palyexypropylalkyl d0ethiropelyethytene:glyebl fathyacid
ester, alkyl glucoside, N-alkyl gluconamide, polyoxyethylene fatty acid
{ e tamiderandpolyoxyethyléne atkytamine l amd anionic surfactants such as
fatty acid salt, alkylbenzene sulfonate, alkylmethyl taurate,
Ooﬁtﬂioxyethylene alkyl phenyl ether 15sulfate, polyoxyethylene alkyl ether
sulfate,
Art

co

ong these, at least one kind selected from the
group consisting of maleic anhydride-modified polyethylene,
maleic anhydride-modified polypropyvlene, a maleic
anhydride-modified ethylene-propylene copolymer, a maleic
anhydride-~ethylene copolymer, a maleic anhydride-propyvlene
copolymer, a maleic anhydride-ethylene-propylens copolymer,
polyethylene, pclypropylene, an ethylene-propylene
copolymer, oxidized polyethylene, oxidized polypropylene
and an oxidized ethyvlene-propylene copolymer is preferred.
[0033]

The additive amount of the polvmeric dispersion agent
is preferably 5 parts by mass or less, more preferably from
0.01 to 3 parts by mass, and still more preferably from
0.05 to 2 parts by mass, based on 100 parts by mass of the
agqueous solution of the water-scluble ethylenically
unsaturated moncmer. When the additive amount of the
polymeric dispersion agent is more than 5 parts by mass, it

is not economic, being not preferable.
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polyoxyethylene alkyl ether sulfonic acid and a salt thereof,
polyoxyethylene alkyl phenyl ether phosphoric acid and a salt thereof, and
polyoxyethylene alkyl ether phosphoric acid and a salt thereof. These
surfactants can 20be used alone, or,two or more kinds of them can be
used in combination. [0038] Among these surfactants, at least one kind
selected from the group consisting of polyglycerin fatty acid ester,
25sucrose fatty acid ester and sorbitan fatty acid ester are preferred in
[0Q4éw of dispersion stability of the aqueous 17 solution of the water-soluble
ethylenically unsaturated monamer, [0039 The additive amaount of

the stirfaBtant GsE 1 HE"staF (B isBrefdrabiy roth b1 775 Bars by

..mass, and,more preferably from 0,05 to 3 parts by mass, based on. 100
h % i LU t S &
et pYar'%ﬁBLyc%laLsg o?%ﬁeaad] ué}/otuesd:é? l(j)tllloorlf1 of thleswgtglﬁesagu%% éat%glecr%c%ﬂ)?rsw

in Unsatyated moppmer. \When the addifive amaunt of the syrfactant is less.

than 0.01 part by mass, 10dispersion stability of the agueous monomer

so1Solution deterigrates, and-theneferedt is:gt preferred: Whensthe additive
amount of the surfactant is more than 5 parts by mass, it is not economic,

morieiag notprefenables Althbugh thereisqo particulas imitatian-en tlhe
15form of the surfactant added in the step (B), a method of

conditions vary depending on a desired dispersed droplet

diameter and therefore cannot be determined unconditionally.

The dispersed droplet diameter can be adjusted by the
kind of a stirring wing, the wing diameter and the rotation
number.

[0035]

It is possible to use, as the stirring impeller, a
propeller impeller, a paddie impeller, an anchor impeller,
a turbine impeller, a Pfaudler impellier, a ribbon impeller,
a FULLZONE impeller {(manufactured by Shinko Pantech Co.,
Ltd.), a MAXBLEND impeller (manufactured by Sumitomo Heavy
Industries, Ltd.) and Super~Mix (manufactured by Satake
Chemical BEguipment Mfg., Ltd.).

[0036]

A surfactant is added to the dispersion chtained in
the step (A} and the agquecus solution of the water-scluble
ethylenically unsaturated monomer is dispersed in the
petroleum hydrocarbon dispersion medium (step (B)).

[0037]

Examples of the surfactant used in the step (B)
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using after diluting the surfactant with, or dissolving the surfactant in a
small amount of the dispersion medium in advance is preferred since the
surfactant is dispersed and stabilized within a short time. 20[0040] In
the step (B), in addition to the surfactant, the polymeric dispersion agent
can be added. The additive amount of the polymeric dispersion agent
used in combination with the surfactant is preferably 5 25parts by mass or
less, more preferably from 0.01 to 3 parts by mass, and still more

ingyreferably frofi 0 D5te L parts by 18 Hidssabasen dn 180 partsity mass!
of the aqueous solution of the water-soluble ethylenically unsaturated

e REnomer XWRER e aGdifive anfoting of theFolymerie disperdion agent is

more than 5 parts by mass, it is not economic, being nopt Spreferable.
po@iﬁcfé’ ﬁweerﬁ&y%%sﬁ%ﬁisap%}%oﬁ Agent td’be added E%H %ncﬁsﬁg‘rggg and

£ 2 1Stabilized within a shart time, a mpethpg Oafgfﬁﬂg@@%@Pjvg%@%ﬁ'ié(gg%%nﬁty

agent in a state where the polymeric dispersion agent is dissolve

acidispersed in a small.ameuntiefa.dispersion;medivm while 19heating.in
advance is preferred. [0041] The dispersion obtained in the step (B)

polig subjecteditorevarsediphasesstispension pemeizationa optionally dm 1

the presence of an internal-crossl'nking agent using a 15water-soluble
et hradicabpdlymeyization initiatortotabtainid polymerizatiern realction Solutivaned
caéggi)g?%, alkyl allyl formaldehyde condensed
polyoxyethylene ether, polyoxyethylene polyoxypropyl alkyl
ether, polyethylene glycol fatty acid ester, alkyl
glucoside, N-alkyl glucconamide, polyoxyethylene fatty acid
amide and polyoxyethylene alkylamine; and anionic
surfactants such as fatty acid salt, alkylbenzene sulfonate, .
alkylmethyl taurate, polyoxyethylene alkyl phenyl ether
sulfate, polyoxyethylene alkyl ether sulfate,
polyoxyethylene alkyl ether sulfonic acid and 2 salt
thereof, polyoxyethylene alkyl phenyl ether phosphoric acid
and a salt thereof, and polyoxyethylene alkyl ether
phosphoric acid and a salt therecf. These surfactants can
be used alone, or two or more kinds of them can be used in
combination,
[0038]

Among these surfactants, at least one kind selected

from the group consisting of polyglycerin fatty acid ester,

sucrose fatty acid ester and sorbitan fatty acid ester are

preferred in view of dispersion stability of the agueocus
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[0042] Examples of the water-soluble radical polymerization initiator
include persulfates such as potassium persulfate, 20ammonium persulfate
and sodium persulfate; peroxides such as hydrogen peroxide; and azo
compounds such as 2,2'- azobis(Z-qr?]idinopropane) dihydrochloride,
2,2'-azobis[N-(2- carboxyethyl)-2-methylpropiondiamine] tetrahydrate,
2,2'- azobis(1-imino-l-pyrrolidino-2-methylpropane) 25dihydrochloride and
2,2'-azobis[2-methyl-N-(2- hydroxyethyl)-propionamide]. 19 [0043]
solNmbAY these-WaterSofiblé PadibalpolmernZatibhdAiidtors, spctassitmd
persulfate, ammonium persulfate, sodium persulfate and
metYBeazobis(2-amidinopropane) 5dihydrochloride are preferred in view of

{Og%vﬁlability and ease of handling. It is also possible to use, as a redox
polymerization initiator, the water-soluble radical polymerization initiator in

combiratianith educing agenia:sudh.as J0sulfle A escotbic acid,.

The used amount of the water-soluble radical polymerization
st pitiator is usyally-zemi0.91 fo dpagt by, mass haged on 100 parts;by mass

of the water-soluble 15ethylenically unsaturated monomer. When the
morampurtisiessly from 0.05 to 3 parts by mass, based on 100
parts by mass of the agqueous scluticn of the water-scluble
ethylenically unsaturated monomer. When the additive
amount of the surfactant is less than 0.01 part by mass,
dispersion stability of the agueous monomer solution
deteriorates, and therefcre it is not preferred. When the
additive amount of the surfactant is more than 5 parts by
mass, it is nct economic, being not preferable.

Although there is no particular limitation on the
form of the surfactant added in the step (B), a method of
using after diluting the surfactant with, or dissolving the
surfactant in a small amcunt of the dispersion medium in
advance 1s preferred since the surfactant is dispersed and
stabilized within a short time.

(00407

In the step (B), in additicn to the surfactant, the
polymeric dispersion agent can be added.

The additive amount of the polymeric dispersion agent
used in combination with the surfactant is preferably 5
parts by mass or less, more preferably from 0.01 to 3 parts

by mass, and still more preferably from 0.05 to 2 parts by
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than 0.01 part by mass, a polymerization rate decreases, whereas, when
the amount is more than 1 part by mass, a rapid polymerization reaction
arises. Therefore, both cases are not preferred. 20Although there is no
particular limitation on timing of the agddition of the water-soluble radical
polymerization initiator, it is preferred to add the water-soluble radical
polymerization initiator to the aqueous solution of the water-soluble
ethylenically unsaturated monomer in advance. 25[0045] Examples of the

ma SAterrdlSGosslihkingCadet udel Y20'dploRally iRclude pdfjots sGehds orn of
(poly)ethylene glycol ["(poly)" means the case where a prefix "poly" exists

e Ca Y CFAIF SOty HotG ARG T A, GYRE kg Then
trimethylolpropane; polyunsaturated esters Shayving two ar more vinyl .

0BRSSt by Tea g TyOrs ST Gt ey S Sk b o

mor2CTYHC.acid or methagrylic acid; bisacrylamides such a3:MN'y,e 5 ng not

methylenebisacrylamide; and polyglycidyl compounds having two 6r more

oredycidyhgroups: such as paly)etmdena-glyeel-lodiglyeidylether, o be
(poly)ethylene glycol triglycidyl ether, (poly)glyce in diglycidyl ether,

add@polyglycern trighyeidyd ethern (poty)propylenelglycalpiotyglycidyl .etheri me ,
and (poly)glycerol polyglycidyl ether. These internalcrosslinking agents

a medibbe uséd aforey of hwo bP more Kirnds 1i5uf ¢her candseeudediin a state
combination. [0046] The additive amount of the internal-crosslinking

whezGeriths prstérdbRf 3 parts By ThasS Br RE8hore pfé‘fér’%t%kif £ Paftiby

1 p253 01 less, and st more 20preferaly flom 0.0 19 0.1 part by mass,

heating in advance is preferred.
[Go417]

The dispersion obtained in the step (B) is subjected
to reversed-phase suspension polymerization, optiocnally in
the presence of an internal-crosslinking agent using a
water—-scluble radical polymerizaticon initiator to cobtain a
polymerization reaction solution (step (C)).

[0042]

Examples of the water-soluble radical polymerization
initiator include persulfates such as potassium persulfate,
ammonium persulfate and scdium persulfate; peroxides such
as hydrogen peroxide; and azo compounds such as 2,27-
azobis(Z~amidincpropane} dihydrochloride, 2,2 —azobls[N-(2-
carboxyethyl)~-Z2-methylpropiondiamine] tetrahvdrate, 2,2’ -
azobis{l-imino-l-pyrreclidino-Z-methylpropane)
dihydrochloride and 2,2’ -azobis[Z-methyl-N-{2-

hydroxyethyl) -propionamidel].
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parts by mass of the water-soluble ethylenically unsaturated monomer.
When the amount is more than 3 parts by mass, excess crosslinking
arises and water-absorption capability excessively deteriorates, and
therefore it is 25not preferred. It is (?ferred that the interna c ossl nking
agent 21 is added to the aqueous solution of the water-soluble
ethylenically unsaturated monomer in advance. [0047] The reaction
temperature during reversed-phase 5suspension polymerization in the
[ OGgrésent invention varies depending on the kind and amount of the
polymerization initiator to be used, and therefore cannot be determined
uncontitichalty Bift i€ pretérabl/ o220 160, &t idRe pretérably
110 4010 90C, When the reaction 0temperature is lower,than 20C, the
po ymenzéti&n rate may dé)crease, wah‘eréas,mv{?hen fhe feaction ’
sodeMPeratuLe isfugher,than 100C, y@@%g@'%ﬁﬂa@%&e@@% pirises.
Therefore, both cases are not preferred. [0048] 15The size of particles
direhtained:hyrthepalymerization,of the waterrsgluble ethyenisally 1 ¢y and
unsaturated monomer at the first stage is preferably from 20 to 200 pm,
ea smore’ preferdbiyiom 30 to 150 pm, and still more preferably from 40 to
100 pm, in terms of a median particle size in 20view of obtaining a proper
aggrégated particlersizesaioreltitstage polyiterization Skhemedimrization

particle size of the first-stage polymerized particles is the measured value
initiator, the water-soluble radical polymerization

initiator in combination with reducing agents such as

sulfite and ascorbic acid.

[0044]

The used amount of the water-soluble radical
polymerization initiator is usually from 0.01 to 1 part by
mass based on 100 parts by mass of the water-soluble
ethylenically unsaturated monomer. When the amount is less
than .01 part by mass, a polymerization rate decreases,
whereas, when the amount is more than 1 part by mass, a
rapid polymerization reacticon arises. Therefore, both
cases are not preferred.

Ailthough there is no particular limitaticon on timing
of the addition of the water-soluble radical polymerization
initiator, it is preferred to add the water-scluble radical
pelymerization initiatoer to tThe agueous solution of the
water-soluble ethylenically unsaturated monomer in advance.
[0045]

Examples of the internal-crosslinking agent used
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of particles obtained by dehydration and drying after completion of the
polymerization at the first stage. 25[0049] To the polymerization reaction
suspension obtained 22 after completion of the step (C), the aqueous
solution of the water-soluble ethylenigally unsaturated monomer is added
and, subsequently, reversed-phase suspension polymerization at the
second stage is performed. 5An aqueous solution of a water-soluble
ethylenically unsaturated monomer at the second stage is added so as to

°P aiggégatéd particieobtaiseltsy téolyfieripation &t 'the st stage/ °o
[

« Ihereby adjusting the particle size suitable for use in hygienic materials.
%‘fd%‘s}é)] llﬂealf’%erteﬁé)re?ﬁ?s@ n88&ssany td°dédréEse i fincfich of the®©

no € MRIAN 20.25101 {9 forpy, independent droplets by ihe. adneous polon

of a water-soluble ethyle unsaturated monomer at the secon

g;aﬁ%&e_u;Fog@&amwh%ﬁeggrfﬁgg%Pa%i&@;&%a%%@m?de%ers

cooling after completion of the polymerization at the first stage and adding
ha @ watersoluble giwdenicallyunsagiptecdbmonomen abthe-secondrsiage at
the temperature at which the surfactant is precipitated. 20The method is
polnotlimitedto the above: methad:ds longhas it isa arethod gapablexfd or
obtaining aggregated particles by the addition of the water-soluble
ne idifylsnically ansataratéd atonohser adhe second:stajeN[0051] 25The
amount of the remaining dispersion medium can be further decreased by

meRﬂ%ﬂﬁﬁﬁﬁfﬁ%@ﬁ%&ﬁﬁﬂé&ﬁsdﬁﬁ%n@ﬁkyglYCidyl compounds having

two or more glycidyl groups, such as (polylethylene glycol
diglycidyl ether, (poly)ethylene glycol triglycidyl ether,
(poly)glycerin digilycidyl ether, (poly)glycerin triglycidyl
ether, (polylpropylene glycol polyglycidyl ether and
(poly)glycerol polyglycidyl ether. Theses internal-
crosslinking agents can be used alone, or twe or more kinds
cf them can be used in combination.

[0C46]

The additive amount of the internal-crosslinking
agent is preferably 3 parts by mass or less, moré
preferably 1 part by mass or less, and still more
preferably from 0.001 to 0.1 part by mass, based on 100
parts by mass of the water-soluble ethylenically
unsaturated monomer. When the amount is more than 3 parts
by mass, excess crosslinking arises and water-absorption
capability excessively deteriorates, and therefore it is
not preferred.

It is preferred that the internal-crossliinking agent
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23 polymerization at the second stage. It is possible to use, as
water-soluble ethylenical unsaturated monomer at the second-stage, the
same as those exemplified as the water-soluble ethylenically unsaturated
5monomer at the first stage. The kirg%, the neutralization degree and the
neutralized salt of the monomer, and the concentration of the aqueous
monomer solution may be the same as or different from those of the

_water-soluble ethylenically unsaturated monomer at the first stage.

15 FOlO652]E° T ThedsoiREfzatohinitiatbrid be sdey s ansaduols
sojution of a water-soluble ethylenically unsaturated monomer at the

£ g G tdge o4 b B 1Sl AE ApBTopately Selégiting from those

- o Exemplified as the 15polymerization initiator used in the polymerization at
the first stage. [0053] If necessary, an internal-crosslinking agent and a

chain ransfer agent,can.alse be.added fo,the aqugous 20solution of the

water-soluble ethylenically unsaturated monomer at the second stage,

susphean he ssedafler selecting framthose exeyplified during he varies
polymerization at the first stage. The additive amount of the water-soluble
de2bethylgnically: brsatirated monomerat the secendstageds i zat ion
initiator to be used, and therefore cannoﬁ be determined
unconditionally, but is preferably from 20 to 100°C, and
more preferably from 40 to 90°C. When the reaction
temperature is lower than 20°C, the polymerization rate may
decrease, whereas, when the reaction temperature is highér
than 100°C, a rapid pelymerization reaction arises.
Therefore, both cases are not preferred.
[CO48]

The size of particles obtained by the polymerization
of the water-soluble ethylenically unsaturated monomer at
the first stage is preferably frem 20 to 200 um, more
preferably from 30 to 150 um, and still more preferably
from 40 to 100 um, in terms of a median particle size in
view of obtaining a proper aggregated particle size at
multi~-stage polymerization. The median particle size of
the first-stage polymerized particles is the measured value
of particles obtained by dehydration and drying after
completion of the polymerization at the first stage.

[0049]

To the polymerization reaction suspension obtained
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preferably from 50 to 300 parts by mass, more preferably 24 form 100 to
200 parts by mass, and still more preferably from 120 to 160 parts by
mass, based on 100 parts by mass of the water-soluble ethylenically
unsaturated monomer at the first stag%e in view of obtaining appropriate
aggregated 5particles. [0054] ITis sufficient that the entire
components are mixed uniformly by stirring in the reversed-phase
suspension polymerization at the second stage. The median particle

a f trosizecotrdggiegated hatticles caw be Controlied depending onlthéion of
precipitated state of the surfactant and the ratio of the amount of the

CheathieRitamy dnSatiirdted WdHohvérat the S8ESHT §age BeRemer is

thylenicall turated t the first stage. 15The medi
8 S o RE AgDTSgeted DANICE UTbIE for AU hIghe.

1 %tgrialsi referacbl)é}flrom 200 to 60% m, more preferabl rom 250 to
oo e T om 400 10 308 B Ta0 POATtouah

the rgactj t@H‘L%er%@I%HTLWe%dépm%%%%@@ﬂ§@feo%ﬂﬂ$§§%p&§tly

the second stage varies depending on the kind and amount of
un sRolyinerzationdnitiator and theeefare-cannot befdetermingded so as to

unconditionally, but is preferably from 20 to 100C, and 25more preferably
agdrem @040 30C- {0056]s2bbtained by the polymerization at the
first stage thereby adiusting the particle size suitable
for use in hygienic materials.
[0050)

Therefore, it is necessary to decrease tThe function
of the surfactant so as not to form independent droplets by
the aqueous sclution of a water-soluble ethylenically
unsaturated monomer at the second stage. For example, the
aggregated particles can be obtained by cooling after
completion of the polymerization at the first stage and
adding a water-soluble ethylenically unsaturated monomer at
the second stage at the temperature at which the surfactant
is precipitated.

The methed 1s not limited to the above method as long
as it is a methed capable of obtaining aggregated particles
by the addition of the water-soluble ethylenically
unsaturated monomer at the second stage.

[0051]
The amount of the remaining dispersion medium can be

further decreased by performing reversed-phase suspension
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Furthermore, for the purpose of improving productivity, multi-stage
reversed-phase suspension polymerization can be performed by
performing the polymerization reaction at the third stage or subsequent
5stage similar to reversed-phase sus ension polymerization at the second
stage. [0057] After completion of the reversed-phase suspension
polymerization at multi-stages, it is preferred to add a 10post-crosslinking
agent containing two or more functional groups having reactivity with a

po lfyRetdcriat gictp dérivetrframarater-s6fibie-ethylenically unsaturated
monomer to the resultant precursor of the water-absorbent resin. By a

reaction by addifiy thepost crotslinkifg BoERtarts tHe 15 pblymerzaticat 1Y
« e crosslinking densiy of e surface layer of water-gbsorbentresin
particles fncreases and various performances Stich as water-apsorption

ex SAPACHY Underload  water-absorptionrate, and, gel strength cap be, .+ . 4

enhanced, and thus Imparting performances suitable for use 20in hygienic

norBaterals: [00R8]r1 » A s s¢rosslinking jagent tocbe.usedinthe; z -1 on
postcrosslinking reaction is not particularly limited as long as it can react

deqwith afudctidnal grouprderiveddram the 2bwates-solubieethylenicallyn
unsaturated monomer used in the polymerization. 26 Examples of
contherpost-trosslinking lageatitocve ased inclute polycls suchasethyenée
glycol, propylene glycol, 1,4-butanediol, trimethylolpropane, glycerin,
samsolgexyethyterid gyeslt polyakypropyreneiglycst and polygtycerini ©
palyglycidyl. compounds such as (poly)ethylene glycol diglycidyl ether,
=i jatiyteht Jcel WIGEast SHER TEcly blycenn digi ey Fehar
0@? y)glycerin triglycidyl ether, (poly)propylene glycol polyglycidyl ether
and (poly)glycerol polyglycidyl ether; haloepoxy

The pelymerization initiator to be added to an
aguecus solution of a water-scoluble ethylenically
unsaturated monomer at the second stage can also be used
after appropriately selecting from those exemplified as the
polymerization initiator used in the polymerization at the
first stage.

[0053]

If necessary, an internal-crosslinking agent and a
chain transfer agent can alsc be added to the agueous
solution of the water-soluble ethylenically unsaturated
monomer at the second stage, and can be used after
selecting from those exemplified during the polymerization
at the first stage.

The additive amount of the water-~soluble
ethylenically unsaturated monomer at the second stage is

preferably from 50 to 300 parts by mass, more preferably
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10compounds such as epichlorohydrin, epibromohydrin and a-
methylepichlorohydrin; compound having two or more reactive functional
groups, for example, isocyanate compounds such as 2,4-tolylene
diisocyanate and hexamethylene diisgcyanate; oxetane compounds such
as 3-methyl-3-oxetane 15methanol, 3-ethyl-3-oxetane methanol,
3-buty1-3-oxetane methanol, 3-methyl-3-oxetane ethanol,
3-ethyl-3-oxetane ethanol and 3-butyl-3-oxetane ethanol; oxazoline
LoEBMpPOUNES steR akals2-etiylerielsiSoxarofing; andlcarbsRatercormpeunds

such as ethylene carbonate. These post-crosslinking é;l(%ents 20can be

Lrofed4iore of fWo ot Midtekinde6ftheRf & bE s Bérhbiatignma s s
[0059] Among th olyglycidyl compounds such as (poly)ethylene _
SRyt bt diciphr il it e e L

thép%'ﬂgéléceéi@a‘?jQ'YE'&‘?%@Q%“AP%MX&%@%‘&'QQ’E?W&S@P&e aggregated

(poly)propylene glycol 27 polyglycidyl ether and (poly)glycerol po%%lyc?day

pa therare preferred in view of excellent reactivity. [0060] The additive
amount of the post-crosslink ng agent is 5preferably from 0.01 to 5 parts

[ 0 dydmmass, and more

It is sufficient that the entire components are mixed
uniformly by stirring in the reversed-phase suspension
polymerization at the second stage. The median particle
slze of aggregated particles can be contrelled depending on
the precipitated state of the surfactant and the ratio of
the amount of the ethylenically unsaturated monomer at the
second stage to the ethylenically unsaturated moncomer at
the first stage.

The median particle size of the aggregated particles
suitable for use in hygienic materials is preferably from
200 to 600 um, more preferably from 250 to 500 um, and
still more preferably from 300 to 450 um.

[0055]

Although the reaction temperature in reversed-phase
suspension polymerization at the second stage varies
depending on the kind and amcunt of the polymerization
initiator and therefore cannct be determined
unconditionally, but is preferably from 20 to 100°C, and
more preferably from 40 to 20°C.

[0056]
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preferably from 0.02 to 3 parts by mass, based on 100 parts by mass of
the total amount of the water-soluble ethylenically unsaturated monomer
subjected to the polymerization. 10[0061] When the additive amount
of the post-crosslinking agent is Iesszlf'jhan 0.01 part by mass, it is
impossible to enhance various performances such as water-absorption
capacity under load, water-absorption rate and gel strength 150f the
resultant water-absorbent resin, whereas, when the additive amount is
morefthahBpANS By midss, Waterrabsepptiorrdapdtity excassively
deteriorates, and therefore both cases are not preferred. [0062] 20The

P UHSELrossifkingragent May b dddetraSH i o Sfd8H T tHEsfor of an

agueous solution. If necessary,.the po t-crosslinlgn agent may be added
b OlLPélr?gré %1?/ %ooprhilf:caélrggﬁicps%lflvfé% nggd; gglvgr?tfr %%ﬁ“wg?e% gfh%/e

pogﬂw@'&ww%&&%ﬁn%d%!@%‘9@0& %?fi?ﬁ% gg%eé lent

cohol, ethyl alcohol, n-propyl alcohol, isopropyl a propylene
st iycol:ketones such-as acetoneands 284nethyl-athylketene; pthers.such
as diethyl ether, dioxane and tetrahydrofuran; amides such as
at NNedimetbylforeamide; and sulfoxides such as dimethyl sulfoxide. These
hydrophilic organic solvents can be used alone, or two or 5more kinds of
[ 0Ghém can be used in combination. [0063] The timing of the addition of
the post-crossl nki g agent may be after completion of the polymerization

and Riict partictitdriytimite® THe Fostcressiinkingreasticriispension

polymerization at multi-stages, it is preferred to add a
post-crosslinking agent containing two or more functional
groups having reactivity with a functional group derived
from water-soluble ethylenically unsaturated monomer to the
resultant precursor of the water-absorbent resin. By a
reaction by adding the post-crosslinking agent after the
polymerization, the crosslinking density of the surface
layer of water-abscrbent resin particles increases and
various performances such as water-absorption capacity
under load, water-abscrption rate and gel strength can be
enhanced, and thus imparting performances suitable for use
in hygienic materials.

[0058]

A post-crosslinking agent to be used in the post-
crosslinking reaction i1s not particulerly limited as long
as it can react with a functional group derived from the
water-soluble ethylenically unsaturated monomer used in the

clvmerization.
Y



10

15

20

25

10is preferably performed in a drying step after the polymerization in the
presence of water at the amount within a range from 1 to 200 parts by
mass, more preferably from 5 to 100 parts by mass, and still more
preferably from 10 to 50 parts by mass, based on 100 parts by mass of
the 15water-absorbent resin. By adjusting the amount of water during the
addition of the post-crosslinking agent, post- crosslinking in the surface
layer of particles of the water-absorbent resin can be more suitably
perforeddrit ekdellehewa et latisefRstion capability 64 be exhibiteds ed
20[00641 The temperature in the post-crosslink ng reaction is

S GrafErably ront 5018 250€° nidre préferalbly of 606 18HES Sl MbIEL

referably from 60.to 140C, and even more preferably from 70 to 120C.
L BE60681 T the present Tviion @ iSing Sl s bE 20 performed

polynder a.narmal pressyre.or reduced pressure, ar.canbe performed under

a gas flow such as’nitrogen gas flow in"order to enhance drying efficacy.

polWhen the drying step.is perfoymed sndenadormakRressure; dhe, deing 1 ene
Stemperature is preferably from 70 to 250C, more preferably from 80 to

g1 viBOC, &titf maredpreferably from 80 19 1406, and«evenyaare preferablyidyl
from 90 to 130C. When the drying step is performed under reduced

ethwressurepthe) diyingetepedatutey isiprelterablysfrom 60ctd100Cy amdimore
10preferably from 70 to 90C. [0066] The water content of the

trigdter-ap¥erbent fésin after dritig e b8 dr fsEC and preferaibhy 1094 or

less, in view of impartin%fluidit . An amorEhous silica powder can also
ether and (polyl)glycerol polyglycldyl ether; haloepoxy

compounds such as epichlorohydrin, epibromohydrin and o-
methylepichlorohydrin; compound having two or more reactive
functional groups, for example, isocyanate compounds such
as Z,4-tolylene diisocyanate and hexamethylene
diisocyanate; oxetane compounds such as 3-methyl-3-oxetane
methanol, 3-ethyl-3-oxetane methancl, 3-butyl-3-oxetane
methancl, 3-methyl-3-cxetane ethsnol, 3~ethyl-3-oxetane
ethancl and 3-butyl-3-oxetane ethancl; oxazoline compounds
such as 1,Z~ethylenebisoxazoline; and carbonate compounds
such as ethylene carbonate. These post~crosslinking agents
can be used alcone, or two or more kinds of them can be used
in combination.
[0059]

Among these, polyglycidyl compounds such as
(poly)ethylene glycol diglycidyl ether, {polylethylene
glycol triglycidyl ether, (polylglycerin diglycidyl ether,

(polylglycerin triglycidyl ether, (poly)propyiene glycel
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15be added to the water-absorbent resin so as to improve fluidity. [0067]
The absorbent material using the water-absorbent resin of the present
invention is composed of particles of 20a water-absorbent resin and a
hydrophilic fiber. Examples of the canstitution of the absorbent material
include a mixed structure in which particles of a water-absorbent resin and
a hydrophilic fiber are uniformly blended, a sandwich structure in which
particles of a water-absorbent 25resin are held between layered
po lyarofshiliyfibershgnd arstruciure n whitteparticles lof alwater-abserbent
resin and 30 a hydrophilic fiber are wrapped with a tissue, but the present
A Snfarftiontis 7ot fmitdd Herafo. Treabsorberitifatetidl ¢ain contain a
Osggt,hetic fiber as a reinforcing agent. 5[0068] The content of the
water-absorbent resin in the absorbent material is preferably from 5 to
80%. by m and more preferably f 15.t0,60% by mass..When the . .
o D L A et ettt Bba by bl 10 44 1o
oroiabsgipfion capagity, may-decrease, Jeading 1q increase i liguid leakage
and re-wet. When the content of the water-absorbent resin is more than
pr<30% 1y mass; dhe costofitbe absarbent matedaldnay nereaserandthepart s
touch of the absorbent material may become hard.
by mass of the total amount of the water-soluble

[0

ethylenically unsaturated monomer subjected to the
pelymerization.
[00€1]

When the additive amocunt c¢f the post-crosslinking
agent is less than 0.01 part by mass, it is impossible to
enhance various perfiormances such as water-absorption
capacity under load, water—-absorption rate and gel strength
of the resultant water-absorbent resin, whereas, when the
additive amount 1s mcre than 5 parts by mass, water-
absorption capacity excessively deteriorates, and therefore
both cases are not preferred.

[0062]

The post-crossiinking agent may be added as it is, or
added In the form of an aguecus scluticn. Tf necessary,
the post-crosslinking agent may be added using a
hydreophilic organic solvent as a solvent. Examples of the
hydreophilic organic solvent include lower alcochols such as
methyl alcohol, ethyl alcohcel, n-propyl alcohol, isopropyl

alcohol and propylene glycol; ketones such as acetone and
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15[0069] Examples of the hydrophilic fiber include cellulose fibers
such as Cotton-like pulp obtained from wood, mechanical pulp, chemical
pulp and semichemical pulp; and artificial cellulose fibers made of rayon
and acetate, but 20the present invet}téon is not limited only thereto. The
hydrophilic fiber can contain a fiber ihade of a synthetic resin such as
polyamide, polyester or polyolefin. [0070] The absorbent article
using the water-absorbent resin 250f the present invention has a structure
me gt Kioldirdithe assorbért miteriabbetwadenza liguidPermeablessheet {topane
31 sheet) through which an aqueous liquid can permeate and a .
andigufiirtpefieablershget IBACKE sheBiy thréGgh witich die A uedirs et o<
an not permeate. The liquid-perm at(zétle sheet is disposed on the side
cz*lnc\%vrie’llclrr11i i}sgéioln déted With the bdo%‘&?ﬁ%ﬁﬁ the '&lﬁéﬁ%%)Erm%%%Feesheet is
j ont ' hich.is not contacted with the body. Examples
hy%%ﬁgﬁélp%%%% I%elséh%le‘{%r]mnc ngdecégrh(%)]?vol\'}éﬁ ?Zbar?co)rén%ﬁe%? il

noROlyethviene.dalyrapylenepolyester of palyamide, and.a porous
synthetic resin sheet. Examples 100f the liquid-impermeable sheet include

[ 0esfilim made of polyethylene, polypropylene, polyester or polyamide, and a
film made of a composite material of these synthetic resins and a
non-Woweert fabricg buttthelpresentinventionis not limited -enhytheietok ing
15The size of the liquid-permeable sheet and the liquid-impermeable

a9 gHeetParidedégerting ehiapplicationslof the abserient aricieland and is
therefore cannot be determined unconditionally. Therefore, it is preferred

nothRethe size i appropriatef adjustedl &edrding 16 fe- afplicatisns Dot or

is preferably performed in a drying step after the
polymerization in the presence of water at the amount
within a range from 1 to 200 parts by mass, more preferably
from 5 to 100 parts by mass, and still more preferably from
10 te 50 parts by mass, based on 100 parts by mass of the
water—absorbent resin. By adjusting the amount of water
during the addition of the post-crosslinking agent, post-
crosslinking in the surface layer of particles of the
water—-absorbent resin can be more suitably performed and
excellent water-absorpticn capability can be exhibited.
[0064]

The temperature in the post-crosslinking reaction is
preferably from 50 to 250°C, more preferably from 60 to
180°C, still more preferably from 60 to 140°C, and even
more preferably from 70 to 120°C.

[G065)

In the present invention, the drying step can be



10

15

20

25

Examples [0071] The present invention will be described in detail
by way of Examples, but the present invention is not limited 25only to
these Examples. [0072] 32 The median patrticle size, the water
content, the absorption capacity of physiological saline solution, the
amount of the remaining dispersion medium (amount of petroleum
hydrocarbon dispersion medium remaining in water- 5 absorbent resin
particles) and the odor sensory test of water-absorbent resins obtained in
PeHhe TBS5eCHive Exafnpled BAd Corfiparatife EXamplesRere evagaet byor

the following methods. [0073] 10(1) Median particle size = A
e ier ABSOBRE fbiH(308) fad Bassed thrblgh s Sidridiid sicie® £1ov

. hav(i{u asieve enirg?g ize of 25 m. The meq\ii%n IQart'cle ize was
T i fo5TaN Lot
e rﬁéasureg %s?n% a %Smb%nr%lbyﬁgof%iv%%a(ﬁ})/when more %'hean ggo}onb%/ step

is 'Passor-more of theresin, 15 passed thraugh.the.sigvey while using a

combination of sieves (B) when 50% by mass or more of the fesin
t enfi@BMAIRING ON:tBe Sieves (Akdlp standardsieveswere-combingedin-arerably

downward order of; a sieve having a sieve opening size of 425 pm at the
fra20 tp, asievEliaving aisievenopenipng of 25@1phy; afsieve having d gieve,

opening size of 180 pm, a sieve having a sieve opening size of 150 pm, a
ands@éV@Witﬁ@rﬁe@éf@éémﬁ@Jsizefesfelfwﬁmt,:@ sie\ie"with disieve openitgy ing
Steﬁzigfgzgggrmed under reduced pressure, the drving
temperature 1s preferably from 60 to 100°C, and more
preferably from 70 to 90°C.
[C066]

The water content of the water-absorbent resin after
drying is 20% or less, and preferably 10% or less, in view
of imparting fluidity. An amorphous silica powder can also
be added to the water-absorbent resin so as to improve
fluidity.

[C067]

The absorbent material using the water-absorbent
resin of the present invention is composed of particles of
a water-absorbent resin and a hydrophilic fiber. Examples
of the constitution of the absorbent material include a
mixed structure in which particles of a water-absorbent
resin and & hydrophilic fiber are uniformly blended, a
sandwich structure in which particles of a water-abscorbent

resin are held between lavered hydrophilic fibers, and a

structure in which particles of a water~absorbent resin and
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a sieve having a sieve opening size of 45 pm and a tray. 25(B) JIS
standard sieves were combined in a downward order of; a sieve having a
sieve opening size of 850 pm at the 33 top, followed by a sieve having a
sieve opening size of 600 pm, a sie\é% having a sieve opening size of 500
pm, a sieve having a sieve openingsize of 425 pm, a sieve having a sieve
opening size of 300 pm, a sieve having a sieve opening size of 250 pm, a
sieve having a sieve opening size of 150 pm and a tray. About 50 g

a hofde watdrigbsorbent resin was plaeddrontthe uppémnost sievd ot the
combination, and classified for 20 minutes using a Rotap-type shaking

PT4758hine "TEAerthe Sfeveassifleation, tHeShass of the'watérsatiSeorhent
resin remaining on the respective sieves was calculated in terms of

M& 4 RE8€06 basRd O tha t6tal mass offedif, the VafusEware tdhrafedin%n

rder from the resins with a larger patrticle size, and thereby the

agé%g. : . . . .
15relations between the sieve openings and integration values of the

[ 00pags% of the water-absorbent resin remaining on the sieve were plotted
on a logarithmic-probability paper. The plots on the logarithmic-probability

paperiweresonagetedwittha stratght linesandtheparticle:size, +hne
corresponding 20to integrated mass% of 50% by mass was defined as the

absmedantpartitle sizel [007 4} {2) WatéericonfentrAlbiout 2.% gof the mass, and
water-absorbent resin was

more preferably from 15 to 60% by mass. When the content

of the water-absorbent resin is less than 5% by mass,

absorption capacity may decrease, leading to increase in

liguid leakage and re-wet. When the content of the water-

absorbent resin 1s more than 80% by mass, the cost of the

absorbent material may increase and the touch of the

absorbent material may become hard.

[0062]

Examples of the hydrophilic fiber include cellulose
fibers such as ¢totton-like pulp obtained from wood,
mechanical pulp, chemical pulp and semichemical pulp; and
artificial cellulose fibers made of rayon and acetate, but
the present invention is not limited only thereto. The
hydrophilic fiber can contain a fiber made of a synthetic
resin such as polyamide, polyester or polyolefin.

[0070]
The absorbent article using the water-absorbent resin

of the present invention has a structure of holding the

absorbent material between a liquid-permeable sheet (top
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25accurately weighed (X g) on an aluminum cup, and after drying at 105C
with a hot air drier for 2 hours, the mass 34 of the dried water-absorbent
resin was measured (Y g), and then the water content was calculated by
the following equation (it is assume% ihat tare mass of an aluminum cup
does not change before and after drying). SWater content (%) = (X - Y)/X
x 100 [0075] (3) Absorption capacity of physiological saline solution
500 g of a 0.9 mass% aqueous solution of sodium chloride was placed
sheffe)a 5009HE beakarckitita Femdeng 10htHghatic stirechacaid: while a
. stirring the solution with a magnetic stirrer, 2.0 g of the water-absorbent
LGS wiaS aEdfately welitiied (K°g)and aaGdd to-theBesHkel 8GR 4t no
N u%n&\l’vo”ﬁ? lump was left, and then the mixyyre was stir.rggl_ at a rat (_:Ef 600
d rpm for Tfour. 1568 ge?wasﬁ?fﬁere oﬁt"by a J1B stahdard SieVeWnich is
s+ ZACTINAARSIEL DA sieye 0pgRing 01406, Am, SCESSUENAICT, 1
contained in the gel remaining on the sieve was roughly drained with a

podiporiperesindboard.;and thendhe sieve was tited and leflfor J0INULSS + 1o
for further 20draining. The mass of the gel remaining on the sieve (B g)
sidsasmmeigheds andithe abserptien capaeity efphysiplagical saline solution

was calculated by the following equation. Absorption capacity of

physiclegicaksaliné sofutiohi(gly)c=BAARBHOTE] sheet include a non-
woven fabric made of polyethylene, polypropylene, polyester
or polyamide, and a pocrous synthetic resin sheet. Examples
of the liguid-impermeable sheet include a film made of
polyethylene, polypropylene, polyester or polyamide, and a
film made of a composite material of these synthetic resins
and a non-woven fabric, but the present invention 1is not
limited only thereto.

The size of the liguid-permeable sheet and the

liguid-impermeable sheet varies depending on applications
of the absorbent article and therefore cannot he determined

uncenditionally. Therefore, it 1s preferred that the size

is appropriately adjusted according to the applications.

Examples
(00717

The present‘invention will be described in detail by
way of Examples, but the present invention is not limited
only to these Examples.

[0072]
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(4) Amount of remaining dispersion medium 35 The amount of the
petroleum hydrocarbon dispersion medium remaining in the
water-absorbent resin was measured using a head-space gas
chromatograph. (a) Formation of calibrgtion curve 50.1 g of the petroleum
hydrocarbon dispersion medium (hereinafter referred to as a "dispersion
medium"”) used to polymerize the sample was accurately weighed into a

50 ml Vokumetric screve vial and then:BME [dimethydformaidedwas added
tgggego to accuratelé mtake A%O I% followed b}_/ stirrirr:%\ivith a mgg;ﬂ%tic stirr%rhe

“bar to obtain a stan érdysa?mp fSolition. T 820 mrvollmetic viar o7

apottieNa 5, manufactaredi by MarsemuComornativh)reachaf 0,01 ,43:04,
Q.2.and 0.5 g of the standard sample solutions was 15accurately weighed B

Fand DME wasgaéa%dat%%r%?o (t%l'ﬁﬁ%’(‘éc“é[ﬁg%rﬁno@u%%?cgﬁt%ﬁ'@qﬁxe c lc'lviéflater

a§ottle 1o 0175°¢ sFurthiermotre, 1375 (pofdistilledowiater was addedite gach £

wal. followed, by stopping.with s&&ﬂ%&%@erﬁ?ﬁ% gggg!ga;]@ecaﬁpx% les

further fastening. 20This vial bottle was warme ours, an
aT | o ERERDY phase poftiohaway eolfiected and teeh Imjectéa info hlgasing
rehramatograph to obtain a chromatogram. A calibration curve was
made from a charge amount of a dispersion medium in each vial bottle
[é)rﬂ)dm"ébeaK area of 25the chromatogram (when a mixture of petroleum

(hydraearbens was-used-as;the-dispersion medium, plural peaks appeared

A water-absorbent resin(50g) was passed through a JIS
standard sieve having a sieve opening size of 250 pm. The
median particle size was measured using a combination of
sieves {(A) when more than 50% by mass or more of the resin
passed through the sieve, while using a combination of
sieves (B} when 50% by mass or more of the resin remalining
on the sieve,

(A} JIS standard sieves were combined in a downward order
of; & sieve having a sieve opening size of 425 um at the
top, a sleve having a sieve opening of 250 um, a sieve
having a sieve opening size of 180 um, a sieve having a
sieve opening size of 150 um, a sieve with a sieve opening
size of 106 um, a sieve with a sieve opening size of 75 um,
a sieve having a sieve opening size of 45 um and a tray.
(B) JIS standard sieves were combined in a downward order

of; a sieve having a sieve opening size of 850 um at the
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36 and therefore a calibration curve was made from a total value of the
areas and the charge amount). [0077] (b) Measurement of amount of
dispersion medium remaining in 5sample About 2 g of asample to be
measured was charged into an aluminum cup and then dried with a hot air
dryer at 105C for 2 hours to adjust the water content. Into a 20 ml
volumetric vial bottle (No.5, 10manufactured by Maruemu Corporation),
0.10 g of the above sample was accurately weighed and 0.75 g of DMF
toRvastadderty andhalse 0 759y of distilistiwate? Wiscadderl: Kiter shaking thé 00
bottle and slightly stirring, the vial was stopped with a septum rubber and
HMarfalimiitim 'cap; foflofed 15by fasteRitigdBY ddtling distifed Watet iff te' e
ha ‘p_resené:esc;;fe[‘);M Fba V\Illatgr-absiqzrbentfref%}was swollen slowl)[/1 and
thrﬁ‘%rmly and the theluded disspe?sign mediuti Was exttacted and "9 @
1 Stedted), This Yalnotle waswagmed.atilQf f9r.2 figurs, agd 204 miof
a vapor phasé portion was collected and then injected into a gas

cpdhiematograph;to obtain,a chromategiame v ndhg amout ofthe, i ng i ze
dispersion medium contained in 0.10 g of the sample was calculated from

of the caliration carvermade based on the peak area of the resultant
chromatogram, 25and then converted into the amount [ppm] of the
dSp@@mmt 50 g of the water-absorbent resin was placed on
the uppermost sieve of the combination, and classified for
20 minutes using a Rotap-type shaking machine.

After the sieve classification, the mass of the
water—absorbent resin remaining on the respective sieves
was calculated Iin terms of mass% based on the total mass of
resin, the values were integrated in an order from the
resins with a larger particle size, and thereby the
relations between the sieve openings and integration values
of the mass% of the water-absorbent resin remaining on the
sieve were plotted on a logarithmic-probability paper. The
plots on the logarithmic-probability paper were connected
with a straight line, and the particle size corresponding
te integrated mass% of 50% by mass was defined as the
median particle sirze.

[0074]
(2) Water content
About 2.5 g of the water-absorbent resin was

accurately weighed (X g} on an aluminum cup, and after

drying at 105°C with a hot air drier for 2 hours, the mass
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medium contained per 1 g of the sample. 37 [0078] The conditions of a
gas chromatograph used in the measurement of the amount of the
remaining dispersion medium in the present invention are as follows.
SModel: GC-14A + HSS2B (HEADSPACE Autosampler) manufactured by
Shimadzu Corporation Filler: Squalane 25% Shimal e (NAW) (101) 80-100
mesh Column: 3.2 mmp x 2 m 10Column temperature: 80C Injection port
temperature: 180C Detector temperature: 180C Detector: FID Gas carrier:

of N?%@x@l%n@h@ﬁu@%ﬁiﬁ&%ré@l%c SHiinge EEHHRG ferhpeRtured A

then é%e water content was calculated by the following
equation {it is assumed that tare mass of an aluminum cup
does not change before and after drying).

Water content (%) = (X - Y)/X x 100
[0075]

(3) Absorption capacity of physiclogical saline sclution

500 g of a 0.9 mass% agueous solution of sodium
chloride was placed into a 500 mL beaker with a 3 cm-long
magnetic stirrer bar and, while stirring the solution with
a magnetic stirrer, 2.0 g of the water-absorbent resin was
accurately welighed (A g) and added to the beaker such that
no unswollen lump was left, and then the mixture was
stirred at a rate of 600 rpm for 1 hour.

A gel was filtered out by a JIS standard sieve which
is 20 cm in diameter with a sieve opening of 106 um,
excessive water contained in the gel remaining on the sieve
was roughly drained with a fluorine resin board, and then
the sieve was tilted and left for 30 minutes for further
draining. The mass of the gel remaining on the sieve (B g)
was weighed, and the absorption capacity of physiclogical
saline solution was calculated by the following egquation.

Absorption capacity of physiclogical saline solution
(g/g) = B/A
[0076]

(4) Amount of remaining dispersion medium
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[0079] (5) Odor sensory test An odor of the water-absorbent resin
originating from 20the dispersion medium upon swelling was compared by
the following method. To a 140 mL volumetric glass bottle with a lid
(mayonnaise bottle), 20.0 g of 0.9%.Jy mass saline at 25C was charged,
and stirred with a 3 cm-long magnetic stirrer bar. To the glass bottle, 4.0 g
of the water- 25absorbent resin was added and the bottle was tightly
sealed. The odor originating from the dispersion medium in the 38 glass
bottlé Wastdetemtingd by fiveFanetidBUn devordanesvth the Tsixdeven
odor intensity indication method" shown below, and evaluated by the
meH8Fagé 10080 Brable 1116081 Referehte Bxample Lirio 508 RE e d

Erlenmeyer flask, 92.0 g of 80% by mass 100f acrylic acid was charged
= tand r?eglt?flée %%/Caed ngS trg%ﬁ%%afo%qf %po 30 mass% sodium

&Mh%%gﬂg%i@geﬁf calibration curve

0.1 g of the petroleum hydrocarbon dispersion medium
(hereinafter referred to as a “dispersion medium”) used to
pelymerize the sample was accurately weighed into a 50 ml
velumetric screw vial and then DME (dimethylformamide) was
added thereto to accurately make 40 g, followed by stirring
with a magnetic stirrer bar to cobhtain a standard sample
solution.

CIn a 20 mi_volumetric,vial bottle (No. 5,
manufactured by Maruemu Corporation), each of 0.01, 0.04,
0.2 and 0.5 g of the standard sample solutions was
accurately weighed and DMF was added thereto to make the
amount of contents in each vial bottle to 0.75 g.
Furthermore, 0.75 g of distilled water was added to each
vial, fcllowed by stopping with a septum rubber and an
aluminum cap and further fastening.

This vial bottle was warmed at 110°C for 2 hours, and
1l ml of & vapor phase portion was ccllected and then
injected into a gas chromatograph te obtain a chromatogranm,

A calibration curve was made from & charge amount of
a dispersion medium in each vial bottle and a peak area of
the chromatogram (when a mixture of petroleum hydrocarbons

was used as the dispersion medium, plural peaks appeared
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stirring while cooling from the outside. To this were added 0.11 g of
potassium persulfate, 8.3 mg of ethylene glycol diglycidyl ether and 43.6 g
of ion-exchange water to prepare an aqueous solution of a water-soluble
ethylenically unsaturated monomer g,%t this time, the aqueous monomer
solution had a neutralization degree of 75 mol% and a concentration of
38% by mass). To a 2 2 volumetric five-necked cylindrical round-
20bottom flask equipped with a stirrer with two 50 mm pitched blade
andpddeie apalfers, £theknbiieter adefliig coRdensedandarnitrogen gas
introducing tube, 334 g of n- 39 heptane was added as a petroleum
Vali%ré’écarﬁ%ﬁ dispersiof Meditih anePthewaE Witned to 61C, and then
EOOﬂ?g gueous solution of the water-soluble ethylenically unsaturated
monomer was added at once under a stirring rate of 500 rpm 5using a

(o UIBEl AN isersed Dy AIoing gLav eLIemperalie LA AN 0: g <
minutes (step (A)) [0082] Next, a solution prepared by warming 0.92 g of a

sangycrose fatty acid ester (manufactured by Mitsubishi-Kagaku 10Foods
Corporation, trade name: 5-370) as a surfactant to dissolve it in 8.28 g of
n-heptanebywarmingavas:added tothegorad-bettem flask usiag adunnelt o
and an aqueous solution of a water-soluble ethylenically unsaturated

an monomerwasprtherddispersed {step (B))t15[0083]Nextrtheratmosphere
in the system was well

105°C for 2 hours to adjust the water content.

Into a 20 ml volumetric vial bottle (No.b,
manufactured by Maruemu Corporation), 0.10 g of the abovs
sample was accurately weighed and 0.75 g of DMF was added,
and also 0.75 g of distilled water was added. After
shaking the bottle and slightly stirring, the vial was
stopped with a septum rubber and an aluminum cap, followed
by fastening (By adding distilled water in the presence of
DMF, & water—-absorbent resin was swcllien slowly and
uniformly and the included dispersion medium was extracted
and detected) .

This vial bhottle was warmed at 110°C for 2 hours, and
1 mi of a vapor phase portion was collected and then
injected into a gas chromatograph to obtain a chromatogram.

The amount of the dispersion medium contained in 0.10
g of the sample was calculated from the calibration curve
made based on the peak area of the resultant chromatogram,

and then converted into the amount [ppml]l of the dispersion

medium contained per 1 g of the sample.
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substituted with nitrogen while maintaining an inner temperature of the
round-bottom flask containing the dispersion at 40C and the
polymerization reaction was 20performed by warming for 1 hour using a
hot water bath at 70C (step (C)). 5 fter completion of the
polymerization at the first stage, the Stirring rate was increased to 1,000
rpm and the inner temperature was lowered to about 21C. 25Separately,
to a 500 mL Erlenmeyer flask, 128.8 g of 80 mass% acrylic acid was

[ C@ddéd and neutralized by adding 40 dropwise 142.9 g of 30 mass%
sodium hydroxide under stirring while cooling from the outside. To this
were et 0 45 b lsFpdtadsiim fets ieie TELL6 #ig Bf ethfheldlyddl e

iglycidyl ether and 16.7 g of distilled water to 5prepare an aqueous

d
meSollitioh ot 'a Water-$olubie Bthyletically Ursattitateti i oRomer af

gecond stacqpe (At this timCe, the a ueaus solution of.the.monomer solution
medT in Efigre e lnveﬁ.¢on %re as lOWﬁ°
at the second stage had a neutralization degree o mol% and a

MogonceniFratian. of,44% bymass)s 1QION8A] .+ Next e aaueous . o yreq

monomer solution at the second stage was added to the cooled

by polymerzationsuspension:at the first stage using a dropping funnel. After
the atmosphere in the system was well substituted with nitrogen,

ti ISseverSed-phase suspersiompolyrerization at theisecond stage was
performed by warming for 1 hour using a hot water bath at 70C. After the
polymerizatidf Peaetioh at the second stage,

Column: 3.2 mme x 2 m
Column temperature: 8C°C
Injection port temperature: 180°C
Detector temperature: 180°C
Detector: ¥FID
Gas carrier: Ny
Vial bottle heating temperature: 110°C
Syringe setting temperature: 110°C
[0079]
(5) Odor sensory test

An odor of the water-absorbent resin originating from
the dispersion medium upon swelling was compared by The
following method. To a 140 mlL volumetric glass bottle with
a lid (mayonnaise bottle), 20.0 g of 0.2% by mass saline at
25°C was charged, and stirred with a 3 cm~long magnetic
stirrer bar. To the glass bottle, 4.0 g of the water-~
absorbent resin was added and the bottle was tightly sealed.

The odor originating from the dispersion medium in the
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the reaction suspension was heated using an oil bath at 20120C and
about 260 g of water was removed off the system by azeotropic distillation
while refluxing n-heptane in the flask to obtain a dehydrated polymer
dispersed in heptane. To the resultant heptane dispersed dehydrated
polymer, 8.2 g of a 2% aqueous soltition of ethylene glycol diglycidyl
25ether as a post-crosslinking agent was added and the post- crosslinking
reaction was performed at 83C for 2 hours. 41 After heating using an
g1 agiebath &t 1202 h-eptaneland dvater wereramovedisft the systemdoydance
_ distillation, followed by drying under a nitrogen gas flow to obtain 234 g of
w1 wali-absofberft tesin Having-theShape of aygrégatéd Sphricyrd” shown
. _particles,s water-absorbent resin had a median particle size of 310 pm,
“e Liilorption Caphcity of physiologicat S&lRe Solution of 63 g/g, and a water
tent of 4.5% (A median particle size of primary particles is about 60
" “pm). 10[0085] Example 1 According to the same manner as that of
TsHReference Example 1, except that a solution prepared by warming 0.92 g

of a_maleic anhydride-maodified ethylene-propylene copolymer
S11sifigHufactures by Mitsui.Chemicals, Inc.,{trade name: HIWAX 1105A)
=V S 5 Bleg-it-in-8-28 g-of-A-heptane-by-warajing was added as a polymeric
dispersior é’e'%;éaﬁzeéroé?duiﬁﬁla solution-of g surfactant in the step (B) of
RU;;I?UH:‘IILt Eé(giulgicxécgg”yz%fbﬁém%fg&abwrbent resin having the shape
"~ of 20agyregated,sphgHcal partiglesnas obtained. This water-
1 Barely sensed odox
G No odor
[0081]

Reference Example 1

Into a 500 mL Erlenmever flask, 9%2.0 g of 30% by mass
of acrylic acld was charged and neutralized by adding
dropwise 102.2 g of 30 masst scdium hydroxide under
stirring while cooling from the outside. To this were
added 0.11 g of potassium persulfate, 8.3 mg of ethylene
glycol diglycidyl ether and 43.6 g of lon-exchange water to
prepare an agquecus sclution of a water-soluble
ethylenically unsaturated monomer (At this time, the
agueous menomer soluticon had a neutralization degree of 75
mol% and a concentration of 38% by mass).

To a 2 L volumetric five-necked cylindrical round-
beottom flask equipped with a stirrer with two 50 mmé
pitched blade paddle impellers, & thermometer, a reflux

condenser and a nitrogen gas introducing tube, 334 g of n-
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absorbentresin had a median particle size of 403 pm, absorption capacity
of physiological saline solution of 65 g/g, and a water content of 3.7% (A
median particle size of primary 42 To a 500 mL Erlenmeyer flask,
92.0 g of 80 mass% acrylic acid was,gdded and this was neutralized by
adding drop se 102.2 g of 30 mass% sodium hydroxide while cooling the
flask from the outside. To this were added 0.11 g of 5potassium
persulfate, 8.3 mg of ethylene glycol diglycidyl ether and 43.6 g of
heRGRR ATy Watet 16 Drépats ancddudous st watetsphible”
thylenically unsaturated monomer. T L volumetric five-necked
med?yﬁndr?@a% r&lj{nldg- 1GbotSRT sk etqouir?&?ab Witﬁ%dglﬁ SFwith fvo 50 S ° 1S

so 1MW) piched blade paddle impaliers, &éﬁ‘%n 9@1&%@’/ a,[gflux condenser

and a nitrogen gas introducing tube, 334 eptane was added as a

morRgtoleun dydrocatban dispersion medium and, Q.92 g of a-malgic 5o rom
anhydride-modified ethylene- 15propylene copolymer (manufactured by

us iMisw Ghemieals: E. drade-narme: BIWAX: 1105A) was addedas a
polymeric dispersion agent and then this was warmed to dissolve it. After

tengooting ta 61C{ thdddqueous solutiomofta watertsgiublé ethylenically
unsaturated monomer was added at once 20 under a stirring rate of 500

L0G$A using a funnel and then dispersed by stirring at an inner temperature
of 40C for 10 minutes (step (A)) [0087] Next, a solution prepared b%/
warming '0.92 g Bt a5t revefatty & idggstg?‘ﬁ?‘iéﬁﬁfagtu ed Byt @

sué%g%%Pﬁghﬁ%gékgid ester (manufactured by Mitsubishi~Kagaku
Foods Corporation, trade name: 5-370) as a surfactant to
dissolve it in 8.28 g of n-heptane by warming was added to
the round-bottom flask using a funnel and an agueous
solution of a water-soluble ethylenically unsaturated
monomer was further dispersed {step (B))

[00es;

Next, the atmosphere in the system was well
substituted with nitrogen while maintaining an inner
temperature of the round-bettom flask containing the
dispersion at 40°C and the polymerization reaction was
performed by warming for 1 hour using a hot water bath at
70°C {(step {(C)).

After completion of the polymerization at the first
stage, the stirring rate was increased to 1,000 rpm and the
inner temperature was lowered to about 21°C.

Separately, to a 200 mL Erlenmeyer flask, 128.8 g of

80 mass% acrylic acid was added and neutralized by adding



10

!

20

25

Foods Corporation, trade name: 3-370) as a surfactant to 43 dissolve it in
8.28 g of n-heptane by warming was added to the round-bottom flask
using a funnel and an aqueous solution of a water-soluble ethylenically
unsaturated monomer was further djls(persed (step (B)) 5[0088] Next, the
atmosphere in the system was well substituted with nitrogen while
maintaining the inner temperature of the round-bottom flask containing the
dispersion at 40C and the polymerization reaction was 10performed by
drqparhfifig t9rél Rodr @ding @ Aot SvatePiath al 7009 @tep- (B)) unde nfter
completion of the poI)T/erEerization at the first stage, the stirring rate was

S-dncreaded to + HOOYPM AAd tHeMnerferfiféranite was foviered 18 abbut

3C. 15[Q089] Separately, to a 50 Erlenmeyer flask, 128.8 g of
ad <§:mgrlLéég/o gcr)cfljlfc g&agﬁ'g’slél déd and' gle%%gli’ze%ﬁ%’ygagﬁng drcﬁep%}i\s/g‘ene

14429 §:0f 30.-mass % sodium hydroxide;under,stigring while ¢ogling. from,
the outside. To this were 20added 0.15 g of potassium persulfate, 11.6 mg

oreqfgthylene glycohdiglysidyl ether and 16.7,g+0f distiled mater to prepare
an aqueous solution of a water-soluble ethylenically unsaturated monomer
et hatthe Seeand;stagea Next thel agueeus:moaemes sokiionred the seeondet
stage was 25added to the cooled polymerization suspension using a
this time, the agueous soluticn of the monomer solution at
the second stage had a neutralization degree of 75 mol% and
a concentration of 44% by mass).
[CGOB47]

Next, the aguecus monomer solution at the second
stage was added to the cooled polymerization suspension at
the first stage using a dropping funnel. After the
atmosphere in the system was well substituted with nitrogen,
reversed-phase suspension polymerizaticn at the second
stage was performed by warming for 1 hour using a hot water
bath at 70°C.

After the polymerization reaction at the second stage,
the reaction suspension was heated using an oil bath at
120°C and about 260 g of water was removed off the system
by azeotropic distillation while refluxing n-heptane in the
flask to obtalin a dehydrated polymer dispersed in heptane.
To the resultant heptane dispersed dehydrated polymer, 8.2
g cf a 2% agueous sclution of ethylene glycol diglyciéyl
ether as a post-crosslinking agent was added and the post-

crosslinking reaction was performed at 83°C for 2 hours.
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dropping funnel. After the atmosphere in the system was 44 well
substituted with nitrogen, reversed-phase suspension polymerization at
the second stage was performed by warming for 1 hour using a hot water
bath at 70C. After the polymerization reaction at the second stage, 5the
reaction solution was heated using Ar oil bath at 120C and about 260 g of
water was removed off the system by azeotropic distillation while refiu 8ng
n-heptane in the flask to obtain a dehydrated polymer dispersed in
heptérie.cho thesresultantheptanendispérsedidehydrated polymer, 82 10g:
of a 2% aqueous solution of ethylene glycol diglycidyl ether as a

anthost-erdsslifkifig agent was abided zmdne postorsssiinking reattiomwas
performed at 83C for 2 hours. After heating using an oil bath at 120C,

Lol REptane aridwater werd tfémoved oftHE Rysem by distiflaticptain 234
15followed by d?inggnder a nitr.orge_n gas flow to obtain 238 g of a

¢ Svater-2BSSTbeRt resin RAving The Shape of dggragatel spheticaf faricealcc

spriis wajersahsorbentresinhad amedian paride size of 352 pm.

~"absorption capacity of physiological saline solution of 62 glg, and & water

mec20g0ntent of 5:6% A median pagticle, §i2%@f§ﬁr¥rp%té<ﬂ%%9ftghi%f
water-absorbent resin is about 60 pm). [0090] Example 3

phyAdeording da thessamesnannerassthatof Example, 2,and 2 water
content of 4.5% (A median particle size of primary
particles 1s about 60 um).
[oogs]
Example 1

According to the same manner as that of Reference Example
1, except that a soluticn prepared by warming 0.92 ¢ of a
maleic anhydride-modified ethylene~propylene copolymsr
{manufactured by Mitsuil Chemicals, Ing., trade name: BIWAX
1105A) to dissoclve it in 8.28 g of n-heptane by warming was
added as a polymeric dispersion agent after adding a
solution of a surfactant in the step {B] of Reference Example 1,
236 g of & water-abscrbent resin having the shape of
aggregated spherical particles was obtained. This water-
absorbent resin had a medlan particle size of 403 um,
absorption capacity of physiclogical saline solution of 65 g/g,
and a water content of 3.7% (A median particle size of primary
particles of this water-absorbent resin is about 60 um).

[0086]

Example 2
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25except that a solution prepared by warming to dissolve the surfactant
and, then, 0.92 g of an oxidized ethylene- 45 propylene copolymer
(manufactured by Mitsui Chemicals, Inc., trade name: HIWAX 220MP) as
a polymeric dispersion agent in 8)28 g of n-heptane by warming was
added in the step (B) of Example 2, % 7 g of a water-absorbent resin
having the shape of aggregated spherical particles spherical particles was
obtained. This water-absorbent resin had a median particle size of 368
pm, absctphdtt capadity TNnpHSioloyicar salfiter Soltiticr of 60 5#F Thd a
water content of 5.1% (A median 1Egr_ticle size of primary 10particles is

& I3bout 60°pr). {00917 Exampidd - AccBriing o thé Samemannéras nd

that of Example 2, except that a sglution prepared by warming to dissolv
O 28 g of bptne by LG, OB3  of Grelyceny Hearaus co na

tndmanudactured by Mitsubishi-kagaky Foods Carporation, frade,name;, -

T84) in place of 0.92 g of a sucrose fatty acid ester (manufactured by

notMitsubishizkagakuf00ds Garporation: trade name: &;370)was used,and,

the 20reaction solution was cooled to about 20C after completion of the
et hpolymerzationcatdhe firststage:irtthe stepr (B)eaf Exampler 234000f a

water-absorbent resin haying the shape of aggregated spherical particles
aqusphiesicalparticles was ebtained: Thislwateeabsdrbent:resin had a median

25particle size of 293 pm, absorption capacity of
unsaturated monomer.

To a Z L velumetric five-necked cylindrical round-
bottem flask eguipped with a stirrer with two 50 mmd
piltched blade paddle impellers, a thermometer, a reflux
condenser and a nitrogen gas introducing tube, 334 ¢ of n-
heptane was added as a petrocleum hydrocarbon dispersion
medium and 0.%2 ¢ of a maleic anhydride-modified ethylene-~
propylene copolymer (manufactured by Mitsui Chemicals, TInc.,
trade name: HIWAX 110524} was added as a polymeric
dispersion agent and then this was warmed to dissolve it.
After cooling to 61°C, the agueocus solution of a water-
soluble ethylenically unsaturated monomer was added at once
under a stirring rate of 500 rpm using a funnel and then
dispersed by stirring at an inner temperature of 40°C for
10 minutes (step {(A))

[0087]

Next, &a solution prepared by warming 0.92 g of a

sucrose fatty acid ester (manufactured by Mitsubishi-Kagaku

Foods Corporaticon, trade name: S$S-370) as a surfactant to
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physiological saline solution of 58 g/g, and a water 46 content of 3.0% (A
median particle size of primary particles of this water-absorbent resin is
about 70 p.m). [0092] Example 5 5According to the same manner as that
of Example 2, except that 0.92 g of an oxidized ethylene-propylene
copolymer (manufactured by Mitsui Chemicals, Inc., trade name: HIWAX
4052E) was used as a polymeric dispersion agent in place of 0.92 g of the
maleic anhydride-modified ethylene-propylene copolymer (manufactured
diggyoMitsuiiChemicals? $nc, rddenamiet HIWAX 1185A) Indhe step(ot to
Example 2, 240 g of a water-absorbent resin having the shape of
theygyregatedSphetical patticles spRerical panflesWés dbtaived This
water-absqrbent resin had a median 15patrticle size of 353 um, absorption

50T Gihlty Bf phy HObBIEAr SATHR oI GIgN GFE3 Gt A 3 RateP EBREL of

5.8% (A med]Lan particle size of rir@ary particles of thi.s water-absorbent
v esinis about 60 [goeff%] %Sb grrnp?e 6 & ~“o ﬁ)ob mE Erlenmeyer flask,

10039 g of 80 mass% acrylic acid was added, and this was neutralized by
adding dropwise 102.2 g of 30 mass% sodium hydroxide while cooling the

flaskifear the putside: Jothisrwerenadded 0:1d1a:-0f 2Bpotassium
persulfate, 8.3 mg of ethylene glycol diglycidyl ether and 43.6 g of
subieniexchange waltento prepare arh ¥7<agueoussotution ofteewatesi<soluble
ethylenically unsaturated monomer.
temperature of the round-bottom flask containing the
dispersion at 40°C and the polymerization reaction was
performed by warming for 1 hour using a hot water hath at
70°C (step (C)).

After completion of the polymerization at the first
stage, the stirring rate was increased to 1,000 rpm and the
inner temperature was lowered to about Z3°C,

[0089]

Separately, to a 500 mL Erlenmeyer flask, 128.8 g of
80 mass% acrylic acid was added and neutralized by adding
dropﬁise 142.9 g of 30 mass% sodium hydroxide undex
stirring while ceocling from the cutside. To this were
added 0.15 g of potassium persulfate, 11.6 mg of ethylene
glycol diglycidyl ether and 16.7 g of distilled water t
prepare an agueous solution of a water-soluble
ethylenically unsaturated monomer at the second stage.
Next, the agueous monomer solution at the second stage was

added to the cooled polymerization suspension using a

dropping funnel. After the atmosphere in the system was
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To a 2 L volumetricfive-necked cylindrical round-bottom flask equipped
with a stirrer with two 50 mmq) 5pitched blade paddle impellers, a
thermometer, a reflux condenser and a nitrogen gas introducing tube, 334
g of nheptane was added as a petroleum hydrocarbon dispersion medium
and 0.92 g of a maleic anhydride-mdftfified ethylene-propylene copolymer
(manufactured by Mitsui Chemicals, Inc., 10trade name: HIWAX 1105A)
was added as a polymeric dispersion agent and, then, they were
we disselvedtbytwarmingi Aftencaaling-o 616, the aguepus sQlution 9f A<
water-soluble ethylenically unsaturated monomer was added at once
PO URBEI A Stifrirgrate of 360 semusingsa furnel andthert d5dispersedddyming
. Stirring at the inner temperature of 40C for 10 minutes (step (A)) [00941
FoNekt [ Edlutibn preparBd by werfriing &6 tissblvé 1292 g of a sucrose fatty
aci ester (m gufactqured by 20Mitsubishi-Kagaku Foods Corporation,
trade name: 3-3787 as A% Urfattart in 828 oPhR-heptdnesby Rafmihgwase ,
1. added to round-bottom flask using a funnel, and an aqueous solution
b AB ShlLEIe LIy RSBt et Romr ks faAfer 20 120°C

andlispersed ata stiring rate of. 500 tom 25(sten (B))-[q095] 48 Next, the

atmosphere in the system was well substituted Wltfg nltroger'ly white' Y
azemaintaining dhe inner demperatureief the round-pottomiflask containing,the
flask to obtain a dehydrated polymer dispersed in heptane.
To the resultant heptane dispersed dehydrated polymer, 8.2
g of a 2% agueous sclution of ethylene glycol diglycidyl
ether as a post-crossiinking agent was added and the poat-
crosslinking reaction was performed at 23°C for 2 hours.

After heating using an oil bath at 120°C, n-heptane
and water were removed off the system by distillation,
followed by dryving under a nitrogen gas flow to obtain 238
g of & water-absorbent resin having the shape of aggregated
spherical particles. This water-absorbent resin had a
median particle size of 352 um, absorption capacity of
physiological saline solution of 62 g/g, and a water
content of 5.6% (A median particle size of primary
particles of this water-absorbent resin is abou+ 60 um) .
[(G0901
Example 3
According to the same manner as that of Example Z,

except that a solution prepared by warming to dissoclve the

surfactant and, then, 0.92 g of an oxidized ethyliene-
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dispersion at 40C, and the polymerization reaction was performed by
warming for 1 hour using a hot water bath at 70C (step (C)). The operation
after completion of the polymerization at the first stage as performed
according to the same manner as that of Example 2 to obtain 237 g of a
water 10absorbent resin having the §fape of aggregated spherical
par,icles. This water-absorbent resin had a median particle size of 372
um, absorption capacity of physiological saline solution of 62 g/g, and a

o watercontentraf Uy 8%r(A mediansparticlecsize ofprimary 1opatticles of this
water-absorbent resin is about 60 pm). [0096] Example 7 According

Lrig'the same midrifer as thidt of Examplect,exeept-that amixture of 0A46.¢ in
of an oxidized ethylene 20propylene copolymer (manufactured by Mitsui

E - Chemicals e fadeen&ivie Y BIVAXCA052E alite0. 461y of@nmaleic (B) of
anhydride- nggc;ified ethylene-propylene copolymer (manufactured by

EX Mt chenticals In€ - tridd Riafe: HIWAX G 105AFwas Used Wt the
N ic dispersion agent in place of 0.92 g of the 25maleic e
s %ﬁ%ﬁ%é—%%@d%f%ﬁ St%wy%ﬁ%‘-’ﬁgb%?lle n%ac%bgﬁ/irﬁesr (rahtfactired by tictes
Mitsui Chemicalsyinc., trade. name: HIWA 10SA).in the step. (A) of
e Example 6, 235 g of a Water-absor%erl]t régi%nz‘f%\]ﬁﬁé tf%dghéapemgfg) ](dr)
pafgoregated spherical partisles spherical paricleswas pbtained, This

water-

physiological saline solution of 60 g/g, and a water
content of 5.1% (A median particle size of primary
particlies is about 60 um).
o091y
Exampie 4

According to the same manner as that of Example 2,
except that a solution prepared by warming to dissolve, in
€.28 g of n-heptane by warming, 0.%2 g of tetraglyceryil

st

o

arate (manufactured by Mitsubishi-Kagaku Foods
Corporation, trade name: T34) in place of 0.92 g of a
sucrose fatty acid ester (manufactured by Mitsubishi-Kagaku
Foods Corporation, trade name: S5-370) was used, and the
reactlion solution was ccoled to about 20°C after completion
of the polymerization at the first stage in the step (B) of
Example Z, 234 g of a water-absorbent resin having the
shape of aggregated spherical particles spherical particles
was obtailned. This water-absorbent resin had a median
particle size of 293 um, absorptiomn capaclty of

physiological saline solution of 58 ¢/g, and a water
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absorbent resin had a media particle size of 356 pm, 5 absorption
capacity of physiological saline solution of 63 g/g, and a water content of
4.5% (A median patrticle size of primary particles of this water-abso b- t
resin is about 60 pm). [0097] 10Comparative Example Toa SOO mL
Erlenmeyer flask, 92.0 g of 80 mass% acrylic acid was added, and this
was neutralized by adding dropw se 102,2 g of 30 mass% sodium
hydroxide while cooling the flask from the outside. To this were added
cort&h g of potassiunmipersulfate, 8:3:mg of ethylene glycat diglyaigyl ether
and 43.6 g ion-exchange water to prepare an aqueous solution of a
pangdter-sluble & hyRenically Unsatpated morchér Tosa 24ovdlumetrim) -
__five-necked cylindrical round- 20bottom flask equipped with a stirrer with
10%%6'50 mmo pitched blade paddle impellers, a thermometer, a refl x
condenser and a nitrogen gas introducing tube, 342 g of heptane was
added as a petroleum hydrocarbon dispersion medium, and 0.92 g of a

sucrose.fafty gcid estey (manyfactyred by Mitsubishi a@ka{ oods. -
) O?lO gby

Corporation, trade name: 8-370) was added as a surfactant, we
ex ming 530 to, 61C lo dissplve the ester; Thereafter, the agyeous, solution
of a. water-soluble ethylenically unsaturated monomer was added at once
copusingra-funaehunderta: stirfing rate:of SO0 rpramMNex 1 the atmoesphere:ine
the system was 5well substituted with nitrogen while maintaining the inner
nantemperatore at40C, and: theipelymerzatigrnoreaction wasipgrformedrbye gent
warming for 1 hour using a hot water bath - 70C. The operation after
in dohpleticH ofthé pdlymerizatioriE0Ht the fiFst sthigewas performed
according to the same manner as that of Reference Example 1 to obtain

©LI36°0 of B Watér-abSorbeRtreditthaviig the shape 6f adgrelfated

spherical particles. This water-absorhent resi . median particle si
R e nr At RERLEESINOTAS- MRCBNPALEE S

x

of Example 2, 240 g of a water-absorbsnt resin having the
shape of aggregated spherical particlies spherical particles
was obtained. This walter-abscrbent resin had a median
particle size of 353 um, absorption capacity of
physiclogical saline solution of 63 g/g, and a water
content of 5.8% (A median particle size of primary
particles of this water—absorbent resin is about €0 um).
[0093]
Example €

To a 500 ml Erlenmeyer flask, 92.0 g of 80 mass$
acrylic acid was added, and this was neutralized by adding
dropwise 102.2 g of 30 mass% sodium hydroxide while cooling
the flask from the outside. To this were added (.11 ¢ of
potassium persulfate, 8.3 mg of ethviene glvcol diglyecidyl

ether and 43.6 g of ilan—-exchange water to prepare an



15physiological saline solution of 62 g/g, and a water content of 4.6% (A
median particle size of primary particles of this water-absorbent resin is
about 60 um). [0098] Comparative Example 2 20To a 500 mL Erlenmeyer
flask, 92.0 g of 80 mass% acrylic ac4d7 was added, and this was
neutralized by adding dropwise 102.2 g of 30 mass% sodium hydroxide
while cooling the flask from the outside. To this were added 0.11 g of
potassium persulfate, 8.3 mg of ethylene glycol diglycidyl 25ether and
aqUEPE T iBR-eXehaRge atertd (ot éparela agueddsysatitichefay
water-soluble ethylenically unsaturated 51 monomer. To a 2 L volumetric
UnSFiehaeREd BIHAREAI round- bottom flask equipped with a stirrer with two

50 O4gﬂ5h d%%@%&%%@g%ﬁ f%bg%é%imgnotﬁyaégfggﬁxroundm
conaenser and a nltrogen gas in rod%cmg tu%e, g&/ g o1 nheptane was

.added.as a petroleum hydrocarbon dispersion meﬁ'um, 0.9 of
bo%u%rpogg Fa?tjg acid ester m%?éc?urﬁ%ﬁﬁ%uglls thggké Eoo

pitCamgration dradenanae :$n349) was addedias.a syrfactant, and 0792, g of
a maleic 10anhydride-modified ethylene-propylene copolymer
con(@rarndacturet by MitsubGbhemigals, ine.r trade name: HIWAX 1405Apwas -
added as a polymeric dispersion agent, followed by warming to dissolve
herthens Aftes codlingitee61C, the tagqubous solutionof abwater-sotubtes i on
ethylenically 15unsaturated monomer was added at once using a funnel
meddriderastiriing fatd o500 pin Next e almospheredh the dystbhiwas e -
well substituted with nitrogen while maintaining the inner temperature at
PTORAC SAT tHeFpotyhihizatior reattibn Was peffoimed by waffingtdtt Tc- -

tra,%yggﬁgg¥a£9%AX 1105A) was added as a polymeric

dispersion agent and, then, they were dissolved by warming.
After cooling to 61°C, the aqueou; solution cof a water-
soluble ethylenically unsaturated monomer was added at once
under a stirring rate of 300 rpm using a funnel and then
dispersed by stirring at the inner temperature of 40°C for
10 minutes (step (A}
[0094]

Next, a solution prepared by warming to dissolve (.92
g of a sucrose fatty acid ester (manufactured by
Mitsubishi~-Kagaku Foods Corporation, trade name: S-370) as
a surfactant in 8.28 g of n-heptane by warming was added to
the round-bottom flask using a funnel, and an agueous
sclution of a water-soluble ethylenically unsaturated
monomer was further dispersed at a stirring rate of 500 rpm
{step (B)).

[0085]
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20water bath at 70C. The operation after completion of the polymerization
at the first stage was performed according to the same manner as that of
Example 2 to obtain 237 g of a water-absorbent resin having the shape of
aggregated spherical 25particles. This water-absorbent resin had a
median particle size of 348 pm, absorption capacity of 52 physiological
saline solution of 61 g/g, and a water content of 4.9% (A median particle
of this water-absorbent resin size of primary particles is about 60 pm).
[00994:8Gorhp&rativeExahfple 350 LiNgcErdiigeto thasante manner as
that of Comparative Example 2, except that 0.92 g of tetraglyceryl stearate
subfmanufagtiréd b MitsubhKagaktr Fodts Corpotatith, trade Harie: T34)
was used as a surfactant in %J%Ce f0.9g§ ocfjlot\heﬁ sucrose fat%gcid
“eMBSieF (MARUfActurEd by NitSUbishi- Kagaku Foods Cofporation ,-trade
41 s0AME: 2:370), and the 2%%8_“‘%’?1%O%JEF']%M@&CEQ{%%EQ ghout 206 affer.
complétion of the polymerization at the first stage in Comparative Example
perd-23n0 of & water:ahsorbent resip.having the; 15 shape,efiaggregated -
spherical particles was obtained. This water-absorbent resin had a median
70 cpartiglessize; of 273 pm, absorption capacity of physiological saline solution
of 60 g/g, and a water content of 3.5% (A median particle size of primary
partictes afthisavater:absorbentxesm! istabout 70 20pm)p[0l00Erization
Comparative Example 4

at the first stage was performed according to the same
manner as that of Example 2 to cobtain 237 g of a water-
absorbent resin having the shape cof aggregated spherical
particles. This water-absorbent resin had a median
particle size of 372 um, absorption capacity of
physiclogical saline solution ¢f 62 g/g, and a water
content of 4.8% (A median particle size of primary
partcicles of this water-absorbent resin 1s about 60 um).
(0096}
Example 7

According to the same manner as that of Example 6,

except that a mixture of 0.46 g of an oxidized ethylene-

propylene copolymer {(manufactured by Mitsui Chemzcals, Inc.

trade name: HIWAX 408ZE) and 0.46 g of a maleic anhydride-
modified ethvlene-propyliens copolymer (manufactured by
Mitsul Chemicals, Inc., trade name: HIWAX 1105A) was used
as a polymeric dispersion agent in place of 0.9%2 g of the

maleic anhydride-modified ethylene-propylene copolymer

(manufactured by Mitsui Chemicals, Inc., trade name: HIWAX

r
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The sample obtained according to the same manner as that of
Comparative Example 2 was further heated by a hot 25air dryer at 180C
for 3 hours to obtain 230 g of a water- absorbent resin having the shape of
aggregated spherical 53 particles. This water-absorbent resin had a
median particle size of 356 pm, absdrption capacity of physiological saline
solution of 68 g/g, and a water content of 0.5% (A median particle size of
primary particles of this water-absorbent resin is about 60 pm). The
11 @iount of the:remajpingxdispersionamedisinsand the resylts of anodpr
sensory test of water-absorbent resins obtained in Reference Examples 1
ab andExdmples frtoaanch Conipara lyerExaniples d todkare-shownsin ca 1
Table 2. [0101] Table 2 LSpecies of Samplesdispersion medium
PaIXmMGEUitof TemainingG dispeision: riedium s Pivh]i@doresensdiy tes water -

356 um,

h

absorbent resin had a median particle size o
absorption capacity of physiclogical saline solution of &3
g/g, and a water content of 4.5% (A median particlie size of

primary particles of this water-absorbent resin is about 60

[0097]
Comparative Example 1

To a 500 mbL Erlenmeyer flask, 92.0 g of 80 mass?
acrylic acid was added, and this was neutralized by adding
dropwise 102.2 g of 30 mass% sodium hydroxide while cocling
the flask from the outside. To this were added 0.11 g of
potassium persulfate, 8.3 mg of ethylene glycol diglycidyl
cether and 42.¢ g ilon-exchange water to prepare an agueous
solutlon of a water—-soluble ethylenically unsaturated
monomer.

Te a 2 L volumetric five-necked cylindrical round-
bottom flask equipped with a stirrer with twe 50 T

pitched blade paddie impellers, a thermometer, a reflux

]
!

condenser and a nitrogen gas introducing tube, 342 g of

o
.

heptane was added as a petroleum hydrocarbon dispersion
mecium, and 0.92 g of a sucrose fatty acid ester
{manufactured by Mitsubishi-Kagaku Foods Corpeoration, trade

name: 3-370) was added as a surfactant, followed by warming
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Panelis A Average Reference Example 1 Heptane 1,210 2

50

to 61°C to dissolve the ester. Thereafter, the agueous
solution of a water-scluble ethylenically unsaturated
moncmer wag added at once using a funnel under a stirring
rate of 500 rpm. Next, the atmosphere in the system was
well substituted with nitrogen while maintaining the inner
temperature at 40°C, and the polymerization reaction was

ormed by warming for 1 hour using a hot water bath at

~h

per
T0°C,

The operation after completion of the polymerization
at the first stage was performed according to the same
manner as that of Reference Example 1 to obtain 236 g of a
water-absorbent resin having the shape of aggregated
spherical particles. This water-absorbent resin had a
median particle size of 318 um, absorption capacity of
physiological saline solution of 62 g/g, and a water
content of 4.6% (A median particle size of primary
particles of this water-absorbent resin is about 60 um).
[0058)]

Comparative Example 2

£

To a 500 mL Erlenmeyer flask, 92.0 g of B0 mass%
acrylic acid was added, and this was neutralized by adding
dropwise 102.2 g of 30 mass% sodium hydroxide while cooling
the flask from the outside. 7To this were added 0.11 g of
potassium persulfate, 8.3 mg of ethylene glycol diglycidyl
ether and 43.6 g lon-exchange water to prepare an agueous

sclution of a water-soluble ethvlenically unsaturated
Y



1.4 Example 1 Heptane 960 11 1.0 Example 2 Heptane 830 7111

ve~necked cylindrical round-

monomer,
o a 2 L volumetric fi
sk equipped with a stirrer with two 50 mmé

a reflux

thermometer, a

T

-

bottom fla
pitched blade paddle impellers, a
condenser and a nitrogen gas introducing tube, 342 g of

heptane was added as a petroleum hydrocarbon dispersion
: (manufactured

¢.92 g of a sucrose fatty acid ester

medium,
by Mitsubishi-Kagaku Foods Corporation, trade name: $-370)
and 0.92 ¢ of a maleic

was added as a surfactant,
anhydride-modified ethylene-propylene copolymer
Inc., trade name:

1G¢
(mamufac?yured by Mitsui Chemicals,

b
the

After cooling to 61°C,

1105R) was added as a polymeric dispersion agent, followed

by warming to dissolve them.
agueous solution of a water-scluble ethylenically

unsaturated monomer
Next,

and the polymerization

P

1

15
a stirring rate of 500 rpm.
system was well substituted with nitrogen while maintaininc

the inner temperature at 40°C,
reaction was performed by warming for 1 hour using

20

at the

manner
a

resin had

absorbent
This water-absorbent
absorption capacity of

particles.
particle size of 348 um,

HTWAX

first stage was performed according to the same

as
resin having the shape of aggregated
median

was added at cnce using a funnel under

the atmosphere in the

hot

water bath at 70°C.
The operation after completion of the polymerization

that of Example 2 to obtain 237 g of a water-
spherical
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1.0 1.0 Example 3 Heptane 770 Example 4 Heptane 590111

52

physioleogical saline solution of 61 ¢/g, and a water
content cf 4.9% (A median particle of this water-absorbent
resin size of primary particles is about 60 um).
[0099]
Comparative Example 3

According to the same manner as that of Comparative
Example 2, except that 0.9%2 g of tetraglycexyl stearate
(manufactured by Mitsubishi-Kagaku Foods Corporation, trade
name: TS4) was used as a surfactant in place of 0.92 g of
the sucrose fatty acid ester (manufactured by Mitsubishi-
Kagaku Foods Corporation , trade name: S$~370), and the
reactlion solution was cocled to about 20°C after completion
of the polymerization at the first stage in Comparative
Example 2, 235 g cf a water-absorbent resin having the
shape of aqggregated spherical particles was obtained. This
water-abscrbent resin had a median particle size of 273 um,
absorption capacity of physiological saline solution of €0
g/g, and a water content of 3.5% (A median particle size of
primary particles of this water-absorbent resin is about 70
am) .
[CG100]
Comparative Example 4

The sample obtalined according to the same manner as
that of Comparative Example 2 was further heated by a hot
alr dryer at 180°C for 3 hours to obtain 230 g of a water-

absorbent resin having the shape of aggregated spherical
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0 0.6 Example 5 Heptane 180 00 0 0.0 mple 6 Heptane 320 000 0 0.0

53

particles. This water-absorbent resin had a median
particle size of 356 pm, absorption capacity of
physicological saline solution of 68 g/g, and a water
content of 0.5% (A median particle size of primary
particles of this water-absorbent resin is about 60 pm).
The amount of the remaining dispersion medium and the
results of an odor sensory test of water-absorbent resins
obtained in Reference Examples 1 and Examples 1 to 7 and

Comparative Examples 1 to 4 are shown in Table 2.

[0101]
Table 2
! Amount of Odor sensory test
| Species of remaining Panelist
Samples | dispersion| dispersion |
madium medium yiy B C D L Lverage
ppm]
Reference ; .
Hept 210 2 1 1 1.
Example 1 Heptane 1,210 Z L 4
Example 1 Heptane 960 - 1 1 1 i 1.0
Example 2 Heptane 830 Pl i 1 1 1 1.0 |
Exampie 3 Heptane 770 1 1 1 1 1 1.0
Example 4 Heptane 590 1 1 1 1 0 ¢ 0.6
Example 5 Heptane 180 0] o G o 0 0.0
Example © Heptane 320 0 { 0 G O .0
Example 7 Heptane 80 0 0 0 0 0 0.0
COMPALELIVE | yobtane 15,300 404 4| 3] 2 3.6
Example 1 i
comparative | postane 5,300 3331 3| 3 3.0
Example 2
Comparative L T - i - "
ieptar 11,1 4 4 3 .
Example 3 Heptane 1,100 i 3 3 3 3.4
COMPRrative | potane | 4,500 33| 3] 33 3.0
Example 4 | i !

(0102}
As 1s apparent from Table 2, in the water-absorbent
resin of the present invention, the amount of the petroleum

hydrocarbon dispersion medium remaining used during the
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Example 7 Heptane80 00000 0.0 Comparative ,Example 1 Heptane
15,300 4 43.6 Comparative Example 2 Heptane 5,300 3.0 Comparative

54

polymerization of the water-absorbent resin is remarkably
decreased to 1,000 ppm or less and an odor originating from
the dispersion medium is reduced. In the water-absorbent
resins of Examples 5 to 7 having the amount of the
remalning dispersion medium of 500 ppm or less, no odor
originating from the dispersion medium was felt in the odor

sensory test,

Industrial Applicability
[01C3]

According to the present inventicn, there are
provided a water-absorbent resin which contains a small
remaining amount of a petroleum hydrocarbon dispersion
medium used in reversed-phase suspension polymerization,
and thus reducing an odor originating from the petroleum

hydrocarbon dispersion medium, and also which is suitable

31

=

or use in hygienic materials; an absorbent material and an

absorbent article using the same.
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Example 3 Heptane 11,1004 3 3.4 'Comparative Example 4
Heptane4,5003 331 3.0 [0102] As is apparent from Table 2,in the
water-absorbent resin of the present invention,the amount of the

petroleum _
55

CLATMS

1. A water-absorbent resin obtained by subjecting an
agueous soliutlon of a water-soluble ethylenically
unsaturated moncmer to reversed-phase suspension
polymerization in a petroleum hydrocarbon dispersion medium
in the presence of a surfactant, wherein the amount of the
petroleum hydrocarbon dispersion medium remaining in the

water-absorbent resin is 1,000 ppm or less.

2. The water-absorbent resin according to claim 1,
wherein the water-abscrbent regin is obtained by perferming
the reversed-phase suspension polymerization at multi-
stages of two or more stages, and performing the reversed-
phase suspension polymerization at the firsrt stage by:

(A) adding an agueous sclution of a water-soluble
ethylenically unsaturated mconomer to a petroleum
hydrocarbon dispersion medium to disperse the agueous
solution in the dispersion medium,

{B) adding a surfactant to the resultant dispersion to
further disperse the agueous soluticn, and

(C) performing the reversed-phase suspension polymerization
at the flrst stage using a water-soluble radical
polymerization initiator, optionally in the presence of an

internal-crosslinking agent.



15

20

25

54 polymerization of the water-absorbent resin is remarkably decreased to
1,000 ppm or less and an odor originating from the dispersion medium.. is
reduced. In the water-absorbent resins of Examples 5 to 7 having the
amount of the 5remaining dispersiog énedium of 500 ppm or less, no odor
originating from the dispersion medium was felt in the odor sensory test.
Industrial Applicability 10[0103] According to the present invention,
there are provided a water-absorbent resin which contains a small

3+ remaifihgrEREENMoT BOFetFsléuri iy dfoceiBen disperdien fedigmased in

reversed-phase suspension_polymerization, 15and thus reducing an odor

WhediRatin e thé pEioReing Rydrokarbbnt dispersion e diim, aft-aigo the

which is suitable for use in hygienic materials; an absorbent material and
A agsg’r%%ﬁ%étr?%leoﬁiir?g \fh%gga‘mggﬁééﬁAlﬁ%‘ﬁe%\(/:vaaﬁ[:rryabsorbent

uns€sinabtained by subjecting.an.aqueous, solution of a water-soluble | .., .,

ethylenically Sunsaturated monomer to reversed-phase suspension
me cRAIMERZation in.a petieleunrhydroearhen dispersiopmedium indbe: «o
presence of a surfactant, wherein the amount of the petroleum
dishydreearbon dispession mediumiremaininga the watersabserbeni resinis
1,000 ppm or less. 10 2.The water-absorbent resin according to claim 1,
the step (A).

4. The water-absorbent resin according to claim 2 or 3,
wherein the water-absorbent resin is obtained by adding the
polymeric dispersion agent together with the surfactant in

the step (B).

o. The water-absorbent resin according to any one of
claims 2 to 4, wherein the water-absorbent resin is
obtained by adding a post~creosslinking agent to a precursor
of the water-absorbent resin cobtained after completion of
the multi~stage reversed-phase suspension polymerization
including the steps (A)] to (C), and post-crosslinking the

precursor.

6. The water~absorbent resin according to any one of

claims 1 to 5, wherein the surfactant is at least one kind
selected from the group consisting of a polyglycerin fatty
acld ester, a sucrose fatty acid ester and a sorbitan fatty

acld ester.
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wherein the water-absorbent resin is obtained by performing the
reversed-phase suspension polymerization at multi-stages of two or more
stages, and performing the reversed- 15phase suspension polymerization
at the first stage by: (A) adding an yeous solution of a water-soluble
ethylenically unsaturated monomer fo a petroleum hydrocarbon dispersion
medium to disperse the aqueous solution in the dispersion medium, 20(B)
adding a surfactant to the resultant dispersion to further disperse the
agueous solution, and (C) performing the reversed-phase suspension
polymerization at the first stage using a water-soluble radical 56 3. The

7+ waterl-aBs8bERF réShT AEC5TAg o THaint S SRRErEF thelwatY-abesrseht

ol are%s&in i§ o@tai%ed Q% ggginrg tjggea uggu]s ggliutio j.ogj) a water-soluble . .
sthylenicaflly Uhsaturated monomeér 16 the petrofetif iy drocarson "= % 2

1 e fispersion; 5,medium.in the presence.of a palymeric dispersion agentto, . ; .
disperse the aqueous solution in the dispersion'medium in t e%tep (,&3 4.

annhig-waterabsoren resin @accarding,to, claim 2:ar 3, 10wherein the i« i e g
water-absorbent resin is obtained by adding the polymeric dispersion

po lagent together, with #e surfaciantyia the step-(B) £ b= Ihewyateeabsorbent
resin according to any one of 15claims 2 to 4, wherein the

praopateeabsorient resin is ebtamedby adding aipbst<etosslinking agenfi tore -,
precursor of the water-absorbent resin obtained after completion of the

a MpyRilstage Pevers€d-phase slispensior polyirefizaiomnktiiding tHevstepse -

@2 to (C), and post-crosslinking the
ethylene-bropylene copolymer, polyethylene, polypropylene,

an ethylene-propylene copolymer, oxidized polyethylene,
oxidized polypropylene and an oxidized ethylene-propylene

copolymer.

8. The water-absorbent resin according to any one of
claims 1 to 7, wherein the water-soluble ethylenically
unsaturated monomer is at least one kind selected from the
group consisting of acrylic acid and a salt thereof,

methacrylic acid and a salt thereof, and acrylamide.

9. The water-absorbent resin according to any one of
claims 1 to 8, wherein the petroleum hydrocarbon dispersion
medium is at least one kind selected from the group
consisting of an aliphatic hydrocarbon and an alicyclic

hydrocarbon, each having 6 to 7 carbon atoms.

10. An absorbent material comprising the water-absorbent



20precursor. 6. The water-absorbent resin according to any one of claims
1 to 5, wherein the surfactant is at least one kind selected from the group
consisting of a polyglycerin fatty 25acid ester, a sucrose fatty acid ester
and a sorbitan fatty acid ester. 57 7. The water-absorbent resin
according to any one of claims 3 to ,8wherein the polymeric dispersion
agent is at least one kind selected from the group consisting of maleic
5anhydride-modified polyethylene, maleic anhydride-modified

repolyprepylefe na aleic anhydride-mlodifiediethylene<propylede a

copolymer, a maleic anhydride-ethylene copolymer, a maleic

Y Hriparideé-propyieie copolymer, a maleic anhydrideethylene-propylene

copolymer, polyethylene, polypropylene, 10an ethylene-propylene
copolymer, oxidized polyethylene, oxidized polypropylene and an oxidized

ethylﬁne-prop lene copolymer. 8. The water-absarbent resin according to
11, ) ) . :
Y o aF TERAT B Tt brei et e Borcbie Zisrerieally

ma tUNsaturated monpomey is; at leagt:one kind selected fram the group. ;

consisting of acrylic acid and a salt thereof, methacrylic acid and a salt

ve Ahergof anthacrylamide .209. £he water-abserbentresin.agcording to any

one of claims 1 to 8, wherein the petroleum hydrocarbon dispersion
medium is at least one kind selected from the group consisting of an
aliphatic hydrocarbon and an alicyclic hydrocarbon, each having 6 to 7
carbon atoms. 25
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58 resin as defined in any one of claims 1 to 9 and a hydrophilic fiber.
11.An absorbent article comprising the absorbent Smaterial as defined in
claim 10 held between a liquid- permeable sheet and a
liquid-impermeable sheet. 59 ABSTRACT The present invention
provides a water-absorbent resin produced by a reversed-phase
suspension 5polymerization method, which contains a small amount of a
petroleum hydrocarbon dispersion medium remaining therein used in
reversed-phase suspension poljeriZation, and thus reducing an odor
originating from the petroleum hydrocarbon dispersion medium, when the
water-absorbent resin absorbs 10water, and also which is suitable for use
in hy@{,%\ic rlpglterri1 s;.an absorbent matejrigl and an absorbent article.
More particularly; the présent ifvention provided a'\ater-ah85ibeRt Fsin

reQ0fRINCA By SUBjgCling an.aqueous solution of awaterssoluble
ethylenically unsaturated monomer to 15reverse€-prﬁase suspension

po Inghdnerzationine-petreleum-hydrocarhen dispersion mediumJin the ¢
presence of a surfactant, wherein the amount of the petroleum

e thydrecarban dispession medismaemainng 4 thenwatar-absorhent resia is,
2,000 ppm or less; and an absorbent material and an 20absorbent article

usaﬁjmyﬂmﬁyﬂﬁgedwphase suspension polymerization, and thus

reducing an odor originating from the petroleum hydrocarbon
dispersion medium, when the water-absorbent resin absorbs
water, and also which is suitable for use in hygienic
materials; an absorbent material and an absorbent article.
More particularly, the present invention provides a water-
absorbent resin obtained by sublecting an aqueous solution
of a water-scluble ethylenically unsaturated monomer to
reversed-phase suspension polymerization in a petroleum
hydrocarbon dispersicn medium in the presence of a
surfactant, wherein the amount of the petroleum hydrocarbon
dispersion medium remaining in the water-absorbent resin is
2,000 ppm or less; and an absorbent material and an

absorbent article using the same.



