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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
TecRBmateridld sdch as water blocking materials for cables. [0003] 2

[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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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 and 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 subtle and,
10th&8r&toret itGs Hesifed foldeviElch: af Hddi-free sratefiakl {6004] Armeng

constituent materials of these hygienic materials, the water-absorbent

SanbEmRad 4 BEBIE 080 oAGRARY frdmHERBEtnTEs Usedin fget: @

roduction 15process, and since the odor tends to gif.fuse durin
bacg s%%ﬁ%qgc Wa%eﬁ%%co%%%rg:%%o@g% Uesirable o féduce the ot ogr.a [bOO@]

wa t][é'}o—‘%'% watersahsorhentresins usegd forthe; hygienic zZgmaterialg include.

or 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. 25000k 3cs 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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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
[ OGkedins were not those 4 with a low enough odor. Patent Document 1:
JP-A No, 61-87702 Patent Document 2: JP-A No. 62-172006 Disclosure
of th& HVEhtoN Pioblens totbé Sofved By IHeiventivh 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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[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
petroleum 15hydrocarbon dispersion medium, when the water-absorbent
resin absorbs water, and also which is suitable for use in hygienic
wiGhateriaisy afrabiserberiewaterial and an absorbent article. 20Means for
Solving the Problems [0009] The present inventors intensively studied
about a relation between an odor originating from a petroleum
hydrocarbon dispersion medium, when t ater-absorbent 25resin
ata %%r%)so\?vg?‘e?%pn a p%%?%‘etﬁﬁ hyg o_ca?ggfrv% dispersion medium used in
»adpdudtion ofihe water-absorent resin and, 5 as a result, found out that
a water-absorbent resin containing a specific amount or less of a
petroleum hydrocarbon dispersion medium remaining therein is obtained
by performing reversed-phase suspension polymerization at multi-stages
D1 sof twenranere stages invihedqreduction of the water-absorbent resin and
adding a surfactant to a dispersion obtained after dispersing an aqueous
Progoletion ¢fca watet<sohaltle lethyléricalhyvensaturated monomer in a
petroleum hydrocarbon dispersion medium in reversed-phase suspension
[ CG8olymerization at the first stage, and thus significantly reducing an odor in
the water-absorbent resin as compared with a water-absorbent resin
obtafitdIRAhe eonbehfiSnal 57 0010 2 Ve FhALR, the prasetdiddsdre
wadelates 1o a water-absarbent reC?in obtained byvsub'ectin(%_an ag[ueous
Solution of & water-soluble athyiemically inSatirated fonomet 1o
susRAEdPhase suspepsiongplymerizaion ) aperaigunydrocalhon,
ispersion medium in the presence of a surfactant, wherein the amount of
renthe:petoleum hydrosarhon, dispsrsion.megium remaining inthe s 5 on
water-absorbent resin is 2,000 ppm or less. [0010a] In one aspect,
mecthere isspravided-awatet sabsprbent resinpbtained by subjesting anion,
agueous solution of a water-soluble ethylenically unsaturated monomer to
ancreversedushbseisigspensiondpolymérdzationiing petroletimehyardcarbenm
dispersion medium in the presence of a surfactant, wherein the amount of

vy dpedgetidtéurtt - hyfdcakson BRpérsion Mediurhteniamifg imthaorbent

water-absorbent resin is ‘ ) _
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,



5a 1,000 ppm or less. [0011] The present disclosure also relates to an
absorbent material and an absorbent article using the above
water-absorbent resin. [00114a] Accordingly, in another aspect, there is
provided an absorbent material comprising the water-absorbent resin as
defined above and a hydrophilic fiber. [0011b] In yet another aspect,
there is provided an absorbent article comprising the absorbent material
as defined above held between a liquid-permeable sheet and a
liquid-impermeable sheet. Effects of the Invention [0012] According to the
as presentdavention, itdsipessibletto Spravide & waterabsorentisesin  resin
suitable for use in hggieni,c materials, which haﬁeasrseduc d odor
tr

COTYTRALNG from a patrolburh hydroehron dispersion madiunt, whsh the ="
hydvatee-absorbént resin absorbsdiater. ZAmabsorbent. nmaterial and arbtained

by ?‘b%og%%%icleys%n&'gfedwg%g-saebsomgggessi%gf 10the present s on o+
m%entlon are %ost suitable for use as hyglemc materials ecause of less
mu Hiscomfortduecfo gelferatiofof an vdedsBestMdde for Caraig Gutthe the

waﬂ@%ﬂgggbyﬂgg%3]resin and adding a surfactant to a
dispersion obtained after dispersing an agueous solution of
a water-soluble ethylenically unsaturated monomer 1in &
petroleum hydrocarbon dispersion medium in reversed-phase
suspension polymerization 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 subjecting an aqueous 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



The water-absorbent resin of the present invention is a water-absorbent
resin obtained by subjecting an aqueous solution of a water-soluble
ethylen_cally unsaturated monomer to reversed-phase suspension
polymerization in a 20petroleum hydrocarbon dispersion medium in the
presence of a surfactant, and the amount of the petroleum hydrocarbon
dispersion medium remaining in the, vgater-absorbent resin is 2,000 ppm or
less. [0014] 25The amount of the petfoleum hydrocarbon dispersion
medium remaining in the water-absorbent resin of the 7 present
1, @)r%erg ion is 2,00Q. ppm or less, preferably 1,500 ppm or less, more
preferably 1,000 ppm or less, still more preferably 750 ppm or less, and
[Oleveh more preferably 500 ppm or less, in view of reducing an odor
originating from-a Spefraleumshydrocarken dispersion medium, whendhgent
water- absorbent resin absorbs water. Although sensitivity to an odor
ra/afibe defEdinty onthE 4ind Bf thé petroléunt'fydidcarbon dispérsion®ter~
ab snedignt when the amount of the remain ng medium is 2,000 ppm or less,
0 6tlli jlt that an 10odor was significantly reduced as compared with a
absorbent resin of the conventional art, The amount of the
remaining Medilm is 500 ppoibrless; iresults intthedevebwipereditifed an
oo QYOI Bl o1 210G prESENLdnvalon, Ihe camouny ol aqemaling o

15petroleum hydrocarbon dispersion medium" is the value measured by a

de egstrigometiistPdéescribeardreiraiter oo s)
[0011b]

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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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 hydrocarbon dispersion medium remaining in the
water-absorbent resin, that is obtain%d by subjecting an aqueous solution
of a water-soluble ethylenically unsaturated monomer to reversed-phase
suspension polymerization in a 25petroleum hydrocarbon dispersion
medium in the presence of a surfactant, to be adjusted to 2,000 ppm or
less. 8 [0016] As a conventional reversed-phase suspension

cf olymerizatign method, a method of adding an aqueous monomer solution
&% dispersion medilim With™a surfactant 5dissolved therein under stirring

Oéq%’/sperse the aqueous monomer solution in the dispersion medium.
owever, regarding the water-absorbent resin obtained by these

holymerzationmethods, anoriot ajginating fom he dispersion edhn o

was felt, when the water-absorbent resin 10absorbs water. [0017]

prdhedsoductionof a.waterabserbent resia by a:reversed-phase i n
suspension polymerization method, a petroleum hydrocarbon having a

hydhgiling-peiat ef-alkdut 80.4011k51 30&sisaustaly:used asaxdispersion: t i ng
medium. Therefore, it was found that, although it is considered that an

frogdor ariginatihgfrorm addispersioprmeéditipe isseduced by eating at thehe
temperature of not less than the boiling point of the dispersion medium,

Waqﬁﬁﬁﬁ@%ﬂﬁ@ﬁﬁﬁhdg%ﬁéqoﬂbsOrbs water. An 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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20decreasing effect and little 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 250btained by.a reversed-phase suspension
polymerization method, it was found out that a small amount of the 9
dispersion medium is confined in particles of the water- absorbent resin
and an odor is felt by efflux of the dispersion medium, when the

PT &dtef-absorbeht resini &bsorbs Water 5{0019% s s, mrsrier toprevenbthe
dispersion medium from confining and remaining in particles of the

PPy &ter-aBScTbePrasim thié preseht invehtdts iomtinted Pensivd-Study ™o r e

d found thod of effectively decreasing the amount of the
prei%%r%%?n?nzgépg%%r? Jr“ne%?ﬁ%rﬁ byad}sdzeergf% af?logﬁué)oru%gr%gﬁgljr%r 00

pprfdtiopdo he fisnersign Medidm and 30dng auiastan 19 e Eegs[‘(‘)%%%? a

dispersion, followed by reversed-phase’suspension polymerization:

peth®Ihatis, the;methad for obtaipingthewateabsorbentresingf thee o -

present invention includes, for example, a method in which the
abdeversed-phasersuspensios peltmerizationispesiorrmed at multistages ofn

two or more stages, and the reversed-phase suspension polymerization at
od@0the first stagerisrperformed byh A kddding antdgriepas solutien of a

water-soluble ethylenically unsaturated monomer to a petroleum
hydrocarben 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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hydrocarbon dispersion medium to disperse the aqueous solution in the
dispersion medium, 25(B) adding a surfactant to the resultant dispersion
to further disperse the aqueous solution, and 10 (C) performing the
reversed-phase suspension polymer%'zation using a water-soluble radical
polymerization initiator, optionally in the presence of an
internal-crosslinking agent. 5[0021] Examples of the water-soluble
ethylenically unsaturated monomer used in the step (A) include monomers
L00H&ving an acid group, such as (meth)acrylic acid ['(meth)acrylic' means
"acrylic" and "methacrylic”, the 10same shall apply hereinafter]
2-(m%ﬁ1)§c&%?ﬁﬁ%@-%@ﬂwy@%’ﬁéﬁ&%ﬂ%ﬁ:‘sﬁi&%ﬁa?ﬁaﬁéf&”acid, and
lsalts thereof; nonior%iﬁ unsaturated, m nomers s ich as gmethglacrxlamide,
po Mﬁ{?-aﬁrﬁea’th)i/f(\rrﬁe%e)acr?ﬁidml er,nle-“ﬁff ro%yetﬁyl f ﬂé{hf'aérff]gteea?nd‘S

monNiGthylolmeth)acyide; 15 and.aming group-contaning unsatrated., ,

monomers such as diethylaminoethyl (meth)acrylate and

a1 sdisthylamineerapyh (metacrylate, andyquaternized-monomers theareel: s
These water-soluble ethylenically unsaturated monomers can be used
monaleae, erdweoraramotekinds ofithens ean be usediinr20cambination. [0022]
Among water-soluble ethylenically unsaturated monomers, (meth)acrylic
regacid and atsalt theteof-ahd tmeth)acrytamide @ré preferalite invieneof
industrial 25availability. When the water-soluble ethylenically unsaturated
polymerization methods, an odor originating from the
dispersicn medium was felt, when the water-absorbent resin
absorbs water.
[O0L7]

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 medium. Therefore,
it was found that, although it is considered that an odor
originating 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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11 monomer has an acid group, it can also be used as a salt after
neutralizing the acid group. [0023] Examples of an alkaline compound
used when a monomer 5having an acid group is converted into a salt by
neutralization include compounds oféithium, sodium, potassium and
ammonium. When the monomer having an acid group is neutralized,
the neutralization degree is preferably from 30 to 90 mol% 10o0f the acid
. group of the water-soluble ethylenically unsaturated monomer. When the

di spstiralizatisit degielis |65athan 30 mbI9pthé Heidgroup i5 et vadifr
ionized and water-absorption capacity decreases, and therefore it is not

abSGERSHEY. WReR tHE FeutraliZ8fion d8greetis nidrethan 1596'mdéi96 safety
:ésues.may arise wrlen ﬁsé%d as ngdig igrrrgai%erigt!&5 QQQ trrlerefore it is nat

W Hreterred. (024" ¥ ous

3 Fiha SShE 208
€ concentration of the monomer in the aqueous
warSolution of the water-soluble ethylenically unsaturated 20monomer is from

20% by mass to saturation concentration. If necessary, the aqueous
[ 0osolgtion of the water-soluble ethylenically unsaturated monomer may
contain a chain transfer agent and a thickener. [0025] 25Examples of the
chain transfés agent inckrdercompaundlisssuch:assthiols, dhiolic aeiss,
secondary alcohols,
confining and remaining in particles of the water-zsbsorbent
resin, the present inventors continued intensive 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.
100207}
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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12 hypophosphorous acid and phosphorous acid. These chain transfer
agents can be used alone, or two or more kinds of them can be used in
combination. [0026] 5Examples of the thickener include carboxymethyl
cellulose, hydroxyethyl cellulose, hyg oxypropy! cellulose, methyl
cellulose, polyethylene glycol, polyacrylic acid, neutralized polyacrylic acid
and polyacrylamide. [0027] 10Examples of the petroleum hydrocarbon
dispersion mediumelude aliphatic hydrocarbon having 6 to 8 carbon

(ClatBfis! SlieH &8 ntHexap@Y fiHeptand: 2smethiiieanes 3- ethyilsexamet 1on
.and n-octane; alicyclic hydrocarbons having 6 to 8 carbon atoms, such as

U5 1R IGhe%anE "mathyitytiopentare® 1 satit iatylditioekansiand =0
aromatfic hydrocarbons such as benzene, toluene and xylene, [0028

oD g Modd et Gt bearmon Hop SR HadionC Bt bbbt e

agelﬂnaq selected from an aliphatic hydrocarbon 20and an alicyclic
hydrocarbone, each having 6 to 7 carbon atoms, or a mixture thereof is

[ o ogreferably used as the dispersion medium in view of industrial availability
and the low cost. [00291 25The used amount of the petroleum
hydraearhon«lispefsionanediuaris ssualy. Fom:-5Q te:60@ pants by mass,

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 guaternized 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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33 more preferably from 50 to 400 parts by mass, and still more preferably
from 50 to 200 parts by mass, based on 100 parts by mass of the
agueous solution of the water-soluble ethylenically unsaturated monomer
in view of uniformly 5dispersing the aqueous solution of the water-soluble
ethylenically unsaturated monomer and facilitating control of the
polymerization temperature. [0030] In the step (A), when the aqueous
solution of the 10water-soluble ethylenically unsaturated monomer is

moTHeHed dntbdigperded tn tHeopétrolétintiiydrécarbok dispersion medigmlin
the presence of a polymeric dispersion agent, it is effective to decrease

2 TYRE AHSOUnt o et femdiRmgsetfol &t Hydrocarbon dispersion medium.

031] It is preferred to select and use, as the polymeric dispersion
[0 . . . .
agent, those which are dissolved or dispersed in the petroleum

hydrecarhon dispersign medjumito be used, and examples ofthe . 1o

polymeric dispersion agent include those 20having an average molecular
naweightef 20,000 grless, preferably:10,090 of less, and morg preferably
5,000 or less. Specific examples thereof include maleic
newanhydiideimodified polyethylene; maleie anhydride-meadifieddi um,
polypropylene, a maleic anhydride-modified ethylene- 25propylene
potcopolyrers adnaleiccanhydride-ethylene copolymer, a maleic
anhydride-propylene copolymer, a maleic anhydride- 14
ethylEh&Iprépylefie Rep6IyniEt Vpélyethylehel folypropylere, aputralized,
ethylene-propylene copolymer, oxidized polyethylene, oxidized

=P pdiypropyiens ar RidiZed SthyleRe HOPYIERE Copofyfiflr,ah =© 90 mol¥
of ettﬂgleggié;r%i:go%%d 8%p%lxg]evr\r’aettg¥l—solubie 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,



10

20

5cellulose, ethylhydroxyethyl cellulose, anhydrous maleinated
polybutadiene and anhydrous maleinated EPDM
(ethylene/propylene/diene terpolymer) [0032] Among these, at least one
kind selected from the 10group consisting of maleic anhydride-modified
polyethylene, maleic anhydride-modified polypropylene, a maleic
anhydride-modified ethylene-propylene copolymer, a maleic
anhydride-ethylene copolymer, a maleic anhydride-propylene copolymer,
LYPR SR anhgdideethyleriedpiopy ecctpolymeri $5pol/ediffenda in
polypropylene, an ethylene-propylene copolymer, oxidized polyethylene,
trEgidized peRIpropyténe Bfid dnoxidizEd EthyeneBrop§leneCopolymatss ©
n epre}‘:ea{]&egé§L003c53éél'hﬂe},}adcdétrin\gei{r;l}rg,gugg1 of the polymeric dispersion agent
“"%3bis pre erabllly’ parts by mass or iLessf more preferably from 0.01 to 3
[0 cRadts 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

ethytepically eisatarated menomen dvhen the additive amount ef.the
25polymeric dispersion agent is more than 5 parts by mass, it is not

celaconomric, being oot preferable: 119 10034] hyJdihentheagueods lulose,
solution of the water-soluble ethylenically unsaturated monomer is added
me tipyand-disperseddn thevpertlevemgdrocarbon dispetsien nyédioms thed,

agueous 5solution of the water-soluble ethylen cally unsaturated
neutralized polyacrylic acid and polvacrylamide.

[0GZ27]

Examples of the petroleum hydrocarbon dispersion
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.

[0028]

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.

[00289]
The used amount cof the petroleum hydrocarbon

dispersion medium is usually from 50 to 600 parts by mass,
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monomer is dispersed by stirring. However, stirr conditions vary
depending on a desired dispersed droplet diameter and therefore cannot
be determined unconditionally. The dispersed droplet diameter can be
adjusted by the 10kind of a stirring v¥i£|g, the wing diameter and the
rotation number. [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

Mo Nfhahifactiredlby SKHitiko ParftecH €6, 1ady,sa MAXBISENDampetier 1 1

(manufactured by Sumitomo Heavy Industries, Ltd.) and Super-Mix
O N FHUTAGR G Y By §5%Re5@hé%ﬁic%3§q%ﬁﬁt Rifg™156). %‘[6@%]% 100

A surfactant is added to the dispersion obtained in the step %A) and ﬂfh} .
paratqsue%ﬁs%%fustio%%f%ﬁee Wa “ﬁ%&b@% ﬁy %r?i%aﬁyftuﬁgla?u% & Moho g’rle

ecriy dispersad n tbe Aekiolem pyAigeathon dispeipioy @5%@ ten (§)

[0037] Examples of the surfactant used in the step (B) 16 inclu
1 Jpnienic surfactants such-as;sarbitan fatty-acid ester polyexyethylene

sorbitan fatty acid ester, polyglycerin fatty acid ester, polyoxyethylene

et rglyearin-fatty acichestet; suceosedatiyracid estar, semiitol fatty:pacidestero
polyoxyethylene sorbitol fatty acid ester,

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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polyoxyethylene alkyl ether, polyoxyethylene alkyl phenyl ether,
polyoxyethylene castor oil, polyoxyethylene hardened castor oil, alkyl allyl
formaldehyde condensed polyoxyethylene ether, polyoxyethylene
polyoxypropyl alkyl 10ether, polyethﬂiene glycol fatty acid ester, alkyl
glucoside, N-alkyl gluconamide, polyoxyethylene fatty acid amide and
polyoxyethylene alkylamine; and anionic surfactants such as fatty acid
salt, alkylbenzene sulfonate, alkylmethyl taurate, polyoxyethylene alkyl

e thoHetYF ethe? A B GHEte CRBIYOXTRtHyleRe BliG/ T BiheF BElfateClypropylene,
polyoxyethylene alkyl ether sulfonic acid and a salt thereof,

an di%‘dx%}%ﬂ?y@ﬁéjﬁl&%ﬁ?ﬁerﬁﬁ@ﬁ%e%%sﬁé‘ﬁ@é&ﬁ%n%oalé’&lFﬁ?éJr&@f‘?and
.polyoxyethylene alkyl ether phosphoric.acid and a salt thereof. These

R AT A S e ter Sl

cospetip sombinatian, 10036 M%&@eé&%”f@&[{;ég%?é}%a%&@ﬁkind

selected fro e group consisting of polyg rin fatty acid ester,

ce1258UsEase fatty wrid, ester. and sorbitan fatly aeid, estenare.preterred in
view of dispersion stability of the aqueous 17 solution of the water-soluble

ma lethylentcally chsaturated snenemer. F0039] rou s The hdditive adnauriof
the surfactant used in the step (B) is preferably from 0.01 to 5 parts by

(e ndss rendomore preferablyefromtG:05 ¢d 3sarts-by mass, based on 100
parts by mass of the agueous solution of the water-soluble ethylenically

[ 0Ogfaturated monomer. When the additive amount of the surfactant is less

than 0.01 part by mass, 10dispersion stability of the agueous monomer
solufi ong thg%e, at 1e§gt one %ing 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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deteriorates, and therefore it is not preferred. When the additive amount of
the surfactant is more than 5 parts by mass, it is not economic, being not
preferable. Although there is no particular limitation on the 15form of the
surfactant added in the step (B), a rrj}%thod of 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),

(0G4 4ldition to the surfactant, the polymeric dispersion agent can be added.
The additive amount of the polﬁme[ic dispersion agent used in

comBii&fiort With 1HE SHHECRRL s preferably 55555ty fastor fess,

_.more preferably from 0.01 to 3 parts by mass, and still more preferably
e e P D i T e R e e rsea

i n aqueoys.splution of the water-soluble ethylenically ynsatyrated monomer,.. .

When the additive amount of the polymeric dispersion agent is more than

s012:paes by mass: itiis pet-econamic.being not Spreferable;~inee ther o g
polymeric dispersion agent to be added can be dispersed and stabilized

morwithim aishaoft time ra enethed of usingrthe palymerie dispetsian-agent in a
state where the polymeric dispersion agent is dissolved or dispersed in a
congmalt amount.of/a dispersion etnedium wisikel Iehkatihgir advancerisp Let
~ preferred. [0041] The dispersion obtained in the step (B) is subjected
a1 op5EGersebhhialse Stkpéfisita pofimérizativh SoptidHafly 1 fe presence 1 1 v -

of anTméerggls_gggggnck(irég:g%%%ttuségga%eter can be adijusted 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)



10

15

20

25

15water-soluble radical polymerization initiator to obtain a polymerization
reaction solution (step (C)). [0042] Examples of the water-soluble
radical polymerization initiator include persulfates such as potassium
persulfate, 20ammonium persulfate fgd sodium persulfate; peroxides
such as hydrogen peroxide; and azo compounds such as 2,2'-
azobis(2-amidinopropane) dihydrochloride, 2,2'-azobis[N-(2-
carboxyethyl)-2-methylpropiondiamine] tetrahydrate, 2,2'-

1nGZeBs(Timireulisy riokdifo-2andthy propane) 25difydicchlcridetandic1d
2,2'-azobis[2-methyl-N-(2- hydroxyethyl)-propionamide]. 19 [0043]

25 Uthong W%@W&Eﬁ-‘é&)ﬁfb@e rathial oty mériZation fritlafo?s Potassium

persulfate,.ammonjum persulfate, sodium persulfate and \ )
PO L b0 armbproane) ey drehicHde are prbféied s bt

£ 2 Availability and ease of handlinge . . Jt gscaﬂaoagg%sg@e to Use, as aredox

polymerization initiator, the water-soluble radical polymerization inifiator in

aciGprekination with yeducing agents such:as-10sulfite andascarhic agid,
[0044] The used amount of the water-soluble radical polymerization

polipitiates i$ usually fearm @10k tn & parthy Masy based ond 001parts bysmass
of the water-soluble

ether, polyoxyethylene castor oil, polyoxyethylene hardened
castor oil, 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 polvyoxyethylene 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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15ethylenically unsaturated monomer. When the amount is less 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 n t7preferred 20Although there is no
particular limitation on timing of the addltlon 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
solethylehicafly thsatdrdted nioHomerinddvanee 1250045 Exariples ot the
internal-crosslinking agent used 20 optionally include polyols such as
ner@ofyjethylene glycol ["(poly)" means the case where a prefix "poly" exists
goo%rg ot, the same shall apply hereinafter], 1,4-butanediol, glycerin and
trimethylolpropane; polyunsaturated esters Shaving two or more vinyl

groups oblained by reacting polyols with an, unsanrated QQ'QQS%'? Fhe

acrylic acid or methacrylic acid; bisacrylamides such as N

s t sethylenebisactytamide; @nﬂmﬁ&y@y@@ylﬂ@@%@@éﬂ%fmﬂ%w moFe
glycidyl groups, such as (poly)ethylene glycol 10diglycidyl ether,

mo ripohyyethylenelglyaat siiglycidyl ethers (paly)glycein-ehiglycidyletber, on 100
(poly)glycerin triglycidyl ether, (poly)propylene glycol polyglycidyl ether

pardrd tpoly)glyeerof polyglycitdys ethier sThedel interndlctosslinking agenisible
can be used alone, or two or more kinds 150f them can be used in

e thaerbihation. [0BA6] & 2 Thecadifiiid gnount bf thelififerAaiidrbsslinking
agent is preferably 3 parts by mass or less, more preferably 1 part by

AMORAES BF lesaCafiy SHilf Mote 20prefefably 160,601 to B bart By Hhass,

dlS%%%%ygklg%ablllty of the agueous monomsr 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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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 qﬁferred 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

ma SresBAtiATefiontdridsddepentihg 6t thekind andaiicantof iid utton of
polymerization initiator to be used, and therefore cannaot be determined

Chyritohgitionafly, bt i preférably from 20 F008, Saric mbra prétérably 7

cnd1A0.0,90C, Whep the.reaction A0tempgrature.js lower than 20, the
polymerization rate may decrease, whereas, when the reaction

moEMPeLtuEe ishigher than 100C, arapid polymerzation reaction arises,.

Therefore, both cases are not preferred. [0048] 15The size of particles
pre@giaineddy the pelymerization ohihe water-seluble ethylepically t o be
unsaturated monomer at the first stage is preferably from 20 to 200 pm,
adcmore:preferablii fsom:30:t0 E50ipmt; ahd Stilt eabre prefenably froor40 tdme ,
100 pm, in terms of a median particle size in 20view of obtaining a proper
a rggdregated perticle siZecatmultivstage poysrerization. Fhentfedian a state
particle size of the first-stage polymerized particles is the measured value
Wheé’@paﬁﬁ@l eBobidiRed by @éﬁ%ﬁéﬁéﬁ%n‘ﬂ‘?&’rﬁ’ﬁg “aiftett l:%ﬁfplléf't‘?d% 6fthe

olymerization at the first stage.
dis%e%sed ?n a small amoUnt of a dispersion medium while

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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25[0049] To the polymerization reaction suspension obtained 22 after
completion of the step (C), the aqueous solution of the water-soluble
ethylenically unsaturated monomer is added and, subsequently,
reversed-phase suspension polymef{i ation 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 aggregated
particles obtained by the polymerization at the first stage thereby adjusting
[0Gfeé barticle size suitable for use in hygienic materials. 10[0050]
Therefore, it is necessary to decrease the function of the surfactant so as

not t6 6T indEpEhiddht droplete By fife agedis sltion 6ra 22t on

i yaler soluble etylenically unsaturated mongmer af the second stage. For
examp?le, the" aggregate8 particles car be%%?alne(?b? cooling after

socCMmplgtion of the polymerization at ihe firststage and 4dding.a..
water-soluble ethylenically unsaturated monomer at the second stage at

dirtbe temperature-atwhich the surfactantisprecipitated- 20 The method is g
not limited to the above method as long as it is a method capable of

ea sabtathing:aggregated particles by the addition of the water-soluble
ethylenically unsaturated monomer at the second stage. [0051] 25The
amolnt ofthe remairiing dispersion niedium<an becfivthep décreased dyion

~performing reversed-phase suspension 23
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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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
Smonomer at the first stage. The king, 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.

oPYbfos2lY 1nThePolynterization Thifidtor fo BE added 16 dhHRiedlE cOL

Cw §Iliti0£,pf a water-soluble ethylenically unsaturated monomer at the
L

QoNd staye Cah A188 belised Aier appropiitely selsttifg figh fiose®~
ifi the 1 | ization initiat d in.th | izati t
no @Xe?}Pé' ied as s%%i]sjp[o r%’g?pi'ﬁj%%%’ﬁnﬂ%%%uﬁ 'nJ[ E—F}Q&/t@%nﬁgﬂa

the first stage. [0053] If internal-crésslinking agent and a

g1 Fhain transfer agent Isa he gdded to the agueoys.20salution.of the

water-soluble ethylenically unsaturated monomer at the second stage,

haanecande usedafter selagting;fremdtbose exemplified during.the, o
polymerization at the first stage. The additive amount of the water-soluble

po R2bethlylenicallyzunsatarated mondmer at the:second stage is preferablyor
from 50 to 300 parts by mass, more preferably 24

methacrylic acid; bisacrylamides such as N,N’-

methylenebisacrylamide; and polyglycidyl 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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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 stage in view of obtaining
appropriate aggregated 5particles. [9054] 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

_10size of aggregated particles can be controlled depending on the

15 Grecipitaled stae GFHHE SUffac@htandthe fatio st thé affoust biihes
etﬂylenica I){ unsaturated monomer at the second stage to the

it ﬁ%hfé%hy‘énél&ﬁ?gﬂ%& MroMer st tRé first stage 15The median

n Ooo4a{5icle size of the aggregated particles suitable for use in hygienic
materials is preferably from 200 to 600 pm, more preferably from 250 to

500 prn.. and still more preferably from 300 1,450 pm. Q0551 20Although

the reaction temperature in reversed-phase suspension polymerization at

sudpe:secend stagearies-depending emthekind and amountofdhe varies
polymerization initiator and therefore cannot be determined

depgnconditionally,Haut ks préeferabdlyetrom:20 tofl00C, and:2omerezpreferably
from 40 to 90C. [0056] 25 Furthermore, for the purpose of improving

1nigroduetivity> midti-sege revedetiphasé suspension polyenelization vand
be performed by performing the polymerization reaction at the third stage

RS bisetiient Setade Simifarks féverséd-phasé Busperision: 09°¢, and
morpeOI r:?ggé%:% nl?}t t%]gosn?cggdgéa eOL%O.57]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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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 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 15polymerization, the crosslinking
density of the surface layer of water-absorbent resin particles increases

a f g weroes pekformancés sucty as weter-abisorption eapacityurnider foad; £
water-absorption rate and gel strength can be enhanced, and thus

thy mb%‘ﬁ%“ﬁéﬁ&lﬁ%ﬁc%wﬁ@mé%f&ge 2By HTSHE PateRaIs 0058

adcﬁ gos crosslinking a%ent to be used in the i%gstcrosslinking reaction is not

pa tic?ur-i y fAitST 28T0Nd &s it'Cah Teactwith 2 Fanciomaf §roup derived

f }he g%water-solq:qge ethyleni%all unsaturated monomer, used in the
1 %@ T L1 ) (e
ge p90 ymérzlzatl:bcr){1 2a6 eE)?arﬁpc))Irés o%/&aegSosjt?crggsﬁlnﬁﬁaeagent to be

usedjnclude polyols such ag gthylene glyeal, PLopyIgnegNeely 1 enically
1,4-butanediol, trimethylolpropane, glycerin, polyoxyethylene g%/ycol,

un sROly@e/peapyieneglyeoland pelyglyeesin polyglycidy compoyngds stighto
as (poly)ethylene glycol diglycidyl ether, (poly)ethylene glycol triglycidyl

a g pther (poly)giyoerinldiglycidykether] (poly)glycerinitriglycidykethen, at the
(poly)propylene glycol polyglycidyl ether and (poly)glycerol polyglycidyl

firg@hers haltepokg 19e8mipdilings sueh &8s epichiordbhydrirt ‘eptoromohydrin
and a- methylepichlorohydrin; compound having two or more reactive

Lor Héfordt gfolips® forexaniié liddcyanate compounds such as

‘o O?5,6-tolylene diisocyanate and hexamethylene diisocyanate; oxetane

- corﬂpounds such as 3-methyl-3-oxetane 15methanol, 3-ethyl-3-oxetane

methanol, 3-hyty }'3£9X§t§‘2§§'%%t9§%%'§/3%e%‘¥ k%éoa%(g%a”?h%thfﬂ%'cuon

3-ethyl-3-oxetane ethano 3-butyl-3-oxetane ethanol; oxazoline

of Gonpeundsssuchas 1.2-ethylenebisgxazaline; and carhonate gompounds 1,
such as ethylene carbonate. These post-crosslinking agents
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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20can be used alone, or two or more kinds of them can be used in
combination. [0059] Among these, polyglycidyl compounds such as
(poly)ethylene glycol diglycidyl ether, (poly)ethylene 25glycol triglycidyl
ether, (poly)glycerin diglycidyl ether giooly)glycerin triglycidyl ether,
(poly)propylene glycol 27 polyglycidyl ether and (poly)glycerol polyglycidyl
ether are preferred in view of excellent reactivity. [0060] The additive
amount of the post-crosslink ng agent is 5preferably from 0.01 to 5 parts

Po lijfvass Faddmoré preterabhe b G.0246 3 parts by mass, based on 100
parts by mass of the total amount of the water-soluble ethylenicall

y .
unsatdrated AfoNBATRT Subjectétfto the plyricriZtion°18[opkly Lenically

W@en the gdditive amount of the gost-crgssligking a %nt is less than 901
unsa ugate m?nomer arltb the ﬁCOI’l —STa % e S5amg as hOS@
part by mass, it'is impossible to enhance various gerformances such as

e x Water-absgrption capacity undey Joad,, water-absarption yrate and, gt%l%rated

strength 150f the resultant water-absorbent resin, whereas, when _
mor@gditve:amedit is;mare thap h-parts by mass; water-absorptian capacityn,

excessively deteriorates, and therefore both cases are not preferred.
degree and the neutralized salt of the monomer, and the
concentration of the agueous monomer solution may be the
same as or different from those of the water-soluble
ethylenically unsaturated monomer at the first stage.
[0652]

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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[0062] 20The post-crosslinking agent may be added as it is, or added in
the form of an aqueous solution. If necessary, the post-crosslinking agent
may be added using a hydrophilic organic solvent as a solvent. Examples
of the hydrophilic organic solvent in %de lower alcohols such as 25methyl
alcohol, ethyl alcohol, n-propyl alcohol, isopropyl alcohol and propylene
glycol; ketones such as acetone and 28 methyl ethyl ketone; ethers such
as diethyl ether, dioxane and tetrahydrofuran; amides such as
foneNLdithethy|forhaffidé; santy silifokidesidlithsdsiditethyl sulfeside rThdse

hydrophilic oré;anic solvents can be used alone, or two or 5Smore kinds of

T 3feman®e 4880 MPEdmibin4tidh. T6063F =< THe tifingRst The aldititA of
the post-crossl nki g. agent may. be after,completion of the polymerization _
O o WO BETEL T Tonor A poss bobaeiag nedran TG ret e
endrefPrahly pedgimed ina diying step.after e PONBEZAIODIN I o g2 e
presence of water at the amount within a range from 1to 200 parts by
pa MAass, &nore 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
[ 0 dbe 15water-absorbent resin. By adjusting the amount of water during the
addition of the post-crosslinking agent, post- crosslinking in the surface
layerldf pasticles of theawdtet-absorbent resin can bermoressuitabhre mixed
performed and excellent water-absorption capability can be exhibited.
unoppaee4l Py Sthiettehiseraturé it thespGst-erosshiR 7g réaétiviiglon
preferably from 50 to 250C, more preferably from 60 to 180C, still more
PO rBfer Ay froni 66 to 146C° 8RaeVeli Mhe prefdtablyrom 7o A20e.

slze of aggregated particles can be contrelled depending on
the precipitated state of the surfactant and the ratio of
the amcunt of the ethvlenically 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 cannoct be determined
unconditionally, but is preferably from 20 to 100°C, and
more preferably from 40 to 20°C.

[0056]
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25[0065] In the present invention, the drying step can be 29 performed
under a normal pressure or reduced pressure, or can be performed under
a gas flow such as nitrogen gas flow in order to enhance drying efficacy.
When the drying step is performed l.érédel’ a normal pressure, the drying
Stemperature is preferably from 70 to 250C, more preferably from 80 to
180C, still more preferably from 80 to 140C, and even more preferably
from 90 to 130C. When the drying step is performed under reduced
pressuté Hirrdry iy terfperathife BUSRferably froF B0y 10DC, and more
10preferably from 70 to 90C. [0066] The water content of the

PI Qe r-aBsdrbent tesin aftérdyingis 2096 Or 8 Sand préterably’20% or

o Iesséén viegv. of im artirg)%fluidirt)é An agmgghous ilica powd%rihcan also
b JL13§E)e added 1o the water-absorbent resin <o &5 to ﬁﬁ:&%@g fla (ﬁty. [0067]

po 1Ehe-ahsorbent material using the k@@éers%qsloab%;%asrg;én&f t@%gg%saegént

Invention is composed of particles of 20a water- ent resin an

st dwdrephilic fiber: Examplesef thgconstitytion of theabsarh atefigl
include a mixed structure in which particles of a water-absorbent resin and

at ahydrephitic dibee ars=uniformly blended, a sandwich structure in which
particles of a water-absorbent 25resin are held between layered

{ OtHydtophilic fibers, and a

After completion of the reversed-phase suspension
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
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structure in which particles of a water-absorbent resin and 30 a
hydrophilic fiber are wrapped with a tissue, but the present invention is not
limited thereto. The absorbent material can contain a synthetic fiber as a
reinforcing agent. 5[0068] The% ntent of the water-absorbent resin in
the absorbent material is preferably from 5 to 80% by mass, and more
preferably from 15 to 60% by mass. When the content of the
water-absorbent resin is less than 5% by mass, 10absorption capacity
may Béersakes |dading ™ iRErease TP iGuid éalkageraiiti ie-wet. Whers &t

content of the water-absorbent resin is more than 80% by mass, the_cost

T GIHRE aBSGrERNE Ml Hiay incieddeard tetonck 6P thelabsorfent=o L -
naterial m ecome, hard. 15[0069 Examples of the hydrophilic
Rl ioes Rt o e s

e u ose fibers ottort-li lﬂ%ro]b?éined from wood,

poi%%%ﬂ% Fulp. chemical pulp.a %Qggg@g;ﬂig%ptg@mqaggigim

cell e fibers made of rayon and acetate, but 20the present invention is

poInetlimitedionly theretor Jhehydrophilic-fibercan cantain afibermade of ane

synthetic resin such as polyamide, polyester or polyolefin. [0070]
g1 vEhe absarbent @ditlesusing the(watey-absorhent ¢esin 25of theriresent dy 1

invention has a structure of holding the absorbent material between a
etHryuid-permeatlié sheest.@topliglycidyl ether, (poly)glycerin
triglycidyl ether, {(poly)propylene glycol polyglycidyl
ether and (poly)glycerol polyglycidyl 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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31 sheet) through which an aqueous liquid can permeate and a
liquid-impermeable sheet (back sheet) through which an aqueous liquid
can not permeate. The liquid-permeable sheet is disposed on the side
which is contacted with the body, while the liquid-impermeable sheet is
disposed on the side which is not contacted with the body. Examples
of the liquid-permeable sheet include a nonwoven fabric made of
polyethylene, polypropylene, polyester or polyamide, and a porous
polsyithetictEsinsheet. BXamples 10obthediguid-impermidable sheetintlade
a film made of polyethylene, polypropylene, polyester or polyamide, and a
AT FjlMTRage bF cofnposiE m! teﬁéﬁ?fﬁ@% syfthetic fesins and a
[Od} -woven fabric, but the present invention is not limited only thereto.
he size of the liquid-permeable sheet and the liquid-impermeable

she M@fi%%g%b%dgn%&%@'ig%tioc%(%%fgtrga%I@P@ﬁg@%ﬁ %{}lsi%%pe%fgﬁgg is

therefore cannot be determined uncon ore, It'is

ordhatthesize-isappiopriately agjusted acgordingto the-applications. 20

Examples [0071] The present invention will be described in detail
prd¥eway of Examples, but the presentipvertionisot limited 250niyto parts
these Examples. [0072] 32 The median patrticle size, the water
by contentpthetatzsorption. capaoity of physiotogical satire-3olutien, the
amount of the remaining dispersion medium (amount of petroleum
et HikradarBen dispersion MredidmrrenaiNiig S hiatstt schbserbert resin
particles) and the odor sensory test of water-absorbent resins obtained in
PoLikBGEdFactive Examples and Comparative Examples were evaluated by
[Ootg(f }following methods. [0073]

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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10(1) Median patrticle size 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 mare of the resin 15 passed through the

sieve, while using a combination of Sieves (B) when 50% by mass or more

of the resin remaining on the sieve. (A) JIS standard sieves were

combined in a downward order of; a sieve having a sieve opening size of
me Ypelord Bt e 26 top) % sielié havinguctieve opeaingydf 250, a Sleveane

having a sieve opening size of 180 pm, a sieve having a sieve opening

A7 6T B0/ PnC 2 STéve with i kiéve oieniAg sizelbTiaBemy & Srveanitive
sieye. opening size of 75 pm, a sieve having a sieve opening size of 45
M oni %n%%gtjragf%ﬁﬁff}lsa gtg%]aa%tgié%/'ess \f/g%eoéﬁ%ﬁiheg 4 downward
nyUAREG" asieve having sicve onening size of 820 pmatine 33 1R, o
followed by a sieve having a sieve opening size 0 00 pm, & sieve having

mo 1 SIBYe QReRning:Size0f-300 pm. g-sieve havinga;sigve gpening size of
425 pm, a sieve having a sieve opening size of 300 pm, a sieve having a
[ 0 (s#eve opening size of 250 pm, a sieve having a sieve opening size of 150
pm and a tray. About 50 g of the water-absorbent resin was placed
on thengppermostsieve of thexcombinatior,fancelassified forc20smintites g
using a Rotap-type shaking machine. 10After the sieve classification, the
29 9REs S e theSvate-absSiPent fresirPrerrainingeor therrespeetvelsisveswas s
calculated in terms of mass% based on the total mass of resin, the values

nOtyERShtegraRd Y an drdéffom tHheseBmE Wit 5 frger bartiele §i76 iy

stggg¥¥£2%iy 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
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15relations 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 straightdine, and the particle size
corresponding 20to integrated mass% of 50% by mass was defined as the
median particle size. [0074] (2) Water content About 2.5 g of the
water-absorbent resin was 25accurately weighed (X g) on an aluminum
Perdprant aflef dfyifg APTO5E Witlts RBE Sir dfier ft 2KGUrB LheSHass 3A°
of the dried water-absorbent resin was measured (Y g), and then the

Ca%v%t%r REAteREhaS caltifated b%atﬁe %I%Wﬁélgau&t?oﬁlflf’lg%%%m%ﬂsthstlow

re;mas of an.alumin mc o] fore nd after drying).
m ateI?c%ontegnt ?D?l%‘cl v u% %?(? focoa/Bi”(s Esorpt?}an cgtpgcn g )Cep
is Rysiological saling §°Er'“§?8mai 500 9.9f#.0.9 mags%,agueous solution

of sodium chloride was placed into a 500 mL beaker with a 3 cm- long
t embdpagnetic stisrep bar andpwhile stiringthe sobtionwith-a magnetiee rably

stirrer, 2.0 g of the water-absorbent resin was accurately weighed (A g)
freandadded tosthéheaker suchnthat nonmSwolen junparassieftzand tenc,
the mixture was stirred at a rate of 600 rpm for 1 hour.
and even more preferably from 90 to 130°C. When the drying
step i1s performed 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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15A gel was filtered out by a JIB standard sieve which is 20 cm in
diameter with a sieve opening of 106 pm, excessive water contained in
the gel remaining on the sieve was roughly drained with a fluorine resin
board, and then the sieve was tilted.gnd left for 30 minutes for further
20draining. The mass of the gel remaining on the sieve (B g) was
weighed, and the absorption capacity of physiological saline solution was
calculated by the following equation. Absorption capacity of

a hphysioldgiddisalin solutivn (gl =oBMA 25[0076] (2} Ameuntiof terbaming
dispersion medium 35 The amount of the petroleum hydrocarbon

PT &fiSpersionRBdilAT rentaifitl in tAe hRite-a550rbENt réSiFwak tRéastired
using a head-space gas chromatograph. g Formation of calibration curve

e S Hof 118 PRI N R i o BBt (heraiaftar S

acdE e_rred to as a "dispersion medium") used to polymerize the sample was
accurately weighed into a 50 ml volumetric screw vial and then DMF

[ o olglimethylforma ide) was added thereto to accurately make 40 g, followed
by stirring with a magnetic stirrer bar to obtain a standard sample solution.

In a 26 anlvetraetricoial biostleiho: b manytactured hyMaruemu e
Corporation), each of 0.01, 0.04, 0.2 and 0.5 g of the standard sample
ab ssotlitions was & 5aecuratelyweitihed=and Diibrwas addéd theéretartosmakend
the amount of contents in each vial bottle to 0.75 g. Furthermore, 0.75 g of
o rdistilediiwae? WasTHaddeditd eaechdial, followed Hy stdppingtwith acsepturh
rubber and an aluminum cap and further fastening. 20This vial bottle was

o \vafinéd At II6C T6r P RblrsT &Rg" s tess 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 ¢otton-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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1 ml of a vapor phase portion was collected and then injected into a gas
chromatograph to obtain a chromatogram. A calibration curve was
made from a charge amount of a dispersion medium in each vial bottle
and a peak area of 25the chromatogram (when a mixture of petroleum
hydrocarbons was used as the dispérsion medium, plural peaks appeared
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
shedigpersivhamedium icthaifihggifl Bsariple bele? ¢rof asampte teband a
. measured was charged into an aluminum cup and then dried with a hot air
114 ity ATEOSC For°2 FoGR16 acidt e RARET conteHt o a el 27
volumetric vial pottle (No.5, 10manufﬁactur%by aruemu Cor ora%)n),
294570 of e above sample Was accurately weighed and 6. 7566 DI
sneffes added And.alzo 0,790 of disglled water was added After shakdnadig
bottle and slightly stirring, the vial was stopped with a septum rubber an

bod@N aldmindmgap, fallowed 15hy-fastening (By,adding distilled water inther o
presence of DMF, a water-absorbent resin was swollen slowly and
s 1 denifeimdhand thesincluded dispetsion thedium was extracted and

detected). This vial bottle was warmed at 110C for 2 hours, and

Examples of the liquid-permeable 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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201 ml 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, 25and then converted into the amount [ppm] of the
dispersion medium contained per 1 g of the sample. 37 [0078] The
conditioms ofaigas: cpmmaitogmpbmd inltke measurementofithe the
amount of the remalnln%dls ersion m?ﬁum in the present mvcja ion are

“as follows. bModel GC 3@2@ EADSPACE Alitosamplen®"s 1€
amanofactured by SkimadzurCorporgtienFiller: Sqdalane 2586 Shimalfe

%%;%)réﬂi%i)h d%%’lj ggﬁ%?lﬁg(%! !%J%n nm p%rzla%{rg%fg%énrégt%ctor tem ge ra?u FW ater-
afg80C Detectoe FID prarticles) and the odor sensory test of
water-absorbent resins obtained in the respective Examples
and Comparative Examples were evaluated by the following
methods.
[G073]
(1) Median particle size

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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Gas carrier: N2 15Vial bottle heating temperature: 110C Syringe setting
temperature: 110C [0079] (5) Odor sensory test An odor of the
water-absorbent resin originating from 20the dispersion medium upon
swelling was compared by the followjng method. To a 140 mL volumetric
glass bottle with a lid (mayonnaise bottle), 20.0 g of 0.9% by 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
tohottleowas tightlyp Sedled 1 FRE olor ériginating: frem thedispersion 4aediamP C0
in the 38 glass bottle was determined by five panelists in accordance with
P th@ "shk-felel %ﬁBFﬁn@eﬁsut?/%ﬁd’ Eatiitmetiod showntbelo, #fd 2 sieve

evaluated b\é trée averag [OOBOL %b 2]?[0081] Ia?efjerence Examlgle 1
L3%3{s%h S00 Ecignmeygr flask; 92.0 g of 86% by miass’® "2V

sieve opening size of 300 um, a sieve having a sieve
opening size of 250 um, a sieve having a sieve opening size
of 150 um and a tray.

About 50 g of the water—absorbent resin was placed on
the uppermost sieve of the combination, and classified for
20 minutes using a Retap-type shaking machine.

After the sieve classification, the mass of the
water—absorbent resin remaining on the respective sieves
was calculated in 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 conitent
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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10o0f acrylic acid was charged and neutralized by adding tropwise 102.2 g
of 30 mass% sodium 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 ion-exchange water to
prepare an aqueous solution of a water-soluble ethylenically unsaturated
monomer (At this time, the aqueous monomer solution had a
neutralization degree of 75 mol% and a concentration of 38% by mass).

of T58 7 yBRinEtHe fivéhieked elindfitalrotime- 26B6ticih Hlask equippac
with a stirrer with two 50 mm pitched blade padd|e impellers, :
e o Gt 5 165 SBNHBr SAd S it Geh s Modt i bEZa34
fn-. 39.heptan dded.as a leum hydrocarbon.dispersion. . .
e Al (g e ion 5 B1 At N e aci 800 suluon of ®

doetgeﬂ%e%ﬁ%%‘@@ @J@ﬂ@?@aﬁ}{&né@%@eg%@%@r was added at once
under a stirring rate of 500 rpm 5using a funnel and dispersed by stirring

at anyipner-temperature of 40€ for 10 mipptes«(step(A)) [0082] Next, a
solution prepared by warming 0.92 g of a sucrose fatty acid ester

[ 0O(hdanufactured by Mitsubishi-Kagaku 10Foods Corporation, trade name:
5-370) as a surfactant to dissolve it in 8.28 g of n-heptane by warming

(3 )wab added iethecrvmddottont flasky gsing acfuniel &vd-anagaeoys 1on
solution of a water-soluble ethylenically unsaturated monomer was further

dispé’&gdqsféﬁ (@))Olg[olﬁggfﬁ 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.

L gel was filtered out by a JI3 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



Next, the atmosphere in the system was well 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
(©)). 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 21C. 25Separately, to a 500 mL Erlenmeyer flask, 128.8
g of 80 tnad8obBErVIE abltPwas haaéd andhedtraizedpy addinge4e ion
dropwise 142.9 g of 30 mass% sodium_hydroxide under stirring while

e Coling Fromt the Gutsfiet 1o tHis Weredtiteb 515 g dipotadkimmeasured

persulfate, 11.6 mg of ethylene glycol diglycidyl ether and 16.7 g of
uslcﬂgtilf}(laoeli}1 v?gt%r fo %%r%p%?eyaﬁ%a%égﬁg g%%ﬁgﬁ of a water-soluble

(2 etbylepically Unsaturated;monomer at the second stage (At this time, the

agueous solution of the monomer solution at the second stage had a
neutrglization, degree QfS-moldb-ang:aicencentiation of 44%: by, magsh um
10[0084] Next, the aqueous monomer solution at the second stage
{hewas added to thefeooted: polymerization sugpensiomatiheifust’stageed to
using a dropping funnel. After the atmosphere in the system was well
polsuirstitvied with ritogers; Ibreversed-phhse guspension polymerization at
the second stage was performed by warming for 1 hour using a hot water

VOB o 7005 AR the polyATeRizaiion redhion &t iRt bedorerstage o2 ) 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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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 solution 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

angilbeth af 120Ca ndheptéric: AAg Watdrveraieiovedeoff thersystdm byl
distillation, followed by drying under a nitrogen gas flow to obtain 234 g of

valdiater-dotorbemt Esii Havinithe shape Gtaggidgated spherical

0 icles,s water-absorbent resin had a median particle size of 310 pm,
absorption capacity of physiological saline solution of 63 g/g, and a water

(kﬂ“ﬁ@ﬂgéﬁéﬁg@éAd§egmgdﬁﬁn%%5%%%'Q¥gﬁ%yiﬁggg%§ﬁ5@%§ﬂé¥kg in
pm). 10[0085] Example 1 According to the same manner as tﬁat 0
sanfp@ference Example 1, except that a solution prepared by warming 0.92 g
of a maleic anhydride-modified ethylene-propylene copolymer
15(manufactoreg byrMitswizGhemicals, Hac.yitrade: name: FWA% 1305A) nt o
to dissolve it in 8.28 g of n-heptane by warming was added as a polymeric
an dispersionragent afteradding adsolationvota sarfactantinrthe step: (B)tof
Reference Example 1, 2369 of a water-absorbent resin having the shape
100206 régdted sphéfical paricles Wwas wbtdned orHis Water-

absorbentresin had a median particle size of 403 pm,
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 sanmple 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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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 added and this
was neutralized by adding drop se 1%;2 g of 30 mass% sodium
hydroxide while cooling the flask fromn' 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 ion-exchange water to prepare an aqueous solution of a

[ OGvdter-soluble ethylenically unsaturated monomer. To a 2 L volumetric
five-necked cylindrical round- 10bottom flask equipped with a stirrer with
two 50 int eHifehad blate faddié iripémsia t& tHeronveter alfefltike
condenser and _a nitrogen gas introducing tube, 334 g of nheptane was

M Sded S 4 petroleli RYirGEarboh didiferSiohméditih Sid8%2% BFa

aleic.anhydride-madified ethylene- 15propylene copalymer
TAUTADLAGa ) G Chary e, e b Rarhar HHAAX 1105) was
Mo@dded@s.a pelymericdispersionagent and then this, was warmed-o ., -«

dissolve it. After cooling to 61C, the aqueous solution of a water-soluble

by ethylenigally uasaturated gronomer was added at once 20 under a stirring
rate of 500 rpm using a funnel and then dispersed by stirring at an inner

Fi temperature0f40C fordl Gmimués (ste (A (0087 Next, a solution
prepared by warming 0.92 g of a 25sucrose fatty acid ester (manufactured
by Mitsubishl-Kagake Foods Corporation, trade name: 3-370) as a

surfactant to
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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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 dispersed
(step (B)) 5[0088] Next, the atmosph%re 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 warming for 1 hour using a
gl aet wetsitbathvat 7 08 (stepueyd by Afterccopapletiorsofthen accordance
_ polymerization at the first stage, the stirring rate was increased to 1,000
“1GBnt-aRd the nef téhpératire Waiowered i absit 23 15j0089]” shown
. 1S§Aparateil)y, 1o alSOO m %rlenmeye;r flask, 128.8 g of 80 mass% acrylic
P 48d WA AddEd At réutraiized By aduiig dropwise 142.9 g of 30 mass%
ium hydroxide under stirring while cooling from the outside. To this
were 20added 0.15 g of potassium persulfate, 11.6 mg of ethylene glycol
Tz1diglyeidyl ether and 16.7 g of distilled water to prepare an aqueous
solution of a water-soluble ethylenically unsaturated monomer at the
S1gatbhdstage. Nexd; the agueous manomerisolution at the second stage

SV AR R DSidled-to-the-cooled-pelymerization-duspension using a dropping
5 W Crong odor” vas 44

Tr a

ong od

3 Easily recognizable odor
2 Recognizable slight odor
1 Barely sensed odox
0 No codor

[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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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,
Sthe reaction solution was heated usigg an 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
heptane. To the resultant heptane dispersed dehydrated polymer, 8.2 109

he Rt arS, St edtid SO I b0 rRERYIeNE By B dig eIy sthef agRe T s+ on

e iogt-crosgling%%afggnt was Ig\g eg an tpg postcrosslinking. reaction was
at 01> AU Afterheting using ar ofl bath &t £20¢E 0 S

ST
performe

so MEERANE Andwater were remoyad off the ;X%E@agé?ﬁ%%@{‘ rated

15followed by drying under a nitrogen gas flow to o gofa

mor¥aler-ahsarbent resin having dhe; shape of aggregated sphericglkpatigles,,
This water-absorbent resin had a median particle size of 352 pm,

us iabsosptioneaacity ©f physielogical 5aline:-solution; 0£62 gly, anda-water
20content of 5.6% (A median particle size of primary particles of this
tempates-abserbent FESIN istabout G0rpm): {8690] Example 3)
According to the same manner as that of Example 2, 25except that a
L 0Cphdtion prepared by warming to dissolve the surfactant and, then, 0.92 g

of an oxidized ethylene- 45
Next, a sdlution prepared by warming 0.92 g of a

sucrose fatty acld 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
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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, 237 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, absorption capacity of  physiological saline
solution of 60 g/g, and a water content of 5.1% (A median particle size of
dr gitim&y 1opartitlés Rfabdut i), JOCH I EXaniple alde Agestding to
the same manner as that of Example 2, except that a solution prepared by

S©yhdrhifg YO disSolva® i 158,528 Gof miXfieptané by warming® blo2 §'5f ©
etraglyceryl stearate (manufactured by.Mitsubishi-Kagaku Foods
ad <§ % ﬁt% g og poéas%\ﬁyiﬁslraﬁég%\f%%ezg%%“%g ofo t%&éi}“ ne

. 3 1’1’1? ﬁ
orporation; trade name: a sucrose fa \'4

o1:£38r (Mapufactyred by Mitsubishi-Kagaky, Faeds, Coraration, frade,
$76

name: 8-370) was used, and the 20reaction solution was cooled to about
ore2QG-after.completion of the:palymesization,at-the firstistage in the step (B)
of Example 2, 234 g of a water-absorbent resin haying the shape of
et raggredated spheriealparticles sphericat patticleswas obtained This (At
water-absorbent resin had a median 25particle size of 293 pm, absorption
thicapagity of physielagical salinelsohition ef58 gy, and awates A6 coment ©
of 3.0% (A median particle size of primary particles of this
thaygerapsorbeht Fedit i abdtit 7045 M) 2ODOONEL&%pRes ©f 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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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 (man‘{ﬂfactured by Mitsui Chemicals, Inc.,
trade name: HIWAX 1105A) in the step (A) of Example 2, 240 g of a
water-absorbent resin having the shape of aggregated spherical particles
spheticakparticles ivas obtainedzThis:wates-ahsarbent te5in had semedian
15patrticle size of 353 um, absorption capacity of physiological saline
ancsafigfonrof-63-§/g: and ewatef Eoltent 615895 (A metliarn particle. size of
_primary particles of thi.s water-absorbent resin is about 60 [0093]
IEERMPIE 67T Y218 a5t B EReheFaifiakks 92.0°§ of 80 trassds 234
o acrylic acid W_asbaddsgl, and this was neutralized by adding dropwise .
¢ 1072 §7or30 asse Sodiur hiydroxide while ca6ling e flask fiom Tie 2 ted
spriisde, Ta lhis were added 9.11,6.0f 35natassiym. persulfale, 8,3 ng of

~ ethylene glycol diglycidyl ether an 436 g of ion-exchange water to

me RreRArS:aN 1471 aqueous solutipn,of g watersojuble ethylenically. . -
unsaturated monomer. To a 2 L volumetricfive-necked cylina]rical
phyreund-hetton flask equipped with & stisreravithytivo 58 mme) bpitched
blade paddle impellers, a thermometer, a reflux condenser and a nitrogen
congasiintroduding tubéy, 384cg ef:inheptane Wwas=added-ds a petraleum
hydrocarbon dispersion medium and 0.92 g of a maleic
paranhybfide hodified etHyferieipropylene copolymer (manufactured by
Mitsui Chemicals, Inc., 10trade name: HIWAX 1105A) was added as a
wo&oﬁ}meric dispersion agent and, then, they were dissolved by warming.
Em@pf{t)eir cooling to 61C, the aqueous solution of a water-soluble ethylenically
lisaturated monomer was added at once under a stirring rate of 300 rpm

using a funnel and. thep, 15dispersed by, stiring atthe inner temperature of -
40C for - o

fo

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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10 minutes (step (A)) [00941 Next, a solution prepared by warming to
dissolve 0.92 g of a sucrose fatty acid ester (manufactured by
20Mitsubishi-Kagaku Foods Corporation, trade name: 3-370) as a
surfactant in 8.28 g of n-heptane by&arming was added to the
round-bottom flask using a funnel, and an aqueous solution of a
water-soluble ethylenically unsaturated monomer was further dispersed at
a stirring rate of 500 rpm 25(step (B)). [0095] 48 Next, the atmosphere in
the syStein Wa's Wil substittited withrii6gen Whi€ niaiftairfifg He inher

temperature of the round-bottom flask containing the dispersion at 40C,

2 CT3hd the PolymEAzation TeachdlPwhs Perfdimed by warming fort he a1 d
drousviqqu a h%%va&er bact)i% ag{go% (gge@ (chéiﬂ}g ope ation after ca gletion ff
the p'o?ym‘enz”atioﬁ at the first %tag?—:- as perlform‘ accor |er31g"fo the same Y

t ndmannenas-that of Example 2 tq obtain 2%?195,%%}4"@%@&@&58[%“%6%

having the shape of aggregated spherical par,icles. This water-absorbent

podesinihad amedian padiclesize 9f 342 U, -BPSORRIIQMGARACIY Of 1 ycidy 1
physiological saline solution of 62 g/g, and a water content of 4.8% (A

ethaediandatticlé sizecaf primarydSparticlessaf-this wates-absetent resin is
about 60 pm).

agueous solution of a water—soluble ethylenically

unsaturated moncomer.

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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[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 20propylene
copolymer (manufactured by Mitsui Chemicals, Inc., trade name: HIWAX
4052E) and 0.46 g of a maleic anhydride- modified ethylene-propylene
copolymer (manufactured by Mitsui Chemicals Inc., trade name: HIWAX
1105A) was used as a polymeric dispersion agent in place of 0.92 g of the
25maleic anhydride-modified ethylene-propylene copolymer
di gavantfactired by Mit8uicChémicals: die  tradey namen HiW Ade AR TIRSA)k ©
in the step (A) of Example 6, 235 g of a water-absorbent resin having the
thesHap B difgreGated SpRricH batticdled SpRGHcaF Bartitles WS BBained,

This water absorbent resin had a media particle size of 356 pm, 5
50 L hsoPRtich capatity Bf pﬁ?&gf%%?ca? sahne 5ot ﬁﬁ]c}r} &f 63 GRS %ﬁ%ltf%ater

cqontent of4 % medl n artlcle ize of prl partlcles of this
Monomes r ? r(é}] lﬁG% pm) ?868%

Water-abso b- { resin is a omparative Example
[ooB@ @ 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%
sodiym:hydrexide while sopling theflask-frem dhe puiside. Jo this were
added 0.11 g of potassium persulfate, 8.3 mg of ethylene glycol diglycidyl
subethérane 4 3v6.¢ ionzéxchange watek t0 prepare: an agyeotus solutien of a
water-soluble e hylenically unsaturated monomer. To a 2 L volumetri-
terfiveradaked e/lindiical ¥ourdi-20botom flaskséquipped: with adstirfer with

~ two 50 mmo _ ‘
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 23°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 to
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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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 fatty
acid ester (manufactured by Mitsubishi-Kagaku Foods Corporation, trade
name: 8-370) was added as a surfactdnt, followed by warming 50 to 61C
to dissolve the ester. Thereafter, the agueous solution of a. water-soluble
ethylenically unsaturated monomer was added at once using- a funnel
weunderastirringtrate of 500 rpmcNext; the-atragspherg inthe systemwas,
5well substituted with nitrogen while maintaining the inner temperature at
PO%@eéhmﬁé%Imertzlaﬁmétemttd)nSNasrpemHn@:@bywaﬁmﬂﬁg;gomﬂa rming
hour using a hot water bath - 70C. The operation after completion of the
EoPolyriétization 1oat the first sige was périermet46cording to the same

manner as thgt of Reference Example 1 to obtain 236 g of a
water-abdorbent RS RAVinG fe Shape 8 dggtegated sphefieapatticles e,

T r-abs t resin had median particle size of 318 pm,
cndhis water:gbsorent res Agn paricie size ol 1R 4w 12000

absorption capacity of Tgphysmloglca aline’s

andvaler.centenolA.6% (A median parficle siz (g?og primary particles of thls

water-absorbent resin is about 60 um). [0098 Compara?ve }S(ample

az 20T o 500 mls Exlenmeyer flask; 92.0-g of 80-mass¥acrylic acid was,
added, and this was neutralized by adding dropwise 102.2 g of 30 mass%

f L ssodium hydtoxide while codling-the ftaskifiem the ogtsides Joithiswere - |
added 0.11 g of potassium persulfate, 8.3 mg of ethylene glycol diglycidyl
To JHethercdndl 43 61y iohrexchange watestrprepareian agueous solution of 2
a water-soluble ethylenically unsaturated
g of a 2% agueous sclutfion 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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51 monomer. To a 2 L volumetric Live-necked cylindrical round- bottom
flask equipped with a stirrer with two 50 mm4 pitched blade paddle
impellers, a thermometer, a reflux condenser and a nitrogen gas
introducing tube, 342 g of nheptane was added as a petroleum
hydrocarbon dispersion medium, 0.92°g of a sucrose fatty acid ester
(manufactured by M subishi-Kagaku Foods Corporation, trade name:
S-370) was added as a surfactant, and 0.92 g of a maleic

pr d0anhydridespodifiedrethylene-piopylene copolymes (manufactured by 1.,
Mitsui Chemicals, Inc., trade name: HIWAX 1105A) was added as a

Lr pofymeriecdisperéion agéittPfollewed hyawarmingdo dissolvesthem. Afterc in
cooling to 61C, the aqueous solution of a water-soluble ethylenically
B - 45 fsatirated TROMGIHerWas aded at vhce #dihgca funnehenderse (B) of
stlrrl te of, 300 rpm. Next, the atmosphere in the system was well

B suBst d Wit nﬁro%enowl“flfe maintamnig fetinA&rtethgerature at 46C,

tg% rlzatlon reactlon wa perfoLmed b Warmmg for 1 hour
usmg a hoéy %P)\% fef bath at 70C C‘F‘rie Bpération aftet completion sfthe tcles

wa Pobymerization atthe first stage g@@é&%@{mege%cw%“%go the same

manner as that of Example 2 to obtain 237 g of a water-a sorbent resin

pahavingthe shape of aggregated spherical 25padicles; This, ¢
water-absorbent resin had a median particle size of 348 pm, absorption

ehiycapacity of &2 physiclegicalisatinesolutionofHA-g/gzand a watereeontent
of 4.9% (A median particle of this water-absorbent resin size of primary

coTpetticles is abdut 60°pmE 0099 L 5ComphrativezExamplerdmary
particlies is about 60 um).
rooaxs
Exampie 4

According to the same manner as that of Example 2,
except that a solution prepared by warming to dissolve, in

8.28 g of n-heptane by warming, 0.92 g of tetraglyceryl

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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According to the same manner as that of Comparative Example 2, except
that 0.92 g of tetraglyceryl stearate (manufactured by Mitsubish Kagaku
Foods Corporation, trade name: T34) was used as a surfactant in place of
0.92 g of 10the sucrose fatty acid ester (manufactured by Mitsubishi-
Kagaku Foods Corporation , trade name: S-370), and the reaction solution
was cooled to about 20C after completion of the polymerization at the first
stage in Comparative Example 2, 235 g of a water-absorbent resin having
cortherdb shiape 6fkagdregateétsphericaliparticles xvas:gbtaineda This
water-absorbent resin had a median particle size of 273 pm, absorption
Pacapatity oPphysiclogicar salimesolitiviéf 6026/ ahd aawatek coRtewt of
~3.5% (A median particle size of primary particles of this water-absorbent
'0G&sih is about 70 20pm). [0100] Comparative Example 4 The sample
obt%ined according to the same manner as that of Comparative Example
Was further heated by a hot 25air dryer at 180C for 3 hours to obtain 230
g of & watery absorhent fesin haying the shape of gggrecggt_iﬁ%ggppeggag

53 particles. This water-absorbent resin had a median particle size of 356
exdUP.-aksorption @@p@ciwﬁofmygmqgi%éa&%i@@ﬁea}e&@g gigand a
water content of 0.5% (A median particle size of primary particles of this
copraterabsarhent: resin israbow $Ovpmk vl clbeamount of the remaining
dispersion medium and the results of an odor sensory test of
narnwateHabsorbént igsinsiebtainedin Referance Examplest | srrExamplegent
1 to 7 and Compara ye Examples 1 to 4 are shown in Table 2. [0101]
in Faglee of O. 98pecids 6f'Samplesdispersiontc Lde-modified

ethylene-propylene copeclymer (manufactured by Mitsui

x

Chemicals, Inc., trade name: HIWAX 1105A2) in the step (A)
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
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Panelis A Average Reference
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aguecus solution of a water-soluble ethylenically
unsaturated monomer.

To a 2 L volumetric five-necked cylindrical round-
bottom flask equipped with a stirrer with two 50 mm¢
pitched blade paddle impellers, a thermometer, a reflux
condenser and a nitrogen gas introducing tube, 334 g of n-
heptane was added as a petroleum hydrocarbon dispersion
medium and 0.92 g of a maleic anhydride~modified ethylene-
propylene copelymer (manufactured by Mitsui Chemicals, Inc.
trade name: HIWAX 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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Next, Lhe atmosphere in the system was well
substituted with nitrogen while maintaining the inner
temperature of the round-bottom flask containing the
dispersion at 40°C, and the polymerizaticn reaction was
performed by warming for 1 hour using a hot water bath at
70°C (step (C)).

The operation after completion of the polymerization
at the first stage was performed according fto 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).
(C0%e;

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
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11058} in the step (A) of Example 6, 235 g of a water-
absorbent resin having the shape of aggregated spherical
particles spherical particles was obtained. This 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
um) .
[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

o
|

condenser and a nitrogen gas introducing tube, 342 g of
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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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
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monomer,

To a 2 L volumetric five-necked cylindrical round-

bottom flask eqguipped with a stirrer with two 50 g
pitched blade paddle impellers, a thermometer, a reflux
condenser and a nitrogen gas introducing tube, 342 g of n-
heptane was added as a petroleum hydrocarbon dispersion
medium, 0.92 ¢ of a sucrose fatty acid ester (manufactured
by Mitsubishi-Kagaku Foods Corporation, trade name: $-370)
was added as a surfactant, and 0.92 g of a maleic
anhydride-modified ethylene-propylene copolymer
(manufactured by Mitsuil Chemicals, Inc., trade name: HIWAX
1105R) was added as a polymeric dispersion agent, followed
by warming to dissolve them. After cooling to 61°C, the
agueous solution of a water-scluble ethylenically
unsaturated monomer was 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 maintaininc
the inner temperature at 40°C, and the polymerization
reaction was performed by warming for 1 hour using a hot
water bath at 70°C.

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
particles. This water-absorbent resin had a median

particle size of 348 um, absorption capacity of



10

15

20

25

3.0 Comparative 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 5o

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 pm).
[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 obtained 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



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 dispersion medium of 500 ppm or less, no odor
originating from the dispersion meditifn 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

paremalring arfourst ofatpetralesmryeiacarben dispetsionmedium used in
reversed-phase suspension polymerization, 15and thus reducing an odor

P& Griginating ffom e pefroldam hydrotarborrdispersiontmedifim, and also

_ which is suitable for use in hygienic materials; an absorbent material and

pnyﬁﬁﬁ%b&ﬁﬁarﬁ@l%%nggﬂfﬁ%rﬁé 85 CEAIMSI - @K waterabssrbent

resintobot%insd Dy s&pjecting an aqueous solution of a water-soluble

“OrSthylenically Sdnsatlrated mohater to teversed pHase stispansion
paROVEUZAtoNIN Apelioleum hiydrocarbon dispersion medium i the

presence of a suffactant, wherein thé amount of the petroletm

hydrecarben dispersjenmedivmremaining in the.water-ahsorpent resin is.

1,000 ppm or less. 10 2.The water-absorbent resin according to claim 1,
results of an odor sensory test of water-absorbent resins

{8

obtained in Reference Examples 1 and Examples 1 to 7 and

Comparative Examples 1 to 4 are shown in Table 2.

10 [0101]
Table 2
J J Amount of Odor sensory test
i | Specles of remalning Panelist
Samples dispersion| dispersion |
madium medium yiy B C D L Lverage
ppm]
Reference N . _ . -
Example 1 Heptane 1,210 2 2 1 1 I 1.4
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
Comparative o , RPN, i
Example 1 Heptane 15,300 4 4 4 3 3 3.6
Comparative - -~ o
Example 2 Heptane 5, 300 3 3 3 3 3 3.0
Comparative N . i - "
Example 3 Heptane 11,100 4 4 3 3 3 3.4
Comparative
iy ] . i fg =
Fxampie 4 | Heptane | 4,500 3 3 3 3 3 3.0

(0102}
As 1s apparent from Table 2, in the water-absorbent
i5 resin of the present invention, the amount of the petroleum

hydrocarbon dispersion medium remaining used during the
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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 aqueous solution of a water-soluble
ethylenically unsaturated monomer to 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
po laqueoussolutionp and HE) petfermingsthelreversedphase suspensiobh 1 v
polymerization at the first stage using a water-soluble radical 56 3. The
deqysterabsorbent Fesin aesordinglteschaiam, whereitrtheowatet-absorbent rom
~ resin is obtained by adding the aqueous solution of a water-soluble
EheatHyleRicafly thsadttfated menomfiertothe petiolédifi hyaFstarBersorbent
dispersion_5 medium |§ the presence of a polymeric dispersion agent to

resdiSperde thé aftests sollifion in'thé disperSiontieditm m-the Step (A). 4.

r emEﬂ%Wﬁ%fra@bsSSéb;%”% sesip according-to-claim, 2 or 3, 10wherein the, ,
water-absorbent resin Is obtained by adding e polymeric dispersion

ori2gem togetherwith the surfactantin the step:(B). 5. The water-absorbent; -

resin according to any one of 15claims 2 to 4, wherein the

senwater-abserbent resin is obtained by adding a post-crosslinking agent to a
precursor of the water-absorbent resin obtained after completion of the
multi-stage reversed-phase suspension polymerization including the steps
(A) to (C), and post-crosslinking the 20precursor.

Industrial Applicability

[0103]

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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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 6 Wherein the polymeric dispersion
agent is at least one kind selected from the group consisting of maleic
5anhydride-modified polyethylene, maleic anhydride-modified
polypropylene, a maleic anhydride-mgadified ethylene-propylene
copolymer, a maleic anhydride-ethylene copolymer, a maleic
anhydride-propylene copolymer, a maleic anhydrideethylene-propylene

~copolymer, polyethylene, polypropylene, 10an ethylene-propylene

++ copolyniet-exXidized polethylere loxidizead bolypropyleng-and:anoxidized
ethylene-propylene copolymer. 8. The water-absorbent resin according to

23Ry bhe St i5ctidims o7, Wiféreinsthe Water-solibiecsthge hically

- dUnsaturated monomer is at least one kind selected from the group

u“%%ﬁgi%ﬁ%ge of acrylic acidand & S5l theteb MisthadryRe Asit&nd a salt
thereof,.and acrylamide. 209 water-absorbent resin according to any.

pOlo%%%ficﬁ?r%é%g{to?g %he}%oitnrt H&ﬁé?rd?&i%%@%?‘&%?b&ﬁ dispersion medium

in mediuprisat jeast @Beald%dﬁ%lgg@%@m»y&%gw %i%mgu‘%&?%% rhe
aliphatic hydrocarbon and an alicyclic hydrocarbon, each having 6 to 7
petcarhenatomsi 25 58bon 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-absorbent resin 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.
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resin as defined in any one of claims 1 to 9 and a hydrophilic fiber. 11.An
absorbent article comprising the absorbent 5material 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

3+ reverdeRdl-pRdersusSpensioR Jolyhéfizatior: and thds fedueitian ddor
originating from the petroleum hydrocarbon dispersion medium, when the

WIS 5P ab G roEht FesiA AP SRS TOWatEr AntRISE WhidhSE shifabiddordsé e

aq{0fygienic materials; an absqrbent matgrial and an. absorbent article.
ore particularly, the présent invention provides a'water-absorbent resin

un Qbtained by subjecting an.aqueous solution,of g water-soluble dispersion

ethylenically unsaturated monomer to 15reversed-phase suspensio
me dR@I¥Merzatien ina peteleumchydrocarhen.dispeisiopdmedivm indher «q
presence of a surfactant, wherein the amount of the petroleum
dishydreearbon dispession mediumiremaininga the watersabserbeni resinis
2,000 ppm or less; and an absorbent material and an 20absorbent article
theysitgthe $ame.

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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7. The water-absorbent resin according to any cone of
claims 3 to 6, wherein the polymeric dispersion agent is at
least one kind selected from the group consisting of maleic
anhydride-modified polyethylene, maleic anhydride-modified
polypropylene, a maleic anhydride-modified ethylene-
propylene copolymer, a maleic anhydride-ethylene copolymer,
a maieic anhydride-propylene copolymer, a maleic anhydride-
ethylene-propylene 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



58

resin as defined in any one of claims 1 to ¢ and a

hydrophilic fiber.

11, An absorbent article comprising the absorbent
material as defined in c¢laim 10 held between a liguid-

permeable sheet and a liguid-impermeable sheet.



