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DESCRIPTION WATER-ABSORBENT RESIN SUITABLE FOR USE IN
HYGIENIC MATERIALS 5 Technical 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. 10
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;petrelegmhydrocarbon dispersion medium
remaining therein used in reversed-phase suspension 15 polymerization,

and thus reducing an ogarexigirtteEom thegetroleum hydrocarbon
dispersion medium, and also which is suitable for use in hygienic
materials; &V abs@rhentdhatésial ahd an@bsyisentartidlé asihg the same.
20 Background Art 00021 Water-absorbent resins are widely used in
hygienic materials such as disposable diapers and sanitary napkins; daily
commodltles such as pet sheets; and industrial 25 materials such as water
. rhaferfals for cables. [0003] 2 Hygienic materials such as
0 Oqif’ osable diapers and sanitary napkins are generally composed of a top

The present inventicon relates to a water-absorbent
esin suitable for use in hygienic materlals, 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 petroieum hydrocarbon dispersion medium
remaining therein used in reversed-phase suspension
polymerization, and thus reducing an odor originating from
the petroleum hydrocarbon dispersion medium, and alsc which

ig suitable for use in nygienic materials; an absorbent

materizl and an absorbent article using the same.

Background Art

1

00021

Water—absorbent resins are widely used in hygienic
materials.such as disposable diapers and sanitary hapkins;
daily commodities such as pet sheets; and industrial
materials such as water bioc%ing.materials for cables.

(00037
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back sheet, a hot melt adhesive, an elastic material, a- water-absorbent
resin and a pulp fiber, and use various 5 synthetic resins and modifiers
and, therefore, an odor originating from raw material components is felt
from the hygienic materials, in somé 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, 10 therefore, it is desired to

develop,an odor-free material. ;[0004] Among constituent matetials.of 4

these hygienic materials, the water-absorbent resin has a subtle odor

s 2rQriginatingfrom;the substances ysed ir-thig-production d5prpcess:and a
since the odor tends to diffuse during absorbing water, it is considered to

badie desirable to tetucesthe edor:0005] Known: watet-absetzent #ésins.
used for the hygienic 20 materials include, for example, a

wa tFartiaflyenebtealizedeproduet of polyadnylic akidr a meutralized product of a
starch-acrylic acid graft polymer, a h_ydrolysate of a starch-acrylonitrile

SYThraft cbpolyfifera sapenified produc 64 vinylacstaf-geryhie aeitlester
copol mer 25%000@] As the method for producing such the,

O“\ﬁattfé abB6rbeht3 resth, 4h dqustus PolymeRZation mettiod and &% 7

ny JPRSEO; Rhase suspension pplymerization method arg known, butin. .

materials are worn on the human kody, the odor makes those
who wear them uncomfortable even if 1t iz subtle and,
therefore, 1t is desired to develop an odor-free material.
100047

Among constituent materials ©f these hygienic
materials, the water-absorbent resin has a suptle odor
originating from the substances used in the production
process, and since the cdor tends to diffuse during
absorbing water, it 1s considered to be desirable to reduce
the odor.
[CO05]

Known water-absorbent resins used for the hygienic
materials include, for example, a partially-neutralized
product of polvacrylic acid, a neutralized product of a

starch-acrvlic acid graft polymer, a hvdrolyssa of

=

A}

starch~acrylonitrile graft copeolymer, a saponified product
of a vinyl acetate-acrylic acid ester copolymer.
[00ce]

As the method for producing such the water-abksorbent
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the case of the water-absorbent resin prepared by the reversed-phase
suspension polymerization method in which 5 polymerization 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. [00071 Known conventional arts for producing the water- 10
absorbent resin by the reversed-phase suspension polymerization

resTethad inglude a.method pf polymerizing.an \aqueous slutiopof . o -

a,B-unsaturated carboxylic acid and alkali metal salt thereof in a
ohaRetroleumsirocarpon yselventusing aadicabpelymerization initiator in
the 15 presence or absence of a internal-crosslinking agent in which a
thesucrese faftyracid estet is-used asaprotective callaid: agent(seeRatent
Document 1), and a method of polymerizing a 25% by mass or more of
r e vEgUEDUSISolutionsofs ar as[Luns atarated carboxylicasid dnealkal metal™
salt 20 thereof in a petroleum hydrocarbon solvent using a radical
polygipmeRZatici initiatorSn the présenice sratisenéa of § water-soluble
internal-crosslinking agent in which a polyglycerol fatty acid ester with,
MO 6P 2101678 fs8d 8B 4'Sartitiant (Sée Patent Biscurtient 25 . °°*

& OT 0
ocument

; o However, these pr 08‘%%%0;1”?%% technologies did:not focys on reduction of
an ocﬁ?or, and “thus the resultant water-absorbent resins were not those 4
[ o With a low enough odor. Patent Document 1: JP-A No. 61-87702

Known conventional arts for producing the water-
abzcrbent resin by the reversed-phase suspension
polymerization method include a method of polymerizing an
aqueous solution of «,pB-unsaturated carboxylic acid and
alkali metal salt thereof in a petroleum hydrocarbon
sclvent using a radical pelymerization initiator in the
presence or absence of a internal-crosslinking agent in
which a sucrose fatty acid ester is used as & protective
collold agent (sees Patent Document 1), and a method of
polymerizing a 25% by mass or more of agueous solutlon of
an o, B-unsaturated carboxylic acid and alkali metal salt
thereof in a petroleum hydrocarbon solvent using a radical
polymerization initiator in the presence or absence of &
internal-crosslinking agent in which a polyglycerol fatty
écid ester with an HLB of 2 to 16 1s used as a surfactant
(see Patent Document 2). However, these production
technologies did not focus on reduction of an cdor, and

thuge the resultant water-absorbent resins were not those
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Patent Document 2: JP-A No. 62-172006 .5 Disclosure of the Invention
Problems to be Solved by the invention 0008] An object of the present
invention is to provide a 10 water-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
wiﬁg% O{icg‘i\naéizqu%m CBI&%Q(?troleum 15 hydrocarbon dispersion medium,
when the water-absorbent resin absorbs water, and also which is suitable
for use in hygienic materials; an absorbenu material and an absorbent
article. 20 Means for Solving the Problems [0009] The present inventors
ratirtensivelstydiediabaut az relatjors betwerpan odor originating from a
petroleum hydrocarbon dispersion medium, when the water-absorbent 25
Patresin dbsorbswater; and-apetrolewntiydtdcarbon dispersion medium
used in production of the water-absorbent resin and, 5 as a result, found
out that a water-absorbent resin containing a specific amount or less of a
petroleum hydrocarbon dispersion medium remaining therein is obtained

Dl gfyisetforifg réveised-pRase Slispension polymerization at

Problems to be Solved by the Invention
[0008]

An obiect of the present inventicn iz to provide &
water-absorpent resin produced by a reversed-phase
suspension polymerization method, which contains a small
remalning amount of a peitrcleum hydrocarbon dispersion
medium used in reversed-phase suspension polymerization,
and thus reducing an odor originating from the petroleum

hvdrocarbon dispersion medium, when the water—-absorbent

Fy

resin absorbs water, and also which 1s suitable for use in
hygienic materials; an absorbent material and an absorbent

articie.

Means for Solving the Problems
[CO09)
The present inventors intensively studied about a

relation between an odor originating from a petroleum

o

hvdrocarbon dispersion medium, when The water-absorbent
resin absorbs water, and a petrclieum hydrocarbon dispersion

medium used 1n production of the water-abscrbent resin and,



10

20

5 multi-stages of two or more stages in the Production of the
water-absorbent resin and adding a surfactant to a dispersion obtained
after dispersing an aqueous solution of a water-soluble ethylenically
unsaturated monomer in a petroleum hydrocarbon dispersion medium in
reversed-phase 10 suspension polymerization at the first stage, and thus
significantly reducing an odor in the water-absorbent resin as compared

s Wtha water-absorbent resin phtained by e gonventional art, [0010] 15
at is, the present invention relates to a water- absorbent resin obtained

corbY=Subjecting an agyequs salution of,a water-sojuble ethylenically

unsaturated monomer to reversed-phase suspension polymerization in a
hypetrolewnrhydresarbon-dispersiofmedivm iy the preserce ofa 20ptained
surfactant, wherein the amount of the petroleum hydrocarbon dispersion

by medifim-remainingviathe avat@ralsarbentresivis 2:000ppm oitesse at
[0011] The present invention also relates to an absorbent 25 material and
i Aniatssorbent arficlevusing theoalsovit water- absorbentresihi G- Effectsioftne
the invention [0012] According to the present invention, it is possible to 5
wapéviee Fwatet absdfbent #8sin dtitabfe for Gige fpctant to a

dispersion obtained after dispersing an agueous sclution of
a water-soluble ethylenically unsaturated monomer in a
petroleum hydrocarbon dispersion medium in reversed-phase
sugpension 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
conventiocnal art.

(G010}

That is, the present invention relates to a water-
absorbent resin obtained by subjecting an agueous sclution
of a water-scluble 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-abscrbent resin 1is
2,000 ppm or less.

[0011]

The present invention also relates to an absorbent

material and an absorbent article using the above water-

absorbent resin.
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hygienic materials, which has a reduced odor originating from a
petroleum hydrocarbon dispersion medium, when the water-absorbent
resin absorbs water. An absorbent material and an absorbent article
using the water-absorbent resin of 19 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 15
[0013] The water-absorbent resin of the present invention is a
water-absorbent resin obtained by subjecting an aqueous solution of a

k£ avaieEseluble, ethylenieallyaunsaturated monomer to reversed-phase
suspension polymerization in a 20 petroleum hydrocarbon dispersion

[ Omédium in the presence of a surfactant, and the amount of the petroleum
hydrocarbon dispersion medium remaining in the water-absorbent resin is
2,000 ppit BE [e3st 20014 25 FFE Bimount efthepetroléumshyiscarbel tO
dispersion medium remaining in the water-absorbent resin of the 7

pr %Ye?&t%n@éﬁ%n‘i%@@é@ﬁﬁ% GrigsE, preferablyl, 560 ppif or less,
more, preferabl 1,000 ppm o Iess stlll more pr fer I 750 ppm o less
“YGhd even 't m%reypré?‘efab‘fy %Sé ppm or Iess mgvéw o] reducmé)an (J)é

fr&ﬁ'gé“%%gjég@lﬁé}9%%%‘}&%0&%% an.di B%r%mﬁq'“%h‘éﬁhe%ﬁée
water sorbent resin absorbs water. A thoug senS|t|V|ty tO an

water—-absorbent resin absorbs water. An absorbent material
and an absorbent article using the water-abscrbent resin of
the present invention are most sultable for use as hygilenic

materials because of less discomfort due To generation of

an odor.

Best Mode for Carrving Out the Invention
[C013]

The water-absorbent resin of the present invention Iis
a water—-absorbent resin cobtained 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, and the amcount of the petroleum hydrocarbon
dispersion medium remaining in the water-absorbent resin is
2,000 ppm or less.
(0014}

The amount of the petroleum hydrocarbon dispersicn

medium remaining in the water-absorbent resin of the



odor varies depending on the kind of the petroleum hydrocarbon
dispersion medium, when the amount of the remaining medium is 2,000
ppm or less, it is felt that an 10 odor was significantly reduced as
compared with a water- absorbent résin of the conventional art. The
amount of the remaining medium is 500 ppm or less, it results in the level
where little odor is felt. In the present invention, the "amount of a

prJEMANIng 13 petiplepm hydrocarhon dispersion mediup’ is,the value,

measured by a measuring method described hereinafter. [0015; The
pprMethoddes progucing.a waterahsorbentyesinef the present iventionis: e
not particularly limited as long 20 as it is a method which enables the
pr«aaeuntlof the petrpleun: hydrocarbonidispersiommedium femaining itthe
water- absorbent resin, that is obtained by subjecting an aqueous solution-
porof @watessoluble ethyenicallyeunsaturated) nionomertooreversedsphiasen &
suspension polymerization in a 25 petroleum hydrocarbon dispersion
Pe frediftin the Preserce ofS aSuffatteit, BBe-adjustedo %060 pprior
~ less. 8 L0016] As a conventional reversed-phase suspension =~ =
abgiaifigrization method, A ethdd ot adding AR HHuedts "mondmey = &%
saIulion.to a dispersion medium with,3 suractant 5 dissolved therein
UindeF stirfing 1o disperse the agqueous monomer soltition iri the dispersion

hy&@%yggb$gwg§§gersion medium, when the amount oI The
remaining medium is 2,000 ppm or less, 1t is felt that an
odor was significantly reduced as ccmpared with a water-
absorbent resin of the conventional art. The amcunt ¢f the
remaining medium is 500 ppm or less, 1t results in the
level where little odor 1s felt.

In the present invention, the “amount of a remalning
petroleum hvdrocarbon dispersion medium” 1is the value
measuraed by a measuring method descriped hereinafter.
[0015]

The method for producing a2 water-absorbent resin of
the present invention is not particularliy limited as long
as it is a method which enables the amount of the petroleum
hydrocarbon dispersion medium remaining in the water-
absorbent resin, that 1s obtained by subjeciing an agueous
solution of a water-soluble ethylenically unsaturated
monomer to reversaed-phase suspension polymerization in a

petroleum hydrocarbon dispersion medium in the presence of

a surfactant, to be adjusted te 2,000 ppm or less.
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regarding the water-absorbent resin obtained by these polymerization

methods, an odor originating from the dispersion medium was felt, when

the water-absorbent resin 10 absorbs water. [0017] In the production of a

water-absorbent resin by a reversedsphase suspension polymerization

method, a petroleum hydrocarbon having a boiling point of about 80 to

15 130C is usually used as a dispersion medium. Therefore, it was found
D&I:g%t although it is considered that an odor originating from a dispersion

e(]ium is reduced by heating at the temperature of not less than the

boiling.point-of, the dispersion medium ;heating actyally. has the low 20

decreasing effect and little effect is exerted. [0018] Thus, as a result of
po BXanination; of thecavse why ar redor ofiginatingfrora @ dispersion
medium cannot be reduced by heating with respect to the
monvater-absarbentrestn 25 obiaiped by @reversedrphase suspensionctant
polymerization method, it was found out that a small amount of the 9
di glispersion medianris.cobfined in particlestof the watens absbebentresins
and an odor is felt by efflux of the dispersion medium, when the
Mo RpEEtEraliSorbentresinabserbs LwafeF 55 00 TS -ofder t& PHEVERT the

dispersion medium from _ . ) _
regarding the water-absorbent resin obtalned by these

poiymerization methods, an odeor orilginating from the
dispersion medium was felt, when the water-absorbent resin
absorbs water,

(00173

In the production of a water-absorbent resin by a
reversed-phase suspensicn pelymerization methoed, &
petroleum hydrocarbon having a bolling point of about 80 to
130°C is usually used as a dispersion medium. Thereifore,
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 bolling point of
the dispersion medium, heating actually has the low
decreasing effect and little effect 1s exerted.

[co18]

Thus, as a result of examination of the cause why an
odor originating from & dispersion medium cannct be reduced
by heating with respect to the water-absorbent resin
obtained by a reversed-phase suspension pelymerization

1 =

metheod, it was found out that a small amount of the
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confining and remaining in particles of the water-absorbent resin, the
present inventors continued intensive study and found a method of
effectively decreasing the amount of the 10 remaining dispersion medium
by dispersing an aqueous monomersolution to the dispersion medium
and adding a surfactant to the resultant dispersion, followed by
reversed-phase suspension polymerization. 0020[ 15 That is, the method
a1 forohtaining the water-absorbents resin of thecpreseat inventien ingtudes,
for example, a method in which the reversed-phase suspension
abgaolymerizationiis pettormed-aataauliisstagas of-two=drfmore stages: and
the reversed-phase suspension polymerization at 20 the first stage is
di syerformed bye ¢A)addingean aggeotstsolutidreofd Watertsolubleabsorbs
ethylenically unsaturated monomer to a petroleum hydrocarbon
walfidpersion medium to disperse the aqueous solution in the dispersion
__medium, 25 (B) adding a surfactant to the resultant dispersion to further
1Oooﬁﬁderse the aqueous solution, and 10 (C) performing the reversed-phase

suspeqsign polymerization. using a watersolule radieal palymerization
initiafor, optionally in'thé presence of an internal-crosslinking "agent. 5

cor[QQ%]i]rﬁgxaéHQile§Q£§l%Wﬁéeri§9l5@?@'&3@%@03@ the water-absorbent

resin, ths present inventors continued intensive study and
found a method of effectively decreasing the amount of the
remaining dispersicn medium by dispersing an agueous
monomer solution to the dispersion medium and adding a
surfactant to the resultant dispersion, followed by
reversed-phase suspension polymerization.
(00207

That 1is, the method for obtaining the water—-absorbent
resin of the present inventicen includes, Ior example, 3
method in which the reversed-phase suspension
polymerization is performed at multi-stages ol twe Or mors
stages, and the reversed-phase suspension polymerization at
the first stage is performed by:
(A) adding an agueous solution of a water-soluble
ethylenically unsaturated moncmer Lo a petroleum
hvdrocarbon dispersion medium to disperse the agusous
solution in the dispersion medium,
(B) adding a surfactant to the resultant dispersion to

further disperse tChe aqueous solution, and
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unsaturated monomer.used in the step (A) include monomers having an
acid group, such as (meth)acrylic acid ["(meth)acrylic" means "acrylic"
and "methacrylic", the 10 same shall apply hereinafter]
2-(meth)acrylamide-2- methylpropahesulfonic acid and maleic acid, and
salts thereof; nonionic unsaturated monomers such as (meth)acrylamide,
N,N-dimeth_yl(meth)acryiamide, 2- hydroxyethyl (meth)acrylate and

(c;Nymethylal(meth)acrylamide; J5;angd aminq grgupscqniaining yngaturated o

monomers such as diethylaminoethyl (meth)acrylate and
us idiethylapainepropyl (meth)agrylate; apd guaternized menamers theregf,
These water-soluble ethylenicaly unsaturated monomers can be used
optdlone,ldritworortmereckinds of them can benusediial 20 coaminationm g
[0022] Among water-soluble ethylenically unsaturated monomers,
agghieth)acrylic acid and a salt thereof, and (meth)acrylamide are preferable
__inview of industrial 25 availability. When the water-soluble ethylenically
[ OGsaturated monomer has an acid group, _t can also be used as a salt

after neutralizing the acid group. [0023] Examples of an alkaline
com&éﬁfﬁ%? ased \(R/helgiafé‘“m%é% ler®s ’é@ﬁﬁ% a%géfi egrlléﬁg'f‘s*é“onverted

und20.3 5311 by, neuyalization include compounds; of ithium. Sodium, e o
potassium and ammonium. )

having an acid group, such as (methjacrylic acid
(“{methlacrylic” means “acrylic” and “methacrylic”, the
same shall apply hereinafter] 2-(meth)acrvlamide-2Z-
methylpropanesulfonic acid and maleic acid, and salts
thereof; nonionic unsaturated monomers such as
(meth)acrylamide, N,N-dimethyl(meth)acrylamide, Z-
hydroxyethyl (meth)acrylate and N-methylol (meth)acrylamide;
and amino group-containing unsaturated monomers such as
diethylamincethyl (meth)acryvlate and diethylaminopropyl
(meth)acrvlate, and guaternized monomers therecf. These
water-soluble ethylenically unsaturated monomers can be
used alone, or two or more kinds of them can be used in
combinaticn.
[0022]

Among water-soluble ethylenically unsaturated
monomers, {meth)acrvlic acid and a salt therecf, and
(meth)acrylamide are preferable in view of industrial

availability.

When the water-scluble ethylenically unsaturated
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When the monomer having an acid group is neutralized, the
neutralization degree is preferably from 30 to 90 mold 10 of the acid
group of the water-soluble ethylenically unsa~=ated monomer. When the
neutralization degree is less than 30:mol%, the acid group is not easily
ionized and water-absorption capacity decreases, and therefore it is not
preferred. When the neutralization degree is more than 15 90 moio, safety

morlSSUes Mmay arise when ysed as hygienic, materals.and therefore itis not
preferred. [0029] The concentration of the monomer in the aqueous

a f 1solution.ef-the watet selublesethylenieally unsaturated. 20 monomer is
from 20% by mass to saturation concentration. If necessary, the aqueous

[ O(sotdtion of the water- soluble ethylenically unsaturated monomer may
contain a chain transfer agent and a thickener. [0025] 25 Examples of
the chainnransfepagent inelude leempolings 8Gchiias thislsSthidlicTatigs e r
secondary alcohols, 12 hypophosphorous acid and phosphorous acid.

haviugefchain trarfsfér dgents caR berUised albné, Gr two'or mére kinds of
them.can be used in combination. 002(:}0] gEmetglles of the thickener

neididde Carpoxymethvl M ESIUTESE hydroxyeth yi celfuioge, hydroxypropyl

o O_chggglgég, éﬁ%th%&%lx“!%ﬁ polyethylene glycol, polyacrylic acid,

When the monomer having an acid group 1s neutraiized,
the neutralization degree is preferably from 20 to %0 mol%
of the acid group of the water-soluble ethylenically
unsaturated monomer. When the neutralization degree 1s
less than 30 mol%, the acid group 1s not easlily lonized and
water—-absorption capacity decreases, and therelore 1t 1s
not preferred. When the neutralization degree 1s more than
90 mol%, safety issues may arise when used as hygienic
materials, and therefore it is not preferred.

10024]

The concentration of the monomer in the adqueous
solution of the water—-soluble ethvlienically unsaturated
monomer its from 20% by mass to saturation concentration.

If necessary, the agueocus sclution of the water-
soluble ethylenically unsaturated monomer may contaln &
chain transfer agent and & thickener.

[0025]
Examples of the chain transfer agent include

compounds such as thiols, thiolic acids, secondary alcoholis,
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neutralized polyacrylic acid and polyacrylamide. [0027] 10 Examples of
the petroleum hydrocarbon dispersion medium include aliphatic
hydrocarbon having 6 to 8 carbon atoms, such as n-hexane, n-heptane,
2-methylhexane, 3- methylhexane d@nid n-octane; alicyclic hydrocarbons
having 6 to 8 carbon atoms, such as cyclohexane, methylcyclopentane
15 and methylcyclohexane; and aromatic hydrocarbons such as benzene,

nygolens and-xylene, 10928} fAmong these-petroledm nydrpgarhon., . s

dispersion medium, at least one kind selected from an aliphatic

t r SYygregarbgn2Q and-an-glicyglichydresarbons, each having 61017 6arbops
atoms, or a mixture thereof is preferably used as the dispersion medium

thdn view obindustrial avaitakbility andi the. low cost. [0029] 25 The used
amount of the petroleum hydrocarbon dispersion medium is usually from

[ 0BLEtb 600 parts by mass, 13 more preferably from 50 to 400 parts by
mass, and still more preferably from 50 to 200 parts by mass, based on
100 patibyemass of fie ééﬁéﬁiﬁns%{uﬁé}?éﬁiﬂg@ WateRssBR- 1y L
ethylenically unsaturated monomer in view of uniformly 5 dispersing the

<< hljuedis softition Gt ifie Water=Solublle® &thylenicaily iHishtitated monbmer -

meéﬁ@gaggfgggégg?ngolyethyiene glveel, polvacryvlic acid,
neutralized pelyacrylic acid and polyacrylamide.
r0027]

Examples of the petroleum hydrocarbon dispsrsion
medium include aliphatic hydrocarbon having © to 8 carbon
atoms, such as n-hexane, n-heptane, Z-methylhexane, 3-
methylhexane and n~octane; alicyclic hydrocarbons having 6
Lo B carbon atoms, such as cyclohexane, methylcyclopentane
and methylovclohexane; and aromatic hydrocarbons such as
benzene, toluene and xyiene.

[oozeg]

Among these petrolsum hydrocarbon dispersion medium,
at ieast one kind selected from an aliphatic nhydrocarbon
and an alicyclic hydrocarbone, each having ¢ toe 7 carbon
atoms, or a mixture therecf is preferably used as the
dispersion medium in view of industrial availability and
the low cost.

[0Cz29]
The used amount ©f the petroleum hydrocarbon

dispersion medium 1s usuvally from 50 tc 600 parts by mass,
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of the polymerization temperature. [0030] In the step (A), when the
agueous solution of the 10 water-soluble ethylenically unsaturated
monomer is added and dispersed in the petroleum hydrocarbon
dispersion medium in the presence.6f a polymeric dispersion agent, it is
effective to decrease the amount of the remaining petroleum hydrocarbon
dispersion medium. 15 [003'1 It is preferred to select and use, as the

mo-ROymere dispersion agert, those whigh aredissolyed or digpersed i

the petroleum hydrocarbon dispersion medium to be used, and examples
mo Y the pelymeric dispersiomagentinclude these-20 having anaverage 100
molecular weight of 20,000 or less, preferably 10,000 or less, and more
papreferablyH;000 or dess. Spesificcexamples shereof includezmalefico luble
anhydride- modified polyethylene, maleic anhydride-modified
etpolypropylehe, amsaleicanihydridesmodified ethylene 25 propylenel v
copolymer, a maleic anhydride-ethylene copolymer, a malefic
disrhyarise-propylefe eopslyfiet U4 widlefic ankydrigett4 ~soluble
ethylene-propylene copolymer, polyethylene, polypropylene, .an ;
& RHyIBRE PropyIBRE Topdiyimer, SXiti?8E polyethylgie,  oxSitiZed “Omtro-
palypropylene, an oxidized ethylene-propylene copolymer, an
of e?ﬁ% eﬁe%é%?ﬁ%lézo% %880I37r%m ,eertﬁ)tlrl)bﬁ %éllulose, ethylhydroxyethyl
[O@Hglose, anhydrous ma einated polybutadiene and anhydrous maleinated
EPDM

In the step (A), when the agueocus scluticon of the
water-scoluble ethylenicaily unsaturated monomer is added
and disgpersed in the petroleum hydrocarbon dispersion
medium in the pressence of a polymeric dispersion agent, 1t
is effective to decrease the amount of the remaining
petrocleum hydrocarbon dispersion medium.

[0031]

It is preferred to select and use, as the polymeric
dispersion agent, those which are dissclved or dispersed in
the petroleum hydrocarbon dispersiocon medium to be used, and
examples of the polymeric dispersion agent include those
having an average molecular weight of 20,000 or less,
preferably 16,000 or less, and more preferably 5,000 or
less. Specific examples thereof include maleic anhydride-
modified polyethylene, maleic anhydride-modiflied
polypropylene, a maleic anhydride-modiZfied ethylene-
propylene copolymer, a maleic anhydride-ethylene copolymer,

a maleic anhvydride-propylene copolymer, a malelc anhvdride-
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(ethylene/propylene/diene terpolymer). {0032' Among-these, at least one
kind selected from the 10 group consisting of maleic anhydride-modified
polyethylene, malefic anhydride-modified polypropylene, a maleic
anhydride-modified ethylene-propylemne copolymer, a maleic
anhydride-ethylene copolymer, a maleic anhydride-propylene copolymer,
a maleic anhydride-ethylene-propylene copolymer, 15 polyethylene,
pyle hy - ene. copolymer,. oxidi -;gg!xqg e

Etrgg‘%?z{egd %6I?}%?fgpgﬁeéne4 %a%r?)dg gr;l[P g)%iaig%ﬁ*g%ylg%eé?p%by%ﬁé copo%!/}gn*egr?i%E '
an Rreterred. [0033] The-additive,ameynt-of the polymeric dispersion agent

20 is preferably 5 parts by mass or less, more preferably from 0.01 to 3
ox partsddy masspang stilb-nagrespreferablyfrom <0105 te2-parts by mass,

based on 100 parts by mass of the aqueous solution of the water-soluble
comethyterically rursaturatedemoanomer S\Whenctthe additivesamouwrittof the 25
polymeric dispersion agent is more than 5 parts by mass, it is not

celekehontio, Eify hov preferabler 1l (0034} Viien tHe AqlEcusSsolution of

the water-soluble ethylenically unsaturated monomer is added to and

majo‘??p“é%@di iR the petrofetit ﬁy@ﬁb‘&am @igﬁé]r%id?f%‘geaﬂﬁﬁ,etﬂe%%ous

(e %zfoll%%c% %1; @s?ﬂ%tﬁ%jg&ueb%% e@/dlreﬁnéc%lyeurnj_sgturated monomer is
ispersed by stirring. However, stirfing

100327

kmong these, 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 malelc anhydride-propylene
copolymer, a malelc anhydride-ethylene-propyiene copoclymer,
polyethylens, polypropylene, an ethylene-propylene
copolymer, oxidized polyethylene, oxidized polypropylene
and an oxidized ethylene-propylene copolymer is preferred.
[0033]

The additive amount c¢f the polymeric dispersion agent
ig preferably 5 parts by mass or less, more preferably Irom
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
agueous solution of the water~scluble ethylenically
unsaturated monomer. When the additive amount of the
polymeric dispersion agent is more than 5 parts by mass, 1t

is not economic, being not preferable.



conditions vary depending on a des-'red dispersed droplet diameter and
therefore cannot be determined unconditionally. The dispersed droplet
diameter can be adjusted by the 10 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 paddle impeller, an anchor
impeller, 15 a turbine impeller, a Pfaudler impeller, a ribbon impeller, a

fod’\:ﬁlﬁLZONE impeller (manufactured by Shinko Pantech Co., Ltd.), a

; XBLEND impeller (manufactured by Sumitomo Heavy Industries, Ltd.)
and Guper-Mix.(manufactured by Satake, Chepical EquipmentMig., Ltd.).
20 [0036] A surfactant is added to the dispersion obtained in the step (A)

et rapddhe aguepus soltion:afdhe waterrsaluble gthye gnteallyrunsatwiatatsed
monomer is dispersed in the petroleum hydrocarbon dispersion medium

in (step (B3 2516037 hExamplestaf:the surfactanbused ihithe, stepéBrpibeous
include nonionic surfactants such as sorbitan fatty acid ester,

s0 polyoxyethylenecsorbitan fattyl asid estari polyglycerinfany seid esterd
polyoxyethylene glycerin fatty acid ester, sucrose fatty acid ester, sorbitol

MOHRES acid EstePJotfoxyethytene Sorbitol fathiacia estett 1 T X110
ogyoxgethylene alkyl ethgg, Tg)glyoxyethg(lene aléyl CPhen

. I ;
condrtidns vary dependi on“a desire lspgrsed droplet
diameter and therefcre cannot be determined unconditicnally.

The dispersed dreoplet diameter can be adjusted by the

kind of a stirring wing, the wing diameter and the rotation

L8

number.
[0035]

It 1s possible to use, as the stirring impeller, a
propeller impeller, & paddle impeller, an anchor impeller,
a turbine impeller, a Pfaudler impeliler, a ribbon impeller,
a FULLZONE impeller {(manufactured by Shinkce Pantech Co.,
Ltd.), a MAXBLEND impeller (manufactured by Sumitomo Heavy
Industries, Ltd.) and Super-Mix (manufactured by Satake
Chemical BEguipment MIg., Ltd.).

10036}

& surfactant is added to the dispersion obtained in
the step (A) and the agueocus solution of the water-soluble
ethvienically unsaturated monomer is dispersed in the
petroleum hydrocarbon dispersion medium (step (B)).

[0037]

Exampies of the surfactant used in the step (B}
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ether, polyoxyethylene castor oil, polyoxyethylene hardened castor oill,
alkyl alkyl formaldehyde condensed polyoxyethylene ether,
polyoxyethylene polyoxypropyl alkyl 10 ether, polyethylene glycol fatty
acid ester, alkyl glucoside, N-alkyl gkiconamide, polyoxyethylene fatty
acid amide and polyoxyethylene alkylamine; and anionic surfactants
such as fatty acid salt, alkylbenzene sulfonate, alkylmethyl taurate,

. bolyoxyethylene alkyl phenyl ether i35 sulfate, palyoxyethylene alkyl ethe
G SpOlyoryiens Al eiher SUTon ekt and AGal rercoft -

e sPAlyoxysthylene alkyhphenyl sther phospheric acid: and a.salt thereof,

£’

and polyoxyethylene alkyl ether phosphoric acid and a salt thereof. These

po SwEfactants gan 20:ke usadalonesor two, oF mere kindsaf themican.he,

used in combination. [0038] Among these surfactants, at least one kind
fatselected dram the graup-consisting of palyglycerin tatty acid-ester,. 25atty

sucrose fatty acid ester and sorbitan fatty acid ester are preferred in view
ac of dispetsion stahility 'of they agneous 17 isahltichaofitheavatér-seluble

ethylenically unsaturated monomer. _0039] The additive amount of the
o kyffarint Usea i thek Bistep IBYis preferablyTron DOEIGS paktsHyen v L

mass, and more Breferably from 0.05 to 3 parts by mass, based or. 100 !
ether, polvoxyvelhvlens castor oil, polyoxyethylene hardened
castor oil, alkyl allyl formaldehyde condensed
rolyvoxyvethylens ether, polvozvethvlens nolvoxypropyl alkyl
ether, polyethylene glycol fatty acid ester, alkyl
glucoside, N-alkvl gluconamide, polvoxyvethylene fatty acid
amide and polyvoxvethylene alkylamine; and anionic
surfactants such as fatty acigd salt, alkylbenzens sulfonate,
alkylmethyl taurate, polyoxyethylene alkyl phenyl ether
sulfate, polyoxvethylene alkyl sther sulfate,
polyoxyethylene alkyl ether sulfonic acid and a salt
Thereci, polyvoxyethviene alkyl phenyl ether phosphoric acid
and a salt thereof, and polyoxyethylene alkyl ether
phosphoric acid and a salt tThereof. 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 conslsting of polyvglyvoerin fatty acid ester,

sucrose fatty acid ester and sorbitan fatty acid ester are

preferred in view of dispersion stabllity of the agueocus
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parts by mass of the aqueous solution of the water-soluble ethylenically
unsaturated monomer. When the additive amount of the surfactant is less
than 0.03 par'- by mass, 10 dispersion stability of the aqueous monomer
solution deteriorates, and thereforelit 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 15

sofQrm gl the: sufactant added in the step &%)1 2nethod of ,Hsing after .

diluting the surfactant with, or dissolving the surfactant in a small amount

mor@ithe dispersion medium in advance is preferred since the surfactant is
dispersed and stabilized within a short time. 20 [00401 In the step (B), in

f 0Caddijtion to the surfactant, the polymeric dispersion agent can be added.
The additive amount of the polymeric dispersion agent used in
comBinatiewiththie surfactant is'preferably:s 25 pants bysmass or 1653,
more preferably from 0.01 to 3 parts by mass, and stall more preferably

stSrom .05 fo 2 Pake by 18 mass: Hased o100 Dais byiHass fther i
agueous solution of the water-soluble ethylenically unsaturated monomer.

O RfyhBh “the ddtitietamiount 8f5th‘éopo?yr8§ﬁ5 dispérsigi agehtis Smoré thah’

parts b}é mass, it i%ﬂot economic, being.not 5 prgfgrﬁble.,Sjnce_thel ;
pa%o?yn%gric %Iissspe?sﬁon age;eﬁtqt%eﬁ)él Sadsd%ggctahoﬁqe 8Fspérseedwéin“de ]s:ta%ﬁizgg“e
etHwygﬁféggﬁgmﬂﬁsaturated monomer. When the additive

amount ol the surfactant is less than 0.01 part by mass,
dispersion stability c¢f the agueocus monomer solution
deteriorates, and therefore 1t 1s 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 1s no particular limitation cn the
form of the surfactant added in the step (B), a method of
using after diluting the surfactant with, or dissolving the
surfactant in & small amount of the diszpersion medium in
advance 1s preferred since the surfactant is dispersed and
stabilized within a short time.

{0040]

In the step (B}, in addition to tThe surfactant, the
polymeric dispersion agent can be added.

The additive amount of the polvmeric dispersion agent
used in combination with the surfactant 1s preferably 5
parts by mass or less, more preferabkly from 0.01 to 3 parts

by mass, and still more preferably from 0.05 to 2 parts by
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a method of using the polymeric dispersion agent in a state where the
polymeric dispersion agent is dissolved or dispersed in a small amount of
a dispersion medium while 10 heating in advance is preferred. [0041) The
dispersion obtained in the step (B) iszsubjected to reversed-phase
suspension polymerization, optionally in the presence of an
internal-crosslinking agent using a 15 water-soluble radical polymerization

mas'Q'“aEnOJ%&?bé%”f‘o@Ojé/ﬂeréz%k‘?”x{gé%“%sa'%o%&%I%B&Q)SQQQ] on of

Examples of the water-soluble radical polymerization initiator include

theP&rgulfates sugh as potassiumipersulfatg, 20-ammeniur perswlfate angkr,
sodium persulfate; peroxides such as hydrogen peroxide; and arc

thecomipounds=suchoas 2, 2-fazabis(2-amidinopropane) «ibydrachlodde, is
2,2'-azobis[N-(2- carboxyethyl)-2-methylpropiondiamine] tetrahydrate,

mo 125 2% lazobis([gmine- Lkpyrrotidino-2methyproparne) 125 dihydioehloridecand
2,2'-azobis[2-methyl-N-(2- hydroxyethyl)-propionamide]. 19 [0043] Among

quﬁ%@%@er selubfeeradical polyieiZation™ Fitfat6rs? pofadsiim t© be

Eimg%ersulfate ammonium persulfate sodium persulfate and

S 578bis(2-amithiiopt 6parie)s a%%hﬁﬁ&iﬂewaﬂé%@fé?reﬁl%hew%?e'
av%ablllg/@nd ease ,af handlin

tThe polyteric dispersion agent in a state

where the polymeric dispersion agent 1s disscolved or
dispersed in a small amount of a dispersion medium while
heating in advance is preferred.
(00417

The dispersicn obtained in the step (B} 1s subjected
to reversed-phase suspension polymerization, optionally in
the presence of an internal-crosslinking agent using a
water-scluble radical polymerization initiator to obtain a
polymerization reaction sclution (step [(J)).
(60427

Examples of the water-scluble radical polymerization
initiator inciude persulfates such as potassium persulifate,
ammeonium persulfate and sodium persulfate; peroxides such
as hydrogen peroxide; and azo compounds such as 2,27 -
azobils(Z2-amidinopropane) dihydrochloride, 2,2'~azobis[N-(Z2-
carboxyvethyl)-Z-methylpropliondiamine] tetrahvydrate, 2,2'-
azobils{l-imino~i-pyrrelidino-Z2-methylpropane)
dihydrochloride and 2,2 ~azobis{Z-methyl-N-(Z-

hvdroxyethyl)~prcpionamide].
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is also possible to use, as a redox polymerization initiator, the
water-soluble radical polymerization initiator in combination with reducing
agents such as 10 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 15
ethylenically unsaturated monomer. When the amount is less than 0.01
t by mass, a polymerization rate decreases, whereas, when the
amount is more than 1 part by mass, a rapid polymerization reaction
ariseg, Therefore, both. cases are poLpreferred, 20 Ahaugh thers js.n
particular limitation on timing of the addition of the watér-soluble radlcal
inpolymerization. initiatoryit ispreferred-to addithenvater-seluble radical
polymerization initiator to the aqueous solution of the water-soluble
sodthylepically: unsaturated noromerinadvancen 2500450 Examples of
the internal-crosslinking agent used 20 optionally include polyols such as
d1ipalyyethylenéaptycot 4" (poly)cmeads the casey where apreficgoly vexists
or not, the same shall apply hereinafter], 1,4-butanediol, glycerin and
@a%m@ﬂw?@{ﬁﬁ)p%(ﬁe polyunsaturated esters 5 having two or more vinyl
groups obtained by reacting_ pol%/ols with an unsaturated acid such as |
?¢SO possible fo use, as a redox polymerization

acrylic-acid o

[

1

initiator, the water-soluble radical polyvmerization
initiator in combination with reducing agents such as
sulfite ana ascorbic acid.

[0044]

The used amount of the water—-soluble radical
polymerization initiator is usualliy from 0.01 to 1 part by
mass based on 100 parts by mass cof the water-soluble
ethylenically unsaturated monomer. When the amount is less
than 0.01 part bv mass, a polymerization rate decresases,
whereasg, when the amount is more than 1 part by mass, a
rapid polymerization reaction arises. Therefore, both
cases are not preferred.

Rlthough there i1s no particuiar limitation on timing
of the addition of the water-soluble radical polymerization
initiator, it is preferred to add the water-socluble radical
polvmerization initiator to the aguecus scolution of the
water-soluble ethyvlenically unsaturated monomer in advance.
[0045]

Examples of the internal-crosslinking agent used
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methacry_ic acid; bisacrylamides such as N,N'- methylenebisacrylamide;
and polyglycidyl compounds having two or more glycidyl groups, such as
(poly)ethylene glycol 10 diglycidyl ether, (poly)ethylene glycol triglycidyl
ether, (poly)glycerin diglycidyl etheg,j(poly)glycerin triglycidyl ether,
(poly)propylene glycol polyglycidyl ether and (poly) glycerol polyglycidyl
ether. These internal- crosslinking agents can be used alone, or two or

opDQLe.kK @(gfstﬁ%% 9[%‘5%8%%?&“5%939 Cg@big%tm 09&9%;19% additive

amount e internal-crosslinking “agent is prefe abefy 3’parts by’ mass or

r less, more, preferably. 1 pactby,mass or less, and still more 20 preferably
from 0.001 to 0.1 part by mass, based on 100 parts by mass of the

notwatersokibleethylenicallypunsaturated monomer. Whensthesamountiis
more than 3 parts by mass, excess crosslinking arises and

g1 water-absorption icapability excessively deteriorates} and thetefaredtris

25 not preferred. It is preferred that the internal-crosslinking agent 21 is
haggeditsthe aguesas sélution Of theowatertsolusie Sthylenicailyno

unsaturated monomer in advance. 0047] The reaction temperature during
PO yéferdelphase’s SispEnsich-polyferizafionh thé presentifvéntion ©*
metEUES, dgRending on,the kind and amount of the polymgrization
methvlenebisacrylamide; and polyglycocidyl compounds having
two or more glyciayl groups, such as (poly)ethylens glycol
diglycidyl ether; fpoly)ethylene glycol triglvcidyl ether,
(poly)glycerin digiyciayl ether, (polyiglycerin triglycidy
ether, (poly)propylene glycol polyglycidyl ether and
{polyliglycercl polyglycidyl ether. These internal-
crosslinking agents can be used alons, or two or more kinds
of them can be used in combination.
[0046]

The additive amount of the internal-crosslinking
agent 1s preferably 3 parts by mass or less, more
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 o0f the water-soluble ethyienically
unsaturated monomer. When the amount is more than 3 parts
by mass, excess crosslinking arises and water-absorption
capability excessively deteriocrates, and therefors 1t 1is

not preferrad.

Tt i3 preferred that the internal-crosslinking agent
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initiator to be used, and therefore cannot be determined unconditionally,
but is preferably from 20 to 100C, and more preferably from 40 to 90C.
When the reaction 10 temperature is lower than 20C, the polymerization
rate may decrease, whereas, wheri:the reaction temperature is higher
than 100C, a rapid polymerization reaction arises. Therefore, both cases
are not preferred. 0048] 1.5 The size of particles obtained by the

15 halymerization, of the. water-soluble ethylenically.unsaturated manomer at

the first stage is preferably from 20 to 200 pm, more preferably from 30 to

et Hp0pmcand stilkmore preferably Jrrare 40 e 198pmda terms of a

median particle size in 20 view of obtaining a proper aggregated particle
[GGiZElat multi-stage polymerization. The median particle size of the
first-stage polymerized particles is the measured value of particles
obtaifed byedehydratidreand deying after completioreofsthe pohgmerization
at the first stage. 25 [0049[ To the polymerization reaction suspension
sUGptaifed 22 aftEFEdrhpletion of the step (€S aquebiR Solition’sf fies
water-soluble ethylenically unsaturated monomer is added and,

“erEbseddently, FéVersedphate saEpERsion “polyitielZaton ar the ‘sedbnd

i S8 5 performed, 5An agyeons, solutian of 3 water-spluble cthvlenically
unsaturated monomer ah the secong sfage IS ad%lea so as to

unconditionally, but is preferably from 20 toe 100°C, and
more preferably from 40 te %0°C. When the reaction
temperature is lower than 20°C, the polymerizaticn rate may
decrease, whereas, when the reaction temperature is higher
than 100°C, a rapid polymerization reaction arises.
Therefore, both cases are not preferved.

[(0048]

The size of particles obtained by the polvmerization
of the water-soluble ethylenically unsaturated moncmer at
the first stage is preferably from 20 tco 200 pm, more
preferably from 30 to 150 pm, and still more preferably
from 40 to 100 um, in terms of a median particle size in
view of cobtaining a proper aggregated particle size at
multi-stage polymerilization. The median particle size of
the first-stage polymerized particles i1s the measured valus
of particles cbtained by dehydration and drying after
completion of the polymerization at the first stage.

[0049)

Tc the polymerization reaction suspension obtained



831

10

20

aggregated particles obtained by the polymerization at the f.[rst stage
thereby adjusting the particle size suitable for use in hygienic materials.
10 [00501 Therefore, it is necessary to decrease the function of the
surfactant so as not to form indeperident droplets by the agueous solution
of a water-soluble ethylenically unsaturated monomer at the second
stage. For example, the 15 aggregated particles can be obtained by

2 £ 50 'iegfﬁgét%&%plgtéor&9&t'lﬁ:%@ym@Ei,zaf&%agt&gégatsstggﬁfzte%n of

adding a water-soluble ethylenically unsaturated monomer at the second
thStage at-thetemperature at which:.the surfactant His precipitated< 20 The
method is not limited to the above method as long as it is a method
adapable-of chisiningaggregatackparticles-by. the-addition of the:
water-soluble ethylenically unsaturated monomer at the second stage.
ro J00%511 25 Thenambuntof the remaining dispersior niediumdan be further
decreased by performing reversed-phase suspension 23 polymerization
at thé-BeéGhd Stages it 18 possibleltouses as Waterlslubleéthylenicay L - v
unsaturated monomer at the second-stage, the same as those

mse%\ﬁﬁi?i%& ai%%@%&’teﬁ%ol%l% ethyfent aﬁ;?%ﬁ%a&ﬁat%ﬁ%eﬁ]oﬁ%ﬁ?e? at®
g dfie f1st stage, The kind, the newtalization deafes and the neutralized saft
first stage thereby adijusting the particle gize suitabkle
for use Iin hygienic materials.

10050]

Therefore, it 1s necessary to decrease the function
of the surfactant so as not to form indepéndent droplets by
the aguecus solution of a water-soluble ethylenically
unsaturated monomer at tThe second stage. For example, the
aggregated particles can be obtained by cooling after
completion of the polymerization at The first stagse and
adding a water-soluble ethylenically unsaturated monomer at
the second stage at the temperature at which the surfactant
is precipitated.

The method 1s not limited to tThe above method as long
as 1t is a method capable of obtaining aggregated particles
by the addition of the water-soluble ethylenically

unsaturated monomer at the second stage.

The amcunt of the remaining dispersion medium can be

further decreased by performing reversed-phase suspension
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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. 10 [0052[ The polymerization initiator to be
added to an aqueous solution of a water-soluble ethylenically
unsaturated monomer at the second stage can also be used after
appropriately selecting from those exemplified as the 15 polymerization

po J?WQEDI Used in t%ec polymerization ag% Jirst stage. [00531 if necessary,

an internal-crosslinking agent and a chain transfer agent can also be

addeg-to;the agueous -2Q solutien of the,water-soluble ethylenica dy i ca11y

unsaturated monomer at the second stage, and can be used after
un sselectingfromdhoese:exemplified duding:thespolymerizatiorn: atdthesfirsthose

stage. The additive amount of the water-soluble 25 ethylenically
examsaturated menomer @t the secondestage s preferasly fronr 5646 308t ed

parts by mass, more preferably 24 form 100 to 200 parts by mass, and
mo%ﬁm%ﬁm%ﬂxéﬁ?aﬁ@fﬁenﬁiﬁ@ﬁ}16@%%”%%ﬂ@ma§§?bﬁﬁﬁﬁﬁ@i@@%ﬁﬁ@n
4 by mass of the water-soluble ethylenically unsaturated monomer at_the

© FirStstagé in-View ST obtahing dppropriafe adgegated B particies. [6654;

concentration of the aguecus monomer scluticon may be the
game as or different from those of the water-scluble
ethylenically unsaturated monomer at the first stage.
[0052]

The polymerization initiater to be added to an
aguecus solution of z water-soluble ethylenically
unsaturated monomer at the secend stage can also be used
after appropriately selecting from those exemplified as the
polymerization initiator used in the polymerization at the

irst stage.
[C0531

If necessary, an internal-crosslinking agent and a
chain transfer agent can also be added to the aquesous
solution of the water-scluble 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

gthyvlenically unsaturated monomer at tThe second stage is

referably from 50 Lo 300 parts by mass, more preferably
p ¥ L Y
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the reversed-phase suspension polymerization at the second stage. The
median particle 10 size of aggregated particles can be controlled

depending on the precipitated state of the surfactant and the ratio of the
amount of the ethylenically unsaturated monomer at the second stage to
the ethylenically unsaturated monomer at the first stage. 15 The median

fo ;r_pmartli%lﬁ S-lzoe %fOt © 2 %g%tﬁdrpggtécle% ﬂSéJith) Ile}_f? Fise é.n €¥%|§ 0 iv_cab ly

r
matferials is preferably from “200 to 600 um, more preferably from 250 19

£rx001pM, and 1sfill more-preferably-from 30019 430 pay [0H5] 2@,y nass

Although the reaction temperature in reversed-phase suspension
of polwnetzationsatithe secend stage: varies, depending ondhe-kindand =t
amount of the polymerization initiator and therefore cannot be determined
t haunconditiopatyydut is preferably from=201tont00C rang>25 moeregureferablycd
from 40 to 90C. [0056[ 25 Furthermore, for the purpose of improving
paproductivity, multi-stage reversed-phase suspension polymerization can
be performed by performing the polymerization reaction at the third stage
[O[b?[shbsequent 5 stage similar to reversed-phase suspension

olymerization at.the, second stage. ‘ C
P yIi 13 su%%1CLent tnatgthe entire compeonents are mixed

uniformly by stirring in the reversed-phass suspension
polymerization at the second stage. The median particle
size of aggregated particles can be controlled depending on
the precipitated state of the surfactant and the ratic of
the amount of the ethylenically unsaturated monomer at the
second stage to the ethylenically unsaturated monomer 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 toe 5300 um, and
still more preferably from 300 to 450 um.

(0000

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

(0026}
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[0057[ After completion of the reversed-phase suspension polymerization
at multi-stages, it is preferred to add a 10 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 15 polymerization, the

crosg.m%%ﬁ%%g!ofggg syﬁfgcgulgﬁgg%gf water;absarbgnt resin particles

increases and various performances such as water-absorption capacity

prdinder Joad, watgrrabsorption Jate-and-gelstrangth can he-enhanced, and
thus imparting performances suitable for use 20 in hygienic materials.

0o [0R58[: A post-erasstinking agent-torkel used iretheqpoestnerossknking
reaction is not particularly limited as long as it can react with a functional

polgmoeap desived frone ther 25 watér-solablersthylenically unsatevatedquent
monomer used in the polymerization. 26 Examples of the . .

st esist-eigsslinking agent fo"be Useb dFclude peRoisisich-as- stifyleregly e,
propylene glycol, 1,4-butanediol, trimethylolpropane, glycerin,

2t Goly € §fye6l; polyoxypropylene glycol and 5 polyglycerin;

[Ocpgxglycidyl compounds such as (poly)ethylene glycol diglycidyl ether,
(poly)ethylene glycol triglycidyl

After completion of the reversed-phase suspension
polymerization at multi-stages, it 1s preferred to add a
post-crosslinking agent containing two or more functional
groups having reactivity with & 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-creosslinking agent after the
polymerization, the crossiinking density of the surface
layver of water-absorbent resin particles increases and
various performances such as water-—absorption capacity
under icad, water-absorption rate and gel strength can be
enhanced, and thus imparting performances sultable for use
in hygienic materials,.

[00D8]

A post-crosslinking agent to pe used in the post-
crossiinking reaction 1ls not particularly limited as long
as it can react with a functional group derived from the
water-soluble ethylenically unsaturated monomer used in the

polymerization.
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ether, (poly)glycerin diglycidyl ether, (poly)glycerin triglycidyl ether,
(poly)propylene glycol polyglycidyl ether and (poly)glycerol polyglycidyl
ether; haloepoxy 10 compounds such as epichlorohydrin, epibromohydrin
and a- methylepichlorohydrin; compaund having two or more reactive
functional groups, for example, isocyanate compounds such as
2,4-tolylene diisocyanate and hexamethylene diisocyanane; oxetane

compounds, such as 3-methyl-3-0 e ethano|, 3-ethyl-3-oxet
methﬁ%%%%ﬁ%ty - -o“k%(t%arﬁzgsrﬁet g%%% Q%r%g: I;/?Bg eet%':ane)étr::bagno ’QQE

inSrathy! -f%@i?%t?@esﬁ@@nc@lsa@q_§§H‘-§M|é3‘83§9@8§,etB@H)@iiQé‘?xzé)”@@yco 1,
compounds such as 1,2-ethylenebisoxazoline; and carbonate compounds

1, sushasethylene carbanrate:, These pestnerpsslinking-agents 20 can be
used alone, or two or more kinds of them can be used in combination.

po [0059]-Amohg thesg, polyglycidyl compotmads such asl (paly)etmydene

glycol diglycidyl ether, (poly)ethylene 25 glycol triglycidyl ether,
po(pelyyglyeerin dighytidyl ethery {polyyglyceriirtriglyeldyk ethepo L y) ethyiene
o oo e 2 by e et ol e
cu iUt 1l Res srosiniog saen e Spisleably oy 093 0 5o
tzéé%?%?é&l ether, (poly)propylene glvycol polvglyvcocidyil
ether and {polylglycerol polyglycidyl ether; haloepoxy
compounds such as epichlorohydrin, epibromohydrin and o-
methyleplchlorohydrin; compound having twoe or more reactive
functional groups, for example, isocyanate compounds such
as Z,4-tolylene dilsocyanate and hexamethylene
diisococyanate; oxetans compounds such as 3-methyl-I-oxetane
metnancl, 3-ethyl-3-oxetane methanol, 3-butyl-3-oxetane
methanol, 3=~methyl-3~oxetane ethanol, 3-ethvl-3-oxetans
ethanol and 3-butyl-3-oxetane ethanol; oxazcline compounds
such as 1,Z-ethvlensbiscxazoline; and carbonate compounds
stuch as ethylene carbonate. These post-crossiinking agents
can be used alone, r two or more kinds of them can be used
in combination.
[0059]

Among these, polyglyclidyl compounds such as

{poly)ethylene glycol diglycidyl ethexr, (polyjethylene
glycol triglycidyl ether, (peoly)glyvcerin diglvcidyl ether,

(poly)glyvecerin triglycidyl ether, (poly)propylene giycol
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monomer subjected to the polymerization. 10 [0061; When the additive
amount of the post-crosslinking agent is less than 0.01 part by mass, it is
impossible to enhance various performances such as water-absorption
capacity under load, water-absorption rate and gel strength 15 of the
resultant water-absorbent resin, whereas, when the additive amount is

pol(rj{}etrle‘}]r@:?‘@ %p%%ﬁi%\! oo Y}%“E(Ci gﬁf&%@&ic%éf% %%%%ﬁi‘ie%ther

eriorates, and therefore both s are not preferred. [0062; 20 The
arPOSECrQsS|inkingagent may:be added ag-it isqr-added {n the form of an
agueous solution. _f necessary, the post-crosslinking agent may be
o asleied using a hydrophilic organic solvent as a solvent. Examples of the
hydrophilic organic solvent include lower alcohols such as 25 methyl
alcohulzethytalcokel, arpropyl aldoholsisppropyt: alcohbl and propydend - s
glycol; ketones such as acetone and 28 methyl ethyl ketone; ethers such
preisegiethiyy efhierdioxare Tdhdtefrahydrotiraia amides Suchras
N,N-dimethylformamide; and sulfoxides such as dimethyl sulfoxide. :
Prefeed® hydrophilicor§anic Sofvents an Be JE28Honé- Grtwo or 5 Moré = =2
kinds ofothem(éan__ 8% used in combi@tg]. [0063-1

by mass of | total amount of e wa%er—soluble
ethylenically unsaturated monomer subjected to the
polymerization.
(00617

When the additive amount of the post-crossliinking
agent is less than 0.01 part by mass, it is impossible to
enhance various periormances such as water-absorption
capacity under load, water-zbsorption rate and gel strength
of the resultant water-absorbent resin, whereas, when the
additive amount is more than 5 parts by mass, water-
absorption capacity excessively deteriorates, and therefore
both cases are not preferred.
[0062]

The post-crosslinking agent may be added as it is, or
added in the form of an agueous solution. If necessary,

the post-crosslinking agent may be added using a

[*1

hydrophilic organic solvent as a solvent. xamples of the
hydrophilic crganic solvent include lower alcohols such as

methyl alcohcel, ethyl alcchol, n-propyl alcohol, 1scopropyl

alcchol and propylene givycol; ketones such as acetone and
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The timing of the addition of the post-crosslinking agent may be after
completion of the polymerization and is not particularly limited. The
post-crosslinking reaction 10 is preferably performed in a drying step after
the polymerization in the presence gkwater at the amount within a range
from 1 to 200 parts by mass, more preferably from 1 to 100 parts by
mass, and still more preferably from 10 to 50 parts by mass, based on
100 part m f the ter- rbent resin., By adjusting t _
e Lt ol water i (he eliion o IS Post B agant. BesE™
an&rg%ﬂ@gﬂhgdiﬂéﬁﬁ surface layer of particles;ofithe —W%ﬁ%%?%éﬁ%?ae ;
can be more suitably performed and excellent water-absorption capability
andcaghe exhibied.s 201/0064] The-temperature i the-postreresslinking
reaction is preferably from 50 to 250C, more preferably from 60 to 180C,
hydstilmhdreiprefergblyifroms .66 t01140C zandb evers anioeel preferably from 70-
to 120C. 25 [0065] in the present invention, the drying step can be 29
mo rerforméd uridet zerorftdl phéssipe or Féducedpressurelor can be
erformed under a gas flow such as nitrogen gas flow in order to enhance
Qihg efficacy. When the drying step is performed under a normal
pressure, the drying 5 temperature is preferably from 70 to 250C, more
orefel Aty AT E0 16 1008 Sl iore Brefehabi) oM 016 THVEL L in

agent may be after completion of the pelymerizaticn and 1s

=

not particularly limited. ‘he post-crosslinking reaction
is preferably performed in a drying step after the
polymerization in the presence of water at the amcunt
within a range from 1 to 200 parts by mass, more preferably
from 5 to 100 parts by mass, and still more praferably from
10 te 50 parts by mass, based on 100 parts by mass ¢f the
water-absorbent resin. By adiusting the amount of wazexr
during the addition of the post-crosslinking agent, post-
crosslinking in the surface laver of particles of the
water-absorbent resin can be more suitably performed and
excellent water—-absorption capabllity can be exhibited.
00647

The tempearature 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
nmore preferably from 70 te 120°C.

[0065]

in the present invention, the drying step can be
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and even more preferably from 90 to 130C. When the drying stepis -
performed under reduced pressure, the drying temperature is preferably
from 60 to 100C, and more 10 preferably from 70 to 90C. [0066] The
water content of the water-absorbefitresin after drying is 20% or less,
and preferably 10% or less, in view of imparting fluidity. An amorphous
silica powder can also 15 be added to the water-absorbent resin so as to
peFRIOVE; flyidity [006/] The.absprbent material using the év_%%rm,rb%&t
resin of the present invention is composed of particles of 20 a
carvater-abserbent resin and ashygdrephilie fiber: &xamples of the-gonstitutionsw
of the absorbent material include a mixed structure in which particles of a
in watee-absorbenhaesin andya hydeaphilic:fiber areruniformity blepded, a&tep
sandwich structure in which particles of a water-absorbent 25 resin are
i3 hetd betweash layered hydrophilié fiberss sind<a strivetuie st which particles
of a water-absorbent resin and 30 a hydrophilic fiber are wrapped with a
CeTiiage hiittné Spresehtinvention isHot limited thereto, TRE &BserbeREraoLyY
material can contain a synthetic fiber as a reingqrcingr ggeg% 5t[80?§]0'[|%e

; Ty

X EBnfent of the water-absorbeMTe8inin the = 2
and even more preferably from 90 to 130°C. When the drying
step is performed under reduced pressure, the drying
temperature is preferably from 60 to 100°C, and more
pcreferably from 70 to %0°C.
[0066]

The water content of the water-absorbent resin after
dryving is 20% or less, and preferably 10% or less, 1n view

imparting fluidity. An amcrphous silica powder can also

Fhy

o
be added to the water-absorbent resin so as to improve
fluidity.

[0067]

The absorbent material using the water-absorbent
resin of the present invention is composed of particles of
a water-absorbent resin and a hydrophilic fiber. Examples
0of the constitution of the absorbent materizl include a
mixed structure in which particles of a water-absorbent
resin and a hydrophilic fiber are uniformly blended, a
sandwich structure in which particles of & water-absorbent
resin are held between lavered hydrcephilic fibers, and a

structure in which particles of a water-absorbent resin and
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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, 10 absorption capacity
may decrease, leading to increase it liquid leakage and re-wet. When the
content of the water- absorbent resin is more than 80% by mass, the cost
of the absorbent material may increase and the touch of the absorbent

= WJnategalmeay become hard. 15 [9069) Examples of:the hydrephilic fier
include cellulose “fibers such as cotton-like pulp obtained from wood,

prdBechanical owp, ghemicalpulp and-semichemical pulp;ands adificiad n «
cellulose fibers made of rayon and acetate, but 20 the present invention is

ma et limited=only: thereta: Thes hydrophilic fiber ean £ontain aifibes made;of
a synthetic resin such as polyamide, polyester or polyolefin. 0070] The

agegpsorbent article using the water-absorbent resin 25 of the present
invention has a structure of holding the absorbent material between a

[0%igaid-permeable sheet (top 31 sheet) through which an aqueous liquid
can permeate and a iquid-impermeable sheet éaback sheet) through which
an agueoGs i can not Perfieate. THE iquid-permestie shedtis
disposed an the side which is contacted with the 5 body, while the

o Ape R CSble Shéet 16 Se0ssH oh the s Witk b noveaitéded

mof@ﬂﬂyggg¥5%ly from 15 to 60% by mass. When the content

4

of the water-absorbent regin is less than 3% by mass,
absorption capacity may decrease, leading To increass in
liguid leakage and re-wet. When the content of the water-
absorbent resin is more than 80% by mass, the cost of the
abscrbent material may increase and the touch of the
absorbent material may become hard.

[00e9]

Examples of the hydrophilic fiber include cellulose
fibers such as cotton-like pulp obtained Zrom wood,
mechanical pulp, chemiceal pulp and semichemical pulp; and
artificial cellulose fibers made of rayvon and acetate, but
the present invention 1s not limited only thereto. The
nydrophilic fiber can contain a fiber made of a synthetic
resin such as polyamide, polyester or polyolefin.

[0G70]

The absorbent articie using the water-absorbent resin

of the present invention has & structure of holding the

absorbent materizl between a liguid-pearmeable sheet (top

nd
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Examples of the liquid-permeable sheet include a non- woven fabric made
of polyethylene, polypropylene, polyester or polyamide, and a porous
synthetic resin sheet. Examples 10 of the liquid-impermeable sheet
include a film made of polyethylené,Ipolypropylene, polyester or
polyamide, and a film made of a composite material of these synthetic
resins and a non-woven fabric, but the present invention is not limited

shel(_%ﬁlx thﬂ?@a&g mﬁijﬁeﬁt%lﬂ%‘&%)ei[%ﬁ% %‘!ﬁ'?tﬁ@grﬁggte and a

iquid-impernieable sheet varies depending on applications of the

11 Apserhent articleand theeafere cannet bedetermined unconditianally.
Therefore, it is preferred that the size is appropriately adjusted according
aqiedhe appicationsa20 xamplend00411 The plesent irventios avill be
described in detail by way of Examples, but the present invention is not
shdimiteds 28 ionhyp toethese Exampless[007211321 Theanedian particle sizene
~the water content, the absorption capacity of physiological saline solution,
bodhe afduft 6fthe Yéfaiting Bispersien MeditimSamount of fsetfotedti the
hydrocarbon dispersion medium remaining in water 5 absorbent resin

51953 e S anF tHe Gd S EensonF st of WatezabsstBent resins obtained in

ther%§§%§Y%§5%§n@ % liguid-permeable sheet include a non-
woven fabric made of polyethylene, polypropvlene, polyester
or polvamide, and a porous synthetic resin sheet. Examples
of the ligquid-impermeable sheet include a film made of
polyethylene, polypropylene, polyester cor polyamide, and a
film made of a composite material of these synthetic resins
and 2 non-woven fabric, but the present invention is not
limited only thereto.

The size of the ligquid-permeable sheet and the

L

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

unconditionally. Therefore, it iz preferred that the size

1ls appropriately adiusted according to the applications.

The present invention will be described in detall by

way of Examples, but the present invention is not limited

conly to theses Examples.

[0072]
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and Comparative Examples were evaluated by the following methods.
(0073) 10 (1) Median particle size A water-absorbent resin(50g) was
passed through a JIS standard sieve having a sieve opening size of 250
um. The median particle size was feasured using a combination of
sieves (A) when 50% by mass or more of the resin passed 15 through the
sieve, while using a combination of sieves (B) when 50% by mass or

morergtthesesinremaining,on the, sievey (A), 113 standard sjigves wyere

combined in a downward order of; a sieve having a sieve opening size of
ap A2MMAt the 20 1ap; a-sieve havingasieve opening-of250 pmoa sieves

having a sieve opening size of 180 um, a sieve having a sieve opening
amcsize: 06I56@ ne, Bcsieve With alsieve openingnsizend 106qrana sieve with

a sieve opening size of 75 pm, a sieve having a sieve opening size of 45
petpmbadma tragr25: BRIS stangdardsieveswere wombinedrin acdownwarde r—

order of; a sieve having a sieve opening size of 850 pm at the 33 top,
abgebiwed by aSsiBve having € Sievé gpehitiyy $ize 6f 660 Umya sfeve ©f

having a sieve opening size of 500 um, a sieve having a sieve openin

“2'Si/e 61455 iMl, a Si6ve having & SiEve opening size of 300 U, & SiVe =
an%‘%é%%g'ﬁ%% ?}%%ai‘lﬁg S"/fézse 01230 pm, A Sieve;having a sieve opening
methods.
[0073]
(1) Median particle size

A water-absorbent resin{50g) was passed through a JIS
standard sieve having a sleve opening size of 250 um. The
median particle size was measured using a combination of
sieves (A) when 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 remaining on the
sieve.
() JIS standard sieves were combined in a downward order
of; a sieve having a sieve opening size of 425 um at the
top, a sisve having a sieve cpening 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 sileve opening
size of 106 um, & sleve with a sieve opening size of 75 um,
a sieve having a sieve opening size of 45 um and a tray.
(B) JIS standard sleves were combined in a downward crder

of; a sieve having a sieve opening size of 850 pum at the
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About 50 g of the water-absorbent resin was placed on the uppermost
sieve of the combination, and classified for 20 minutes using a
Rotap-type shaking machine. 10 After the sieve classification, the mass of
the water-absorbent resin remainirigion 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
= oherehy the b relations,betwegn the sieve openings and infegration £ ¢o¢
“values of the masso of the water-absorbent resin remaining on the sieve
um, werespletted on-a logagthmic-probability-paper -Ehe pletsonithe z sisve
logarithmic-probability paper were connected with a straight line, and the
havparticle size:cerresponting 20 te indiegrated massa of 58%e by adssiwvas
defined as the median particle size. [00741 (2) Water content About 2.5
sieayof theowates-absorhent resin was, 25 accurately weighed:(Xegeor an
aluminum cup, and after drying at 105C with a hot air drier for 2 hours,
opahelifagsi3Z ofithé driedvater-absorehtiesitwas éasureB ¢ g)and 2=
_ then the water content was calculated by the following equation (it is
oF dssimBY thaf tdte i&ss of an aluminum cup does not change before and

afterpgm%llgg ) é OWga t%rfc chﬁ%ntw(g % E‘r@a—bYs)éé}%(e]hoco 1(“) (9 57 ? Ja was placed on
the uppermost sieve of the combination, and classified for

20 minutes using a Rotap-type snaking machine.

After the sieve classification, the mass of the

water—-absorbent resin remaining on the respective sleves

wag calculated in terms of mass% based on the total mass of
resin, the wvalues were integrated in an order from the
resins with a larger particle size, and thereby the
relations between the sieve cpenings and integration values
of the mass% of the water—absorbent resin remaining on the
sieve were plotted on a icgarithmic-probablility paper. The
plots on the logarithmic-probabillity paper were connected
with a straight line, and the particle size corresponding
to integrated mass% of 50% by mass was defined as the
median particle size.
(00747
{2} Water content

About 2.5 g of the water-absorbent resin was
accurately weighed (X g) on an aluminum cup, and after

drying at 105°C with a hot air drier for 2 hours, the mass
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(3) Absorption capacity of physiological saline solution 500 g of a 0.9
mass% aqueous solution of sodium chloride was placed into a 500 mi
beaker with a 3 cm-long 10 magnetic stirrer bar and, while stirring the
solution with a magnetic stirrer, 2.(8a of the water-absorbent resin was
accurately weighed (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

of howr. 15 A gel was filtered out by.a JIS standard sieve which is,20 cm in,,

diameter with a sieve opening o_ 106 um, excessive water contained in
+ hdhegel remaining-on the sieye was Teudhly drained with afluoring resin
board, and then the sieve was tilted and left for 30 minutes for further 20
equdraining. The mass of the-gelremainingomthessieve B.gh was weighedp
and the absorption capacity of physiological saline solution was
doszalculatediaytie folleiving: equatiort Wbsorgtionrgapacity of physiological
saline solution (g/g) = B/A 25 [0076] (4) Amount of remaining dispersion
medifiiti 85 THE afidunt of tife pétroletim’Hydroéarbon dispersion medium

remaining in the water-absorbent resin was measured using a

(0% -space gas chromatograph. (a) Formation of calibration curve 50.1 g

(301 e petroleum hydrocadbon dispersion medium (hereinaftereferred fo
as a "dispersion me |urﬁ"3 sed to i

500 g of a 0.9 mass% agueous sclution of sodium
chloride was placed into a 500 ml bezker with & 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 weighed (& g) and added to the beaker such that
no unswollen iump was left, and then tThe mixture was
stirred at a rate of.6OO rpm for 1 hour.

A gel was filtered out by a JIS standard sieve which
is 20 cm in diameter with a sieve opening cf 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 Ior further
draining. The mass of the gel remaining on the sieve (B g
was welghed, and the absorption capacity of physiclogical
saline sclution was calculated by the followlng eguation.

Ebsorption capacity of physiclogical saline solution
{g/g) = B/A
[0076]

(47 Amount of remaining dispersion medium
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polymerize the sample was accurately weighed into.a 50 ml volumetric
screw vial and then DMF (dimethylformamide) was added thereto to
accurately make 40 g, followed by stirring 10 with a magnetic stirrer bar to
obtain a standard sample solution.ia a 20 ml 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 15 accurately weighed and DMF

was agdded thereto to-make the .amount.oficontents in,each:vial, bottle to

0.75 g. Furthermore, 0.75 g of distilled water was added to each vial,

nedoliewed hy:stopping with-a septuay rubbes apdran aluminugseapandured
further fastening. 20 This vial bottle was warmed at 110C for 2 hours, and

usihml of aa@apeor phase pedionrwas.eoleptediand then injected into a gas
chromatograph to obtain a chromatogram. A calibration curve was made

(a)fromareharge apfourt of ke dispersion medium in each vial bottle and a
peak area of 25 the chromatogram (when a mixture of petroleum .
hydrécarb8ns washfsettds theediSpersiti bR, Pl peaks appesredr
36 and therefore a calibration curve was made from a total value of the

ir8ad and The Charge-aimoatt) [o077; by Mesarematitof dount o~ =
po wﬂiﬁ%ﬁ% %r'gé‘ Vr?ﬁsgtuf%{é% a?'nr;x'g‘aqs'”a?;&?@a‘%% fAboyt 2 g.of a sample tohe )
volumetric screw vial and then DMF (dimethylformamide) was
added thereto to accurately make 40 g, followed by stirring
with a magnetic stirrer bar teo obtain a standard sample
solution.

In a 20 mi volumetric vial bettle (No. 5,
manufactured by Maruemu Corporation), each of 0.01, 0.04,
0.2 and 0.5 g of the standard sample sclutions was
accurately welghed and DMF was added theretoc 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, followed by stopping with & septum rubber and an
aluminum cap and further fastening.

This vial bottlie was warmed at 110°C for 2 hours, and
1 ml of a vapcr phase portion was collected and then
injected intc a gas chromatograph to obtaln a chromatogram.

A calibration curve was made from a 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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an aluminum cup and then.dried with a hot air dryer at 105C for 2 hours
to adjust the water content.. Into a 20 ml volumetric vial bottle (No.5, 10
manufactured by Maruemu Corporation), 0.10 g of the above 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 15
-ndbWfastening (By adding distilled water in.the presence of DME, 2.
water-absorbent resin was swollen slowly and uniformly and the included
vadispersionmedium wasrextracted-and fdeteeted) This vial bottle was
warmed at 110C for 2 hours, and 20 1 ml of a vapor phase portion was
[ ocotlected and then injected into a gas chromatograph to obtain a
chromatogram. The amount of the dispersion medium contained in 0.10 g
(b )ofithe: sampte wascalcutated fromd this cakibration curvel wadesbased oy 1n
the peak area of the resultant chromatogram, 25 and then converted into
saiRe Amount [ppm] of the dispersion medium contained per 1 g of the
sample. 37 0078[ The conditions of a gas chromatog]ra h used in the
0

meastitettrent of the amotint 6 the rentainifig dispersio “mediti it the ™ =

- Prosent invention are s follows, § Model: GC:14A HSS2 (HEADSPACE
Autosamplery antfactired by Shimadzu Corporation ™~ ¥

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

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

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

The amount of the dispersion medium contained in 0.10
g of the sample was calculated from the calibration curve
made based on the peak area of the resultant chromatogram,
and then converted into the amount [ppm! of the dispersion

medium contained per g of the sample.

e
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Eiller: Squalane 25% Shimalite (NAW) (101) 80-100 mesh Column: 3.2
mmg x 2 m 10 Column temperature: 80C Injection port temperature:
180C Detector temperature: 180C Detector: EID Gas carrier: N2 15 Via!
bottle heating temperature: 110C Sytinge setting temperature: 110C
[00791 (5) Odor sensory test An odor of the water-absorbent resin
originating from 20 the dispersion medium upon swelling was compared
[o@the following 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 stireechwithia: 3 €A%lang magaetic:isticier ba; Tothe glass bettlen4.0

g of the water 25 absorbent resin was added and the bottle was tightly
neseateth=The oflot begiating froot the:dispersicmnediuin fpthes3®1glass

bottle was determined by five panelists in accordance with the "six-level
me Bt iﬁtén§i1tl)ﬁiri€ei¥c§aii@ﬁtrnétfhb@m§hmn apelows ah@ evalifated by the
Moggfgﬂg%jgggph5¥ggg%1(%%%%¥%£CE Autosampler) manufactured
by Shimadzu Corporation
Filler: Sgualane 25% Shimalite (NAW) (101)

80-100 mesh
Column: 3.2 mmg * 2 m
Column temperature: BO°C
Injection port temperature: 180°C
Detector temperature: 180°C
Detector: FID
Gas carrier: N;
Vial bottle heating temperature: 110°C
Syringe setting temperature: 110°C
[(0079]
(5) Odor sensory test
An odor of the water-absorbent resin coriginating from

the dispersion medium upon swelling was compared by the
following methed. To a 140 ml velumetric glass bottle with
a lid (mayonnaise bottle), 20.0 g of 0.9% 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-
abscorbent resin was added and the bottle was tightly sealed.

The odor originating from the dispersion medium in the



Evaluation criteria evaluation 5 Very strong odor 4 Strong odor 3 Easily
recognizable odor 2 Recognizable slight odor 1 Barely sensed odor O do
odor [0081] Example I Into a 500 mL Erlenmeyer flask, 92.0 g of 80% by
mass 10 of acrylic acid was chargedand neutralized by adding dropwise
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
o1 8thylene. glycol.diglycidyl gther and 43:6 g.of ion,exchange;watge o, 18 ce
prepare an aqueous solution cf a water-soluble ethylenically unsaturated
witmonamer (Atthistime, the,; aqueeus monpmeisplutionadrathod” shown
neutralization degree of 75 molo and a concentration of 38% by mass).
belbova 2haokwmaetrie tiwe necked eylindsicabround 20 bottom f-ask
equipped with a stirrer with two 50 mm$ pitched blade paddle impellers, a
[O(théfmometer, a reflux condenser and a nitrogen gas introducing tube, 334
g of n 39 heptane was added as a petroleum hydrocarbon dispersion
Talmediim and this was warmed to 61C, and then the aqueous

Six~level . , . .
. Evaluation criteria
evaluation
5 Very strong cdor
4 Strong odor
3 Fasily recognizabls odor
2 Recognizable slight odox
1 Barsly sensed odor
0 No odor
[0081]

Example 1

Into & 500 mL Erlenmever fiask, 92.0 g of 80% by mass
of acrylic acid was charged and neutralized by adding
dropwise 102.2 g of 30 mass% sodium hydroxide under

stirring while cooling from the ocutside. To this were

y

added 0.11 ¢ of potassium persulfate, 8.3 mg of ethylene

glycol diglycidyl ether and 43.6 g of ion-exchange water to
prepare an agueous solution of a water-soluble

ethylenically unsaturated moncmer (At this time, UTne

agueous monomer sclution had a neutralization degree of 75

o

mol% and a concentration of 38% by mass).
To a 2 1L voiumetric five-necked cylindrical round-
bottom flask eguipped with a stirrer with twe 50 mmé

pitched blade paddle impellers, a thermometer, a reflux

condenser and a nitrogen gas introducing tube, 334 g of n-

')
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added at once under a stirring rate of 500 rpm 5 using a funnel and
dispersed by stirring at an inner temperature of 40C for 10 minutes (step
(A)) 0082] Next, a solution prepared by warming 0.92 g of a sucrose fatty
acid ester (manufactured by Mitsubishi-Kagaku 10 Foods Corporation,
trade name: 5-370) as a surfactant to dissolve it in 8.28 g of n-heptane by

nep¥atming was.added to, the roungshattgmiflask yising.a funnel and an,

agueous solution of a water-soluble ethylenically unsaturated monomer

mecWas further dispersed (step4B)) 15-[0083ENext; the atmospherg imthe. s
system was well substituted with nitrogen while maintaining an inner
so ltemperattre ofithewrouad-battom flask contaming the! dispession ant4QC
and the polymerization reaction was 20 performed by warming for 1 hour
morysing ahot watelbathat o70€ (stepgC)): After completiontef thé 500 rom
polymerization at the first stage, the stirring rate was increased to 1,000
U ipfh &nd HE Sinettenmperattre RasToweredth'dbbut 1€ 25'Séarately,
_toa500 mL Erlenmeyer flask, 128.8 g of 80 mass% acrylic acid was
TRt R neur Aol by adding 40" ddpise 142.9 bf 30 massvt
[Of&?ﬁjtm hydroxide under stirring while cooling from the outside. To this
wer

Next, a solution prepared by warming €.92 g of a
sucrose fatty acid ester (manufactured by Mitsubishi-Kagaku
Foods Corporation, trade name: 5-370) as a surfactant to
dissclve it in 8.28 g of n-heptane by warming was added to
the round-bottom flask using & funnel and an agueous
solution 0f a water-soluble ethyvienically unsaturated
monomer was further dispersed (step (B))

[0083]

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 40°C and the polymerization reactlon was
performed by warming for I 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 l,OOO-rpm and the
inner temperature was lowered to about 21°C.

Separately, to a2 500 mL Erlenmeyer flask, 1Z8.8 g of

80 mass% acrvlic acid was added and neutralized by adding
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added 0.15 g of potassium persulfate, 11.6 mg of ethylene glycol
diglycidyl ether and 16.7 g of distilled water to 5 prepare an agueous
solution of a water-soluble ethylenically unsaturated monomer at the
second stage (At this time, the agugbus solution of the monomer solution
at the second stage had a neutralization degree of 75 mol% and a
concentration of 44% by mass). 10 [0084) Next, the aqueous monomer
droseiten aythessecond stagewas added ig.the { pelymesization
suspension at the first stage using a dropping unnel. After the
st iatmesphere indthesystes wasowel substitutedawith nitrogen; d5vere
reversed-phase suspension polymerization at the second stage was
addpetfarnmied by warmingsfos 1unouraising.d iotwaler . bathaatZ0 G tAfterdhe
polymerization reaction at the second stage, the reaction suspension was
g L yheated Usingcarioil sathat 2871200 and aboit 266 §of WiateF@asr to
removed off the system by azeotropic distillation while refluxing
PTSRAEFtaMR ifl THE TSk 16 obtaifta dehyirdeSoninerdispersed in

_.heptane. the resultant heptane dispersed deh drated palymer, 82
RiRs RO zftft?ébu%ns%ﬁﬁ% gth?l%ngwg%ycoifdlg‘ryudyﬁ 25% ept eP]zaCts S Ae
en POk elossipking agentuas adrled and the Rost- giosslikdng. teaction was:

performed at hours 41 “After heating using an oll bath at 120C,
chd1-0eptang ag@a\tj@te}tto@rg removed offthe system by distifation, 1% ang

& concentration of 44% by mass).
00847

Next, the agueous monomer soiution at the second
stage was added to the cooled polymerization suspension at

ey

the first stage using a dropping funnel. After the

t “ty

atmosphere in the system was 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 70°C.

Efter 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 tThe system
by azeotropic distillation while refluxing n-heptane in the
flask to obtalin & dehydrated polymer dispersed in heptane.
To the resultant heptans dispersed dehydrated polymezr, 8.2
g of a 2% agueous solution of ethylene glycol diglycidyl
ether as a post-crosslinking agent was added and the post-

crosslinking reaction was performed at 83°C for Z hours.
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followed by drying under a nitrogen gas flow to obtain 234 g of a
water-absorbent resin having the shape of aggregated 5 spherical
particles. This water-absorbent resin had a median patrticle size of 310
pm, absorption capacity of physiolégical saline solution of 63 g/g, and a
water content of 4.5% (A median particle size of primary particles is
about 60 um). 10 [0085] Example 2 According to the same manner as

that gt-Example. 1, exceptthat a sojution;prepared by,warming 0,92 g.of-a

maleic anhydride-modified ethylene-propylene copolymer 15

andmanufactuead: by Mitsui ShemicalscIng, dragde namer:HIWAXa1105A) to
dissolve it in 8.28 g of n-heptane by warming was added as a polymeric

foldispersionyagent after adding & solutiorefa surfactantinithe step:(B) 6f24
Example 1, 236 g of a water-absorbent resin having the shape of
g cggregated20esptietical particisis was obtaindd T his patercadbsorbaica ted
_resin had a median particle size of 403 pm, absorption capacity of
spgHysioldgiealdaline Sotutidi 6F 65 Y Al WateF Eorktent of 379 TA
median partjclﬁ size of prirnar,y1 articles of this water-abso[aben% resOin IS
3 AT 1 i = 1Oy oA T
MELHHUL B0 i 55 [0086] Exarnple '$42 31678 500 T Efémeyerflask,
0 . . , .
phygsz“'a% 9.9f 80 mags;acrylic acid was added,and this was neyftalized by
adlng
content of 4.5% (A median particle size of primary
particles 1s about &0 um).
[0085]
Example Z
Acocording to the same manner as that of Example 1,
except that & solution prepared by warming 0.92 g of a
maleic anhvdride-modified ethviene-propylens copolymer
(manufactured by Mitsuli Chemicals, Inc., trade name: HIWAX
11052) to dissolve 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 Example 1, 236
g of a water-absorbent resin having the shape of aggregated
spherical particles was obtalned. This water-absorbent
resin had a2 median particle size of 403 um, absorption
capacity of physioclogical saline solution of &5 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).

[008¢6]

Example 3



N

dropwise 102.2 g of 30 mass% sodium hydroxide while cooling the flask
from the outside. To this were added 0.11 g of 5 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. To a 2 _ volumetric five-necked cylindrical round- 10 bottom
flask equipped with a stirrer with two 50 mm~ pitched blade paddle

impeligrs, athermometer, g rethwe @99@9?959;’2'1%6‘(5‘“5‘39 9354

introducing tube, 334 g of n- héptane was added as a petroleum
ac:hydrecarben dispersion megim and0.92 g afamaleiG zed by adding
anhydride-modified ethylene 15 propylene copolymer (manufactured by
drditsid £hemicalsy Inct, tradasame:HWAX T105A) wassaddedias acoling
polymeric dispersion agent and then this was warmed to dissolve it. After
theoodliag fo 61CnrtHeEnaqueousisdutiol of alwater<sotulble dtlaylénitallys of
unsaturated monomer was added at once 20 under a stirring rate of 500
PO kpcusifig REfuRRerarndtheh- dispersed By Stirringat @nvififer tehiperature
.0f 40C for 10 minutes (step (A)) [0087] Next, a solution prepared by
e RGerniing 0%92 § of a25 SGErose Tatty AGid Estér (man ufactEretehy "
Lo Mitsubishi-Kagaku Foods Corporation, trade name; gh?:iz? dfs a surfactant
%543 dissc}]ve itin 8:28 § of n-heptané y*vvarm“lna was added’to the
und9und-bottom.flask using a funnel and an aqueous
To a 2 L volumetric five-necked cylindrical round-
bottom flask equipped with a stirrer with two 50 mmo
pitched klade paddle impeilers, a thermometer, a reflux
condenser and a nitrogen gas intreducing tube, 334 g of n=-

heptane was added as a petrcoleum hydrocarbon dispersion

~

medium and 0.92 g of a maleic anhydride-modified ethylene-
propylens copoliymer {manufactured by Mitsul Chemicals, Inc.,
trade name: HIWAX 1105A) was added as a polymeric
dispersion agent and then this was warmed to dissolve it.
After cooling to 61°C, the agueous socolution of a water-
soluble ethyienically unsaturated monomer was added at once
under a stirring rate of 500 rpm using a funnel and then
dispersed by stirring at an inner femperature of 40°C for
10 minutes (step (&))
[O087]

Next, & solution prepared by warming 0.22 g of a
sucrose fatty acld ester (manufactured by Mitsubishi-Kagaku

Foods Corporation, Trade name: 3-370) as a surfactant to
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solution of a water-soluble ethylenically unsaturated monomer was further
dispersed (step (B)) 5 [0088' Next, the atmosphere in the system was well
substituted with nitrogen while maintaining the inner temperature of the
round-bottom flask containing the dispersion at 40C and the
polymerization reaction was 10 performed by warming for 1 hour using a
hot water bath at 70C (step (C)). After completion of the polymerization at

a1 dheficst stage,, the stirmipg ratewas increased.to, 1,000 sm.and theinper .
temperature was lowered to about 23C. i5 [0089] Separately, to a 500 mL

t neErenmeyeyflask: 128 8.0 of. 80-mass¥actyic agid was addesand
neutralized by adding dropwise 142.9 g of 30 mass% sodium hydroxide

so undesrstirting whilescoeting fitohz thecoytsiee: To’this weres20iadded0.15
g of potassium persulfate, 11.6 mg of ethylene glycol diglycidyl ether and

mork@izy ofdistilled water o giveparecan’ agesoussolution of a water-soluble
ethylenically unsaturated monomer at the second stage. Next, the

[ 0&tfueous monomer solution at the second stage was 25 added to the
cooled %olymerization sus%\%nsion using a dropping funnel. After the

atmosphere inthe Byate Was 44" Well Substiuted withhitiSgen,
suﬂ%\éﬁréﬁf‘gan ase,suspepsion. polymerizafion at the second.stage, was
performed by warming
temperature of the round-bottom flask containing the
dispersion at 40°C and the polymerization reactlon was

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

70°C (step (C)).

r

After completion of the polymerization at the fi:

5
n

stage, the stirring rate was increased to 1,000 rpm and the
inner temperature was lowered to about 23°C.
[G089]

Separately, to a 500 mlL Erlenmeyer flask, 128.8 g of
80 mass% acrvliic acid was added and neutralized by adding
dropwige 142.9 g of 30 mass% sodium hydroxide underxr
stirring while cooling from the outside. To this were
added 0.15 g of potassium persulfate, 11l.6 mg of ethylene
glycol diglycidyl ether and 16.7 ¢ of distilled water to
prepare an agueous solutlion of a water-solubie
ethylenically unsaturated meonomer at the second stage.
Next, the aguecus monomer solutlion at the second stage was
added to the cocled polymerirzation suspension using a

dropping funnel. After the atmosphere in the system was
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for 1 hour using a hot water bath at 70C. After the polymerization reaction
at the second stage, 5 the reaction solution was heated using an oil bath
a'~~ 120C 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 10 g of a 2% aqueous solution of

we ﬁth%'%B% glycol diglyeiqyl ether.as a-postcrosslinking,agent was.added,,

and the post- crosslinking reaction was performed at 83C for 2 hours.

polAferheating using an ol bath ah1.20C; fxheptane .and water Wereyarming
removed off the system by distillation, _5 followed by drying under a
fomitrogen: gas flowdo:ohtain 238: grofiaswater+absoraent resin having the
shape of aggregated spherical particles. This water-absorbent resin had a
mediansparticle sizelof:352 pmi absorptienicapacittoft physielogical stage,
saline solution of 62 g/g, and a water 20 content of 5.6% (A median
+ 4 FRE D ; N Y o o 3y e o
“hepaficle SiZe offprifan  partitfes 6RthR waeHabsebeht tedin islaButled * ©
. Cgm . [0090] Example 4 According to the same manner as that of Example
ang a9 akeeptthat 8 SolidibA préfared BYWEMInG to dissofiethe™ =Y
surfactant and, then, 0,92 g of an oxidizeg{ethylene 4% ropylene
L hepy 0929 of oo oxidized ethylene 45 proplene
azec%pgﬁpn%ecr frinlanujfaéﬁﬂirelaO y |tlsuf3C}ﬁ%ml&la}fs,nlrgic.][,\L trade nar%e:lﬁlwtls(
£1420MPR) ag 2 polymeric dispetsioniagentie » g5 spersed in heprane.
To the resultant heptans dispersed dehydrated polymer, §.2
g of a 2% agueous solution of ethylene glycel diglycidyl
ether as a post-crosslinking agent was added and the post-
crosslinking reaction was performed at 83°C for Z hours.
After heating using an cil bath at 120°C, n-heptane
and water were removed off the system by distillaticn,
followed by drying under a nitrogen gas flow tc obtain 238
g of a water~abscorbent resin having the shape of aggregated
spherical particles. This water-absorpent resin had a
median particle size of 3252 um, absorption capacity ol
physiological saline scolution of 62 g/g, and a water
content of 5.6% (A median particle size of primary
particles of this water-absorbent resin 1s about 60 pm).
[0090]
Example 4
According to the same manner as that of Example 3,

except that a sciution prepared by warming tTo dissclve the

surfactant and, then, 0.972 ¢ of an oxidized ethyisne-

e
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8.28 g of n-heptane by warming was added in the step (B) of Example 3,
237 g of a water-absorbent resin having the 5 shape of aggregated
spherical particles spherical particles was obtained. This water-absorbent
resin had a median particle size of 868 pm, absorption capacity of
physiological saline solution of 60 g/g, and a water content of 5.10 (A
median particle size of primary 10 particles is about 60 pm). [0091]

pre mple 5c'88%qr9:‘&9ft°<b 16 Same. manner as that.of Examplg 3, except .

f a solution prépared by warming to dissolve, in 15 8.28 g of n-heptane

prabi/ewagﬁl@g Qﬂ%\giOﬁﬁf\ﬁgjy(;@éylaﬁ%ﬁ{aﬁn@n@nu@g%eﬂd BYon agent in
Mitsubishi-Kagaku Foods Corporation, trade name: TS4) in place of O 92

8 . Zpoba csucrese:fattyracid ester fmanufaciured dyMitsubishi-Kagaks | of
Foods Corporation, trade name: S-370) was used, and the 20 reaction
Ex sojutioniwas céolkeddd about 2OC-after completiore of thépelymerizaton
at the first stage in the step (B) of Example 3, 234 g of a water-absorbent
shapsinthaviritp thied shape vPag§icyatedsphericat pafiies dphericap reiclies
particles was obtained. This water-absorbent resin had a median 25

we ﬁ)a‘?f?&'ié ST/ of 293 bin, ‘Ghsorption capacity of physicldgical Safie"

J:s.olutﬁl of 58 X g (%E? water 46 content of 3.0% LA med@n particle size
pa prlmary partlc es"of this Water: aff?s(?rjf)enflresnﬁj i dbout 70 pm).

physiolegical saline solution of 60 g/g, and a water
content of 5.1% (A medlian particle size of primary
particles is about €0 um).
[0091)
Example 5

Aecording to the same manner as That of ZIxample 3,
except that a sclution prepared by warming to dissolve, 1in
8.28 g of n-heptane by warming, 0.92 g of tetraglvceryl
stearate (manufactured by Mitsubisni-Kagaku Foods
Corpeoration, trade name: T384) in place ¢f 0.92 g of 3
sucrose fatty acid ester (manufactured by Mitsublshi-Kagaku
Foods Corporation, trade name: 5-370 was used, and the
reaction sclution was ccoled to about 20°C after completion
of the polymerization at the first stage in the step (B) of
Example 3, 234 g of a water-absorbent resin having the
shape of aggregated spherical particles spherical particles

was obtained. This water-absorbent resin had a median

article gize of 293 um, absorpticn capacity ol

T

physiclogical saline solution of 58 g/g, and a water
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[0092] Example 6 5 According to the same manner as that of Example 3,
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 dispersiortagent in place of 0.92 g of the maleic
anhydride-modified. 10 ethylene-propylene copolymer (manufactured by
Mitsui Chemicals, Inc., trade name: HIWAX 1105A) in the step (A) of

corXample3, 240.9 ofa waterabsorpent resin.having the, ,shape. of

aggregated spherical particles spherical particles was obtained. This
paWater-abserbent, resin had .a median15 patticle size of 353.pm,7absarption

capacity of physiological saline solution of 63 g/g, and a water content of
[ 3(B8% (A median particle size of primary particles of this water-absorbent

resin is about 60 um). [0093] 20 Example 7 To a 500 mE Erlenmeyer
Exdftask£92.0 g of 80 mass% acrylic acid was added, and thiswas

neutralized by adding dropwise 102.2 g of 30 mass% sodium hydroxide

while*660tHG " the flask-fremSthBDUESIEE STo fHis weté added0IP§of 25

potassium persulfate, 8.3 mg of ethylene glycol diglycidyl ether and 43.6
X FBfiohlekchAnge m%t@rftoa&eﬁéi‘é%r? A7 aqlieous SolbtiG 8f &7°

W%ter-solu le eth¥lenicallg ‘unsatMr,ated manomer, . .
copolymer {(manutactured by Mitsui Choemicals, Inc., trade

name: HIWAX 4052FE) was used as a polyvmeric dispersion agsasnt
in place of 0.92 g of the malelc anhydride-modified
ethylene-propylene copolymer (manufactured by Mitsul
Chemicals, Inc., trade name: HIWAX 11C5A) in the step (A)
of Example 3, 240 g of a water-absorbent resin having the
shape of aggregated spherical particles spherical particles
was obtained. This water-absorbent resin had a median
particlie size of 353 um, abscrption capacity of
physiological saline solution of €3 g/g, and a water
content of 5.8% (A median particle size of primary
particles of this water-sbscrbent resin 1s about 60 um).
[0093]
Exanple 7

To a 500 ml Erlenmevyer flask, 92.0 g of 80 masss
acrylic acid was added, and this was neutralized by adding
dropwise 102.2 g of 30 mass% scodium hydroxide while cooling
the flask from the outside. To this were added 0.1 g of
potassium persulfate, 8.3 mg of ethylene glycol diglyecidyl

ether and 43.6 g of lon-exchange water to prepare an
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To a 2 L volumetric five-necked cylindrical round- bottom flask equipped
with a stirrer with two 50 mmo 5 pitched blade paddle impellers, a
thermometer, a reflex condenser and a nitrogen gas introducing tube, 334
g of n- heptane was added as a petréleum hydrocarbon dispersion
medium and 0.92 g of a malefic anhydride-modified ethylene- propylene
copolymer (manufactured by Mitsui Chemicals, Inc., 10 trade name:

aqudMAXSLEOSA) Was added, as a-palymede dispersion-agent and, then,

they were dissolved by warming. After cooling to 61C, the aqueous
1 sSolution eba maternseluble ethylenically unsaturated monomer was added
at once under a stirring rate of. 300 rpm using a funnel and then 15
dispérsed by stirtng atitherinnel teraperature ©f 40Cifor I minutes(step
(A)) 0094] Next, a solution prepared by warming to dissolve 0.92 g of a
botsuerosel fatty aciph ester dmantfacturetby-20 MitstibishiKagakmFoods
~ Corporation, trade nqme:‘5-370% as a surfactant in 8.28 g of n-heptane by
PLGFARING Wt addsti to® tHE FSUNERGttorR flalkR TS firmet, dridtan™
i, -a%ueous solytion of a water-soluble, etbylenicailx un§aturate§,j monomer
)

?%?ﬁhe?%%p%r&é’d‘ at’d stirrihg raté of 560 oM 925 (step ( X [G0g5] 48~
hepﬁﬁem?gﬁﬁgﬁ b the system ap welsubstiwed witn pltiogen,
medium and 0.92 g of a maleic anhydride-modified ethylene-
propylene copolymer (manufactured by Mitsui Chemicals, Inc.,
trade name: HIWAX 1105A) was added as a polymeric
digpersion agent and, then, they were dissolved by warming.
After cooling tco €1°C, the agqueocus sclution of a water-
soluble ethylenically unsaturated moncmer was added at once
under a2 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})

[C094]

Next, a sclution prepared by warming to dissolve 0.92
g of a sucrose fatty acld ester (manufactured by
Mitsublshi-Kagaku Foods Corperation, trade name: 5-370) as
a surfactant in 8.28 g of n-heptane by warming was added to
the round-bottom fiask using a funnel, and an agueous
solution of a water-soluble ethylenically unsaturated
monomer was further dispersed at a stirring rate cof 500 rpm
(step (B)).

(0095}
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temperature of the round-bottom flask containing the dispersion at 40C,
and the polymerization reaction was 5 performed by warming for 1 hour
using a hot water bath at 70C (step (C)). The operation after completion
of the polymerization at the first stage was performed according to the
same manner as that of Example 3 to obtain 237 g of a water 10
absorbent resin having the shape of aggregated spherical particles. This

wateabsorhent resin bad:a.median gasticls size:of,372 Rypy absorption

capacity of physiological saline solution of 62 g/g, and a water content of
sukfk 8% (A median pariclersize of pimasry A5 particles abthisie inner
water-absorbent resin is about 60 um). [0096] Example 8 According to
terthe same-manher As that.ofEtamplen, féxcept that a=mixture ofi0=46 g of
an oxidized ethylene 20 propylene copolymer (manufactured by Mitsui
di Glyemicals, aifc. 2 Wdde rame tERVAXI40B2E) and 6246 Yrofc- amalefica s
anhydride- modified ethylene- propylene copolymer (manufactured by
De]?\ﬁi‘?sﬁ@né?ﬁlcé%»wctrad@nam%@FHW%@%T%S%)]i‘r\%ts Usee Ak tn at
onmerlc dispersion agent in place of 0.92 g of the 25 maleic
a%hyﬁﬁﬁg maodified ethylene-propylene copolymer (manufactured by
Mits Chemlcals Inc., trade name; WAX 49 11 in the ste
Exarl#ple f 2% ( ?a water- absoHE%Lnt Fesin havir?C e'sh %I%% *@Qtlon

eu,%%%e%¥§g§pggggg was performed according to the same

manner as that of Example 3 to obtain 237 g of a water-
absorbent resin having the shape of aggregated spherical
particles. This water~absocrbent resin had a median
particle size of 372 um, absorption capacity of
physiclogical saline solution of €2 g/g, and a water
content of 4.8% {A median particle size of primary
rarticles of this water-—-absorbent resin is about &0 um).
[0098]
Example 8

According to the same manner as that of EZxample 7,
except that a mixture of U0.46 g of an oxicdized ethylene-
propylene copolymer (manufactured by Mitsui Chemicais, Inc.
trade name: HIWAX 4052E) and 0.46 g of a maleic anhvdride-
modified ethylene-propylene copelymer {manufactured by
Mitsuil Chemicals, Inc., Trade name: HIWAX 1103A) was used
as a polvmeric dispersion agent in place of (0.92 g of the
maleic anhydride-modified ethyiene-propylene copolymer

(manufactured by Mitsul Chemicals, Inc., trade name: HIWAX
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particles spherical particles was obtained. This water- absorbent resin had
a median patrticle size of 356 pm, 5 absorption capacity of physiological
saline solution of 63 g/g, and a water content of 4.5% (A median particle
size of primary particles of this watéf-absorbent resin is about 60 Pm).
[0097] 10 Comparative Example To a 500 mL Erlenmeyer flask, 92.0 g of
80 mass% acrylic acid was added, and this was neutralized by adding

11 cppwise 102.2.g of 30 mass sodiym hydroxide while coaling . the flask

from the outside. To this were added 0.11 g of 15 potassium persulfate,
ab <5 3wag of ethylene.glyeeldiglyeidyh gtherand:43;6 4ignexchange water
to prepare an aqueous solution of a water-soluble ethylenically
paunsatyratecb reariamer. Jora 24 valumetrio fivesheeked cylindricak raund-
20 bottom flask equipped with a stirrer with two 50 rnm pitched blade
ab graddte impelfers, atiermoniatera reflukicdridenserand atiifogen gas
introducing tube, 342 g of n- heptane was added as a petroleum
ab $yrocatbof Hispersion Cmedlitind Jahd 6925 of & stiffosé fatty acid éster?
%\rllvufactured by Mitsubishi-Kagaku Foods Corporation, trade name: _

25 (m
9/ %(-3%‘6) 45 ‘4ddEd asA's(factant, follbwed by Waniihg 50 16 1T o~ ©F
riq!\%s Ive the ester. Thereafter, the agueous._ solution of a watet-soluble .
P et ;1% ﬁﬁ“ = roe b t b
pm) .

nically unsaturated

[0097]

o

Comparative Example 1

To a 500 ml Erlenmever flask, 92.0 g of 80 mass:
acrylic acid was added, and tnis was neutralized by adding
dropwigse 102.2 g of 30 mass?® sodium hydroxide while cooling
the flask from the outside. To this were added 0.11 g of
potassium persuliate, 8.3 mg of ethylene glycol diglycidyl
ether and 43.6 g ion-exchange water tTo prepare an agueous
solution of a water~soluble ethylenically unsaturated
MONOmer.

To a 2 L volumetric five-necked cylindrical round-
bottom flask eguipped with a stirrer with twe 50 mmé
pitched klade paddle impellers; a2 Thermometer, & rveflux
condenser and a nitrogen gas introducing tube, 342 g of n-
heptane was added as & petroleum hydrocarbon dispersion
medium, and €.92 ¢ of a sucrose fatty aclid sester

(manufactured by Mitsubishi-Kagaku Foods Corporaticn, trade

name: S-370) was added as a surfactant, followed by warming
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monomer was added at once using a funnel under a stirring rate of 500
rpm. Next, the atmosphere in the system was 5 well substituted with
nitrogen while maintaining the inner temperature at 40C, and the
polymerization reaction was perforfxied by warming for 1 hour using a hot
water bath at 70C. The operation after completion of the polymerization
10 at the first stage was performed according to the same manner as that

to O Exampledo oblain 236,¢.ot.a water- absorhentresin haying.the-shape
of aggregated spherical particles. This water-absorbent resin had a
solmedian partiglessize of.s318:pme: abserption Lapacity oLz physiolegical
saline solution of 62 g/g, and a water content of 4.6% (A median particle
morsize:of prmany adticles ohthis walersalsorbentaésinris.about 60 pm)ing
[0098] Comparative Example 2 20 To a 500 mL Erlenmeyer flask, 92.0 g
ratgf 80imassver mieryliciacid wasadddanapdthiswasnédttalized Faddifg
dropwise 102.2 g of 30 mass% sodium hydroxide while cooling the flask
we lilork the butsidé o this'were 28360 01111 g Bf Tpotadsidi petsiiifite 18357
of ethylenq glgﬁglﬁdigl cidyL%S ether and 43.6 ﬁi.on-exchagge water to

m
Le;ﬁ%ﬁgrtéuar? aglieous soldtion of & witer-36iubié dthyienically unsaturated

o= PANOMEr-, [0, 2.2 L yolumetric fivenecked, cylindrical round bottamflask
©  equipped with a stirrer with two 50 mm-~ i
70°C.

The operation after completion of the peolymerization
at the first stage was performed according to the same
manner as that of Example 1 to obtain 236 ¢ of a water-
absorbent resin having the shape of aggregated spherical
particles. This water-absorbent resin had a median
particle size of 3218 um, absorption capacilty of
physiclogical saline solution of 62 g/g, and & water
content of 4.6% (A median particle size of primary
particles of this water-absorbent resin is about 60 um).
[0098]

Comparative Example 2

To a 500 mL Erlenmever flask, 82.0 g of B0 mass%
acrylic acid was added, and this was neutralized by adding
dropwise 102.2 ¢ of 30 mass% sodium hydroxide while cooling
the flask from the outside. To this were added 0.11 g of
petassium persulfate, 8.3 mg of ethylene glycol diglycldyl
ether and 43.6 g ion-exchange water fo prepare an agueous

soluticon of a water-soluble ethyienically unsaturated
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pitched blade paddle impellers, a thermometer, a reflex 5 condenser and
a nitrogen gas introducing tube, 342 g of n- heptane was added as a
petroleum hydrocarbon dispersion medium, 0.92 g of a sucrose fatty acid
ester (manufactured by Mitsubishi-Kagaku Foods Corporation, trade
name: S-370) was added as a surfactant, and 0.92 g of a maleic 10
anhydride-modified ethylene-propylene copolymer (manufactured by
morMitsui Chemicals, Inc., trade name: HIWAX [105A) was added as a
polymeric dispersion agent, followed by warming to dissolve them. After
cooling te 61C, the lagueoussofition-ofa-water-spluble etlydenicaty 15
unsaturated monomer was added at once using a funnel under a stirring
boratenoff500 ppragNext ¢hie atmosphese inther system was viell subistituted
with nitrogen while maintaining the inner temperature at 40C, and the
plysgiyaeRizatitih pesction was perfered by Weriling foral hodr ysiag @*hot
20 water bath at 70C. The operation after completion of the polymerization
COTSRRE fist Staye was Perfoimed atconting t'the Samé fhannérad that of -
h Example 3 to o# aic? 237 g of g%vg%ﬁr-ugﬂb Or%?:”tlﬂeﬁg‘oha@ﬂ%th&%‘ladone of
“Eagyrégated spherical 25 particles: This watér-abs6rbent résin had &
e JagHANPaicle size of 348 pm. absorption.capaciy of 52 plysiological o
saline solution’of 61 g/g, and a water content of 4.90 (A median patrticle of
by thiswater-ahsarbent wesin size ot prmans partigles:s aheut,6@Qam)s-370,

was added as a suriactant, and 0.92 ¢ of a malelc
anhydride-modified ethylene-propylene copolymer
(manufactured by Mitsui Chemicals, Inc., trads name: HIWAX
1105A) was added as a polymeric dispersion agent, followed
by warming to dissolﬁe them, After cooling to 61°C, the
acgueous soluticon of & water-soluble ethylienically
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 maintaining
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 polymerizaticn
at the first stage was performed according to the same
manneyr as that of Example 3 to obtain 237 g cf a water-
absorbent resin having the shape of aggregated spherical
particles. This water-absorbent resin had a median

particle size of 348 um, absorption capaclity ol
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[0099; 5 Comparative Example 3 According to the same manner as that
of Comparative Example 2, except that 0.92 g of tetraglyceryl stearate
(manufactured by Mitsubishi-Kagaku Foods Corporation, trade name:
TS4) was used as a surfactant in pfage of 0.92 g of 10 the sucrose fatty
acid ester (manufactured by Mitsubishi- Kagaku Foods Corporation , trade
name: 5-370), and the reaction solution was cooled to about 20C after
phyeampletion -of the polmerizationoat the fisst stage innGemparativer
Example 2, 235 g of a water-absorbent resin having the jr shape of
conaggregatedispierical particles was obtairred: Thish ivaterabsorbestresim t
had a median particle size of 273 um, absorption capacity of physiological
ressaline’sotutioh ofre0uayy, dsd A WatéscoriteRtosf8.5%(Alfmedian particle
size of primary particles of this water-absorbent resin is about 70 20 um).
[0UB100; Comparative Example 4 The sample obtained according to the
_.__same manner as_that of Comparative Example 2 was further heated by a
COMRREES aif Urer for 3 hours to obtain 230 g of a water absorbent

resinAlg:avér}g%m%sQ%pg gga%%lﬁgaﬁ?gnipe@e”ggl %%aoé rggescgllﬂgaza_t ive
water-absorbent resin had a median particle size of 356 um, absorption
Exa?&??g% of physiological;saling solution af 68.g/g; and awater c5rate
(manufactured by Mitsubishi-Kagaku Foocds Corporation, trade
name: TS4) was used as a surfactant in place of 0.%2 g of
the sucrose fatty acid ester (manufactured by Mitsubishi-
Kagaku Foods Corporation , trade name: 3-370), and the
reaction solution was cooled to about 20°C after completion
of the polymerization at the first stage in Comparative
Example 2, 235 g of a water~absorbent resin having the
shape ¢f aggregated spherical particles was obtained. This
water—-absorbent resin had a median particle size of 273 um,
absorption capacity of physioclogical saline solution of 60
g/g, and a water content of 3.5% (A median particle size of
pximary particles of this water-absorbent resin i1s about 70
um) .
{01003
Comparative Example 4

The sample obtained according tce the same manner as
that of Comparative Example 2 was further heated by a hot
air dryer at 180°C for 3 hours to obtain Z30 g of a water-

absorpent resin having the shape of aggregated spherical
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content of 0.5% (A median particle size of primary 5 particles of this
water-absorbent resin is about 60 um). The amount of the remaining
dispersion medium and the results of an odor sensory test of
water-absorbent resins obtained inSExamples | to 8 and Comparative
Examples 1 to 4 are shown in Table 2. 10 [0101] Table 2 I Amount of
Odor sensory test Species of remaining Panelist Samples dispersion
pa-dispersion medium mediumAB G2 E-Average prml Example, 1.Heptane
12102211 1.4 Example 2 Heptane 960 1 1 1 1.0 il Example 3
partteptase 8300 Example 4-jeptane ¥£0 doh 1-:@ doxamplesS Heptane
590100 0.6 Example 6 Heptane 180 00 0 0 0 0.0 Example 7 Heptane
ph8320:0 640 d:0] 0:6.01 kxample 8ideptane 89 0 @,0' 0. 0= Comparative
Heptane 15,300 4 4 4 3] 3 Example | Comparative Heptane 5,30033 31
corg330 Exdmple 2(Eoiparativecarcicle size of primary

5 particles of this water-abscrbent resin is about 60 um).
The amount of the remaining dispersion medium and the
results of an odor sensory test of water-absorbent resins

obtained in Examples 1 to & and Comparative Examples 1 to 4

are shown in Table Z.

10 [0101]
Table 2
5 Amcunt of Odor sensory test
Species of remaining Panelist
Samples dispersion| dispersion ;
medium medium A B C D i E | Average
ppu

Example 1 Heptane 1,210 2 2 | i 1 i 1.4
Example 2 Heptane el 1 i 1 1 1 1.0
Example 3 Heptane 830 1 1 1 1 1 1.0
Example 4 Heptane 770 1 1 1 1 1 1.0
Example 5 Heptane 590 1 1 1 o 0 0.6
Examplse 6 Heptane 180 0 G O 0 O G.0
Example 7 Heptane 320 0 0 0 0 O 0.0
Exampie 8 Heptane 80 O 0 G O 0 0.0
Comparative ‘ - -

H i 4 4 .G
Example 1 eptane 5,300 4 3 3 3.6
Comparative | g ane 5,300 3 03| 3lz3] s 3.0
Example 2
COMPArative | yorrane 11,100 4 04| 303003 3.4
Example 3 ‘
comparative | .o otane 4,500 30302 3] 3 3.0
Example 4 _ | i

[0102]

As is apparent from Table 2, in the water-absorbent

1

&

resin of the present invention, the amount of the petrolsum

hydreocarbeon dispersion medium remaining used during the
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Example 3 Heptane 11,1001 4 1 4 3: 3 3 3.4 Comparative Heptane
4,500 333 333.0 Example 4 [0102] As is apparent from Table 2, in the
water-absorbent 15 resin of the present invention, the amount of the
petroleum. hydrocarbon dispersiorbedium remaining used during the 54
polymerization of the water-absorbeno resin is remarkably decreased to
2,000 ppm or less and an odor originating from the dispersion medium is
po1gguced..Ip the water-absorbent. resjas of Examples: 6 to 8 having they, 1 -,
amount of the 5 remaining dispersion medium of 500 ppm or less, no odor

decoriginating:trom the dispersion medisnswas felt indbe agder ssensorntest.rom
Industrial Applicability 10 [0103; According to the present invention, there
thearéi providedha wateriabsarbentrésirewhichlcontamsva smalt atemaining -
amount of a petroleum hydrocarbon dispersion medium used in
regeuersed-phasesiuspension polyiaezation; a5 thus $édiéifig an odor
originating from the petroleum hydrocarbon dispersion medium, and also
CeTFRCh TS sHitable o G5e fiE Aydidnicimaterialdian dbsbfent materiaPand
an, absorbent article ,using%the same. 55 Cl AIMS f v i
criginating from the dispersion medium was felf in the odor

sensory test.

Industrial Applicability
010321

According to the present invention, there are
provided a water-absorbent resin which contains a small
remaining amount of a petroleum hydrocarbon dispersion
medium used in reversed-phase suspension polymerizatlon,
and thus reducing an odcr originating from the petroleum
hydrocarbon dispersion medium, and also which is suitable
for use in hygienic materials; an absorbent material and an

absorbent article using the same.
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I. A water-absorbent resin obtained by subjecting an aqueous solution of
a water-soluble ethylenically 5 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 2,000 ppm or less. 10 2. The water-absorbent
resin according to claim 1, whergin:theqwater-absorbent resin is obtained
by performing the reversed-phase suspension polymerization at multi-
stages of two or more stages, and performing the reversed 15 phase
suspension polymerization at the first stage by: (A) adding an aqueous
1. solutiorvef-a watérssotoklet ethytenicallytunsaturated monomer toa an
petroleum hydrocarbon dispersion medium to disperse the aqueous
aJispiitforcinthe disperdion mieditinT, 204(B)-artldingha saifactantfo the
resultant dispersion to further disperse the aqueous solution, and (C)

UnSiertoring tHe reversed phdse’ Sispensiot golymenz&ioh- &t the first

.stage using.a water-soluble radical polymerization initiator, optionally in, .
e B
in V’é%@.‘ﬁ‘?%%‘&?% resin according to.claim %hlg%e{%'”éﬂ% water;absorbept, .

resin is obtained by adding the aqueous solution of a water-soluble
peiethylenically qrccarbon dispersion medium remaining in the

water-absorpent resin is 2,000 ppm or less.

2. The water-absorbent resin according to claim 1,
wherein the water-absorbent resin 1s obtained by performing
the reversed-phase suspension polymerization at multi-
stages of two or more siages, and performing the reversed-
phase sugpenslion polymerization at the first stags by:

(A) adding an agueous solution cf a water-sclubls
ethylienically unsaturated monomer to a petroleum
hydrocarbon dispersion medium to disperse the agusous
solution in the dispersicon medium,

(B) adding a surfactant to the resultant dispersion to
further disperse the agueous solution, and

(C) performing the reversed-phase suspension pcolvmerization
at tThe first stage using a water-soluble radical
polymerization initiator, opticnally in the presence of an

internal-crosslinking agent.
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unsaturated monomer to the petroleum hydrocarbon.. dispersion 5
medium in the presence of a polymeric dispersion agent to disperse the
agueous solution in the dispersion medium in the step (A). 4. The
water-absorbent resin according toTfaim 2 or 3, 1C wherein the
water-absorbent resin is obtained by adding the polymeric dispersion
agent together with the surfactant in the step (B). 5. The water-absorbent

3. resinmaccopding;toany one-of- 15caims.2 o4 whereinthe, o i 2,
water-absorbent resin is obtained by adding a post-crosslinking agent to
whelrprecursor aktherwates-abserbent £esin obtained aftexeompletion of thenhe

multi-stage reversed-phase suspension polymerization including the
agsteps (Axtou(C)pand post-erasslinking. thetl 20<pregursor. &: The
water-absorbent resin according to any one of claims 1 to 5, wherein the
un sufaetaritds apleaseond Rindh seletted-fr6irthe Hewy eshsistig 6P rsion
olyglycerin fatty 25 acid ester, a sucrose fatty acid ester and a sorbitan
MEGA adid eSferP5 7 SF e Watet-abisbrBst résif atesrding’to afy Bhe of
a; claims 3 L%g, wherein the gﬁ'gm-e@ Qisp%r§ion agent is at Ieawstgnq kind
- eTectEd Trom tHe'group consisting of malsfic 5 annydride-modified ™ ="
tmpo%eetgykm?,. mqleic anhydride-modified polypropylene, a maleic
anhydride-modified ethylene- propylene copolymer, a maleic
anhydride-ethylene copolymer,

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

5. Tne water-absorbent resin according to any one of
claims 2 to 4, wherein the water-absorbent ressin i1s
obtained by adding & post-crogsliinking agent To a precursor
of the water-absorbent resin obtained after completicn of
the mulii-stage reversed-phase suspension polymerization
including the steps (A) to (C), and post~crosslinking the

precursor.

6. The water-sbsorpent resin according to any one of

claims 1 To 5, whereln the surfactant is at lesast one kind
selected from ths group consisting of a polvglycerin fatty
acid ester, a sucrose fatty acid ester and a sorbitan fatty

acid ester,



a maleic anhydride-propylene copolymer, a maleic anhydride-
ethylene-propylene copolymer, polyethylene, polypropylene, 10 an
ethylene-propylene copolymer, oxidized polyethylene, oxidized
polypropylene and an oxidized ethylene-propylene copolymer. 8. The
water-absorbent resin according to any one of 15 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. 20 9. The
7. waterabsqebent re3ia asperding-tosany one ot claimsthta:8,whekein the
petroleum hydrocarbon dispersion medium is at least one kind selected
cldrom the group censisting of aa aliphatie: hydrocarhenrandan alieyclicis at
hydrocarbon, each having 6 to 7 carbon atoms. 25 10. An absorbent
iegnatefiakcompising the Wederfalssorbenst 58 vesincw definetia any oreleflc
claims | to 9 and a hydrophilic fiber. 11. An absorbent article comprising
anfyel abe6rhEnt Smaferiaray efited it elaiti 10 Held betreert'a Tiatids L -=C

ermeable sheet and a liquid-impermeable shge%‘ L
polypropyiene, a maleic anhydride-modilfled sthvlene-

propylene copolymer, a maleic anhvdride-ethvlense copolymer,
a maleic anhydride-propylene copolymer, a maleic anhydride-
ethylene~propylene copolymer, polvethylene, polypropylene,
an ethylene-propylene copolymer, oxidized polyethylene,
oxidized polypropyliene and an oxidized ethylene-prcpylene

Copolymer.

8. The water-absorbent resin according to any one of
claims 1 to 7, wherein the water-soluble ethvlenically
unsaturated moncmer is at least cne kind selected from the

group conslsting of acryiic acid and a salt therect,

methacrylic acid and a salt thereof, and acrylamide.

9. The water-abscorbent 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 nydrocarbon and an alicyclic

hydrcoccarbon, each having ¢ to 7 carbon atoms.

10. An absorbent material comprising the water-absorbent
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resin as defined in any one of claims I to 9 and =z

hydrophilic fiber.

11. An absorbent article comprising the absorbent
material as defined in ciaim 10 held between a liguid-

permeable sheet and a liguid-impermeable sheet.



