[Document Name] Description [Name of Invention] Method for producing a water-absorbent resin
[Technical Field] 5[0001] - The present invention relates to a method for producing a
water-absorbent resin, and to a water-absorbent resin obtained by the same. More specifically, the
present invention relates to a 10 method for producing a water-absorbent resin by a reversed-phase
suspension polymerization method, wherein an odor originating from a raw material component, in
particular, a petroleum hydrocarbon dispersion medium, is reduced as compared with a
water-absorBeRtRs obediféd MPaABEBRYERtional method, and to a water-absorbent resin obtained

by the method. [Background Art éoooz%%y)at r-%bsorbenn resins are vyiqcely gs%d in .gé%i%nic 20
materials steh 'S & pg&b&?g%} rs soanita?yrngﬁlaﬁlslf: &arfiﬂ/ Sonimodities Stich as pet sheets;

water absgrhing sheets for food products; industrial materials such as water blocking materials for
cables; water retention agents for greening/agriculture/horticulture; and the like. 25[0003] Hygienic
materials sughas.dispesableidiapers and

5 [000%]

The present invention relates to a méthod for
producing a water-absorbent resin, and to a water-absorbent
resin obtained by thé same .

More specifically, the present Invention relates to &

10 method for producing a water-absorbent resin by a.reversed-
phase suspension polymerization method, wherein an odor
originating from a raw material component, in paxticuiéf, a
petroleun hydrocarbon dispersion medium, 1is reduced as
compared with &a water—-abscrbent resin obtained by a

15 conventional methbd, and to a water—absqrbent resin
cbhtained by the method.

[Background Art]
[0002]

Water-absorbent resins are widely used in hygienic

20 materials such as disposable diapers and sanitary napkins;
daily commodities such as pet sheets; water absorbing
sheets for food products; industrial materials such as
water blocking materials for cables; water retention agents
for greening/agriculture/horticulture;'and the like.

25 [0003]

Hygienic materials such as disposable diapers and

sanitary napkins are generally constituted with a top sheet,



2 a back sheet, a hot melt adhesive, an elastic material, a water-absorbent resin and a pulp fiber,
various synthetic resins and modifiers are used. Therefore, an odor originating from raw material
components is perceived from 5the hygienic materials, in some cases.Since these hygienic materials
are put on the human body, the odor makes usefs uncomfortable even if it is subtle and, therefore, it is
desired to develop an odor-free material. [0004] 10Among constituent materials of these hygienic
materials, the water-absorbent resin has a subtle odor originating from the substances used in the
productionsprogess, sindssincesthecadardends: tihemitwponawatet absaorptioat it 1S ednsidered to be
desirable to reduce the 150dor. [0005] As water-absorbent resins used for hygienic materials, for
example, & pastiatiyreuntaized peodict ot Polyadylicadidbg heutrakzed prodlviet o4& starch-acrylic
acid draft 20 polymer, a hydrolysate of a starch- acrylonltrlle graft copolymer a saponified product of a
vinyl acetai@atRlic &cid es‘f@‘}édfdt%ﬁ]er%?& knd#F [0006] TReTELRE Iethdids f8Fproducing such
water-absaorbent regﬁns 25 N aqueous mpg'lgmerlfatlon metho% and a revg&seeiq] ggasg: spension
polymerlzé:flon metho (Fgre Known T a case Where a water-absorbentTesin is produced by a reversed-

5 the hygienic materials, in some  cases. .Slnce_ Lhese
hygienic materials are put on the human body, the odozx
makes users uncomfortable esven 1f it is subtle and,
therefore, it is desired to develop an cdor-free maﬁérial.
10004]

10 Among constituent materials of <these hygienic
materials, the water-absorbent resin has a subtle odor
criginating from the substances used in the producticn
process, and since the odeor tends to emit upon water
absorption, it is considered to be desirable toe reduce the

15 odox.

[0005]

As water-absorbent resins used for hyglenic materials,
for example} a partially-neutralized product of polyacrylic
acid, a neutralized product cf a starch-acrylic acid graft

20 polymer, a hydrolysate of a starch-acrylonitrile graft
copolymer, a saponified product of a vinyl acetate-acrylic
acid ester copolymer are known.

[0006]
As methods for producing such water-absorbent resins,

25 an agueous polymerizaticn methed and a reversed-phase
suspension pelymerization methoed are known. In a case

where a water-absorbent resin is produced by a reversed-



phasesuspensionpolymerizationmethodinwhich polymerilation 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. 5[0007] As congentional methods for producing the water-absorbent
resin by a reversed-phase suspension polymerization method, knOwn are a method of polymerizing
an aqueous solution of a,P-unsaturated carboxylic acid and 10 alkali metal salt thereof in a petroleum
hydrocarbon solvent using a radical polymerization initiator in the presence or absence of a

internal-cr&88tinking afeRPivhith a sPEHoEBTAY a6t aster i€TsBA%s a protectitié toifbid agent (see

Patent Doc%rﬂe%tel izangia})rrlne:thSod ofr]F'SoBr?llé/?egiizingl?szg%ﬁ%mass or more aquepus solution of an
0,-unsaturatedcar oxfllc Acid and Bikali metal salt thareot n a peq[rogfleum medrocarbon solvent using a

radical polymerization initiatorin the presence orabsence of a.intenalcrosslipking agept in which a
polyglycerol fatty 20acid ester with an HLB of 2 to 16 is used as a surfactant (see Patent Document 2).
However, these preddetionimetheds do-naidocus-en teduetiosefi-an edoraridithus odors of the
resultant water-absorbent resins are not sufficiently low. [Reference Documents] 25[Patent

Doctiment<]J0008] [Patent Document 1] JP-A No. 61-87702 4 [Patent Document 2] JP-A No.
62-172006 [Summary of the InventionlL
As conventiona metheds for producing the water-

absorbent resin by a reversed-phase éuspension
polymerization method, known are a method of polymerizing
an agqueous solutioh of a,ﬁ«unséturated carpoxylic acid and
10 alkalil metal salt thereof in a petroleum hydrocarbon
solvent using a radical polymerization initiator 1in the
presence or absence of a internal-crosslinking agent in
which a sucrose fatty acid ester 1s used as a protective

colloid agent (see Patent Document 1)}, and a method of

e
i

e
oe

olymerizing a 25% by mass or more of agueous solutign ot
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 a
internal-crosslinking agent in which a polyglycerol fatty

20 acid ester with an HLB of 2 to 16 1s used as a surfactant
{see Patent Document 2). However, these production methods
do not focus con reduction of an odor, and thus odors of the
resultant water-absorbent resins are not sufficiently low.

[Reference Documents])
25 [Patent Documents]

(0008]

(Patent Document 1] JP-A No. 61-87702



[Problems to be solved by the Invention] [0009] 5An object of the present invention relates to a method
for producing a water-absorbent resin, and a water-absorbent resin obtained by the method. . More
specifically, an object of the present invention is to provide a method for producing a water-absorbent
10 resin by a reversed-phase suspension polymérization method, wherein an odor originating from a
raw material component, in particular, a petroleum hydrocarbon dispersion medium, is further reduced
as compared with a water-absorbent resin obtained by a conventional method, and to a
water-absoribent 45resinobtained iy the-methaod. {Mean3d0f Solving the Problems] [0010] The
present inventors intensively studied about a relation between an odor originating from a petroleum
20hydrocartéreisersivh rhediuth Wi fiel water-absorbent resin absorbs water, and a petroleum
hydrocarban dispersion medium used in production of the water-absorbent resin and the like and, as a
result, fourid AP B5tENT avater-abdrbantregin iaving 3 &gnificantly reduced odor as 25 compared
with a wat r-%@qrbent resin obtained by a conventional method, by adding and dispersing an
agueous solution’of a water-soluble ethylenically unsaturated 5 monomer containing a hydrophilic

polymeric dispersian agenfdea pgtroleumn hydreearbon dispersionmegitin yader stirring, and then
performing a reversed-phase suspension polymerization using a radical polymerization initiator.
maethoed for producing a water-absorbent resin, and a water-
- absgorbent resin cobtained by the method.
More specifically, an object of the present invention
is fto .provide a method for producing a water-absorbent
10 resin by a reversed-phase suspension polymerization method,
wherein an odor originating from a raw material component,
in particular, a petroieum hydrocarbon dispersion medium,
is further reduced as compared with a water-absorbent resin
obtained by a conventional method, and to a water—absoibent
15 resin obtained by the methcd.
[Means for Solving the Prgblems]
[0010]
The present inventors intensively studied about a
relation between an édor originating from & petroleum
20 hydrocarbon dispersion medium when the water-absorbent
resin absorbs water, and a petroleum hydrocarbon dispersiocn
medium used in production of the water-absorbent resin ,
and the like and, as a resulif, found out to obtain a water-
absorbent resin having a significantly reduced odor as
25 compared with a water-abscrbent resin obtained by . a
conventional method, by adding and'dispersing an agusous

solution of a water-soluble ethylenically unsaturated



5[0011]  Thatis, the present invention relates to a method for producing a water-absorbent resin
shown below, and a water-absorbent resin obtained by the method. Item 1. A method for
- producing a water-absorbent 10 resin by performing a - reversed-phase suspension polymerization of
awater-soluble ethylenically unsaturated monomeér in a petroleum hydrocarbon dispersion medium,
comprising adding and dispersing an aqueous solution of a water-soluble ethylenically unsaturated
monomer containing a hydrophilic polymeric dispersion agent to a petroleum hydrocarbon dispersion
medium iN®AE FFESeREE bF-ATstActarit (e Stitrirg, Rhty Performifg P fevetséd-pREsE suspension
polymerization using a radical pol meriz%tion injtiator. 20ltem Za'.l'he metgeod a%c.ordin to Item 1
wherein thehyHrBRHITE boyEHE BAPEFIGR AgEHITS Bt (Bhst S Nind SSlBEe o tHE broup

consisting of polyvipyLalcohal and palyvinyl pyrrolidens, Jiem 3. Jhe.method far praduging a

water-absorbent 25 resin according to Iltem 1 or 2, wherein the surfactant is at [east one kind selected

from the groypeensisting efpelyalvseryl fatty asid ester suerose: fatty acieesterand 6 sorbitan fatty
acid ester. Item 4. The method for producing a water-absorbent resin according to any one of

Items 1 to BpWheftein the water-soluble ethylenically unsaturated monomer is at least 5one kind
selected from the group consisting of acrylic acid and its salt, methacrylic acid and its salt, and
acrylamide. Item 5T T#e méthod-Becapdingdlany ofFGiitems £ 16 viferdifl thie Fitidiétim hydrocarbon

dispersion medium is at |least one kind selected. from the group consisting of an
pers for producing a water-absorbent reginpshown S%fow, and a

water—-absorbent resin obtained by the method.
ITtem 1. A method for producing a water-absorbent
i0 resin by performing a - reversed-phase suspension
polymerization of a water-scluble ethylenically
unsaturated monomer in a petroleum hydrocarbon dispersion
medium, comprising adding and diSpersing an  aguaous

solution of a water-soluble ethylenically unsaturated

|.._I
[821

nonomer containing a hydrophilic polymeric dispersion agent

to a petroleum Thydrocarbon dispersion medium in the

presence of a surfactant under stirring, and performing a

reversed—phase suspension polymerization using a radical

polymerization initiator.

20 Item 2. The method according To Item 1 wherein the
hydreophilic polymeric dispersion agent is at least one kind
selected from the group consisting of polyvinyl alcohol and
pelyvinyl pyrrelidone.

Ttem 3. The method for producing & water-absorbent

25 resin according to Item 1 or 2, wherein the surfactant is

~at least one kind selected from the group consisting of

polyglyceryl fatty acid ester, sucrose fatty acid ester and



10aliphatic hydrocarbon and an alicyclic hydrocarbon, having a carbon number of 6 to 8. Item 6. A
water-absorbent resin obtained by the method according to any one of Items 1 to 5. [Effects of the
Invention] 15[0012] According to the present invention, a method for producing a water-absorbent
resin, wherein an odor originating from a raw mafterial component, in particular, a petroleum
hydrocarbon dispersion medium, is reduced, and a 20water-absorbent resin obtained by the method
are provided. [Modes for Carrying Out the Invention] [0013] An origin of odor, when a
water-abosaerbent sesinabtginediy asewersed-phase suspension polymerization 25absorbs water, is
mainly a dispersion medium remained within particles of the water-abosorbent resin.The present
inventors have fouheedut that Bivhedknisil of 217 BiBPErsién fediulfreimamiiy MARAter-absorbent

resin particles is caused by generating so-called cﬁapsule-like wa;er-gpsor ent resin g%rticles which
include therﬁ'r%b]%rs?é:rﬁ}néggir (ith baled oK gBRErafing A'TidTd dropiBt 5 hayiRg a-ahapé it which the

disppersio.mediun, WhicfL.is. 5 o aliase is enifapped o aliauid digplet othe aquaous monomer
solution, name?y, an 0/W/0 (oll/water/oll) type droplet, and then stabilizing and polymerizing this 0/W/0
typesdropletjtself; HpondispersngrtheAqueousMOPOMBIs i st ing of acrylic acid =
and its salt, methacryvlic acid and its salt, and acrylamide.
.Item 5. The method according to any one of Items 1 to
4, wherein the petroleum hydrocarbon dispersion medium 1is
at least one kind selected from the group consisting of an
10 aliphatic hydrocarbon and an alicyclic hydrocarbon, having
a carbon number of 6 to B.
Item 6. A water-absorbent resin obtained by the

method according to any cne of Items 1 to 5.

[Effects of the Invention]

3
(3]

(00121

According to the present invention, a method for
produéing a water-absorbent resin, wherein an  odor
originating from a raw material component, in particular, a
petroléum hydrocarbon dispersion medium, is reduced, and =z
20 water—-absorbent resin obtained by the method are provided.

[Modes for Carrying Cut the Invention]

[0013]

An origin of odor, when 'a water-abosorbent resin

obtained by a reversed-phase suspension polymerization
25 absorbs water,  is mainly a dispersion medium remained
within particles of the water-abosorbent resin. The

present inventors have found out that a mechanism of a



10 solution in the dispersion medium by means of stirring and the like. The method for producing a
water-absorbent resin of the present invention is characterized in that a-hydrophilic polymeric
dispersion agent exists in an 15 aqueous solution of a water-soluble ethylenically unsaturated
monomer when the above-mentioned aqueous solution of monomer containing a. water-soluble radical
polymerization initiator is dispersing in a petroleum hydrocarbon dispersion medium in the presence of
20surfactants, upon performing a reversed-phase suspension polymerization, and thereby generation
of 0/W/0 (GlhRERFRHY fyperthioplEt is sifpitessetlas edmparadAitis e E6/ention&iSéthod, and then

polymelization is performing by using the water-soluble radical 25polymerization initiator. An
0/W/0 typep%ﬁeg% an éEbr(é)él%?i%ﬁ 01b ébiﬁr? Wgtegcr PrgOi'F;%ﬁ%arfe)fgéntocg%%gtleﬁn%v%g& fine oil B
droplets arg dispersed inyater droplets, and the water droplets;arg further dispersed.inan oil phase.

Namely, it Is constituted of an innermost oil phase, an intermediate water phase and an outermost oil
phase. In the presenth. invention, the HAMHO type drepletaxhibits a statejiniwhich-droplets of the

agueous solution of the monomer (water phase) contain smaller droplets of dispersion medium (oll
phase). 0014} LA sadescripedin moreddetalh ¢he presentsdpplicatiori comprises atldingrand dispersing
an aqueous solution of a water-soluble ethylenically unsaturated monomer containing a hydrophilic
polymeric dispersioheagerit t6alpetrReamHiydfocarsn dispersien metiurnthdefsPing, and
15performing a reversed-phase suspensiqon polymerization using a radical polymerization initiator.
P monomayr soﬂ%éﬁon, %ame%y? %ﬂ ‘O%W%) eogl/water o@ﬁ type
droplet, and then stabilizing andrpolymerizing this O/W/0
type droplet itself, upon dispersing the aguecus monomer
10 ‘gsolution in the dispersion medium by means of stirring and
the like.
The method for producing a water-absorbent resin of

the present iIinvention 1s characterized in  that a

hydrophilic polymeric dispersion agent exists in  an

P

““““““ solution of a water-soluble ethylenically

n
Q
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i
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C
o
n

unsaturated monomer when the above-mentloned agueous
solution of monomer containing a water-soluble radical
polymerization initiator is dispersing in a2 petroleum
hydrocarbon dispersion medium in the presence of
20 surfactants, upon performing a reversed-phase suspension
polymerization, and thereby generation of C/W/0
{oil/water/oil) type droplet is suppressed as compared with
the conventiconal method, and then polymelization 1is
performing by using the water—-soluble radical

25 polymerization initiator.
An O/W/0 type droplet is an abbreviation of (0il in

Water) in 0il, and zefers to a state in which fine oil



A water-absorbent resin which contains a reduced amount of a remaining petroleum hydrocarbon
dispersion medium, can be obtained by the production method comprising 20these steps of the
reversed-phase suspension polymerization. In the present invention, the "amount of a remaining
petroleum hydrocarbon dispersion medium" (Amdunt of remaining dispersion medium) is a value
measured by a measuring method described hereinafter. 25[0015] The present invention comprises
mixing and dispersing 9 unsaturatedmonomer(hereinafter,"aqueousmonomer solution" means the
"agqueous splutor of thensater:selubleathylenicallyeunseaturatedcmonemeér unlessothieswise expressly
indicated) containing a hydrophilic polymeric 5dispersion agent in a petroleum hydrocarbon dispersion
medium (h&¥ aftet U dispet sibahediuril freans ahe tpetiblebin hydrotarbol ¥ispersion fnedium”
unless otherwise expressly indicated) in the presence of a surfactant in the above-mentioned

dispersing steg "t i %dre%rs%fi-p}f“a%‘ér%%flsﬁéﬂsimBaﬁ/me?f}aﬁéﬁeﬁﬁ[gSféasgﬁt invention is
intended to re_deurce&na%@ogngof the remaining. |s§§_rj~% 16%gg[um by URRrESSINg geperation of 0/W/0

type dropl&aa“s compared with conventional metho 15Exampleswater-solubleethylenically
5 invention, the O/W/0 type droplet exhibits a state in which
droplets of the agueous soclution cf the monomer (water
phase) contain smaller droplets cf dispersion medium ({(oil
phase) .
[0014]

10 As described in more detail,.the present application
comprises adding and dispersing an aqueous sclution of a
water—soluble ethylenically unsaturated monomer ccntaining
a hydrophilic polymeric dispersicon agent to a petroleum
hydrocarbon dispersion medium under stirring, and

15 performing a reversed-phase suspension polymerization using
a radical polymerization initiator.

A water-absorbent resin which contains a reduced
amount of a remaining petroleum hydroéarbon dispersion
medium, can be obtained by the production method comprising

20 these steps of the reversed-phase suspension polymerization.

In the present invention, the “amount of a remaining
petroleum hydrocarbon dispersion medium” {Amount of
remaining dispersion medium) 1s a wvalue measured by a
measuring method described hereinaliter.

25 [0015]

-~ The present invention comprises mixing and dispersing

an agueous solution of a water-soluble ethylenically



unsaturated monomer used in the present invention include monomers having an acid group, such as
(meth)acrylic acid ["(meth)acrylic" means "acrylic" and "methacrylic”, the same shall apply hereinafter],
2-(meth)acrylamide-2- 20methylpropanesulfonic gcid and maleic acid, and salts thereof;
nonionicunsaturatedmonomerssuchas (meth)acrylamide, N,N-dimethyl(meth)acrylamide, 2-
hydroxyethyl (meth)acrylate and N-methylol(meth)acrylamide; and-amino group-containing
unsaturated monomers such as 25diethylaminoethyl (meth)acrylate and diethylaminopropyl
(meth)acryfété 2&Hd YuatenizBaABASMers! fHRFEGETPHESE water-sHHASTIE BthyleMiE AR Hrisaturated
monomers mié be 10 used alone, or two or more kiﬂd,s of ther%] may be uged in ci)ng)j[nation. [0017]
Amongwat?qa?- ﬁfo?ébthﬁ%ﬁfé%llfiu satbrated %Smgﬁoﬁl]%%é),rtm% h)% 6 "

c?yllc acid and a$attthereof, and

(meth)acrylamige are preferable, from g viewpoint of industrial avajlailty. — . j\Whendhe

water-soluble ethylenically’unsaturated monomer has an acid group, it can also be used as a salt
10after newtiglizing:the acidgrosp=4) Examples;efan alkaling.compourd usedyviaen a monomer

having an acid group is neutralized to a salt include compounds of lithium, sodium, potassium and

ammoniumi Mererspecificallye examples of the alkalimercompdund intlade 1&sedrms hydroxide,

potassium hydroxide, lithium hydroxide, ‘ ”
medium {(hereinafter, “dispersion medium” means the
“petroleum hydrocarbon dispersion medium” unless otherwise
expressly indicated) in the presence of a surfactant in the
above-mentionsd dispersing step To perform a reversed-phase

10 suspension pclymerization. The present invention is

intended to reduce an amount of the remaining dispersicn
medium by suppressing generation of O/W/0 type droplet as
compared with conventional methods.

[COle]

15 Fxamples of th

{D

water-soluble ethylenically
unsaturated monomer used in the present invention include
monomers having an acid group, such as (meth)acrylic acid
[“(meth)acrylic” means “acrylic” and “methacrylic”, the

same shall apply hereinafter], 2-(meth)acrylamide-2-

20 methylpropanesulfconic acid and malelc acid, and salts
thereof; nonionic unsaturated MONCMErs such as
(meth)acrylanide, N,N~dimethyl (meth}acrylamids, 2=

hydroxyethyl (meth)acrylate and N-methylol (meth)acrylamide;
and amino group-centaining unsaturated monomers such as
z25 diethylaminoethyl (meth)acrylate and diethylamincpropyl
(meth)acrylate, and guaternized monomers thereof. These

water-soluble ethylenically unsaturated monomers may be



sodium carbonate and ammonium carbonate. When the monomer having an acid group is
neutralized, a neutralization degree is preferably from 30 to 90 mol% of the acid group of the
water-soluble ethylenically 20 unsaturated monomer. When the neutralization degree is less than 30
mol%, the acid group is not easily ionized and V\}'a[fer-absorption capacity deteriorates, and therefore it
is not preferred. When the neutralization degree is more than 90 mol%, safety issues may arise when
used as hygienic 25materials, and therefore it is not preferred. - For the timing of neutralization,
although itis €emaiamto, besperformectin momendmede stafe frorra ridyviewpointof aidegree of
homogeneity, neutralization by adding the above-mentioned alkaline compound to a polymer after
monomer polyRictzaiiBR so called post-neutralization, may be also used together. [0018]
Inthepresentinvention,awater-soluble ethylenically unsaturated monomer is used as an aqueous
‘solution. The’ Edricentration of the monomer in the aqueous solution of a water-soluble ethylenically

unsaturated 1Qm09r%g}§ is pr%fgx%lgly{]gq[@kgloe% by mags o saturation concentrationlipecessary, the

aqueous solution of a w ter-soluble et ylenically unsaturated monomer may contain a chain transfer

agent and the\bk&rs, (meth)acrylic acid and a salt -therecf, and '
(meth}acrylamide are preferable from a viewpoint of
industrial avallability.

Wnen the water-soluble ethylenically unsaturated
monomer has an acid group, it can alsc be used as a salt

18 after neutralizing the acid group.

Examples of an alkaline compound used when a monomer
having an acid group 1is neutralized tc a salt include
compounds of lithium, sodium, potassium and ammonium. More
specifically, examples of the alkaline compound Include

15 sodium hydroxide, potassium hydroxide, lithium hydroxide,
sodium carbonate and ammonium carbonate.

When the monomer having an aclid group is neutralized,
a neutralization degree is preferably from 30 to 30 mol% of
the acid group of ~ the water-soluble ethylenically

20 unsaturated monomer. When the neutralization degree 1is
less than 30 mol%, the acid group is not easily ionized and
water-absorption capacity deteriorates, and therefore it is
not preferred. When theln@utralization degree is more than
90 mol%, safety issues may arise when used as hygilenic

25 matérials, and therefore it is not preferred.

Yor the timing of neutralizaticn, although 1t is

common tc be performed in a wmonomeric state from a



[0019] 15Examples of the chain transieage t include compounds such as thiols, thiolic acids,
secondary alcohols, hypophosphorous acid and phosphorous acid. These chain transfer agents may
be used alone, or two or more kinds of them may be used in combination. 20[0020] Examples of
the petroleum hydrocarbon dispersion medium include aliphatic hydrocarbon having a carbon number
of 6 to 8, such as n-hexane, n-heptane, 2-methylhexane, 3- methylhexane, 2,3-dimethylpentene, .
3-ethylpentane and n- 25 octane; alicyclic hydrocarbons having a carbon number of 6 to 8, such as
cyclohexarie arethiddy cl6hexanel eyeRpertand tHEHTIE Elopentafie Lirand A2 detficyclopentane,
cis- 12 1,3-dimethylﬁﬁgzlopentaneandtrans-l,3- dimethylcyclopentane; and aroma;ﬂc hydrocarbons

such as benehBtofliEhe HHA' S IBHE ATMBRY tHese Hydtocar 8ﬁﬁf§bder§i8n nédfia; dliphatic
hydrocarbaons_having a car 2 mbe t0 8, as n-heptane, 2-methylhe 3-
methylhexaarrlléeLga%nd n-%ctanlgc;?gngea#icycﬁgcgé)%}%ﬁsé%@mg %éving %carb%%qﬂll%rﬁber cgff% Er% %o 8, such as

cyclohexane, methylcyclopgntang anddngthylcyclohexang-aredreferably used from a viewpoint of
easy industrial availability. 10These hydrocarbon dispersion media may be used alone, or two or more

kinds of themomay be used in combination. Further, among these hydrocarbon dispersion media,
nheptane and cyclohexane are preferably used from a viewpoint that a state of WO type reversed
suspension is In the present invention, a water-soluble

ethylenically unsaturated monomer is used as  an agquescus
solution. The concentration of the monomer in the aguecus
selution of & water-scluble ethylenically unsaturated
10 monomer 1s preferably from 20% by mass to saturation
concentratioﬁ. If necessary, the aguecus solution of a

water-soluble ethylenically unsaturated monomer may ccntain

a chain transfer agent and the like.

i

15 Examples of the chain transfer agent Iinclude
compounds such as thiols,'thiolic acids, secondary alcohols,
hypophosphorous acid and phosphorous acid. These chain
transfer agents may be used zlone, or twe or morse kinds of
them may be used in combination.

20 [0020]

Examples o¢f the petroleum hydrocarbon dispersion

medium include aliphatic hydrocarbon having a carbon number

of & to 8, such as n-hexane, n-heptane, Z-methylhexane, 3-
methylhexane, 2,3-dimethylpentane, 3-ethylpentane and n-

25 octane; alicyclic hydrccarbens having a carben number of 6

to 8, such as cyclchexane, methylcyclohexane, cyclopentane,

methylcyclopentane, trans-1, 2~dimethylcyclopentane, cis-



15 good, suitable particle size is easily obtained, and that an industrial availability is easy and a quality
is stable. Further, as an example of a mixture of the above-mentioned hydrocarbon, a commercially
available Exxsol Heptane (manufactured by Exxon Mobil Co.: containing heptane and 20isomeric
hydrocarbons of 75 to 85 %) and the like may bé4used to obtain a suitable result. [0021] The
amount or the petroleum hydrocarbon dispersion medium to be used is usually from 50 to 600 parts by
mass, 25 more preferably from 60 to 400 parts by mass, and still more preferably from 70 to 200 parts
by mass; daseedomd00ydarts:-by peassaokthe aqueous salotion of a water-sbliiile —13 éthylenically
unsaturated monomer from a viewpoint of uniformly dispersing of the aqueous solution of a
water-solubl@eHytermzathParsdaraed moRonfeCarid facilitalifg ControPBFthe polymérization

temperature. 5[0022] Examples of the §urfactant usgf%@i?1 the rggent '}lnvgptigg i%%%de nonionic
surfactantS S0 28 sorbitan Tafty atid ester. polyoxyethyleRe Sorbitan fattyacid ester. polyglyceryl

fatty acid ec?i%ﬁ?%yio&’ ethylene glyceryl, 10 fatty. acid ester, syerose. fathyacid ester, sarbitol fatty acid
ester, polyoxyéthylene sorbitol fatty acid ester, polyoxyethylene alkyl ether, polyoxyethylene alkyl

phenyl ethgrypalyoxyethylene castor il polyexyethdene hydrogenated casiarait alkgl-ally'
formaldehyde condensed 15 polyoxyethylene ether, polyoxyethylene polyoxypropyl alkyl ether,
polyethylene glycoh fattyhacid &ster, akkykghicesidezNaalkyl glasonadmideh polyesyathylene fatty acid
amide and polyoxyethylene alkylamine; and anionic surfactants such as fatty acid salt, alkylbenzene

sulfonate, 268AdEnethyFURPALe, PEREGethflerfe IRyl Phenyi&thef Sulfle 1ot &d/thylene alkyl

ether sulfate, polyoxyethylene alkyl ether sulfon'c acid and a salt thereof, polyoxyethylene alkyl phenyl
ether phosrﬂﬁg)ﬁé)ﬁa%}}éjgiﬁ d ‘anézglpf%/ er8of; an%eﬁ’r(]ﬂ;y/g)?ye%??éﬁéaﬁﬁyl ether - SR

used from a viewpoint of easy industrial availability.

10 Tnese hydrocarbon dispérsion media may De used alcone, or
two or more kinds of them may be used in combination.

Further, among these hydroéarbon dispersion media, n-

heptane and cyclohexzane are preferably used from a

viewpoint that a state of W/O type reversed suspension is

good, suitable particle size is easily obtained, and that

43

ot
8y}

an industrial availability is easy and a quality iz stable.
further, as an example of a mixture of the above-mentioned
hydrocarbon, a commercially available Exxsol Heptane
(manufactured by Exxon Mobil Co.: contaiﬁing heptane and
20 isomeric hydrocarbons of 75 to 85 %) and the like may be
used to obtain a sultable result.
[0021]
The amount of the petroleum hydrocarbon dispersion
medium to be used is usuzlly from 50 to 600 parts by mass,
25 more preferably Ifrom 60 to 400 parts by mass, and still
more preferably from 70 to 200 parts by mass, based on 100

parts by mass of the agueous solution of a water-soluble



25 phosphoric acid and a salt thereof. These surfactants may be used alone, or two or more kinds of
them may be used in combination. 14 [0023] Among these surfactants, at least one kind selected
~ from the group consisting of polyglyceryl fatty acB ester, sucrose fatty acid ester and sorbitan fatty
acid ester are 5preferred from a viewpoint of dispérsion stability of the aqueoussolutionofa
water-solubleethylenicaily unsaturated monomer. [0024] The amount of the surfactant to be added in
the 10 present invention is preferably from 0.01 to 5 parts by mass, and more preferably from 0.05 to 3
parts by mass§BasedFen 100 pares by hvdsaJof thersgifdousissliitiont of d\fatep-sefubleéthylenically
unsaturated monomer. When the amount of the surfactant to be added is less than 0.01 part 15 by

mass, diSpBtsiot-Rabilif-orHhi& %Jq%%oﬁsfmgﬁgm@ﬁ%ﬁfﬁ%n aEEéJrFojrSfés,oé:ﬁndathtéfrae?&Jéwit_ is not
preferred. \%ﬁeur?ﬂ]ee a@rpgg/@t %#(%Séﬁéﬁfz%%]#ﬁ pe.added is mote tgﬁg Sarts by ﬂg%s?gl't IS not

economic, being not prefer e present invention, when the aqueou ution of a
water-soluble-gthylenicallyinsaturated-monomer is-added.and dispersed in the petroleum

hydrocarbon dispersion medium in the presence of surfactants, it is preferable to disperse the
above-mentioned] aqueous solution in the 25 presence of a hydrophobic polymeric dispersion agent
from a viewpoint of reducing the amount of the remaining petroleum hydrocarbon dispersion medium
to a lower level. Examples of the surfactant wused in the present
inventiocn include nonionic surfactants such as sorbitan
fatty acid ester, polyoxyethylene sorbitan fatty acid ester,
polvglyceryl fatty acid ester, polyoxvethylene glyceryl
10 fatty acid ester, sucrose fatty acid ester, sorbitel fatty
acid ester, polyoxysthvlene sorbitel fatty acid ester,
polyoxyethylene alkyl'ether, polyoxyethylene alkyl phenyl
ether, polyoxyethylens castor oil, poelyoxyethylene
hydrogenated castor oil, alkyl allvl formaldehyde condensed

her, polyoxyethylens polyoxypropyl alkyl

[y
n

polyoxyethyle
ether, polyethylene giycol  fatty acid ester, alkyl
gluccside, N-alkyl gluconamide, polyoxyethylene fatty acid
amide and polyoﬁyethylene alkylamine; and anionic
surfactants such as fatty acid salt, aikylbenzene sulfonzate,
20 alkylmethyl taurate, polyoxyethyvlene alkyl phenyl ether
sulfate, polyoxyethylens alkyl ether sulfate,
polyoxyethylene alkyl ether sulfonic acid and a salt
thereci, polyoxyethylene alkyl phenvl ether phosphoric acid
and a salt thereof, and polyoxyethylene alkyl ether
25 phosphoric acid and a salt thersof. These surfactants may
e used alone, ozr ﬁwo or more kinds of them may'be usad in

combination.



15 [0026] As the hydrophobic polymeric dispersion agent, it is preferred to select and use those
which are dissolved or dispersed in the petroleum hydrocarbon dispersion medium to 5 be used, and
examples of the hydrophobic polymeric dispersion agent include those having a viscosity-average
molecular weight of 20,000 or less, preferably 16000 or less, and more preferably 5,000 or less.
Specific examples thereof include maleic anhydride-modified polyethylene, 10 maleic
anhydride-modified polypropylene, a maleic anhydride-modified ethylene-propylene copolymer, a
maleic anhyairigietethylene copolymer,.a maleic anhydride-propylene copolymer, a maleic
anhydride-ethylene-propylene copolymer, polyethylene, polypropylene, an ethylene-propylene 15
copolymer, oxidizégrpolyethyteie, Bxiizsdpolypropylenes as oxidlifed*ethleA-gt6pA€ne copolymer,

an ethylene-acrylic acid copolymer, ethyl cellulose, ethylhydro ega/] ceIIqusg, antéydrous maleinated
polybutadigﬁ@%n%I’%%HsCfﬁ&l@?r%‘té&]‘%lﬁﬁMp(%tﬁzﬂﬁﬁéﬁé;%l &fdfelis tétpolymer). 20 Among

hem, at 1eagtons diniLae peled Ko Jbe raup caRYstnd o) iate ¢ antydride odided polyethylene,
po

maleic anhsyl(ljrffj%?r%o itie ypropylene, a maleic anhydride-modified ethylene-propylene copolymer,
a maleic aphydride-gthyleng,cepolymaer, & maleis arhygridesprapyleng-25capplysrer-a gnaleic
anhydride-ethylene-propylene copolymer, polyethylene,polypropylene,anethylene-propylene
copolymerz gxidizesl polyethytene, oxidized palyprepylenes &6 @ndean oxidizedethytenbypropylene
copolymer is preferred. [0027] The amount of the hydrophobic polymeric dispersion agent to be
added is preferably 345aitS by ¢iEss or less, 5 more preferably from 0.01 to 3 parts by mass, and still
more preferably from 0.05 to 2 parts by mass, based on 100 parts by mass of the aqueous solution of
a water-soluby %ﬁhylenically unsaturated monomer. When the amount of the hydrophobic polymeric

dispersion agent to.pe added is.mare 1Qthan 3 parts hy. mass, it is ot ggenomig, beipg not

i0 pregent invention i1s preferably from 0.0l to 5 parts by.
mass, and more preferably from 0.0% to 3 parts by mass,
based on 100 parts by mass o¢f the agueous splution of a
water~soluble ethylenically unsaturated m@nomez. When the
amounﬁ of the surfactant to be added is less than 0.01 part
15 by mass, dispersion stability <¢f the agueous monomer
solution detericrates, and thereforé it is not preferred.
When the amount of the surfactant to be added is more than
5 parts by mass, it is not eccnomic, being not preferable.
[0025]
20 In the present invention, when the agueous solution
of a water-soluble ethylenically unsaturated moncomer is
added and dispersed in the petroleum hydrocarbon dispersion
medium in the presence of surfactants, it is preferable to
disperse <the above-mentiocned agueous sclution in the
25 presence éf a hydrophobic polymeric dispersion agent [rom a
viewpoint of reducing the amount of the remaining petroleum

hydrocarbon dispersion medium to a lower level.



preferable. [0028] It is important that a hydrophobic polymeric dispersion agent is added to a
petroleum hydrocarbon 15 dispersion medium, and then the above dispersion medium, is warmed
once to establish a state where a part or whole og‘gh'e. hydrophobic polymeric dispersion agent is
dissolved or dispersed thereafter an aqueous monomer solution is added. There is no problem even if
the above dispersion medium is 20 cooled after heating to perform an addition of the aqueous
monomer solution in a state where a part or whole of the hydrophobic polymeric dispersion agent is
precipitated t6 %@iispersed in cloud state. [0029] 25When the aqueous solution of a water-soluble

ethylenically unsatgrat d mc nomer |5 %d.ded tolandedilsger edggghg(g)etroleéjnrr% hy(irgcgrsbon dispersion
medium, the aqueoucss 7 soldtion o thessluble é%yfenlca I%/Sunsaﬁural%e&ﬁﬂondmer is dispersed by

stirring However, stirring.conditions vary depending;on.a desired dispersed droplet diameter and,

therefore cannot be determined unconditionally. The dispersed droplet 'diameter can be adjusted
dispersed droplet.diameter can:be adiustedyrchanging adype;isizeotationadmbars-ef a stirring

impeller. [0030]

5 be used, and examples of the  Thydrophobic polvmeric
dispersion agent include thcse having a viscosity-average
molecular weilght of 20,000 or less, preferably 10,000 or
less, and mnore preferably 5,000 or less. Specific examples
thereof i1nclude maleic anhydride-modified polyethylene,

10 maleic anhydridewmodified. polypropylene, a maleic
anhydfide~mcdified ethylene-propylene copolymer, a maleic
anhydride-ethylene copeolymer, a maleilc anhydride-propylene
copolymer, a maleic anhydride-ethylene-propylene copolymér,
polyethylene, polypropylene, an ethylene-propylene

15 copolymer, oxidized polyethylene, oxidized polypropylene,
an oxidized ethylene-propylene cepelymer, an ethylene-
acrylic acid copolymer, ethyl cellulose, ethylhydroxyethyl
celliulose, anhydrous maleinated polybutadiene and anhydrous
maleinated EPDM fethylen@/propylene/di@ne terpolymer).

20 Among them, at least one kind Seleﬁt@d'from the group
consisting of maleic anhydride-mcdified polyethylene,
malelc anhydride—modified, polypropylene, a maleic
anhydride-modified ethylene-preopylene copelymer, a maleic
anhydride-ethylene copclymer, a maleic anhydride-propylene

25 copolymer, & maleic anhydride-ethylene-propylene copolymer,
polyethylene, polypropyleﬁe, an ethylene-propylene

copolymer, oxidized polyethylene, oxidized polypropylene



10lt is possible to use, as a stirring impeller, a propeller impeller, a paddle impeller, an anchor impeller,
a turbine impeller, a Pfaudler impeller, a ribbon impeller, a EULLZONE impeller (manufactured by
Shinko Pantech Co., Ltd.), a MAXBLEND impeller (manufactured by Sumitomo Heavy 15Industries,
Ltd.) and Super-Mix (manufactured by Bateke Chmical Equipment Mfg., Ltd.). [0031]
invention is characterized by the presence of a hydrophilic polymeric dispersion agent in an 20
aqueous monomer solution upon the dispersion. It is preferred that the hydrophilic polymeric
dispersionzagentis used ireacstatenwhere:itis previeusly addedlydissohe tormbewitk@n aqueous
solution of the water-soluble ethylenically unsaturated monomer.Generation of 0/W/0 25type particles
can be suppregsed at a lower level by dispersing the aqueous monomer solution containing a

hydrophilic polymeric dispersion agent into a petroleu

presence of a surfabantTH057] ARAhydréphitipoiyme

10

15

20

it dispBrsibitagent > F om0
agent to be added is preferably 5 parts by mass or less,
more preferably from 0.01 te 3 parts by mass, and still
more preferably from 0.05 to 2 parts by mass, based on 100
parts by mass. of the agquecus scluticn of a water—-scluble
ethylenically unsaturated.monome;. When the amount of tThe
hydrophobic polymeric dispersion agent to be added is more
than 5 parts by mass, it is not economic, being not
preferable.
[0028]

It is important that a Thydrophobic éolymeric

dispersion agent 1s added to a petrecleum hydrocarbon

dispersion medium, and then th ispersion medium is

{n

above

{0

warmed once to establish a state where a part or whele of
the hydrophobic polymeric dispersion agent is dissolved or
dispersed thereafter an agueous nmonomer solution is added.
There is no problem even 1f the above dispersion medium is
cooled after heating ﬁo perform an addition of the agueous
monomer solution in a state where a part cor whecle of the
hydrophobic polymeric dispersion agent is precipitated to
be dispersed in cloud state.
[0029]

When the agqueocus solution of a water-soluble
ethylenically unsaturated monomer is added to and dispersed

in the petroleum hydrocarbon dispersion medium, the agueous

The present

mP'18 hydrocarbgn diagersion medium in the



polyvinyl pyrrolidone (Abbreviated name "PVP"), polyvinyl :
alcohol(Abbreviatedname'PVA"),polyglycerol, polyacrylate and the like can be used. These hydrophilic
polymeric dispersion agents may be used alone or two or more of them may be used in combination.
Especially, 10 polyvinyl pyrrolidone and ponviny]I alcohol are preferred since they can be easily
handled from a viewpoint of solubility in water and the like, and they easily exert their effect. [0033]
15An amount of the hydrophilic polymeric dispersion agent can not determined unconditionally,
because it§ préferred ambunt Variesideperiting oha kit ah@ Ficladuidr WeigRESRE Pydrophilic
polymeric di%gersion a&gntt be used. However, it is preferably 0.1-7 parts by mass, more 20

preferably 0738 Barts ma%s? RRATHOst préferably 0559 parts BY Fiassbased on 106 Barts by mass
of a water sglbl BINene BANADRE a1 g WIIEN N amOLOL OTIhe Ivptophils, pobyrperic dispersion

agent to be used is less than 0.1 part by mass, 25the reduction effect for the remaining amount of the

dispersion medidarean not g sufficiently-agauired. When, the-amougt of thesaydrenhilie polymeric
dispersion agent to 19 be used is more than 7.0 parts by mass, it is not preferred since the viscosity of

an agueousrmonamet sohutibp .increases, stirring rate is needed to be greatly increased in order to
obtain a targeted droplet diameter, and thereby 0/W/O type droplets are easily generated. [0034]
Although moleculafweigltatierthedike ithb Hydrophilfe 66y merieadispér8ionsafeht isSdot limited in

particular, they are within a range where the hydrophi_?- , .
dispersed dropl&t diameter” can be adijusted by changing a

type, size, rotation numbers of a stirring impeller.
[0C30]

10 It is possible te use, as a stirring impeller, a
propeller impeller, a paddle impeller, an anchor impeller,
a turbine impeller, a Pfaudler impeller, a ribbon impeller,
a FULLZONE dmpeller (manufactured by Shinko Pantech Co.,
Ltd.), & MAXBLEND impeller (manufactured by Sumitomo Heavy

td.} and Super-Mix {manufactured by Satake

[ - A g

o

i5 Industries,
Chemicsal Eguipment Mfg., Ltd.).
[0031]
The present invention 1s characterized by the
presence of a hydrophilic polymeric dispersion agent in an
20 aqueous monomer solution upon the dispersion. It is
preferred that the hydrophilic polymeric dispersion agent
is used in a state where it is previously added, dissolve
to mix with an  agueous solutlon of the water-scluble
ethylenically unsaturated mnonomer. Generation of C/W/0
25 type particles can be suppressed at a lower lLevel by
dispersing the agueous NONOMEr solution. containing a

hydrophilic polymeric dispersion agent into a petroleunm



10polymeric dispersion agent can be added to dissolve in an agueous monomer solution.For example,
for the polyvinyl pyrrolidone, the grade of K-15 to K-120 can be used, but.K30 to K-90 are easily used
from a viewpoint of the reduction effect of the remaining dispersion medium. Moreover, although the
degrees of saponification and the like of polyvingrﬁalcohol are not limited in particular, the degrees of
saponification of not less than 85 % is preferred.Further, Examples suitably used as polyvinyl alcohol
include those having a degree of polymerization of 20 approximate 100 to 3,000, and those are easily
used fromivielwpointoha retiucirg effect ofithe remainimg dispersigrraredium andiuse after dissolving.
[00351 Although hydrophilic polymeric dispersion agents, 25such as polyvinyl pyrrolidone and
polyvinyl atégHal Gy tgenerally be used as a water-soluble thickener, the present invention utilizes
effects different from those for so- 20 called thickener of a water soluble polymer. According to
the presenWrQ\;’leﬁors' study, for example cellulose derivatives,such as hydroxyethyl cellulose and ethyl

cellulose, and- theAr%aturgl polﬁﬁ %%Cof gg)%rl%@ﬁ@ gl%log%%r}%ai%gnd tQSéil%er_ do not have the
reduction effect of the remaining dispersion me i [ )

ium as compared with the addition of the
above-mentioned hydrophilic polymerc dispersien agents.even bymagddition te.a menger aqueous
solution. Thereby, 10 it has been found out that few generations of 0/W/0 type droplets are suppre ed
only by simplydhereasing(thiebviscasity=af an agueeus moromnen solutiopolyglycerol,
pelyacrylate and the like can be used. These hydrophillic
polymeric dispersion agents may be used alone, or two or
more of them may be used in combination. Especially,

10 polyvinyl pyirolidone and polyvinyl alcohol are preferred
since they can be easily handled from a viewpoint of
solubility in water and the like, and they easily exert
their effect.

[0033]

13 an amount of the hydrophilic polymeric dispersion
agent can not determined unconditionally, because 1ts
preferred amount varies depending on a kind and molecular
waight of the hydrephilic polymeric dispersicn agent to be
used. However, it is preferably 0.1-7 parts by mass, more

20 preferably 0.3-5 parts by mass, and most ?réferably 0.5-3
parts by mass based on 100 parts by mass of a water-soluble
ethylene monomer.

Wnen  the amount of the  hydrophilic polymeric
dispersion agent to be used is less than 0.1 part by mass,

25 the reducticen effect for the remaining amount of the
dispersion medium can not be sufficiently acguired. When

the amount of the hydrophilic polymeric dispersion agent to



[0036] Moreover, although a mechanism for reduction in the 15amount of the remaining dispersion
medium by using hydrophilic polymeric dispersion agent, is not clear, it is speculated that when the
agueous monomer solution is added and dispersed in a dispersion medium in the presence of a
surfactant, the dispersion medium containing thé surfactant 20 is entrapped in an interior portion of a
fine droplet of the aqueous monomer solution during dispersing the dispersion medium in the droplet
of the aqueous monomer solution, and thereby an 0/W/0 type droplet which is an origin of the
remaining 8&spersianifelivit is-formed-ahd 25 Stabliz e s aldo $Feciated - that tHeShydrophilic

polymeric dispersion agent has an effect that the hydrophilic polymeric dispersion agent exists on the
21 surfacesc}rﬁﬁg dr(%]lgt of tHE Etrebtis nfononiér soTllﬁQiloeno §e tomt%réosﬂllicffgcesa% ive effect, and

protects the surface. of the droplef, fo suppress an.inyasiop.ofthe dispersion mediumdinto the interior
portion. [0037] The dispersion liquid obtained above Is subjected to radical polymerization to obtain
water-absarhent-resin partigles in.a Hiydeausgel:state, in shieh the-water-absorbentresip is dispersed
in the petroleum hydrocarbon 10dispersion medium. [0038] Examples of the a e soluble radical
polymerization initiatgraindlude lpersufatesssuchlas petassiune persulfate, ammonium persulfate and
sodium persulfate; peroxides such 15 as hydrogen peroxide; and azo compounds such as 2,2'-
azobis(2-amidindpropane) dihydrochloride, 2,2'-azobis[N-(2- carboxyethyl)-2-methylpropiondiamine]
tetrahydrate, 2,2'- gzobis(l-imino-l-pyrrolidino-Z-m t@ylpgorpgnelhe

)

thotgh melelular welg like of the

hydro?hilic polymeric dispersion agent 1s not limited in
particular, they are within a range wherekthe hydrophilic
10 polymeric dispersion agent can be added to dissolve in an
agueous monomer solution. For example, for the polyvinyl
pyrrolidone, the grade of K-15 to K-120 can ke used, but K-

30 to K-90 are easily used from a viewpoint of the

reducticn effect of the remaining dispersion medium.

b
n

Morecver, although the degrees of saponification and the
like of polyvinyl alcohol are not limited in particular,
the degrees o©f saponification of not less than 8% % is
preferred. further, Examples suitably used as polyvinyl
alcohecl include those having a degree of polymerization of
20 approximate 100 to 3,000, and these are easily used from
viewpoints of a reducing effect of the remaining dispersion
medium and use after dissolving. |
[C0351
Although hydrophilic polymeric dispersion agents,
25 such as polyvinyl pyrrolidone and polyvinyl alcoheol, may
generally be used as a water-soluble thickener, the present

invention utilizes effects different from those for so-



dihydrochlorideand2,2'-azobis[2-methyl-N- (2- 20hydroxyethyl)-propionamide]. [0039]  Among them,
potassium persulfate, ammonium persulfate, sodium persulfate and 2,2'-azobis(2-amidinobropane)
dihydrochloride are preferred from a viewpoint of 25availability and easiness of handling. The
water-soluble radical polymerization initiator may‘be used in combination with reducing agents such as
22 sulfite and ascorbic acid as a redox polymerization initiator. [0040]
Theamountofthewater-solubleradical polymerization initiator to be used is usually from 9.01 to 1 part
by mass based en 100 parsdy mass of the:watertsolubleethytenically unsaturated monomer. When
the amount is less than 0.01 part by mass, the degree of polymerization decreases, and when the
amount is more thaaOXlpand by rasst aeraplr golyiierizaXivaréaction anses! Therefere, both cases
are not preferred. Timing of the addition of the water-soluble radical polymerizatjon_initiator is not

limited in pEFEEHAR buffis bretéited OFrevRUSKEadd thedFater-Solublé YAhicaM s hbfymerization

initator 10 {hie, ageqys solign of {ng,ypter-solihlg eihylenicaly insaygred mopggh from 2
viewpoint of homogeneity.

-

5 polysaccharides of guar qum and glucomannan, and the like
de  not have the reduction effect of_ the remalning
dispersion medium as compared with the addition of the
above-mentioned Thydrophilic polymeric dispersion agents
even by addition to a moncomer aguecus solution. Thereby,

10 it has been found out that few generations of 0O/W/0 type

droplets are suppressed only Dby simply increasing the
viscosity of an agqueous moncmer solution.
10036]
Moreover, although a mechanism for reduction in the
15 amount of the remaining dispersion medium by using a
hydrophilic polymeric dispersion agent, is not clear, it is
speculated that when the aguecus monomer sclution is added
and dispersed in a dispersion medium in the presence cf a
surfactant, the dispersion medium containing the surfactant
20 is entrapped in an interior portion of a“fine droplet of
the agueous monomer sclution during dispersing the
dispersion medium in the droplet of the agusocus monomer
solution, and thereby an 0/W/0 type droplet which is an
origin of the remaining dispersion medium is formed and

25 stablized. It is also speculated that the hydrophilic

polymeric - dispersion agent has an effect that the

hydrophilic polymeric dispersion agent exists on the



[0041] Moreover,uponpolymerization,aninternal- 20 crosslinking agent may be added to an aqueous

~ solution of the monomer. Examples of the internal-crosslinking agent include polyols such as
(poly)ethylene glycol fl(poly)" means a case where a prefix "poly" is attached or not, the same shall
apply hereinafter], 1,4-butanediol, glycerol and 25 thylolpropane; polyunsaturated esters having two or
more vinyl groups obtained by reacting oolyols with an unsaturated acid such as acrylic acid or
methacrylic acid; 23 bisacrylamides such as N,N'-methylenebisacrylamide; and polyglycidyi

compound&Haviritf tvis of rforé §RRIR gPdups: SuBRERApolyIeRyishe qyeoldigicitiisether,
(poly)ethylene glycol triglycidyl ether, (poly)glycerol 5diglycidylether,(poly)glyceroltriglycidylether,
(poly)propf}lgneg )“?coﬁblcglga@%id@?ei‘tﬁéfrggng%ggﬁﬁgIy@élr%gl Elcﬁ E/%ltcﬁ/lé %r. seCinten alcrosslinking
agents may e used slane, of.two armre kinds; of therm aay, be usedig corlipatian. 1010042]

The amount of the internal-crosslinking agent to be addedis preferably 3 parts by mass or less, more

preferably dpart Ry mass ek lessnand stilt mere-areferably from 0.001 to 0.1 part by mass, based on
100 parts by mass of the water-soluble ethylenically unsaturated monomer. When the amount is more

thans3 partsddysmass, excess crosslinking arises and water-absorption capability excessively
deteriorates, and therefore it i8 not preferred. 20t is preferred that the internal-crosslinking agent is
previously added t6'tfe agaREHS Solution Bf tHe Walter 36tdbREsMHglehfcafty Bnsafurated tnonomer.

[0043] Thereaction temperature during reversed-phase . i ,
a radlcal polymerizatiocn to obtain water-absorbent resin

particles in a hydfous gel state, iIn which the water-
absorbent resin is dispersed in the petroleum hydrocarbon
10 dispersion medium.
[0Cz8]
Examples of the water-scluble radical polymerization
initiator include persulfates such as potassium persulfate,

ammonium persulfate and scodium persulfate; peroxides such

Y
i

as hydrogen peroxide; and azo compounds such as 2,27~
azobils (2-amidinopropane) dihydrochloride, 2,2’ -azobis[N-(2-
carboxyethyl) ~Z-methylpropiondiamine] tetrahydrate, 2,27~
azcbis{l-imino~l-pyrrolidino-2-methylpropane)
dihvydrochloride and 2,2 —azebis[Z2-methyl-N- (2~
20 hydroxyethyl) -propionamidel],

 fo03s)

Amecng them, potassium persulfate, ammonium persulfate,
sodium persulfate and 2,2"—azobis{Z-amidinopropans]
dihvydrochloride are preferred f:om a viewpoint of

25 availability and easiness of handling.
The water—-soluble radical pclymerization initiétor

may be used in combinaticn with reducing agents such as



25 suspension polymerization in the present invention varies depending on the kind and amount of the
polymerization initiator to be used, and therefore cannot be determined 24 unconditionally.However, it
is preferably from 20 to 100C, and more preferably from 40 to 90C.When the reaction temperature is
lower than 20C, the degree of polymerization may decrease, and when the reaction temperature is
higher than 100C, a rapid polymerization reaction arises. Therefore, both cases are not preferred.
[0044] In the above-mentioned reversed-phase suspension polymerization, particles in a hydrous
gel state whight may 1@ becomeca water-absorbentarresirewitlradsmall amoomt of rerhaiming dispersion
medium are obtained. These resultant hydrous gel particles are dehydrated, dried, and
postcrosslirikedita iobtain water-absorbent resin particles. Moreover, this polymerization may be
considered as 15 the first stage polymerization, and an aqueous monomer solution may be added to a
slurry with khé ’ﬂ%persion medium containing the hydrous gel obtained from the polymerization to
perform multi-stage, polymerization such as two-stage polymerizatiol ree-st merization..
20[0045] If the }r{r)]eulti-stggg L&)%Tymeri(z)zition is%%rform‘é%?%g%gﬁ?é% g:ze affe%%%g %I?;t stage of
polymerization ahtained by, polymerization efa watel-seluble ethylenicallyuasaturated monomer is
preferably the median particle size 25 of 20-200 pm, more preferably 30-150 pm, and still more
preferably 40+100:pri/from ssviewpeitit ohobldidingza: proper aggregatet parnticlersize m-the
multi-stage 25 ,

soluble ethylenically unsaturated monomer. When the amount

is less than 0.01 part by mass, the degree of

polymerization decreases, and when the amount is more than

10 1 part by mass, a rapid polymerization reaction arises.
Therefore, both cases are not preferred.

Timing of the addition of the water-soluble radical

polymerizaticn initiator is not limited in particular, but

it is preferred to previously add the water-soluble radical

=
(9]

polymerization initiator to the agueous solution of the

water-soluble ethylenically unsaturated monomer from

33

viewpolnt of homogeneity.
[0041]
Moreover, upon polymerization, an internal-
20 crosslinking agent may be added tc an agueous solution of
the monomer. Examples of the internal-crosslinking agent
include polyols such as (poly)ethylene glycol [V (poly)”
means a case where a prefix “poly” 1is attached or not, the
same shall apply hereinafter], 1,4-butanediol, glycerol and
25 trimethylolpropane; polyunsaturated esters having two or
more wvinyl groups obtained by reacting polyols with an

unsaturated acid such as acrylic aclid or methacrylic acid;



polymerization. Besides, the median particle size of polymer particles after the first-stage
polymerization is a value for particles obtained by dehydration and drying after completion of the first
stage polymerization according to the measuren%%nt method described below. [0046] When the
second stage oolymeriZation is performed, the agueous solution of thewater-soluble ethylenically
unsaturated monomer of the second stage polymerization is added to the polymerization slurry
obtained after completion of the above-mentioned first stage pelymeriza ion, and subsequently,
reversed-phaseé suspérisienpolymetization cin'bepefformed el5rs aeedlral afe started from

~ precipitations at least a part of the above-mentioned surfactant after completion of the first stage

polymerizationY foBA7HY L ConBRHARRNES HSRIEY RsEEntial Eap ALt 10 20stiii%e an aqueous

phase droplet-.in an gil phase (qr adversely, a capability to stabilize an oil phase roplet in an aqueous
phase) whén hey precipite. giﬁlfglrxg%%eof a p?égi%/ﬁgting r%'ecthgcf Fn% ude, bﬁgt %ﬁi'mited to, a

method of degreasing.a temperature of slurry; 23afterpplymerization by&g@#’r)\ 1yceBY precipitating at
least a part of surfactants before adding the aqueous solution of a water-soluble 26 ethylenically

unsaturated 1aoRamerin the=seeond stage-iclymetization, thetdroplet of the added agueous monomer
solution is not stabilized in a dispersion medium, and is absorbed in gel-like primary particles to

enhance 5 {(aggregation of the primagi particles angctheeahiys scparticle diameter suitablalfor use in

hygienic materials is obtained. o ) ] _
{poly)giycercl polyglycidyl ether. These internal-

crosslinking agents may be used alone, or two or more kinds
of them may be used in combination.
10 [0042]
The amount cof the internal—crossliﬁking agent tc be
added~ is 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

€]
4]
)

by  mass of the wat:

b

part

j ]

{

r~soluble ethylenically
unsaturated monomer. When the amount is mcre tThan 3 parts
by mass, excess crosslinking arises and water-absorption
capability excessively deteriorates, and therefore it 1is
not preferred.

20 It is preferred that the internal-crosslinking agent
is previously added to the agueocus solution of the water-
soluble ethylenically unsaturated menomer.

[0C43]
The reaction  temperature  during reversad-phase

25 suspensicn polymerization in the present inventicon varies
depending on the kind and amount of the polymerization

initiator to be used, and therefore cannot be determined



In addition, due to precipitation of the surfactants, generation of new 0/W/0 type droplets upon adding
the 10 aqueous monomer solution of the second stage polymerization is suppressed to prevent
increase in an amount of the remaining dispersion medium. Therefore obtained water absorbent resin
has lower amount of remaining dispersion medifif than that involved in the first stage polymerization,
15 because amount of water absorbent resin substantially increases through the second stage
polymerization which hardly increase in an amount of remaining dispersion medium. Besides, the
hydrophohie potyimericdispeysion atent dissolving togetherefththelsurfdctants day precipitate 20
into the dispersion medium upon adding the aqueous monomer solution in the second stage because
the disperdiof dgentiBetomesimpassibiead e disstived n a-@ispetsion melitin by-dboling. [0048]
25After precipitating at least a part of the surfactant, the aqueous, solgtril%n oof[ éhg:w%ter-sgluble
ethylenicall{ tiR5afirated TROHOMER 6f tHe setdid stage Polymerization. -27-WHich contains a

water-soluggel%@%QJ%QMQSHZ%' n inigator. isstirred fo mix {@.be absqrhed and aggrggated in the

polymer gel in‘the first stage. It is possible to use, as water-soluble ethylenically unsaturated
monpmer forthe second-stage pohuperization, the same as thage exemplified as dhe water-soluble
ethylenically unsaturated monomer for the first stage polymerization. Kinds, neutralization degree and
neutralized salt-of the monomser, and:thef concentrationaefskd: the @aguebusrhdrormes solution may be
the same as or different from those of the water-soluble ethylenically unsaturated monomer in the first
stage polyfigtization. The polymerization initiator to be added to an aqueous solution of a

water-soluble ethyITenicaII% 15 unsatu[ategtmonoq1er g:neghgrss)%(é?_d sz_tl%%e polé{gneerizgtji%n, anyone
may be selected frot thos& exBmpiified 45 the SolymERzation mitator tsed 1n the firat stage

polymeriz @Weur_sfzJlftQ%%ssg%_@{hifé%m%crgsgl' ing aggatand a.20 ghaintransfer agent may
edto

also be ad the aqueous solution of a water-soluble ethylenically unsaturated monomer in the
second stage-palymerizations angkany-ene may beiseleqted-from these exemplified forthe first stage

polymerization to use.
remaining dispersion medium are obtained. These resultant
hydrous gel particles are dehydrafed, dried, and post-
crosslinked to obtain water-absorbent resin particles,
Moreover, this pelymerization may ber considered as

15  the first stage polymerization, and an agqueous monomer
solution may be added to a slurry with the dispersion
medium containing the hydrous gel obtained from the
polymerization to perform multi-stage polymerization such
as two-stage polymerization or three-stage polymerization.

20 [G045]

I

b

fhe multi-stage polymerization is performed, the
particle size after the first stage of polymerization
obtained by polymerization of a water-soluble ethylenically
unsaturated menomer is preferably the median particle size
25 of 20-200 um, more preferably 30-150 um, and still more
preferably 40-100 um, from a viewpoint of obtaining a

proper aggregated particle size Iin  the ulti-stage



25The amount of the water-soluble e'hylenically unsaturated monomer to be added in the second
stage polymerization is preferably from 1.0 to 2.0-fold, and more 28 preferably from 1.1 to 1.8-fold,
based on the amount of the water-soluble ethyler%'cally unsaturated monomer in the first stage
polymerization from viewpoints of obtaining app #Jriate aggregated particles and reducing the amount
of 5the remaining dispersion medium. When the amount of the water-soluble ethylenically
unsaturated monomer to be added is less than 1.0-fold, the reduction effect by the amount of the
remaining gispersion raddiam-is low, being not preferable because the amount to 10be obtained
decreases. When the amount of the water-soluble e‘thﬁlenically unsaturated monomer to be added

is more than 2.0-folf Hgifegated particlEHaVing & pf edi&r ParticRsize?8reX WSt bbtained,

being not preferable because patrticles 15 polymerized inthe first stage Qolymerizati% cannot absorb
fully the aquiaouS %%r?orﬁgrhgo utFokheithﬁé: %%c%%ags?ad:)eof")glmyren“elﬁzz%ﬁoﬁ'to cause fine powders. [0049]

Itis SUfﬁCieﬂSEh%@?t%@ﬂ&m@%@%@dar%_lwx@g iformly by.stirring,in,the seeppd stage
reversed-phase suspension polymerization. The median particle size of aggregated particles may be
cont®lled depending on adFrecipdation-statesebthe stsfagtants andiaratiocafdhe amount of the
ethylenically unsaturated monomer in the 25 second stage polymerization to the ethylenically
unsaturated moreraeriretherfirststalgecholymerization bAddiionally, the median particle size of the

[C0456]
When the second stage polymerization is performed,
the aqgueous solution of the water—so}uble ethylenicalily
10 unsaturated monomer of the second stage polymerization is
added to the pelymerization slurry obtained after
completion of the above~mentioned first stage
polymerization, and subsequently, reverséd—phase suspension
polymerization can be performed.
i5 Procedures are started from precipitations at least a
part of the above-mentioned surfactant after completion of
the first stage polymerization.
100471
Surfactants loese tTheilr essential capability to
20 stabilize an agueous phass droplet . in an oil phase {or
adversely, a capabillity to stabilize an o¢il phase droplet
in an agueous phase) when they precipite.
Examples of a precipitating method include, but not
limited to, a method of decreasing a temperature of slurry
25 after peclymerization by cocling.
By precipitating at least a part of surfactants

before adding the aquecus scolution o©f a water—-soluble



29 aggregated particles suitable for use in hygienic materials is preferably from 200 to 600 pm, more
preferably from 250 to 500 pm, and still more preferably from 300 to 450 pm. [0050] 5After adding the
aqueous monomer solution for a second stage polymerization, polymerization is performed by means
of a radical polymerization by warming and the fi&. [0051] The reaction temperature inreversed-phase
suspension 10 polymerization in the second stage polymerization cannot be determined
unconditionally because it depends on the kind and amount of the polymerization initiator. However, it
is preferabiy froire 20 ¢@ 100C, ancbmore: peeferakly fromm 40ito 90C.€15[6052hd  stage
Furthermore,forthepurposeofimproving productivity, multi-stage reversed-phase suspension
polymerizatiohvifay ive pedormdd By perforating akhitd6r |aer stagaporpmeriZativoprresction similar to
the second 20stage reversed-phase suspension polymerization, [0053] .. In reversed-phase
suspensiofl Pbiymerzation tsing e Hydropilic pofnierCdis ferdor &gert&hoiin e present

application, a dispersion.medium £an.he added. 25 rming.a dehydrati ess by
refluxing aadtfé’ﬁé:r%?ogﬁ medium %egzgé"?%pic(?&#%t%n ggggg@}nﬁgﬁ Shydralonaiog

[ isti after completion of the polymerization, in order
to prevent aggregationof 30 the primary particles and thereby, a

particle diameter suitable for use in hygienic materizls is
obtaiﬁed.
In addition, due te precipitation of the surfactants,
generation of new O0/W/0 type droplets upon adding the
10 aguecus monomer soluticn of the second stage polymerization
is suppressed to prevent increase in an amount of the
remaining  dispersion medium. Therefore obtained water
absorbent resin has.lower amount of remaining dispersion
medium than that involved in the first stage polymerization,
15 because amocunt of water absorbent resin substantially
increases through the second stage polymerization which
hardly increase in an amount of remaining dispersion medium.
Besides, the hydrophobic polymeric dispersion agent
dissolving together with the surfactants may precipitate
20 into the dispersion medium upon adding the agueous monomer
solution in the second stags because the dispersion agent
becomes I1mpossible to be di?solved in a dispersion medium
by cocling.
(00481
25 After precipitating at least a part of the surfactant,
the aqueous solution of the water~soluble ethylenically

unsaturated moncmer of the second stage polymerization,



particles.. Especially, when polyvinyl alcohol and polyglycerol are used as the hydrophilic
polymeric diSpersion agent, it is preferred that the a dispersion medium is added such 5 that W/O ratio
“calculated by dividing the total amount (total of the aqueous monomer solution of the first stage plus
" the second stage polymerizations when it was polymerized in two stages) of the aqueous monomer
solution used in the polymerization by the amount of a petroleum 10hydrocarbon dispersion medium,
is less than 1.7, and more specifically less than 1.4. When a dehydration is performed at a inner -
temperaturEdfiiot I6SS HES0C by niedrns ofazebicpy déiyidiation FPWYB 346G dF A6Fless than 1.7,

a phenomenon that aggregated particles are 15 further aggregated and precipitated js observed, and
tho meciart PATICHS She ofin reihe W@ Abctogh, PR As b ot 1688 BT L300 um.

hah

Although the defaile hanism is.unknown it is.presumed that aggregation of particles is promoted
due to 20 al%eréncg%r?%ghydrgg?%ilié poTymeﬁé"dispersio%éa{gent such as polyvinyl alcohol and

polyglycerol existing:on ihe paticle sudfaces whetsthese is-natthersufficient,amount of the dispersion
medium relative to the hydrous gel particles obtained by the polymerization. 25The timing for adding
the dispersior: medianmeis notparticularfplimited: it mayobe addedan anyltimeriefete. the,dehydration
process. However, in the case of cooling 31 for the purpose of deactivation of surfactants after
completiontdfethe fisstsstages polyhefizaticii el ithelik@, it #Spreferfed that fie 8ispesién medium at a

low temperature_after completion of the first stage S5polymerization as well as considering a cooling
eﬁect[oogﬁﬁhylenlcally unsaturated meonomer Loy the Zirst  stage

polymerization. Kinds, neutralization degree and

neutralized salt of the monomer, and the concentraticn of

10 the agusous monomer solution may be the same as or

different from those of the water-soluble ethylenically

~unsaturated monomer in the first stage polymerization.

The polymerization initiator to be added to an

Aguesus solution of a water-scluble ethylenically

15 unsaturated monomer in the second stage polymerizaticon, any

cne nmay be selected from those exemplified aé the

polymerization initiator used in the first stage
pelymerization to use.

If necessary, an internal-crosslinking agent and a

20 chain transfer agent may also be added to the agueous

soluticon of a water-soluble ethylenically unsaturated

monomer in the second stage polymerization, and any one may

be selected from those exemplified for the £first stage
polymerization to use.

25 The amount of the water-soluble ethylenica}ly

unsaturated monomer to be added in the second stage

polymerization is preferably from 1.0 to 2.0-fcld, and more



After completion of these multi-stages of reversed-phase suspension polymerization, it is preferred to
add a post-orosslinking agent containing two or more functional 10 groups having reactivity with a
functional group derived from a water-soluble ethylenically unsaturated monomer. The crosslinking
density of the surface layer of water-absorbent rpeéin particles and various properties such as
water-absorption capacity under load, water-absorption rate 15 and gel strength can be enhanced by
adding postcrosslinking agent after the polymerization for reaction, and to impart properties suitable
use in hygieric mateialst {RO55] 20A-pos cosstinking-agent tobetiisechincthetpast- drosslinking
reaction is not particularly limited as long as it can react with a functional group derived from the
water-solubte: ethyferiicahpunsatordted meAdmer wsed i 1 polyrisidton. 25Exafpfes of the

post-crosslinking agent to be used include polyols such as ethylene glycol, propylene glycol, 32
polyoxyetl{ﬂér%IyEBﬁﬁ@lyo&%?’dﬁﬁé@dﬁ;}@d}amr&%g%@%?b8f§/§lyc‘?{§yl Sgrh‘f)%ﬁ?fﬁsg such as

(poly)ethylene ygg%cﬁoé éji%lydd(i/lﬁ %thae{, e((go‘gl{)‘?gy&%es ggergl Eﬁ@(fc&quﬁl getlg%re(pﬁggggygegoé diglycidyl
€ » (PO poly

Dor Lerd
ether,(poly%gf)j/c 0 trlglyc(l:J ether y)propylene glyco glycidyl ether and (poly)glycerol
polyglycidyliether; halosRQXY-GPROURds, sHeh asepichlorohydrin, epibromohydrin and
amethylepichlorohydrin; compound having two or more reactive functional groups, for example,
isocyanate compouhds such: 10:as 2r4:=tolyfeneltiisocyanates and hiexamethylene disiotyanate;
oxetane compounds such as 3-methyl-3-oxetahe methanol, 3-ethyl-3-oxetane methanol,
3-butyl-3-oxetariermetisansloBaniethy - 3-oxetarEiethahs|, Besthylt3dxetarte éthanol avE
3-butyl-3-oxetane ethanol; oxazoline compounds

reduction effect by the amount of the remaining dispersion
medium is low, being not preferable because the amount to
10 be obtained decreases.

When the amcunt of the water-soluble ethylenically
unsaturated menomer to be added is more than 2.0-fold,
aggregated particles having a proper median particle size
are not cbtained, being not preferable because particles

15 polymerized in tﬁe first stage polymerization cannot absorb
fully the agueous monomer sclution in the second stage
polymerization to cause fine powders.

[0049]

Tt is sufficient that the entire compcnents ars mixed

20 uniformly by stirring in the second stage reversedﬂphaSe
suspension polymerization. The median particle size of
aggregated particles may be contreclled depending on a
precipitation state of the surfactants and a ratioc of the

1

ne

o

amount of the ethylenically unsaturated monomer in
25 second stage polymerization to the ethylenically
unsaturated monecmer in the first stage polymerization.

Additionally, the median particie size of the



15 such as 1,2-ethylenebisoxazoline; and carbonate compounds such as ethylene carbonate. These
post-crosslinking agents may be used alone, or two or more kinds of them may be used in
combination. [0056] 20Amongthem,polyglycidylcompoundssuchas (poly)ethylene glycol diglycidyl
-ether, (poly) ethylene glycol triglycidyl ether, (po%glycerol diglycidyl ether, (poly)glycerol triglycidyl
ether, (poly)propylene glycol polyglycidyl ether.and (poly)glycerol polyglycidyl ether 25are preferred
from a viewpoint of excellent reactivity. [0057] 33 is preferably from 0.01- o 5 parts by mass, and more
preferably #roaT 0 V2 o3 partsisyi massibisad onV0 parts by rass-enthe BEdIBRIGUN of the
water-soluble ethylenically unsaturated, monomer subjected to the polymerization. When the amount
of the post%‘?o@ﬁﬁmﬁﬁr@%é@nt%% 480ed-%s 1888 thigh 0T FarP by miass itis hpBssibié to enhance
various properties, such as water-absorption capacity under load, r-absprption rate and gel
strength o?‘fﬁegr%%s)ullflénrft W&%r-sé‘bjéﬁfbéwﬁ%“rgs%%aﬁa%#wﬂené%%ma\gn%%nf fo é)g%adﬁgd is more than 5
parts by mags,qwater-absorptioncapacityexcessivelydeteriorates. Therefore both cases are not
preferred. [0058] The post-c osslinking agent may be added as it is, or 15 added in a form of an
aqueous solution. ik pegessary; ihey post:-erosstinking=agent-imay be added in-a forfm of an aqueous
solution containing a hydrophilic organic solvent. Examples of the hydrophilic organic solvent include
lower alcotots such aisanethyd aleool zathybalecolol: pypropye tion is performed by

means of a radical polymerization by warming and the like.
[C0511
The reaction temperature in reversed-phase suspension
190 polymerization in the second stage polymerization cannct be
determined unconditionélly because 1t depends on the kind
and amount of the polymerization initiator. However, it is

preferably from 20 to 100°C, and more preferably from 40 to

9g¢°C,

15 00523
Furthermore, for the | purpcse of improving
productivity, multi-stage reversed-phase suspension

polymerization may be performed by performing a tﬁird oxr

later stage polymerization reaction similar to the second
20 stage reversed-phase suspension polymerization.

[0053]

In reversed-phase suspension polymerization using the
hydrophilic polymeric dispersion agent shown in the present
applicaticon, a dispersion medium can be added upon

25 performing a dehydration process by refluxing a dispetsion
medium in azeotropic distillation after completion of the

polymerization, in order to prevent aggregation of



20 alcohol, isopropy! alcohol and propylene glycol; ketones such as acetone and methyl ethyl ketone;
ethers such as diethyl ether, dioxane and tetrahydrofuran; amides such as N,N-dimethylformamide;
and sulfoxides such as dimethyl sulfoxide. These hydrophilic organic solvents may be used 25alone,
~ or two or more kinds of them may be used in combine. on.Alternatively,these hydrophilic organic
solvents may be used as a mixed solvent with water. 34 [0059] The timing of the addition of the
post-crosslinking agent may be after completion of the polymerization and is not particularly limited.
The post-¢resslinkirgsteaction 5 is preferably performed in a dehydration or drying step after the
polymerization in the presence of water at an amount within a range from 1 to 200 parts by mass,

more preferably fr86P5 6 20Bpartslfmass, Ehe stil mMdfepreterably fidf-16 18 B Farts by mass,

based on 100 parts 10 by mass of the \Aﬁ%qr,—absor ent Le,sin.day adjusgigg trée an ount, %f water during
the additich“6t tHE PosftFoSSMKIRG AGERL Dost-Bfosdlifking in the SGrASE layer of particles of the

water-absgihentiesin,oan be e suiatly nerlamestand sxcellent watershsorplanAscapabilty oan

be exhibited. [0060] The temperature in the post-crosslinking reaction is preferably from 50 to 250C,
more preferably fromn6049- 5 o 180G Stillinere wreferablysfram 60rte 14Q€ 2and:even-20more

preferably from 70 to 120C. [0061]
(total of the agueous menomer sclution of the first stage
plus the second stage polymerizations when 1t was
polymerized in two stages) of the agqueous monomer solution
used in the polymerization by the amcount o©f a petroleum
10 hydrocarbon dispersion medium, is less than 1.7, and mocre
Spécifically less  than 1.4. When & dehydration iIs
performed at a inner temperature of not less than 80°C by
means of azeotropy dehydration in W/0 ratio of not less
than 1.7, a phenomenon that aggregated particles are
15 further aggregated and precipitated is observed, and the
médian particle size of the resultant water-absorbent resin
may be ﬁot less than 1,000 um.
Alﬁhough the detailed mechani&m is unknown, 1t is
presumed that aggregation of particles is promoted due to
20 adherence of a hydrophilic polymeric dispersion agent such
as polyvinyl alcohol and polyglycerol existing on the
particle surfaces when there is not the sufficient amount
of the dispersion medium relative to the hydrous gel
particles obtained by the polymerization.
25 _ The timing for adding the dispersion medium is not
particularly limited, it may be added in any time before

the dehydration process. However, in the case of cooling



In the present invention, a drying step may be performed under a normal pressure or reduced
pressure, or may be performed under a gas flow such as nitrogen gas flow 25 in order to enhance
drying efficacy. When the drying step is performgg under a normal pressure, the drying temperature is
preferably from 70 to 250C, more preferably 357fom 80 to 180C, still more preferably from 80 to
140C, and even more preferably from 90 to 130C. When the drying step is performed under reduced
pressure, the drying temperature is preferably from 60 to 100C, and more 5preferably from 70 to 90C.
[0062]  TPHe watér cortBRPELtheSWateteatssorBéntresin after @iy B 20% or 18ss- &hd preferably

10% or less, from a viewpaint of imparting fluidity. Ingrganic lubricant 10 agents such as an
amorphous§ Sicaporderdnd-the Iﬁge]f Fiay 488 %epé)olé%%e M@%S&T-a%%%rﬁéﬁ rgéi 50 as to

mprove flddty. 36 Ikxamples) (0083 e meclan paride sizes g waler cgnieqland the

amount of the remaining dispersion medium (amount’of 5 petroleum hydrocarbon dispersion medium
remaining %Wg@gaaﬁb%benga@@g}:part@ﬁ@l@ﬂggr-abggrbenﬁ@sins obtained i theespective

Examples and Comparative Examples we e evaluated by the following methods. [0064]
5 polymerization as well as considering a cooling erffect.
[0054]
After completicon of these multi-stages of reversed;
phase suspensicn polymerization, iﬁ is preferred to add a
post-crosslinking agent containing two or more functional

10 groups having reactivity with a functional group derived
from a water—soluﬁle ethylenically unsaturated monomer.
The crosslinking density of the surface layer of water-
absorbent resin particles and various properties such as
water-absorption capacity under load, water-absorption rate

15 and gel strength <can Dbe enhanced by adding post-
crosslinking agent after the polymerization for reaction,
and to impart properties suiltable for use in hygienic
materials.

[0055]

20 A post-crosslinking agent to be used in the post-
crosslinking reaction is 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.

25 Examples of the post-crosslinking agent to be used
include pelyols such as ethylene glycel, propylene glycol,

1,4-butanediol, trimethylolpropane, glycercil,



10(1) Median particle size A water-absorbent resin(50g) was passed through a JIS standard sieve
having a sieve opening size of 250 pm. The median particle size was measured using a combination
of sieves (a) when 50% by mass or more of the resin remaining 15 on the sieve, while using a
combination of sieves (p) when less than 50% meass 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 850
pm, a sieve having a sieve opening size of 600 pm, a sieve having 20 a sieve opening size of 500 pm,
a sieve havingyassienengpeniag size o425 pmra sieveyraving assieve opéenirmisize ®::800 pm, a sieve
having a sieve opening size of 250 pm, a sieve having a sieve opening size of 150 pm and a tray. (p)
JIS standarellsieveswiere Coﬁﬂﬁﬁ@d%é%rﬁﬁﬁ‘@?@%ﬁd&%@aﬁev&ﬁé\‘/’lh@*%lgi%%‘%pening size of
425 pm, a sieve having a sieve opening of 250 pm, a %e\_{e having a sifv% 0 efin ,azq of 180 pm, a
sieve havifig ‘X Sibvé 37 8fefing e 6f 150 Bt A Sieve With a Siele opering size ot 106 pm, a sieve

with a sieve. gaening size:of £ DL .sleve gyigasieve Hpening size of bt ray. About 50
Sl

g of the water-absorbent as placed on’5the uppermost sieve of the Combination, and classified
for 20 minytes using & Rotap-type shakipgirpashingy 1 = nAfteg the sievetdassificationythe mass of the -
water-absorbent resin remaining on the respective sieves was calculated in terms of mass% based on
the total masseaf 10:resin, the valudsywere integrated iryandyder fsohethe reésinswith atarger particle
size, and thereby the relations between the sieve openings and integration values of the mass% of the
water-abs6ieRe ESiA reikaining on ¥he SiBVRtRBIS Bibtted BA B IBYARIAIC BroBakllityFaper. The

plots on the lo arithmic-probabiligppaper were corésn%cted Witf%a strgigt;&olirng, ragg Ctl_ge Qgrticle size
corresponding 1 iRGrREaTRA%ETs Of 509y Hass thdd GEfined adthe Thedian particie size. [0065]

functional groups, Ifor example, isocyanate'compounds.such
iO as 2,4-tolylene diisocyanate and hexamethylene
diisocyanate; oxetane compounds such as 3-methyl-3-oxetane
methancl, 3-sthyl-3-oxetane methanol, 3-bltyl-3-oxetane
methanol, 3-methyl-Z-~oxetane ethanol, 3~ethyl-3-oxetane

ethanol and 3-butyl-3-oxetane ethanol; oxazoline compounds

[#a]

such as 1,2-ethylenebisoxazoline; and carbonate compounds

pt

such as ethylene carbonate. These post~crosslinking agents
may be used alone, or two or more kinds of them may be used
in combination.

[0056]

20 Among them, polygliycidyl compounds such as
(poly)ethylene glycol diglycidyl ether, (poly)ethylene
glycol triglycidyl ether, (poly)glycerol diglycidyl ether,
(polyiglycerol triglycidyl ether, (poly)propylene glycol
polyglycidyl ether and (poly)glycercl polyglycidyl ether

25 ars preferred from a viewpoint of excellent reactivity.
[0057]

The amount of the post-crosslinking agent to be added



20(2) Water content About 2.5 g of the water-absorbent resin was accurately weighed (X g) into
an aluminum cup, and after drying at 105C with a hot air dryer for 2 hours, the mass of the dried
water-absorbent resin was measured (Y g), and3%5then the water content was calculated by the
following equation.Besides, it is assumed that tare mass of the aluminium cup does not change before
and after drying. 38 Water content (%) - (X - Y)/X x 100 [0066] (3) Amount of remaining dispersion
medium In order to measure an amount of a dispersion medium entrapping and remaining in
water-absérberittedinrpartitles #iaqledds pHosphofiatial séliitioRaids absofbed Psifelled) to a
water absorbent resin in a sealed vial bottle, the vial bottle was heated and tli’lgéjis ersﬁion medium was

extracted fOTGUEHHY tHe GsPRrSion m&diurm Bj Migans of & 10heRdSSpace gas chidiatsgraph, [0067]
(=) Formatign of gallpration cutve,  pRioxinials 1 o ofthe nelfoleun bydraraen dispersion
m . ;

medium (he¥ein er referred to as a "dispersion 15 medium"”) used to polymerize a sample for
measuring.a rgmajing dispersionsnedisinis plaged xe.a scravyyiak ek the like to cepkthe vial with

an ice-water bath. _

5 polymerization. When the amount of the post-cresslinking
agent to be added -is less than 0.0l part by mass, 1t is
impossible to enhance various properties such as water-
absorptiocon capaciﬁy under locad, water-abscrption rate and
gel Strength of.'the resultant water-absorbent resin, and

10 when the amount to be added is more than 5 parts by mass,
water-absorption capaéity excessively deteriorates.
Therefore both cases are not preferred. |
[0058]

The post—croéslinking ageﬁt may be added as 1t 1s, or

15 added in a form of an agueocus solution. I necessary, the
post-crosslinking agent may be added in a form cof an
agueous solution containing a hydrophilic crganic solvent.
Examples of the hydrophilic organic solvent include lower
alcchols such as methyl alcohol, ethyl alcohol, n-propyl

20 alcohol, iscpropyl zalcohel and propylene glycol; ketones
such as acetone and methyl ethyl keione; ethers such as
diethyl ether, dioxane and tetrahydrofuran; amides such as
N, N-dimethylformamide; and sulfoxides such as dimethyl
sulfoxide. These hydrophilic organic solvents may be used

25 alone, or two or more kinds of them may be used in
combination. iternatively, these  hydrophilic organic

solvents may be used as a mixed solvent with water.



Similarly, 60 g of DMF (dimethylformamide) and 60 g of 25 % by mass of an aqueous phosphoric acid
solution is 20 also cooled with an ice-water bath. (Charging is performed after sufficiently cooling
because of transpiration inhibition for the dispersion medium during charging.) 0.2 g of the above
dispersion medium was accurately weighed into’4 50 ml volumetric screw vial and then the 25 above
cooled DMF was added thereto to accurately make 20 g, followed by stifling with a magnetic stirrer bar
to obtain Standard sample solution 1. This Standard sample solution 39 1 was also cooled with an
ice-water haths 032 g of the above Standard sample solution 1 was then accurately weighed into a 50
ml volumetric screw vial and the above cooled DMF was added thereto to accurately make 20 g,
followed by stirringwith e misghetié stirrer bzt 46 bbbain Starfditd Bafiple s8Rt 2 THis Standard
sample solution 2 was also cqoled with an ice-water_bath. Ina 20 ml volumetric vial bottle(No.5,

manufact t86'by MaHietiu Eorforafiohy (£62°6.087 01 6r 16 058G of the Abova Standard sample
solution 2 and 0,920,191 92 9 of fhe sbave Siandagd sampls, saluipg derecagcialgly weighed
t ; :

and the cooled was a ereto to make the amount of contents in"each vial bottle to a total
amaynt of 3,8 ¢ (4md).-Eurthepmose, .gach vial battle was:charged with Sankaf2b %dwgmass of the
aqueous phosphoric acid solution, sealed and tightened with a septum rubber and an aluminium cap,
and then stiping-was perfariyed by shaking each the:battle skradditioh, attertiondtas been paid to
perform 20 quickly procedures from charging of the sample into the 20- ml volumetric vial to the
sealing, togrevaiit a'dispérsion madiam ffemtrahspifing fromhehAal 2% pBasible & hfich as
possible. ﬁ Moreover, attention has been gaid also to fulc%y cool Z%DMFﬁrld 25% by mass of an
aqueous pRBEPRGAE heid SETtion such tHath&alspersivh Maditim dit hoftranspird 4l to generation

of heat at tggé[%%ﬁgﬂfixygo%elqpt@5665%3%%’1:’&s by mass, based on 100 parts

10 by mass of the water-absorbent resin. By adjusting the
amount of water during the addition of the post-
crosslinking agent, post-crosslinking in the surface layer

of particles of the water-absorbent resin can be more

suitably performed and excellent water-absorption
i5b capability can be exhibited.
[0060]

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

20 more preferably from 70 to 120°C.
[0061]

In the present invention, a drying step may Dbe
performed under a normal pressure or reduced pressure, oI
may be performed under a gas flow such as nitrogen gas flow

25 in order to enhance drying efficacy. When the drying step
is performed under a normal pressure, the - drying

temperatﬁre is preferably from 70 te 250°C, more preferably



40 and to fully mix them after sealing with an aluminium cap or the like. [0068] This vial bottle was
warmed at 110C for 2 hours, and 1 ml of a vapor phase portion was collected such that the vapor
phase portion was not cooled, and then it was injected into a gas chromatograph to obtain a
chromatogram. (Use of head space autosampleésl'he amount to be charged of the dispersion medium
10 each vial bottle was calculated to prepare a calibration curve based on the amount to be charged
and a peak area of the chromatogram. (When a mixture of petroleum hydrocarbons was used as the
dispersion frediu) plural ifeaks appeated and therefore zasdlibratiomewVe wWasltBprépared based on
a total value of the areas and the amount to be charged). [0069] (b) Measurement of amount of
dispersion HEdiGFER MR Pedample 20 ABGH 295 of A datfiple-to BEFRedstired Waséharged into an
aluminium cup andithen dr} o\évI;lthcg h%giérdryerreaé 105(% forr%gggg:s to adziH%t thgrw%tgr content.
Required amotnts of DMF (dime ylformamide) and 256 b%/ Mass of an aqgueous ﬁ’hos%horic acid

solution usgdfor the 2omeasyrement Weke also gharged into,a screyy bettle, and o re

5 preferably from 70 to 90°C. |
(00621

The water content of fthe water-absorbent resinKaftex

drying is 20% or less, and preferably 10% or less, from a

viewpoint of imparting fiuidity. Incrganic lubricant

190 agents such as an amcrphous silica powder and the like may

alsc be added to the water-abscrbent resin so as to improve

fluidity.



cooled with an ice-water bath. Into a 20 ml volumetric vial bottle(No.5, 41 manufactured by Maruemu
Corporation), 0.10 g of the above sample was accurately weighed, and the bottom of the vial bottle
was dipped in an ice bath to cool the vial bottle and the water-absorbent resins. 5To this vial bottle
were added 4 ml of the above cooled DMF and,farther 5 ml of 25 % by mass of the above cooled
aqueous phosphoric acid solution. The vial bottle was quickly tightened by sealing with a septum
rubber and an aluminium cap and, then gently shaken to mix. After 10 allowing to stand for 10 mm,
was confirfricdstiyat the water-absorbent resin in the vial bottle was swelled, the vial bottle was
vigorously shaken to agitate the inside strongly. This vial bottle was pre-heated at 110C for 2 hours to
strongly agitaté@Re inside again after heating. 15 In addition, attention has been paid to perform

quickly procedures from charging of tpe ample into t@g 20-ml| volumetgic vii_al to the sealing, to prevent
a dispersion medidmFrdHi ?Pa%%pﬁﬁ@ frGm the Vidl'as possibie Hs MGLh &8 Possible. 20[0070]  This

vial bottle s yarmekat LHJC fLATioNReANt 1pL013 ¥aPOk PasE Poftia,1As collacted such thal

the vapor phase portion was not cooled, and then it was injected into a gas chromatograph to obtain a
chromatogsam- 22M4se R head spase autesampler): mediherametint of ihe dispersienmedium

contained in the amount (0.10 g of observed values) of the charged sample 42 was calculated from
the calibratibs duinermade-based omp the: peak area ofithe vesultaritichrarnatdgrameandithen converted
into the amount [ppm] of the dispersion medium contained per 1 g of the sample.
obtained in the respective Examples and Comparative
Examples were evaluated by the foliowihg methods,
[CCe4d] |
10 (1) Median particle size
A water-absorbent resin{30g) was passed thtough a JISs
standard sieve having a sieve copening size of 250 um. The
median particle sgize was measured using a combination of
sieves {(a) when 50% by mass or more of the resin remaining
15 on the sieve, while using a combination of sieves () when
less than 50% by mass of the resin remaining on the sieve.
{a} JIS standard sieves were combined in a downward
order of; a sieve having a sieve opening size of 850 um, a
sieve having a sleve opening size of 600 pm, a sieve having
20 a sieve opening size of 500 um, a sieve having a sieve
opening size of 425 pm, a sieve having a sieve opening size
of 300 um, a sieve having 2 sieve cpening size of 250 um, a
sieve having a sieve opening size of 150 pm and a tray.
{By JIS standard sieves were combined in a downward
25 crder of; a sieve having a sieve opening size of 425 um, &
sieve having a sieve opening of 250 um, a sieve having a

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



5[0071] The conditions of a gas chromatograph used in the measurement of the amount of the
remaining dispersion medium in the present invention are as follows. Model:GC-14A
HSS2B(HEADSPACE Autosampler) 10manufac Lyed by Shimadzu Corporation Filler: Squalane 25%
- Shimalite (NAT/fl (101) 80-100 mesh Column: 3.2 mm in diameter x 2.1 m Column temperature: 80C
Injection port temperature: 180C Detector temperature: 180C Detector: FID Gas carrier: Nitrogen gas
Vial bottle heating temperature: 110C 20Syringe setting temperature: 110C 43
' cpening size of 150 um, a sieve with a sieve opening size
of 106 pm, a sieve with a sieve opening size of 75 um, a
sieve having a sieve opening size of 45 um and a tray.
About 50 g of the water-absorbent resin was placed on
5 the uppermost sieve of the combinaticn, and classified for
20 minutes using a Rotap-type shaking machine.
After the sieve classification, the mass of <the
water-absorbent resin remaining on the respective sisves
was calculated in terms of mass% based on the total mass of
10 resin, the values were integrated in an order from the

resins with a larger particle size, and thereby the

relations between the sleve openings and integraticn values

ct
oy
o

of the mass% of the water-absorbent resin remaining on

sieve were plotted on a logarithmic-probability paper. The

15 plots on the logarithmic=prckability 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,

[0065]
20 | {2} Water content
About 2.5 g of the water-abscrbent resin was
accurately weighed (X g} into an aluminum cup, and after
drying at 105°C with a hot air dryer for Z hours, the mass
of the dried water-absorbent resin was measured (Y g}, and
25 then the water content was calculated by the following '

equation. . Besides, 1t 1s assumed that tare mass oI the

aluminium cup does not change before and after drying.



[0072] (d) Measurement of amount of dispersion medium dissolved in aqueous monomer solution in
the absence of surfactants and the like 5The following experiment was conducted for the purpose of
“investigating the amount of dispersion medium dissolved in an aqueous monomer solution in the
absence of surfactants and the like. [Reference fi@(perimental Example] 10A measurement of a
dissolved amount of a dispersion medium in an aqueous monomer solution was performed by the
following procedures: 1) Into a 500 mL Erlenmeyer flask, 46.0 g of 80% by mass of acrylic acid
was charged and meuteatizedthyeadding)dropwise 51.1/4 of 300% by mass sodium hydroxide under
stirring while cooling the flask from the outside. To this were added 21.9 g of ion exchange water to
prepare an agtié&ussolutionofawater-solubleethylenically unsaturated monomer. (the aqueous

monomer salution having a ZOQeutraIization ge ree of 75 mol% and a concentration of 38% by mass)
2) In a 2 L voiumeRitite-Recked Gyiindiital separanie Polivd:bottom flask (hereinafter referred to as a

"round-bottom flasileguip g with a.sfirerwith g, sieps 25 oL5Q rupdn diamelet pitghed blade

- paddle impellers, a thermometer and a condenser, 171 g of n-heptané was weighted. 44 3) The
above-mentionedround hottom flask wag dipped-n a-waterdathnand asheptaneswas agitated at 500

rpm, and maintained to an inside temperature of 401C. c
an agueocus phosphoric acid scolution was absorbed (swelled)
to a water abscorbent resin in a sealed vial bottle, the
vial Dbottle was héated and the dispersion medium was
extracted to‘quantify the dispersion medium by means of a

10 head-space gas chromatograph.
00871
{a} Formation of calibration curve
Approximate 10 g of the petroleum hydrocarbon
dispersion medium (hereinafter referred tec as a “dispersion
i5 maedium”) used to polymerize a sample for measuring a
remaining dispersion medium, is placed into a screw vial or
the like to cool the vial with an ice-water bath.
Similarly, 60 g of DMF (dimethylformamide) and &0 g
of 23 % by mass of an agueous phosphoric acid sclution is
20 also cooled with an ice-water bath. (Charging is performed
after sufficiently cooling ©because of transpiration
inhibition for the dispersion medium during charging.)
0.2 g cof the above dispersion medium was accurately
weighed into a 50 ml volumetric screw vial agd then the
25 above cooled DMF was added thereto to accurately make 20 g,
followed by stirring with a magnetic stirrer bar to cbtain

Standard sample sclution 1. This Standard sample soluticn



4) The acrylic acid neutralization aqueous solution 5 prepared in Procedure 1) was supplied, and the
temperature of the water bath was adjusted to maintain the temperature such that it becomes an

inside temperature of 401C while stirring at 500 rpm for 30 minutes. 5) After stirring for 30
minutes, the stirrer is 10 stopped, and the roundbottom flask is allowed to stand for 30 minutes while
maintaining the same water bath temperature. 6) Only lower layer neutralization liquid layer was
gently withdrawn such that two-layer separation is not 15mixed. 7) According to the measuring

method of thevaRoditoT réthaihmsy dispersion médiun: Eoubs.2B8-g (corresortingt8@bout 0.1 g in
the amount of the monomer)of the neutralized Jiquid withdrawn in20 mL volumetric vial bottle was

20accuratély Weightedid Ko coGeBDNIF &t BRoSPhoric adidSolltisi: 2 “8FAféFsehling with a
vial cap ang stirring, ‘)fgfb_%a@gbaé 1%\9C\;8G_%IQ€Q‘H£§_ s performed, and according tg,the measuring

method of the amount O remaining 25dispersion medium, the amount.of h-heptane In the neutralized

liquid was measkiredn{B973].45 »qqAS experimentalygsulls the-same cepditons@s i the first stage
polymerization described in the present application, namely, the amount of n-heptane (dispersion
medium) dissolved=ia the asticacid; nettralizatieadbaguieous sotution (@gueous sharminer solution) at

40C, was 80
Standard sample solution 2. This Standard sample sclution
2 was also coocled with an ice-water bath.
In a 20 ml volumetric vial bottle {No. 5,
manufactured by Maruemu Corporation), 0.02, 0.05, 0.1 ox
10 0.5 g of the above Standard sample solution 2 and 0.02, 0.1
or 0.2 g of the above Standard sample sclution 1 ware

accurately weighed and the cooled DMF was added thereto to

make the amouni of contents in esach wvial bottle to a total

amount of 3.8 g {4ml}. Furthermcre, each vial bottle was
15 charged with 5> ml of 25 % by mass of the agueous phosphoric

acid soclution, sealsed and tightenéd with a septum rubber
and an aluminium cap, and then stirring was performed by
shaking each the bottle.
In - addition, attenticn has been pald To perform
20 quickly procedures from charging of the sample intec the 20-
ml volumetric.vial to the seazling, to prevent a dispersion
medium from transpiring from the vial as possible as much
as possible.

Moreover, attention has been paid also to fully cool

N2
[&1]

DMF and 23% by mass of an agueous phosphoric acid soluticn
such that the dispersion medium did not transpire due to

generation of heat at the time of mixing the both reagents,



ppm on the monomer mass basis. Therefore, this amount (80 ppm) of the dispersion medium was
considered to be the minimum amount of the remaining dispersion medium which can be reduced by
the 10conventional method (WO 2009/025235 and the like). [0074] The present invention will be
described in detail by way of Examples, but the ‘b@esent invention is not limited only to these
Examples. 15[0075] [Example 1] 0.7% by mass of polyvinyl alcohol (hereinafter abbreviated to
"PVA") based on a mass of a monomer was added as a hydrophilic polymeric dispersion agent to
20performaapolymefization experirent. a £t «Gosenol 314-20i(nfamufacturetiiby NippoarSynthetic
Chemical Industry Co., Ltd.: Degree of polymerization of 2000 and Degree of saponification of
86.5-89.0 Aol%)asPYA-was heated, stirred, dissolved in distilled water, and 25 allowed to stand to
prepare 100g of 5 % by mass aqueous solution of PVA prior to the preparation of an aqueous
monomer soltiBh! 46 Into a 500 mL Erlenmeyer flask, 92.0 g of 80% by mass of acrylic acid was
charged and neutralized by adding drapwise 102.2,6,01.30 % by nass sodiym, bydroxide under stirring
while cooling the flask from the outside. To this were added 0.073 g of potassium persulfate, 10.1
mg ef ethyleng:glygol diglycidyl athers 42:6.¢ of the abeve-pientioned Ssmass%hBYA@gseous solution

and 10 g of distilled, water to prepare an agueous monomer solution having a monomer concentration
of 38%. 10{@@26] phase portion was not cooled, and then it was
injected intc a gas chromatograph to obtain a chromatogram.

(Use of head space autosampler)

The amount to be charged cf the dispersion medium in
10 each vial bottle was ﬁalculated to prepare a calibration
curve based on the amount to be charged and a peak area of
the chromatogram. (When a mixture of petroleum
hydrocarbons was used as the dispersion medium, plural

peaks appeared and therefore a calibration curve was

as and the amocunt

[§¢]

15 prepared based on a total value of the ar
to be charged).
[00869]
(b} Measurement of amount of dispersion medium remaining
-in sample
20 - About 2 g of a sample to be measured was charged into
an aluminium cup and then dried with a hot ailr dryer at
105°C for 2 hours to adjust the water content.
Required amounts of DMF (dimethylformamide} and 25 % Dby
mass of an aqueous phosphoric acid scolution used for the
25 measurement, were also charged into a screw bottle, and
cooled with an ice-water bath.

into a 20 ml volumetric vial bottle {(No. 5,



~ Ina 2 L volumetricfive-necked cylindrical round-bottom separable flask equipped with a stirrer having a
two-stage pitched blade paddle impellers of 50 mm in diameter, a thermometer, a reflux condenser
and a nitrogen 15 gas introducing tube, 282 g of/4 lf_XxsoI heptane (manufactured by Exxon Mobil Co.:
Mixture of hydrocarbons, hereinafter referred to as a "dispersion medium") was weighted as a
petroleum hydrocarbon dispersion medium. To the round-bottom flask was added 0.74 g of a 20
sucrose fatty acid ester (manufactured by Mitsubishi-Kagaku Foods Corporation, trade name: 3-370)
as a surfadtamtdid- 0722 obd MisiesamhydaAdeanedified ethyleré-peopylenelcopsiypies
(manufactured by Mitsui Chemicals, Inc., trade name: HIWAX 1105A) as a hydrophobic_polymeric
dispersion 28" BG&nt” &Rd &N TS Was WaAREE Gp 16 abotit S0 WithPA wafer Bath £85C at a stirring
- rate of 300br8mCEoedi%%oslv%gndedésplerrlse izg b(;:-hf(%e gir tcigolgng tg@q@ingﬁ]é temper t%rgt(lfemc. The
above-mentionéd aqueous monomer solution was ghargeg once into the above dispersion medium

~ with an incrgasedstirgng sate, of.500, gom by-using a funnel made of SUS, having an inside diameter of
8 mm at opening at the tip. After adding the aqueous monomer solution, the atmosphere in the system

was 3vell substitutetowitthritrogernswhileomaintainiagdhe et temperatuse of-the raurd-bottom flask
containing the dispersion at 40C, and a radical 10polymerization reaction was performed by warming
for 1 hour witly &ttt WHteebdth atz0tier SAfter thé polynierizativa seactiont tive stirrifg rate was
increased to 1,000 rpm, 100 g of the dispersion medium was added to the flask, and the reaction

suspensiorf{R%eh FREHEFIRINGrETBatFat 1268 SHY-155 Grof walér waSrentoved dif from the
system by azeotropic distillation while refluxing the, dispersign medium in the flask to obtain a
dehydratecr Soslyr%e‘]r" %%L ers%é‘“ rl}#{%%e |séaéfrsi§ﬁ£n%8%m"‘flli§1 thé réstitant dl“s%lg?s%n ?ﬁle%ium

dispersed 20, dehydratgd.polymer. 4 g ofia2%pguectssolution of ethylene glycokdiglycidyl ether as

a post-crosslinking agent was added and the post-crosslinking reaction was performed at 83C for 2
hours. Thea1heatingis perferned usiag an ®il haih atik20G: 25 the:dispessior: mediunhand water
were removed off from the system by distillation, followed by drying under a nitrogen gas flow to obtain
87 g of a awabsotiemtresinthaviigia in the vial bottle was swelled, the

vial bottle was ﬁigorously shaken %o agitate the inside

strongly. This wvial bottle was pre~heated at 110°C for 2

hours to strongly agitate the inside again after heating.

15 In addition, attention has been paid to perficrm guickly
procedures from charging of the sample intc the 20-ml
volumetric vial to the sealing, to prevent a dispersion
mediure from transpliring from the vial as possible as much
as possible.

20 [0070]

This vial bottle was warmed at 110°C for 2 hours, and
1 ml of a vapor phase portion was collected such that the
vapor phase porticon was not cooled, and then it was
injected into a gas chromatograph to obtain a chromatogramﬂ

25, {(Use of head space autosamplier)

The amount of the dispersion medium contained in the

amount (0.10 g of cbserved wvalues) of the charged sample



48 spherical shape (partially in a form of aggregated spherical particles) by passing through a sieve of
850 pm. This water-absorbent resin had a median particle size of 83 pm, and a water content of
3.4%. 5[0077] [Example 2] The same operation as in Example 1, except that the stirring rate of
500 rpm for mixing and polimerizing the aqueou%2monomer solution in the dispersion medium in 10
Example | was changed to 550 rpm, was performed to obtain 88 g of a water-absorbent resin having a
spherical shape (partially in a form of aggregated spherical particles). This water-absorbent resin had
a median pasicte: size laft63ipi; endtawaterlcontent. of2 8%4.vE5[0078] [Examipler8] 0% by mass of

Gosenol GH-23 (manufactured by Nippon Synthetic Chemical Industr%/aCo., Ltd.: Degree of
polymeriz&tiorioB 2300 ahdDegreesst Saonificalion or 20885-8926 moi9s) Wwas tiséd firplace of

. Gosenol GH-20 in Example. 1%: §3PQCifiC Iy, PVAd .Goseno‘lg_lH-I%g was hgg;[%d sztliggd, dissolved in
distilled wéfé?,oanﬁ‘hﬁlo SR sta[rliJ jpr8 ariékfoOg o?%e(%sl%y mass aqleous s‘oﬁﬂﬁon of PVA prior

25to the p ee[:)]grati%n fap guegus;monomer solution. Into a 500 mil, Erlenmeyer flask, 92.0 g of
80% by mass of acrylic acid was ¢harged and neutralized by adding _

5 (60711
The conditions of a gas chrecmatograph used in the
measurement of the amount of the remaining dispersion
medium in the present invention are as follows.
Model: GC~14A 4+  HSSZB (HEADSPACE  Autosampler)
10 manufactured by Shimadzu Corperation
Filler: Sqgualane 25% Shimalite (NAW) (101)
80-100 mesh
Column: 3.2 mm in diameter x Z.1 m
Column temperature: 80°C
i5 Injection port temperature: 180°C
Detector temperature: 180°C
Detector: FID
Gas carrier: Nitrogen gas
Vi:al bottle heating Eemperature: 116°C

20 Syringe setting temperature: 110°C



49 dropwise 102.2 g of 30 % by mass sodium hydroxide under stirring while cooling the flask from the
outside. To this were added 0.11 g of potassium persulfate, 8.3 mg of ethylene glycol diglycidyl
ether, 12.6 g of the 5 above-mentioned 5 mass% PVA aqueous solution and 31.4 g of distilled water to
prepare an aqueous solution of the water-solublé ethylenically unsaturated monomer. Then, the
same operation as in Example 1 was performed to obtain 86 g of a water-absorbent resin having 10a
spherical shape (partially in a form of aggregated spherical particles). This water-absorbent resin had
a median patficlélsize of 100 pm, and a water content of 3.3%. [0079] [Example 4] 2.0% by mass
of PVA as a hydrophilic polymeric dispersioncggent was used based on a amountgf tjbe monomer. -

Specifically.dntd™& BOOHHE Brterihesar itisk, 92.6 g 01800 By Miass 6F achiic acid Was tharged and
neutralized b agldin drlg r\évé%e 8 299 30 % by ma i ydroxide 2Qunder stirfing while
cooling theaﬁglsi #gn%?ﬁe(%utsidé ¢ zt%f%ﬁthgsnwgyreea&?zsdg %%.%n&%f%zgti%%v%ﬁ%efo%}ééved by 1.819g

of PVA: Paval 403 (manufactured by Kuraray Co., Ltd.: Degree of polymerization of 300 and Degree of
saponification of 78-83 mol%) as a hydrophilic 25 polymeric dispersion agent to dissolve it by stirring.

To this were added 807 3@ bf potassiumpessulfatet10.tang of ethylenedlycdkdiglytidyl ether, and 10
g of distilled 50 water to prepare an aqueous monomer solution.

purpose of investigating the amcunt of dispersion medium

dissolved in an agueous monomer solution in the absence of

surfactants and the like.

[Reference Experimental Example]

Jt
[

A measurement of a dissoclved amount of a dispersion
mediwn in an agquecus monomer solution was performed by the
following procedures:

1) Into a 500 mL Erlenmevyer flask, 46.0 g of 80% by
mass of acrylic acid was charged and neutralized by adding

30 % by mass socdium hydroxide under

th

15 dropwise 31.1 ¢ ©
stirring while cooling the flask from the ocutside. To this
were added 21.9 g of ilon exchange water to prepare an
agueous sciution of a water-soluble ethylenically
unsaturated monomer. (the agueous monomer solution having a

20 neutralization degree of 75 mol% and a concentration of 38%
by mass)

2y In a 2 L wvolumetric Zfive-necked cylindrical
separable round-bottom flask {(hereinafter referred to as a
“round-bottom flask”)eguipped with a stirrer with two steps

25 of 50 mm in diameter pitched blade paddle impellers, a

thermometer and a condenser, 171 g o©f n-heptane was

welghted.



Subsequently, the .same operation as in Example 1, except that the stirring rate of 500 rpm for Mixing
and pol merizing the above-mentioned aqueous monomer solution in the dispersion medium is
changed to 700 rpm, was performed to obtain 90 g of a water-absorbent resin having a spherical
shape (partially in a form of aggregated sphericéﬁparticles). This water-absorbent resin had a median
particle size of 51 um, and a water content of 2.3%. 10[00801 [Example 5] = Two-stage
polymerization was performed by using a polymerization according to Example 2 as the first stage
polymerization. 15intoTa:506 miv Erleamidysrdtask 020 ¢roft80% L. maissof acrlicaeid was charged
and neutralized by adding dropwise 102.2 g of 30 % by mass sodium hydroxide under stirring while
cooling thé flagk okt thealiide b His fieraRIded=0.67 Y61 56tadiutf peFstifaté: 19.1 mg of 20
ethylene glycol diglycidyl ether, 12.7 g of the above-[nentiogeg @T@?s% PVA aqueous solution in
Example 2°8< Atydt6philie polymefic disperaion abent and-30.97g of distilled water to prepare, stir and
mix ah aqueous mpfioer sglution 2ol d Lyolmetiehieyeckad culplicalipuagootiom
separable flask equipped with a stirrer having a two-stage pitched blade paddle impellers of 50 mm in
diameter, a thermemetsy, & refisccerdenser and auRigogen gas-atreducing:iye; 282 of Exxsol
heptane (manufactured by Exxon-Mobil Co.: Mixture of hydrocarbons, hereinafter referred to as a
"dispersion fnedismt)awas weighted as aBpetrolednthydmtadsomdispersiempwstidimre  To a
round-bottom flask was added 0.74 g of a sucrose fatty acid ester (manufactured by
MitsubishisdakiEdodstC S aficn, aFadefame: Qﬁm%t&%%rfﬁgtaﬁ@’éﬁa(bﬁiﬁjo? a maleic
anhydride-madified ethyle -pro lene coppolymer 10 (manufactured by Mitsui Chemicals, Inc., trade
name: HIWAXTT05h) s g%% Féphobic p§§/ eric dispersion agent, and then this was warmed up to
about 80C with a water;hath at 85G at g sfirring rate pf 300 rm o dissolve.and disperse it before air

cooling to an inner temperature of 64C. 15 The above-mentioned aqueous monomer solution was
charged onge e the ahave dispession mPediusm With-ayk incseasad stdingrate 81,85@ tpm by using a

funnel made of SUS, having an inside diaMeter of 8 mm at opening at the tipAfter adding the aqueous
monomer S@lutionitheces while maintaining the same water DPbath
temperature.
6) Only lower layer neutralization liguid layer was

gently withdrawn such that two-layer separation is not

mixed.

Y
{81

7) According to the measuring method of the amcunt of
remaining dispersion medium, about 0.26 g (corresponding to
about 0.1 g in the amount of the monomer)ocf the neutralized
liquid withdrawn in 20 mL wvolumetric wvial bottle was

20 accurately weighted to add cocled DMF and phosphoric acid
soiution.

8y After sealing with a viel cap and stirring,
preheating at 110°C for 2 hours is performed, and according
to the measuring nmethod of the amount of remaining

g

25 dispersion medium, the amount of n~heptane in the
neutralized liguid was measured.

(60731



20atmosphere 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 first stage radical
polymerization reaction was performed by Warmérgg for 1 hour with a hot water bath at 70C. 25After
completion of the first stage polymerization, the dispersion medium at room temperature is added, the
stirring rate was increased to 1,000 rpm and the inner 52 temperature was cooled to near 30C to
precipitate at least a part of the surfactant. [0081] Separately, to a 500 mL Erlenmeyer flask, 128.8
g of 80 mass% acfylic aeilsasaddad and feltralized sy &ddify Gropwise a42.93%Fof 30 mass%
sodium hydroxide under stirring while cooling the flask from the outside. To this were added 0.15 g of

potassium pefsuffates 11,8 of SRy gioes Gy ey etherand 16. 7 §bf disfifse Towater to

prepare an aguequs monomer solijtion jcrhthe sgcong stage p}qlp(mecri £ ion. .. Next, the aqueous
monomer saﬁ%ﬁcjir? for'the above-mentioned sécond: s“tag?e was aﬁgegz to théaélbgdovee-men%oned cooled

polymerizationslurry thyough the dropping fupnel, ;15 and stirrgd tg mix for-sqre-time, and absorbed
into a polymerization gel in the first stage to aggregate hydrous gel particles. Then, the

atmasphergdn dbe systeh: washiwvelk substitstecwithanitragem white )maintdin g, thesianert20
temperature of theround-bottom flask near room temperature, and the second stage radical
polymerizatipn reactiore was perfor e By wariiing for 1 hour with a hot water bath at 70C.

Therefore, this amount (80 ppm) of the dispersion
medium was considered to be the minimum amount of the
remaining dispersion medium which can be reduced by tThe

10 conventional method (WO 2009/025235 and the like).
(00741

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

15 [0075]
[Example 1]

0.7% by mass of polyvinyl alcohol (hereinafter
abbreviated to “PVAY) based; on a mass ©i a menomer was
added as a hydrophilic polymeric <dispersion agent to

20 perform a polymerization experiment.

Gosencl GH-20 (manufactured by MNippon Synthetic
Chemical Industry Co., Ltd.: Degree of polymerization of
2000 and Degree of saponification of 86.5-89.0 moel%) as PVA
was heated, stirred, dissolved in distilled water, and

25 allowed to stand to prepare 100g of 5 % by mass agueocus
golution of PVA prior to the preparation ofv an agqueocus

monomer solution.



After the polymerization reaction in the second stage, 25 the reaction suspension was heated using an
oil bath at 120C and 223 g of water was removed off from the system by azeotropic distillation while
refluxing the dispersion 53 medium in the flask to obtain a dehydrated polymer dispersed in the
dispersion medium. To the resultant dispersion frfedium dispersed dehydrated polymer, 3.9 g of a 2%
aqueous solution of ethylene glycol diglycidyl ether as 5a post-crosslinking agent was added and the
post- crosslinking reaction was performed at 83C for 2 hours. Then, heating is performed using an
oil bath at 120C, thedispersion meditm amdeyater Werelkrenttved off frond the systemsyy distillation,
followed by drying under a nitrogen 10 gas flow to obtain 224 g of a water-absorbent resin having in a
form of ag§fegatedysphericet particlas by-passing thfotgh atsievé i BSO phy This!#afeF-absorbent
resin had a median particle size of 388 pm, and a water content of §.2%. 154%%82\111[1%0mparative

Example 1§CP*15& samé exp&rinfant 2% in ERAmPIE™; eXE8pt hat BVA Was ot tided was
performed, Ihe s¢ ex%??@m@&ﬁf‘gﬂ'c} Example_L,.exeppt thatin 20:the preparation of an agqueous
e

monomer solution, 12.6 g of disti water was added substituted for 5 % by mass PVA, was
perfgrmed to obtaif,91- ¢ 0f ayvater-absibent resin Baving a sphetcakshapedpartiatly jn a form of

aggregated spherical particles). This water-absorbent resin had a 25median patrticle size of 61 pm,
and a watericantent of 2.686.j0683] glycol diglycidyl ether, 12.6 g of the
above-mentioned 5 mass% PVA agqueous solutilen and 10 g of
distilled. water to prepare an agueous monomer solution
having a monomer concentration of 38%.
1C [0076]
In a 2 1L volumetric five-necked cylindrical round-
bottom separable flask equipped with a stirrer having a
two-stage pitched blade paddie dimpellers of 50 mm in
diameter, a thermometer, a reflux condenser and a nitrogen
15 gas introducing tube, 282 g of Exxscl heptane (manufacturesd
by Exzon Mobil Co.: Mixture of hydrocarbons, hereinafter
referred to as a “dispersion medium”) was weighted as =a
petroleum hydrocarbon dispersion medium.
To the round-bottom flask was added (.74 g of a
20 sucrogse fatty acid ester (manufactured by Mitsubishi-Xagaku
Foods Corporation, trade name: 3-370) as a surfactant and
0.74 g of a maleic anhydride-modified ethylene-propylens
copolymer {(manufactured by Mitsui Chemicals, Inc., trade
name: HIWAX 1105%A) as a hydrophobic polymeric dispersion
25 agent, and then this was warmed up tc about 80°C with a
water bath at 85°C at a stirring rate of 300 rpm to

dissclve and disperse it before air cooling to an inner



[Comparative Example 2] 54 As Comparative Example, 0.3 % by mass of hydroxyethyl cellulose
(hereinafter abbreviated to "HEC") based on a mass of a monomer was used as a thickener to perform
a polymerization. Specifically, into a 500 mL, Erlenmeyer flask, 92.0 g of 80% by mass of acrylic
acid was charged and neutralized by adding dropwise 102.2 g of 30 % by mass sodium hydroxide
under stirring while cooling the flask from the outside. To this were added 32.1 g of water, followed by
0.272 10g of HEC (manufactured by Sumitomo Seika Chemicals Co., Ltd.: AW-15F) to dissolve it by
stirring. To thiPHere adled.60%3 g-of potassium persu fate, 8.3 mg of ethylene glycol diglycidyl ether

and 10 distilled Wafg to %gac?are an a%ueouﬁi monomer solution. 15 Subs%uen%y the same operation
as in Example 1, ex¢ept ‘trie Above i |or?ecdlgaueou§mr)nno%omer SSlution Was USed, was

performed ég&b 'Q 89 g.of a water-apsarbent.resin hayi spherigcal shape &perqall\éfp a form of

aggregated sphérical particles). This water-absorbent 20resin had a median particle size of 87 pm,
and a watefzontentef 3:1%:-[0084] {comparatverExample3] Jhersame eperationasda Example 1,

except that the

5 of SUS, having an inside diameter of 8 mm at opening at the
tip. After adding the agueous monomer solution, the
atmosphere in the system was well substituﬁed with nitrogen
while maintaining the inner temperature of the round-bottom
flask containing the dispersion at 40°C, and a radical

10  polymerization reaction was performed by warming for 1 hour
with a hot water bath at 70°C.

After the polymerizaticon reaction, the stirring rate
was ilncreased to 1,000 rpm, 100 g of the dispersion medium
was added to the flask, and the reaction suspensicon was

15 heated using an oil bath at 120°C and 125 g of water was
removed off from the system by azeotropic distillation
while refluxing the dispersion medium in the £flask to

obtain a dehydrated polymer dispersed 1in the dispersion

medium. Tc +the resultant dispersion medium dispersed
20 dehydrated polymer, 3.4 g of a 2% aqueous solution of

ethylene glycol diglycidyl ether as a post-crosslinking
agent was added and the post-creosslinking reaction was
performed at 83°C for 2 hours.
Then, heating is performed using an oil bath at 120°C
25 the dispersion medium and water were removed off from the
system by distillation, fcllowed by dryving under a nitrogen

gas Tlow to obtain 87 g of a water-absorbent resin having a

por}



25 stirring rate of 500 rpm for mixing and polimerizing the aqueous monomer solution in the dispersion
medium in Comparative Example 2 was changed to 700 rpm, was performed 55 to obtain 90 g of a
water-absorbent resin having a spherical shape (gartially in a form of aggregated spherical particles).
This water-absorbent resin had a median particl&size of 55 pm, and a water content of 2.4%. [0085]
[Comparative Example 4] An amount of the thickener HEC was increased to-1.0% by mass based
on an amount of the monomer to perform a polymerization.Specifically, into a 500 mL Erlenmeyer
10flask, 92 0rg=ef 86% bysmass of acrylic aditywasicharged &ndmeutrdlizeddyyradding dropwise 102.2
g of 30 % by mass sodium hydroxide under stirring while cooling the flask from the outside. To
this were atidezl-32dg ot Water. 6llowed by 05904 15G6FNECA nfdfifactefed by Stimitomo Seika
Chemicals Co., Ltd.: AW-15F) to dissolve it by stirring. To this were added .0.073 g of potassium
bersulfate, 8.3 mg oi-ethyiRh&gIFEs HhigiGtidyF &tive? g%ﬂ@g%?%ﬁﬂﬂleﬁ%%ﬂ@ p?ejp%?e an agueous
monomer %%Juggn. %Q %ylgs%q%%qt%t %g%@&o%%ragiog%a.s in Example 1, exce_pt that the
above-mentioned gqueous monomer solution was used, was performed to obtain 86 g of a
water-absarpent fesin having a spherical shape (partially in a form of aggregated spherical particles).

This water-absorbent 25resin had a median particle size of 183 pm, and a water content of 4.0%.
[0086] [Example 21

The same operation as in Example 1, except that the
stirring rate of 500 rpm for miiing and polimerizing the
agueous monomer solution in the dispersion medium in

10 Example 1 was changed to 550 rpm, was performed to obtain
88 g of a water-absorbent resin having a spherical shape
(partially in a form of aggregated spherical particles).
This water-absorbent resin had a median particle size of 63
wi, and_a water content of 2.8%.
15 [0078]
[Example 3]
0.7 % by mass of Gesenol GH-23 (manufactured by
Nippon Synthetic Chemical Industry Co., Ltd.: Degree of
polymerization of 2300 and Degree of saponification of
20 86.5~-89.0 mol%) was used in place o¢f Gosenol GH-2Z0 in
Example 1.

Specifically, PVA (Gosenol GH-22) was heated, stirred,
dissolved in distilled water, and allowed to stand to
prepare 100g of 5 % by mass agueous soluticn of PVA prior

25 to the preparation of an agueous moncmer sclution.
Inte a 500 mL Erlemmeyer flask, 92.0 g of 80% by mass

of acrylic acid was charged and neutralized by adding



56 [Comparative Example 51 0.1 % by mass of xanthan-gum was used substituted for 0.3 % by
mass of HEC as a thickener in Comparative Example 2 to perform a polymerization. 5Specifically, into
a 500 mL Erlenmeyer flask, 92.0 g of 80% by m of acrylic acid was charged and neutralized by
adding dropwise 102.2 g of 30 % by mass sodium hydroxide under stirring while cooling the flask from
the outside. To this were added 32.3 g of water, followed by 0.091 10g of xanthan-gum (manufactured
by Sansho Co., Ltd.: KELZAN) to dissolve and disperse it by stirring. To this were added 0.11 g of
potassium persiifete, 818 ing offetiylent’glycoPdigheiRyl ether aid 19 6rdisStied Witér to prepare
an agqueous monamer solution. 15_Subsequently, theé%?%g ggeration as.in Example 1, except that the
: SL.. 1

above-mernitioned auddUs hordrter $bIttich wagls &rfSimiéd 15 obtain 87 g of a
water-absorbent re,isén tg%\{ggg_ a esjpgeg%eg gs_ga%q griart@!lglin a form, Q{gggrsgggqglﬂpéical particles).
[

This water-absorbent 20 resin had a median particle’size of 89 um, and a water content of 3.3%.
[0087] [Comparatiye=xample:Glwgrstagepolyperizaton withaut-PVAwas gerfarmede25 Into a 500

mL Erlenmeyer flask, 92.0 g of 80% by mass of acrylic acid was charged and neutralized by adding
dropwise 1822 g-of 30c%rhy tassisosiim MyAradde onsesolution and 31.4 g of
distilled water to prepare an agueous sélution of the

water-soluble ethylenically unsaturated monomer.

Then, the same operation as in Example 1 was
performed to obtain 86 g of a waterQabsorbent resin having
10 a spherical shape (partiaily in a form of aggregated
spherical particles). This water-absorbent resin had a
median particle size of 100 um, and a water content of 3.3%.

[0079]

[Example 4]

[
I

2.0% by mass of PVA as a hydrophilic polymeric

dispersion agent was used based on an amecunt of the monomer,

Specifically, into a 500 mL Erlenmeyer flask, 92.0 g

of 80% by mass of acrylic acid was charged and neutralized

by adding dropwise 102.2 g of 30 % by mass sodium hydroxide
20 under stirring while cooling the flask from the cutside.’

To this were added 32.1 g of distilled water,

followed by 1.81 g of PVA: Poval 403 (manufactured by

Kuraray Co., Ltd.: Degree of polymerization of 300 and

Degree of saponification of 78-83 mol%) as a hydrophilic

25 polymeric dispersion agent to dissolve it by stirring. To

this were added 0.073 g of potassium persulfate, 10.1 mg of

ethylene glycol diglycidyl ether, and 10 g of distilled



‘57 stirring while cooling the flask fro the outside.To this were added 0.07 g of potassium persulfate,
10.1 mg of ethylene glycol diglycidyl ether and 30.9 g of distilled water to prepare, stir and mix an
agueous monomer solution. In a 2 L volumetric five-necked cylindrical round bottom separable
flask equipped with a stirrer having a two-stage Bﬁched blade paddle impellers of 50 mm ih diameter, a
thermometer, a reflux condenser and a nitrogen gas introducing tube, 282 g of Exxsol heptane
(manufactured 10 by Exxon Mobil Co.: Mixture of hydrocarbons, hereinafter referred to as a
"dispersion; atediunt) waspeeightad as agpetrolegmomgdrosarbonidispersion medium. To the
round-bottom flask was added 0.74 g of a sucrose fatty acid ester (manufactured by
Mitsubishi-KagakuSt FeadsTorporatibf, traiesnafies 82520 asa suHfactaritdnd ©.74 g of a maleic
anhydride-modified ethylene-propylene copolymer (manufactured byglitsui Chemicals, Inc., trade
name: HIVAR 054585 a Hydrophobic pelymatic d%ﬁer%%o% dgéht, and then thi€ was Warmed up to

about 80Cih p20,wales bathat B5C al astiipg (ke of 309.10mg.dissglve i dispgrse it before
air coolingfo an inner ten’?perature of 64C. The above-mentioned aqueous monomer solution was
charged onge intg, the aboye disparsion:medium:with ans25 increased stitring-fate of 59 rpm by using
a funnel made of SUS, having an inside diameter of 8 ram at opening at the tip. After adding the
agqueous monofpetgalution, the 258 afrhogphefe an thesystehswasangll sulsstituted withanitrogen while
maintaining the inner temperature of the round-bottom flask containing the dispersion at 40C, and the
first stage Padi€alpolyragtizatidn Peactism Wakaperiornidt by wamiiig fof 1 REWRFHET Aot water bath

at 70C. After completion of the first stage polymerization, the stirring rate was increased to 1,000
rpm and theFRfREr efrpétatire Was tooled %d%)ea %B%Ktbag’r%%fbﬁ;t%?ét at%ém’gsjt% sgﬁ f tife surfactant.
10[0088] median particle size of 51 um, and a water content of 2.3%.
10 [ocgo]
[Example 5]

Two~stage polymerization was performed by using a
polymerization according to Example 2 as the first stage
polymerization.

i5 Into a 500 mL Erlenmeyer flask, 52.0 g of 80% by mass

of acrylic acid Qas charged and neutralized by adding
dropwise 102.2 g of 30 % by mass sodium hydroxide under
stirﬁing while cooling the flask from the ocutside. To
this were added 0.07 g of potassium persulfate, 10.1 mg of

20 ethyleﬁe glycol diglycidyl ether, 12.7 g of the above-
mentioned 5 ﬁass% PVA agueous solution in Example 2 as a
hydrophilic polymeric dispersion agent and 30.9%9 g of
distilled water to prepare, stir and mix an agueous monomér
sclution.

25 Iin a 2 L volumetric fiveﬂnecked cylindrical round-
bottom separable flask equipped with a stirrer having a

two-stage pitched blade paddle impellers of 50 mm in



Separately, to a 500 mL Erlenmeyer flask, 128.8 g of 80 mass% acrylic acid was added and
neutralized by adding dropwise 142.9 g of 30 mass% sodium hydroxide under stirring while cooling the
flask from the outside. To this 15 were added 0.15 g of potassium persulfate, 11.6 mg of ethylene
glycol diglycidyl ether and 16.7 g of distilled water'to prepare an aqueous monomer solution in the
second stage polymerization. Next, the agueous monomer solution for the above- 20 mentioned
second stage was added to the above-mentioned cooled polymerization slurry through the dropping
funnel, andistired tor mix% for wormETifie andeabsefBed inte adsslyrerizatiori g&lin TRE first stage to
aggregate hydrous gel particles 25Then, the atmaosphere in the system was well substituted with

nitrogen whits mataiiHG i in%%n%%%aﬁjré’%f e RSN BB SR aSkERearyobt ethperature, 59

and the second.stage rq?i al polymerizgtion reactio was&erfor ed Igy war i(ggqu %E}ggur with a hot
water bath'at 705?%%( R%‘plglylér%ériza ion ?ggtzetioﬁ%ln the §eoc%%%bs?tggé, 5'the Féac%on suspension

was heated uising,an; oil bath at 120&;and 224.9,9f water was)reqoyed,eff fram dhe-system by
azeotropic distillation while refluxing the dispersion medium in the flask to obtain a dehydrated polymer
dispersed indbe slispersiopinediinchio dhe resutant 10dispersion medium dispersed dehydrated
polymer, 3.9 g of a 2% aqueous solution of ethylene glycol diglycidyl etner as a post-crosslinking agent
was added and thefpostcrosstinkingreastién svals perforatistibat 83C 4o 2dours SPSETD Breating is
performed using an oil bath at 120C, 15 the dispersion medium and water were removed off from the

system by 8istiltatichC tsllofBEDy difHy dRderH Rfrogén Yas Fiow & optiF 255 g 0P8 *®
water-absorbent resin. having inag eform of gagggeagﬂ}(?d ggh%]ricsai P@aﬁ% Igg *Py aoﬂa&s@g}grough a sieve of
ticle sizeé 0  pm, 1 WE

850 pm. Thi§ Watérzansorbent fesin 201ad a'median par pm, and a watet content of
6.3%. of a maleic anhydride-modified ethylene-propylene copolymer

10 (manufactured by Mitsui Chemicals, Inc,,_txade name: HIWAX
1105A) .as a hydrophobic polymeric dispersion agent, and
‘then this was warﬁed up to about 80°C with a water bath at
85°C at a stirring rate of 300 rpm to dissclve and disperse
it before air cooling to an inner temperature of 64°C.

15 The above-mentioned agueocus monomer soluticn was
charged once intc the above dispersion medium with an
increased stirring rate of 550 rpm by using a funnel made
of 8US, having an inside diameter of 8 mm at opening at the
tip. After adding the agueocus monomer socolution, the

20 atmosphere in the system was well substituted with nitrogen
while maintaining ﬁhe inner temperature of the round-bottom
flask containing the dispersion at 40°C, and the first
stage radical polymerization reaction was performed by
warming for 1 hour with a hot water bath at 7C°C.

25 After completion of the first stage polymerization,

the dispersion medium at room temperature is added, the

stirring rate was increased to 1,000 rpm and the inner



[0089] [Comparative Example 7] As a comparative example, an aqueous monomer solution
25at the first stage in which 0.3% by mass of the thickener HEC was added based on an amount of
the monomer, was used to perform a two-stage polymerization. 60 Into a 500 mL Erlenmeyer
flask, 92.0 g of 80% by mass of acrylic acid wa @harged and neutralized by adding dropwise 102.2 g
of 30 % by mass sodium hydroxide under stirring while cooling the flask from the outside. To this
were added 32.1 g of water, followed by 0.272 g of HEC (manufactured by Sumitomo Seika Chemicals
Co., Ltd.: A¥:p5E) tardisselve itby titring nedko tHiS Were avdedi3:073 tpofiothssiatn oersulfate,
8.3 mg of ethylene glycol diglycidyl ether and 10 g of 10distilled water to prepare an aqueous
monomer oldsh. °f Sibsehhénthahe-same operation as in Example 1, except that the stirring rate
of SOO rpm for mixing and polimerizing the above-mentioned agueous monomer solution in the
dispersion MEdium is changed to 700 rpm, was 15 performed to obtain 223 g of a water-absorbent

resin having a spherical shane (patally iafaun of Aggregdled spherical padicles), This

water-absorbent resin had a median particle size of 371 pm, and a water content of 5.9%. [0090]
20[Examplenb] .. = sRolyvipyhpyralidone fhereinafter refesredda:as:"PVRY asya hydrephkilic polymeric
dispersion agent was added to an aqueous monomer solution for the first stage polymerization at 1.0
% by massibaged oa a ivessof the %ﬁqué@usmmeﬁémessdmim. hydroxide under
stirring while cooling the flask from the outside. To this
were added 0.15 g of potassium persulfate, 11.6 mg of
ethylene glycol diglycidyl ether and 16.7 g of distilled
10 water to prepare an agueous monomer solution in the second
| stage polymerization.

Next, the aqueocus monomer solution feor the above-
mentioned second stage was added to the above-mentioned
cooled poiymerization slurry through the dropping funnel,

15 and stirred to mix for some time, and absorbed into a
polymerization gel in_the first stage to aggregate hydrous
gel particles.

Then, the atmosphere in the system was well
substituted with niﬁrogen while maintaining the inner

20 temperature of the round-kottom flask near room temperature,
and the second stage radical pelymerization reaction wes
performed by warming for 1 ﬁour with & hot water bath at
70°C.
Affer the polymerization reaction in the second stage,
25 the reaction suspension was heated using an cil bath at

120°C and 223 g of water was removed off from the system by

azeotroplc distillation while refluxing the dispersion



50 g of 5 % by mass aqueous solution of PVP (manufactured by ISP Japan Co. Ltd.: K-90) was
prepared 61 prior to the preparation of an aqueous monomer solution. Subsequently, into-a 500 mL
Erlenmeyer flask, 92.0 g of 80% by mass of acrg' acid was charged and neutralized by adding
dropwise 102.2 g of 30 % by mass sodium hydroxide under stirring while cooling the flask from the
outside. To this were added 0.11 g of potassium persulfate, 8.3 mg of ethylene glycol diglycidyl ether,
18.1 g of the above-mentioned 5 mass% PVP aqueous solution and 25.5 g of ion exchange water to
prepare, angidtivto mix an @efieods A9moriomercddlaion. & IR ZArislafhetie sikifetked
round-bottom flask equipped with a stirrer having a two-stage pitched blade paddle impellers of 50 mm
in diametef & BigrAfdmetet, aTeflux Comdeh&ePandEhithen gaﬁntr%la%ciﬁfﬁ}b]e’j%ﬁﬁ g 150f
heptane w%s weiggtfd as a getrole m hggg%cgr%r%n dispersion mei&ium. To,the round-bottom flask

were added 0,62 g of & sticrose fat 3}" aCid ester SXufaclfured%ci/ itsuBishi-Kagaku Foods

Corporatiops trade name: 3:340) 8 asuriactant.and 0:46.9 of anpxidized etaylgne-prapylene 20
copolymer (manufactured by Mitsui Chemicals, Inc., trade name: HIWAX 4052E) and 0.46 g of a

maleic anhydride-modified elhylenerpropyleneccopehsmermantifactured byMitsub€hemicals, Inc.,
trade name: HIWAX 1105A) as a hydrophobic polymeric dispersion agent, 0.46 g of a maleic 25
anhydride-muodified ettiyiene-propylene capolyrrsioianufastuied By Mitsui Chermitals, Inc., trade
name: HIWAX 1105A) as a hydrophobic polymeric dispersion agent, and 62 then this was warmed up
to 83 to 86C With%%ter%g%@O@aP§§ iRt D B80Tt dik6Re®nd dispérse it before air

cooling to an innggerggggature of 1111% 'Iér}\edat‘)h%veéme‘ggogeq:aéqg%%%s @Ppog]reorﬁol&ﬂgn was added
by 5 using a funnelhada of SUS 1aving an insu}e diameter of 8 mm at opening at thetip, and

dispersed while stiming them af 300 7w, Itwas stired.at 300, rom for.1Q migutes, apd dhen the stirring

rate was increased to 500 rpm. The atmosphere in the system was well substituted 10with
nitrogen whiles mgirtainiag the-inner Empeyature of the sound-bottbrrftaskeati40C zanicha radical
polymerization reaction was performed by warming for 1 hour with a hot water bath at 70C.
in a form of aggregated spherical particles by passing
through a sieve of B850 um. This water-absorbent resin
had a median particle size of 388 um, énd a water centent
of 6.2%.
15 [0082]
[Comparative Example 1]
The same experiment as in Example 1, except that.PVA
was not used, was performed. |
The same experiment as in Example 1, except that in
20 the preparation of an aqﬁeous monomer sclution, 12.6 g of
distilled water was addéd substituted for 5 % by mass PVA,

was performed to obtain 91 g of a water-absorbent zresin

having a spherical shape {(partially in a form of aggregated

spherical particles). This water-zbsorbent resin had a
25 median particle size of 61 um, and a water content of 2.6%.
(00821

{Compatative Example 2]



After completion of the first stage polymerization, 15the stirring rate was increased to 1,000 rpm and
the inner temperature was cooled to 30C or less to precipitate at least a part of the surfactant. [0091]
Separately, to a 500 mi Erlenmeyer flask, 128.8 g of 20 80 mass% acrylic acid was added and
neutralized by adding dropwise 142.9 g of 30 ma&s% sodium hydroxide under stirring while cooling the
flask from the outside. To this were added 0.15 g of potassium persulfate, 11.6 mg of ethylene glycol
diglycidyl ether and 16.7 g of distilled 25water to prepare an aqueous monomer solution in the second
stage polymerization. f\extathe@gueotisampheme? solitidrn/fandtse abdvey G8cmeatibrydd second stage
polymerization was added to the above-mentioned cooled polymerization slurry through a dropping
funnel, stireed i Afikfor Sorfctimel aRd abSSrbetlinted pdlgmeriZétion gefitfthe fifst stage to
aggregate 5hydrou§ gel particles. Then, the atmosphere in the system was gvell substituted with
nitrogen W& Mafritaifing W firter tEHipetatite 6£thd rodntBSHSH fiask, BRd & radical
polymerizaptg)p r&earcygg e/x{%%performed by warming for 1 hour 10with a hot water bath at 70C.  After
the polymerlz*éﬁlon reaction in the second stage, the reaction suspension was heated using an oil bath

at 120C and 260 gsptwaterwas (emeyed, off fromy the systemrly: azeotrapie djstiflation while refluxing
heptane in the flask to obtain a dehydrated polymer dispersed in heptane. To the resultant heptane
dispersed dehydrated, polyner 8. 2:q: 0f & 2% acgleous softitimngafethyléne ghwot Highyoidyl ether as a
post-crosslinking agent was added and the postcrosslinking reaction was performed at 83C for 2
hours. by adding dropwise 102.2 g of 30 % by mass sodium hydroxide
under stirring while ccoling the flask from the outside.
To this were added 32.1 ¢ of water, followed by 0.272
10 g of HEC (manufactured by Sumitomc Seika Chemioals Co.,
Ltd.: AW-15F) to dissolve it by stiiring.
To this wesre added 0.073 g of potassium persuifate,
8.3 mg of ethylene glycol diglycidyl ether and 10 g of
distilled water to prepare an agueous monomer solution.
i5 Subsequently, the same operation as in Example 1,
except that the above~-mentioned agueous monomer solution
was used, was performed to obtain 89 g of a water-absorbent
resin having a spherical shape (partially in a form of
aggregated spherical particles). This water-absorbent
20 resin had a median particle size of 87 um, and a water
content of 3.1%.
(0084}
[Comparative Example 3]
The same operaticn as in Example 1, except that the
25 stirring rate of 500 rpm for mixing and polimerizing the

agueous monomer solution in the dispersion medium in

Comparative Example 2 was changed to 700 rpm, was performed



20 Then, heating is performed using an oil bath at 120C, heptane and water were removed off from
the system by distillation, followed by drying under a nitrogen gas flow to obtain 225 g of a
water-absorbent resin having in a form of aggregj%ied spherical particles by passing through a 25sieve
of 850 pm.This water-absorbent resin had a median particle size of 389 um, and a water content of
4.8%. [0092] .64 The measurment results of the remaining dispersion medium for the -
resultant water-absorbent resin obained by Examples and Comparative Examples are shown in the
following tdste. faddition 2Sincé Exx&ol leptans @sedinexpetiertts 388 mixetHydrocarbon
dispersion medium as described above, a plurality of peaks in_head space gas chromatograph upon
measuring tRE &Gt of & Femainy disfersion mdiuin werd Bbsetved. ¥HEref6iE %ach peak area
was integrateg f0 .calﬁulatea%;n lam%%qt of tg]g jfgma‘l,gg éggiséq:gasr%ir n en&gdiugg.s[jt_)g%% <[i'(l'}::\blg
Polwnerization Additivesto monomerdat firstage Stirring a N )

median particle size of 535 um, and a water content of Z2.4%.
5 (00857
[Comparative Example 4]
An amount of the thickener HEC was increased to 1.0%

by mass based on an amount cf the monomer to perform a

polymerization. Specifically, into a 500 ml Erlenmevyer
10 flask, 92.0 g of 80% by mass of acrylic acid was charged

and neutralized by adding dropwise 102.2 g of 30 % by mass
sodium hydroxide under stirring while cooling the flask
ffom the cutside.

To this were added 3Z2.1 g of water, followed by 0.904

15 g of HEC {manufactured by Sumlitomo Seika Cﬁémicals Co.,
Ltd.: AW-15F) to dissclve it by stirring.

Tc this were added 0.073 ¢ of potassium persulfate,
8.3 mg of ethylene glycol digiycidyl ether and 10 g of
distilled water to prepare AN agueocus monomer solution.

20 Subseqguently, the same operation as in Example. 1,
except that the above-mentioned aguecus monomer solutlon
was used, was perfcrmed Lo obtain 86 g of a water-absocrbent
resin having a spherical shape ({partially in a zform o©fF
aggregated spherical particles). This water-abscrbent

25 resin had a median pafticle size of 183 um, and a water

content of 4.0%.

[0086]



upon polymer' zation [rpm] First/Se cond Median particl e size [um] Amountof remaining dispersion
medium [18Pm] Kinds Added amount (vs Monome r) 2by mass]
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[Comparative Example 5]

0.1 % by mass of xanthan-gum was used substituted for
0.3 % by -masgs of HEC as a thickener in Comparative Example
2 to perform a polymerization.

5 Specifically, into a 500 mlL Erlenmeyer flask, $2.0 ¢
of 80% by mass of acrylic acid was charged and neutralized
by adding dropwise 102.2 g of 30 % by mass sodium hydroxide
under stirring while cooling the flask from the cutside.

To this were added 32.3 g of water, fol;owed by 0.051

10 g of xanthan-gum {(manufactured by Sansho Co., Ltd.: XKELZAN)
to dissclve and disperse it by stirring.

To this were added 0.11 ¢ of potassium persulfate,

8.3 mg of ethylens glveol diglycidyl ether and 10 g of

distilled water to prepare an agueous monomer solution.

15 Subsequently, the same operation as in Example 1,
except that the above-mentiloned aguecus monomer solution
was used, was performed to obtain 87 g of a water-absorbent
resin having a spherical shape (partially in a form of
aggregated spherical particles). This water-absorbent

20 resin had a median particle size of 88 um; and a water
content of 3.3%.

[0087]
[Comparative Example 6]
Two-stage polymerization without PVA was performed.

25 Into a 500 mL Erlenmevyer flask, 82.0 g of 80% by mass

of acrylic acid was charged and neutralized by adding

drepwise 102.2 g of 320 % by mass sodium hydroxide under
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stirring while cooling the flask from the outside. To
this were added 0.07 g of potassium persulfate, 10.1 mg of
ethylene glycol diglycidyl ether and 30.9 g of distilled
water To prepare, stir.and mix an agusous monomer solution.

5 ' VIn, a 2 L volumetric five-necked cylindrical round-
bottom separable flask equi?pe@‘with a stirrer having a
two-stage piltched blade paddle impellers of 50 mm in
diameter, a thermometer, a reflux condenser and a nitrogen
gas introducing tube, 282 g of Exxscl heptane {(manufactured

10 by Exxon Mobil Co.: Mixture of hydrecarbons, hereinafter
referred to as a “dispersiocn medium”) was welghted as =z
petroleum hydrocarbon dispersion medium.

To the round-bottom flask was added 0.74 g of a

sucrose fatty acid ester (manufactured by Mitsubishi-Kagaku

et
o

Foods Corporation, trade name: 5-370}) as a surfactant and

0.74 g of a maleic anhydride-modified ethylene-propylene

copolymer {manufactured by Mitsui Chemicals, Inc., Trade

name: HIWAX 1103A) as a hydrophobic polymeric dispersion

agent, and then this was warmed up to about 80°C with a

20 water bath at 85°C at a stirring rate of 300 rpm to

dissclve and disperse it before air cooling to an inner
temperature of 64°C.

The above-mentioned aguecus mwmonomer solution was

charged cnce intc the above dispersion medium with an

25 increased stirring rate of 500 rpm by using a funnel made

of SUS, having an inside diameter of & mm at cpening at the

tip. After adding <the agueous monomer soluticn, the
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atmosphere in the system was well substituted with nitrogen

while maintaining the inner temperature of the round-bottom

flask containing the dispersion at 40°C, and the first

stage radical polymerization reaction was performed by
5 warming for 1 hour with a hot water bath at 70°C.

After completion of the first stage polymerization,
the stirring rate was.increased to 1,000 rpm and the inner
temperature was cooled to near 30°C te precipitate at least
a part of the surfactant.

16 [0088]
Separately, to a 500 mL -Erlenmeyer flask, 128.8 g of
80 mass% acrylic acid was added and neutralized by adding
dropwise 142.% g of 3Q mass?% sodium hydroxide under
stirring while cooling the flask from the outside. Yo this
15 were added 0.15 g of potassium persulfate, 11.6 mg of
ethylene glycol diglycidyl ether and 16.7 g of distilled
water to prepare an agueous monomer solution in the second
stage pclymerization.
Next, the agueous monomer solution for the above-
20 mentioned second stage was added to the above-mentioned
cooled polymerization slurry through the dropping funnel,
and stirred tTo mix for some time, and absorbed into a
polymerization gel in the first stage to aggregate hydrous
gel particles.
25 Then, the atmosphere in the system was well
substitﬁted with nitrogen while maintaining the inner

temperature of the round-bottom flask near room température,



PVA GH-20 0.7 e50/1000 388 297 Example 6 Two stages EVE K-90 1.0 500/1000 389 309
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and the second stage radical polymerization reacticn was
performed.by warming for 1 hour with a hot water bath at
70°C.
After the polymerization reactlon in the second stage,
5 the reaction suspension was heated using an oil bath at
120°C and 224 g.of water was removed off from the system by
areotropic distillation while fefluxing the dispersion
medium in the flask to ©obtain a dehydrated poiymer
dispersed in the dispersion medium. To the resultant
10 dispersion medium dispersed dehydrated polymer, 3.2 ¢ of a
2% agueous solution of ethylene glycol diglycidyl‘ethex as
a post-crossliinking agent. was added and the post-
crosélinking reaction was performed at 83°C for Z hours.
Then, heating is performed ﬁsing an oil bath at 120°C,
15 the dispersion medium and water Wwere removed off from the
system by distillation, followed by drying under a nitrogen
gas flow to obtain 225 g of a water-absorbent resin having

in a form of aggregated spherical particles by passing

through a sieve of 850 um. This water~abscrbent resin
20 had & median particle size of 4Z8 um, and a water content

of 6.3% |

(0088}

[Comparative Example 7]
As a comparative example, an agueous monomer solution
25 at the first stage in which 0.3% by mass of the thickener
HEC was added based on an amount of the moncomer, was used

to perform a two-stage polymerization.
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Into a 500 mL Erlenmevyer flask, 292.0 g of 80% by mass
of_ acrylic agid was c¢harged and neutralized by -adding
dropwise 102.2 g of 30 % by mass sodium hydroxide under
stirring while cooling the flask from the ocutside.

5 To this were added 32.1 g of water, followed by 0.272
g of HEC (manufactured by Sumitomo Seika Chemicals Co.,
Ltd.: AW-15F) to dissolve it by stirring.

To this were added 0.073 g of potassium persulfate,

8.3 mg of ethylene glycol diglycidyl ether and 10 g of
10 distilled water to prepare an aqueous menomer solution.

Subsequently, the same operation as in Example 1,
except that the stirring rate of 500 rpm for mixing and
polimerizing the above-mentioned agueous monomer solution
in the dispersion medium 1s changed to 700 rpm, was

15 performed to obtain 223 g of a water-absorbent resin having
a spherical' shape (partially 1in a Zform of aggregated
spherical particles). This water-absorbent resin had a
median particle size of 371 pm, and a water content of 5.9%.
[00901

20 [Example 6]

Polyvinyl pyrreolidone (hereinafter referred to as
“PYP”) as a hydrophilic polymeric dispersion agent was
added to an agueous monomer solution for the first stage
pelymerization at 1.0 % by mass based on a mass o0f the

25 agueous moncmer solution.

h

50 g o 5 % by mass agueous solution of PVP

(manufactured by ISP Japan Co. Ltd.: K-90) was prepared
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prior to the pﬁeparation of an agueous monomer solution.
Subsequently, into a 500 mL Erlenmeyer flask, 92.0 g of 80%
by mass of acrylic acid was charged and neutralized by
adding dropwise 102.2 g of 30 % by mass sodium hydroxide
5 under stirring while cocoling the flask from the outside.
Te this were addéd 0.11 g of potassium persulfate, 6.3 mg
of ethylene glyvcel diglycidyl ether, 18.1 g of the above-
menticned 5 mass% PVP aguecus solution and 25.5 ¢ of dion
exchange water to prepare, and stir to .mix an agueocus

10 monomer solution. |
In a 2 L volumetric six-necked round-bottem £flask
equipped with a stirrer having a two-stage pitched blade
paddle impellers of 50 mm in diameter, a thermometer, a
reflux condenser and a nitrogen gas introducing tube, 342 g
15 of  heptane was weighted as a petrcleum Thydrocarbon
dispersion medium. To the round-bottom flask were added
- 0.92 g of a sucrose fatty acid ester (manufactured by
Mitsubishi-Kagaku Foods Corporation, trade name: 5-37C) as
a surfactant, and 0.46 g of an oxidized ethylene-propylene
20 copolymer (manufactured by Mitsui Chemicals, Inc., trade
name: HIWAX 405%28) and 0.46 g of a maleic anhydride-
modified ethylene-propylene copolymer (manufactured by
Mitsui Chemicals, Inc., trade name: HIWAX 11052) as a
hydrophobic peolymeric dispersion agent, (.46 g of a maleic
25 anhydride-modified éthylene—propylene copolymer
(manufactured by Mitsuil Chemicals, Inc., trade name: HIWAX

1105A) as a hydrophobic polymeric dispersion agent, and
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then this was warmed up to 83 to 86°C with a water bath at
80°C at a stirring rate of 300 rpm to dissolve and disperse
it before air cooling to an inner temperature of 61°C.
The above-mentioned agueous monomer solﬁtion was added by
using a funnel made of SUS, having an inside diameter of 8
mm at opening at the tip, and dispersed while stirring them
at'30d rpm. It was stirred at 300.rpm for 10 minutes, and
then the stirring rate was increased to 2C0 rpm.

The atmosphere in the system was well substituted
with nitrogen while maintaining the inner temperature of
the round-bottom flask at 40°C, and a radigcal
polymerization reaction was performed by warming for 1 hour
with a hot water bath at 70°C.

After completicn of the first stage polymerization,
the stirring rate was increased to 1,000 rpm and the inner
temperature was cooled to 30°C or less to precipitate at
least a part of the surfactant.

[0091]

Separately, to a 500 mi Erlemnmeyer flask, 128.8 g of
80 mass% acrylic acid was added and neutralized by adding
dropwise 142.9 ¢ of 30 mass% sodium hydroxide under.
stirring while cocling the flask from the outside. To this
were addgd 0.15 g of potassium persulfate, 11.6 mg of
ethylene glycol diglycidyl ether and 16.7 g of distilled
water to prepare an aguecus monomer solutlion in the second
stage polymerization.

Next, the agueous monomer solution for the above-



Two stages EEC 0.3 700/1000 371 2855 PVA_Polyvinyi alcohol HEC_Hydroxyethyl cellulose [0094]
As shown in the table, any water-absorbent resin of 5Examples 1 to 6 had an amount of the remaining
dispersion medium reduced significantly as com gred with those of all Comparative Examples.

More specifically, the remaning dispersion medium was reduced as shown in Comparative Examples
2-5 by adding a 10 water soluble thickener to an aqueous monomer solution as compared with
Comparative Example 1 (non-use of additives), and it was observed that the remaning dispersion
medium careBé tediced 5 1000 pphiBF lesSas BREerAFEd i EX&RTIe3Id8% when & Rfdrophilic

polymeric dispersion agent is added 15 to perform a polymerization. Since a hydrophilic polymeric
dispersion HyeREREE A sRafer incredsiig efaet gﬁ‘eﬁa?rﬁ%/l%lﬁge a%%%b’are%hv%ﬂ?ﬁli%hicﬁener, the

| gﬁirgazid"ﬁ%%é%@%{lig dispgrsion agent.can be egslly Wsed frgm ‘iewpoints of gontoljingsparticle size
inte a polymerization gel in the first stage to aggregate
5 hydrous gel particles.

Then, the atmosphere in the system was well
substituted with nitrogen while maintaining the inner
temperature of the round-bottom flask, and a radical
polymerization reaction was performed by warming for 1 hour

10 with a hot water bath at 70°C.

After the polymerizaticn reaction in the second stage,
the reaction suspension was heated using an o¢il Dbath at
120°C and 260 g of wa%er was remoﬁed off from the system by
azectropic distillation while zrefluxing heptane in the

i5 flask to obtain a dehydrated polymer dispersed in heptane.
To the resultant heptane dispersed dehydrated polymer, 8.2
g of a 2% aqueocus solution of ethylene glycol diglycidyl
ether as a.post—Crosslinking agent was added and the post-
crosslinking reaction was performed at 83°C for 2 hours.

20 Then, heating is performed using an oil bath at 120°C,
heptane and water were remcved off from the system by
distilliation, followed by drying under a nitrogen gas flow
to cobtain 225 g of a water-absorbent resin having in a form

of aggregated spherical particles by passing through a

™
on

sieve of 830 um. This water-absorbent resin had az median
particle size of 389 um, and a water content of 4.E8%.

[cosz]



20 effect of a remaining dispersion medium is very high. Therefore, it is considered that the hydrophilic
polymeric dispersion agent is very effective to reduce a remaining dispersion medium of a
water-absorbent resin, namely, to reduce an odor originating from a petroleum hydrocarbon
25dispersion medium upon water absorption. 689Industrial applicability] [0095] The present
invention provides a method for producing a water-absorbent resin, wherein an amount of a remaining
petroleum hydrocarbon dispersion medium used in a reversed phase suspension polymerization,
which is containedrindhenwatersalsorbentaesinsandandder arginatethtpri tke petraleum
hydrocarbon dispersion medium is further reduced, and a water-absorbent resin obtained by the
method. 67fbiogument Nahfe] Claivis fClainmd | = - #o Aiethed for predicing alwatér-&bsorbent resin
by performing a reversed-phase suspension polymerization of a 5 water-soluble ethylenically

unsaturatediBhofTr if8fetrSIBTRARFdrOEarbo didFersion Mediunt Edfprisiny addify and

dispersing 20 adusons saufian of analer:spluble elylenicaly.Jasatirated fmongpgr optaining a
hydrophilic polymeric dispersion agent to a petro’leumrhydrocar on 10dispersion medium in the

presence Qf.a surfactantunder stirring, and perforning-a feversed-phase suspension palymerization

using a radical polymerization initiator. [Claim 2] The method according to claim 1 wherein the

15hydrophiliespalyinetic dispeesionnagentis at teastednepkdnd:s in head space gas
chromategraph wupon measuring the amount of the remaining

dispersion medium were observed. Therefore, each peak area

was integrated to -calculate an amount of the remaining

10 dispersion medium.
[0093]
[Tabie 1]
Polymerization | Additives teo | Stirring | Median 2mount of
MONOMEY S at | rate particl | remaining
first stage upon e size dispersion
Kinds Added polymerl {um] medium
amotnt | zation [ppm]
{vs {rpm}
Moncme
r) First/Se
[% by | cond
, mass]
Example 1 One stage BVA 0.7 500 83 4986
GH-20
Example 2 Cne stage FVA G.7 550 63 581
GH-20
Example 3 One stage PVA G.7 500 100 420
GH~23
Example 4 One stage PVA 2.0 700 51 383
| PvR403
Example 5 Two stages PVA 0.7 550/1000 388 297
GH-20
Example 6 Two stages PVP 1.0 50071000 389 309
K-90
Comparative | One stage - - 500 el. _ 18038
Example 1
Comparative | One stage EEC 0.3 500 87 5680
Example 2
Comparative | Cne stage HEC .3 700 55 T604
Example 3
Comparative | One stage HEC 1.0 500 183 1472
Exanple 4 '
Comparative | Cne stage xanthan— ; 0.1 500 89 5014
Example 5 gum
Comparative | Two stages - - 500/1000 428 8534




selected from the group consisting of polyvinyl alcohol and polyvinyl pyrrolidone. [Claim 3] The method
for producing awater-absorbent resin 20 according to claim 1 or 2, wherein the surfactant is at least
one kind selected from the group consisting of polyglyceryl fatty acid ester, sucrose fatty acid ester
and sorbitan fatty acid ester. [Claim 4] 25The mé&thod for producing a water-absorbent resin according
to any one of claims 1 to 3, wherein the water- soluble ethylenically unsaturated monomer is at least

1 .- f kh 4 af-aneridie-acid - ane g 1 Ia H il H
one §Xlré%q éseéectgj from the-grotp-consisting-of-acrylig-actd-and-its-salt;-methacrytic-acid-and its

salt (md_acgtlam.ld m@arrnrdinn tolanv.one of claims-1.t60-4. 5-wherein the
' ive HEC . I d07100 371 ! .
petroel gﬁygrpca On disperdion medium is at léast one kind'selected from the group consisting of

an aI|p|’1at|c],:%1 é rocarborrand-amaticyci ¢ hydrocarbon; havirig a carbon number of 6 1 8. [Claim 6]

10A water Rsnt feBittoltaiRd By the method
HEC..Hydroxyethyl cellulose

100947
As shown in ﬁhe table, any water-absorbent resin of
5 Examples 1 to € had an amount of the remaining dispersion
medium reduced significéntly as compared with those of all
Conmparative Examples.
More specifically, the remaning dispersion madium was
reduced as shown in Comparative Examples Z-5 by adding a
10 water soluble thickener to an agueous monomer solution as
compared with Comparative Example 1 {(non-use of additives),
and 1T was. observed that the remaning dispersion médium can
be reduced to 1,000 ppm cor less as described in Examples 1
To 6 when a hydrophilic polymeric dispersion agent is added
15 to perform a polymerization. Since a hydrophilic pelymerxic
dispersion agent has a smaller increasing effect of
particle size as compared with a thickener, the hydrophilic
polymeric dispersion agent can Dbe easily used Irom
‘viewpoints of controlling particle size and a reducing
20 effect of a remaining dispersion medium is very high.
Therefore, it is considered that the hydrophilic polymeric
dispersion agent is very effective to reduce a remaining
dispersioﬁ maedium of a water-absorbent resin, namely, to
reduce an odor originating from a petroleum hydrocarbon

25 digpersion medium upon water absorption.



according to any one of claims 1 to 5.

10
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[Industrial applicability]
[D085] |

The presenit invention provides a method for préducing
& waterwébsorbent resin, wherein an amcunt of a remaining
petioLeum hydrocarbon-dispersion medium used in a reversed
phase suspension polymerization, which i1s contained in the
water—absorbent resin and an odor originated form the
petroleum hydrocarbon dispersion medium is further reduced,

and a water-absorbent resin obtained by the method.
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[Document Name] Claims
[Claim 1]

A method_ for producing a water-absorbent resin by
performing a reversed-phase suspension polymerization of a
water-soluble ethylenically unsaturated monomer in &
petroleum hydrocarbon dispersion medium, comprising adding
and dispersing an agueous solution of a water-soluble
ethylenically unsaturated monomer containing.a hydrophilic
pélymeric dispersion agent to & petreleum hydrocarbon
dispersion medium in the presence of a surfactant under
stirring, and performing a reversed-phase suspension
polymerization using a radical peolymerization initiator.
[Claim 2]

The method according to «c¢laim 1 wherein the

selected from the group consisting of polyvinyl alcohel and
polyvinyl pyrrolidone.
[Claim 3]

The method for producing a water-absorbent resin

according to c¢laim 1 or 2, wherein the surfactant is at

least one kind selected from the group consisting of

polyglyvceryl fatty acid ester, sucrose fatty acid ester and
sorbitan fatty acid ester.
[Claim 4]

The method for producing a water-absorbent resin
according to any one of claims 1 te 3, wherein the water-

soluble ethylenically unsaturated monomer is at least one
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kind selected from the group consisting cof acrylic acid and

its salt, methacrylic acid and ilts salt, and acrylamide.

{Cilaim 5]

The method according to any cone of c¢laims 1 to 4,
whersin the petroleum hydrocarbon dispersion medium is at
least one kind selected from the group consisting of an
aliphatic hnydrocarbon and an alicyclic hydreocarbon, having
a carbon number of © to 8.

[Claim 6]

A water—abéorbent resin obtained by the method

according to any one cf claims 1 to 5.



