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[Document Kamel Description

[Mame of Invention] Method for producing water-absorbent
raegin

[Technical Field]

foooni]

The present invention relates to a method for
producing a water-absorbent resin, and to a water-absorbent
resin obtained 5y the same.

More specifically, the present invention relates to a
method for producing a water-absorbent resin by a reversed-
phase suspension polymerization method, wherein an odor
originating from a raw material component, in particulaf, a
petroleum  hydrocarbon dispersion medium, ig reduced as
compared with a water-absorbent resin  cbtained by &
conventional method, and to a water-absorbent resin
obtained by the method.

{Background Art]
[0002]

Water-absorbent regins are widely used in hygienic
materials such as disposable diapers and sanitary napkins;
daily commodities such as pet sheets; water absorbing
sheets for food products; industrial materisls such as
water blocking materials for cables; water retention agents
for greening/agriculture/horticulture; and the liks.

[ooo3]
Hygienic materials such és disposable diapers and

sanitary napkine are generally constituted with a top sheet,
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- & back sheet, a hot melt adhesive, an elastic material, a

wéter—absorbent resin and a.pulp fiber, wvaricus synthetic
resins and modifiers are uéed. Therefore, an odor
originating from raw material components is perceived from
the 5ygiemic materials, in some cCases. Since These
hygienic materials are put on the human body, the odor
makes users uncomfortable even 1f it ds subtle and,
therefore, 1t 1ls desired to develop an odor-free material.
[0D04] |

Among constituent materials of these  hyvglenic
materials, the water-absorbent resin has a subtle odor
originating from the substances used in the vproduction
process, and since the odor tends to emit upon watexr
absorption, it is considered to be desirable to reduce the
ocdor.
[0G05]

As water-absorbent resins used Tor hygienic materials,
for example} a partially-neutralized product of polvacrylic
acid, a'neutralized product of a starch-acrylic acid graft
polymer, a hydrolysate of a starch-acrylonitrile graft
copelymer, a saponified product of a vinyl acetate-acrylic
acid ester copclymer are known.

(000867

As methods for producing such water-absorbent resins,
an agueocus polymerization method and a reversed-phass
suspension polymerization method are known. In & case

where & water-abscrbent resin is produced by a reversed-
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phase  suspension polymerization method in which

"polymerization is performed by suspending z water-soluble

monomer in. a dispersion medium, a major cause of the odor
is considered to originate from the disperéioh medium,
{00073

As convenﬁienal methods for producing the water-
ahsorbent .zesin, by a reversed-phase suspension
polymerization method, kndﬁn are a method of polymerizing
an aguecus solutioﬁ of Q,B“unséturated carpoxyiic acid and
alkali metal salt fhereof 1n a petroleum hydrocazrbon
solvent wusing a radical polymerization initiator in the
presence or absence of =z inﬁernal—crosslinking' agent in
which = Bucrose fatty acild ester is used as a protective
colloid agent [see _Patent Document 1}, and..a method of
polymerizing a 25% by mass or more cof aguecus soiutiqn of
an o, f-unsaturated carboxylic acid and alkali metal salt
thereof in a petroleum hydrocarbon solvent using a radical
pelymerization initiator in tThe presence or absence of a
internal-crosslinking agent in which a polyglycereol fatty
acid ester with an HLB of 2 to 16 is used as a surfactant
(see Patent Document 2). However, these production methods
do not focus on reduction of an odor, and thus oders of the
resultant water-absorbent resins are not sufficiently low.

[Reference Documents]

IPatent Documents]
[0008)

[Patent Document 1! JE-A No. ©61-87702
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IPatent Document 2] JP-A No. 62-172006
[Summary of the Invention]
[Problems to e sclved by the Invention]

[0002]

L]

An obiect of the present invention relates to =&
méthod for producing & water-absorbent resin, and a water-
absorbent resin cbitained by the method,.

More specifically, an obiect of the present invention
iz to #rovide a method for preoducing =2 waterhabscrbaﬂt.
resin by a reversed-phase suspension polymerizstlon method,
wherein an odor originating from a raw material compoment,
in particular, a petroleum hydrocarbon dispersion medium,
is further reduced as compared with a water~absorbent resin
obtained by a conventional methed, and to a water-absorbent
resin cbtained by the method.

EMaéns for Solving the Prpblems]'

100101

i

he present inventors inteansively studied about a

]

elaticon betwsen an odeor originating from a petroleum

hydrocarbon dispersicen medium when ithe water-absorbsnt

I

egin absorbs water, and a petroleum hydrocarbon dispersicn
medium ussd Iin production of the water-abscrbent resin
and The like and, as a result, found out to obitain a water-

absorbent resin having a significantly reduced odor as

compared with a water-absorbent resin obtained by -2

conventional method, by adding and dispersing an agueocus

solution of & water-sciuble ethylenically unsaturated
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monomer containing a hydrephilic polymeric dispersion agent
to a petroleum hydrocarbon dispersion medium under stirring

and then periorming & reversed-phase suspension

polymerization using a radical polymerization initiator.

10011

That is, the present inveniion relates to a method
for producing a water-absorbent resin shown beleow, and a
water-absorbent resin obtained by the method.

Item 1. A method for producing a water-absorbent
resin by performing a * reversed-phase suspension
pelymerization of E water-soluble ethylenically
unsaturated monomer in a petreoleum hydrocarbon dispersion
médiwm, comprising adding and dispersing an aqueous
soclution of a water-soluble ethylenically unsatﬁrated

mononer containing z hydrophilic polymeric dispersicon agent

s

to & petroleum nydrocsrbon  dispersion medium  in the
presence of a surfactant undsr Stirriné, and performing a
reversed-phase suspension polymerization wusing a radica
polymerization initiator.

Item Z. The method according Tto Item 1 wherein the
hydrophilic polymeric dispersion agent i1s at least one kind
selected from the group consisting of polyvinyl alcohol and
polyvinyl pyrrolidone.

ITvem 3. The method for producing & water-absorbent
resin according to Item 1 or 2, wherein the surfactant is
at least ‘one kind selected from the group consisting of
polyglyceryl fatt

v acid esster, sucrose fatty acid ester and

o
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sorbitan fatty scid ester.

| Item 4. The method £or producing a water-absorbent

resin according to any one of Items 1 te 3, wherein the

water—soluble ethylenically unsaturated monomer is at least

one kind selected from the group censisting of acrylic acid

and its salt, methacrylic acid and its salt, and acrylamide.
.Item,S, The method according to any one of Items 1 to

4, wherein the petroleum hydrocarbon dispersion medium is

at least one kind selscted from the group consisting of an

aliphatic hydrocarbon and an alicyclic hydrocarbon, having
z carbon number of & to B,
"Item 6, L water-sbsorbent resin obteined by the
method according to any one of Items 1 to 5. |
[Effects of the Invention]
[0612)

Bccording to the present invention, 2 method for
producing a water-absorbent resin, whsrein an odor
originating from a raw material component, in particular, a
petroleum hydrocarbon dispersion medium, is reduced, and a
water-absorbent resin obtzined by the method are provided.
[Modes for Carrying Ouf the Invention]

[001Z]

An origin of .Qdor, when a water-abosorbent resin
obtained by a reversed-phase suspension polymerization
absorbs water, is mainly a dispersicon medium remained
within particles of the water-azbosorbent resin. The

present inventors have found out that a mechanism of a
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dispersion medium remaining in water-absorbent resin
particles is cgaused by generating so-called capsule~like
water~absorbent resin particles which  include the
dispersion medium based on generating a liguid droplet
having a shape in which the diasppersion medium which is an
0il phase is entiapped in a liguid droplet of thé aguecus
monomer solution, namely, an‘.O/W(O {oil/water/oll) type
droplet, and then stebilizing and-polymerizing tﬁis O/W/0

type droplet itself, upon dispersing the agueous monomer

‘solution in the dispersion medium by means of stirring and

the like.

The method for preducing a water-abscrbent resin of
the present invention is characterized .in_ that a
hydrophilic polymeric dispersion agenﬁ exists in  an
aguecus solution of a water-scluble ethylenically
unsaturated monomer when the above-mentioned agueous
solutién of monomer containing a water-soluble zadical
polymerization initiator is dispersing in a petrcleum
hydrocarbon dispersion medium in the presence of
surfactants; upon performing & reversed-phase suspension
polymerization, and thereby generation of O/W/0
{oll/water/oll) type droplet 1s suppressed as compared with
the conventional method, and then pelymelization is
performing by uzing the water—-soluble radical
polymerization initiator.

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

Water) in 0il, and refers to a state in which fine oil
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droplets are disgpersed in water dxopiets, and the watex
droplets are further disperséd in an oil phase. HNamely, it
is constituted of zn innermest oil phase, an intermediate
water phase and an outermost oil phase. In the present
invention, the O/W/0 type droplet exhibits a state in which
droplets of thé agueous solution of the monomer (water
phase) contain smaller droplets of dispersion medium (oil
phase) .

[OO;@]

As described in more detail,'the pressnt application
comprises adding and dispersing an agueocus solution of =a
waterméolubie sthylenically unsaturated monomer containing
& hydrophilic polymeric dispersion agent tTo a petroleum
hydrocarbon dispersion medium under stirring, and
performing a reversed-phase suspension polymerization using
a radical pelymerization initiatcr.

A water-abscrbent resin which contains a
amount of & remaining peatroleum hydroéarbon disperszion
medium, can be cbtained by the production method comprising
these steps of the reversed-phase suspension polymerization.

In the present invention, the “amount of 2 remaining
petroleum hydrocarbon dispersion medium” {Amount of
remaining dispersion medium) 1s a value msasured by a
measuring method described hereinafter.

{0015}
The present invention comprises mixing and dispersing

an agu=scus sclution of a water-scluble ethylenically
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unsaturated ﬁonomer {hereinafter, - “aqueous monomar
solution” means the “agueocus soluticn of the water-soluble
ethylenically unsaturated mon@mer” unliess otherwise
expressly indicated) containing a hydrophilic polymeric
disperszion agent in a petroleum ‘hydracarbog dispersion
medium {hereinafter, “dispersion . madium” méans the
“petroleum hydrocarbon dispersion medium” unless otherwise
éxpressly indicated) in the presence cof a surfactant in the
above;mentionedrdispersing step to perform a2 reversed-phase
suspension polymerization. The opresent invention is
intended to reduce an amount of the remaining dispersion
medium by suppressing generation of O/W/0 type droplet as
compared with conventional methods.
[001¢]

Examples of th

0]

water-soluble gthylenically
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], Z-{methjacrylamide-2~

methylipropanesulfonic acidl and maleic acid, and salts
thereof; nonionic unsaturated MONOMEers such as
{meth}acrylamide, N,N-dimethyl{meth)acrylamide, 2
hydroxyethyl (meth)acrylate and N-methylol (meth)acryvlamide;
and amino group~containing unsaturated moncomers such as
diethylamincethyl (meth)acrylate and disethylamincpropyl
{meth)acrylate, and gquaternized mcnomers thersof. Thess

water~soluble ethylenically unsaturated monomers may be



i

[RN)

10

used alone, or two or more kinds of them may be used in
compination.
(00171

Among water-soluble ethylenically unsaturated
MONOmers, (meth)acrylic acid and a salt thereof, and
(meth)acrylamide are preferable from a viewpoint of
industrial availablility.

%hen the water-scoluble ethylenically unsaturated
monomey has an acid group, it can also be used as a salt
after neutralizing ths acid group.

Examples of an alkaline compound used when a monomer
having =an acid group is neutralized to a salt include
compounds of lithium, soedium, potassium and ammonium. More
specifically, examples of the alkaline compouhd. include
sodium hvdroxide, potassium hydrozide, lithium hydroxide,
sedium carbenate and ammonium carbonaté,

When the monomer having an acid group is neutralirzed,
g neutralization degree is preferably from 30 to %0 mol% of
the acid group of - the water-soluble ethylenically
unsaturated monomar. When the neutralization desgree is
less than 30 mcl%, the acid group is not easily lonized and
water-absorption capacity deteriorates, and therefore it is
not preferred. When the.neutralization degree iz more than
80 mol%, safety issues mayv arise when used as hyglenic
matérials, and therefore it is not preferred.

For the timing of neutralization, although it is

commen Lo be performed in a monomeric state from a



=
n

20

25

1%

viewpoint of a degree -of homogeneity, .neutralization by
adding the above-mentioned alkaline compound to é pelymer
after a monomer polymerization, 30 called post-
neutralization, may be also usead together.
[oo1s]

In thej presant invention, & water~scluble
ethylenically unéaturated. moncmer is used as an aqueous
solution. The concentration of the monomer in the agueous

solution ©of & water-soluble ethylenically unsaturated

monemer is preferably from 20% by mass to saturation

conceﬁtration. If necessary, the agueous sclution of a
water-soluble ethylenically unsarurated mombmer may contain
a chain tzansfer agent and the like,
[0019]

Examples of the chain transfer agent dInclude
compounds such as thiols,‘thiolic acids, secondary alcohols,
hypophosphorous acid and phosphorous acid. These chain

transfer agents may be used zicne, or two or more kinds of

them may be used in combination.

Examples of the petroleum hydrocarbon dispersion
medium include aliphatic hydrocarbon having a carbon number
of & to B8, such as n-hexane, n-heptansz, Z-methylhexane, 32—
methylhexahe, 2,3~dimethylpenténe, 3-ethylpentane and n-
octane; alicyclic hydrocarbens having a carbon number cof 6
te 8, such as gvyclohexane, methylcyclﬁhexane, cyclopentane,

methylcyclopentane, trans-1,2-dimethvlicyciopentane, cis-



1,3~dimethylcyclopentane and - trans-1, 3-
dimethylecyclopentane; and aromatic -hydrocarbons' such  as
benzén@, toluene and xvlene. Among' these hydrocarbon
dispersion media, aliphatic hydrocarbons having a carbon
rumber  of 6 to #, such as n-heptane, 2-methylhexane, -
methylhexane and n-cctane; and alicyciic hydrocarbons
having a carbon number of © to 8, such as cyclchexane,
methylcyclopentane and methylcyclohexane aré preferably
used from a viewpoint éf easy industrial availablility.
These hydrocarbon digpérsion media may be used‘alone, or
two or more kinds of them may be used in combination.

Further, among these hydrodarbon dispersion media, n-
heptane and cyclohexane are preferably ‘used from a

iewpoint that a state of W/O type reversed suspension is
gooé, suitable particle size is easily obtainsd, and that
an incdustrial availabiiiﬁy iz easy and & guality is stable.
further, as an example cf a mixture of the above-mentioned
hydrocarbon, a commercially available Exxsol Heptane
(manufactured by Exxzon Moblil Co.: contaiﬁing heptane and
isomeric hydrocarbons of 75 teo 85 %) and the like may be
used to obtain a suitable result.

[0021]

The amount,.of the peltroleum hydrocarbon dispersion
medium to be used i1s usually from 50 to 600 paxrts by.mass,
mere preferably from 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 agusous solution of a water-soluble
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ethylenically unsaturated moniomer  from a viewpoint of
uniformly dispersing of ithe aguecus soluticon of_a water-
soluble ethylenically unsaturated monomer and facilitating
control of the polymerization temperature,
(00223

Examples of the surfactant wused in the present
invention include nonlonic surfactants such as sorbitan
fabty acid ester, pélyoxyethylene'sorbitan fatty acid ester,
polyglyceryl fatty _acid. ester, polyoxvethylene glyceryl
fatty aclid ester, sucross fatty acid ester, sorbitel fatty
acid ester, polyoxyethylene sorbitol fatty. acid ester,
polyoxyethylene alkyl'ether, pelyvexyethylene alkyl phenyl
ether, polyoxyvethyliens castor oil, polyoxyethyiens

hydrogenated castor oil, alkyl allyl formaldehyde condensed

ether, pdlyeihylene gliycol fatty acid ester, alkyl
glucoside, N-zlkyl glucconamide, polveoxyethvlene fatty acid
amide and. polyé#y@thylene alkyliamine; and anionic
surfactants such az fatty acid salt, alkylbenzene sulfonare,
alkylmethyl tTaurate, polyvoxyethvlene alkvl phenyl ether
sulfate, polyvoryethylene alkyl gther sulfate,
polyozyethylene alkyl ether sulfonic acid angd a salt
thereof, polyomyethylene alkyl phenyl ether phosphoric acid
and a salt thereof, and polyoxyethvlene alkyl ether
phosphoric acid and & salt therecf. These surfactants may
bhe used alone, or ﬁwo or more kinds of them may'be used in

combination.
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[0023]

Emong these surfactants, at lesast one kind selected
from The group consisting of polyglyceryl fatty acid ester,
sucrose fatty acld ester and sorbitan fatty acid ester are
preferred from a viewpoint of dispersion_stability of the
aguecus sclution of a water-goluble ethylenically
unsaturated monomer.

[0C241

The amount of the surfactant to be added in the
present ilnvention is preferably fram‘O;Ol te 5 parzts by
mass, and more prefersbly from 0.05 to 3 parts by mass,
based on 100 parts by mass of the aguecus smlutidn cf a
Water-soiuble ethylenically unsaturated mﬁnomer. When the
amount of the surfactant to be adﬁed is less than 0.01 part
by mass, dispersion stability of +ths aguebus monomer
solution deteriocrates, and therefore it is not preferred.
When the amount of the gurfactant te be added is more than
5 parts by masgs, it is not economic, being not preferable.
100251

In the present invention, when the aguecus sclution

.of & water-soluble ethylenically unsaturated monomer is

added and dispersed in the petroleum hydrocarbon dispersion
medinm in the presence of surfactants, it is preferable to
disperse the above-mentioned aqﬁeous solution in  the
presence of a hydrophobic polymeric dispersion agent from a
viewpoint cof reducing the amount of the remaining petroleum

hydrocarbeon dispersion medium to & lower level,
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[Goz26]

As the hydrophobic polymeric disyersiﬁn agent, it is
preferred to select and use these which are dissolved or
dispersed in the pseitroleum hydrocarbon dispersion medium to
be used, and examples of the Thydrophobic polymeric
dispersion agent include those having a visceositv-average
molecular weight of 20,000 or less, prefarably 10,000 or
less, and more preferably 5,000 or less. Specific examples
therecf include maleic anhydride—mﬂdified pelyvethylene,
malelic anhydridewmodified polypropylene, a maleic
anhvdride-modified ethylene-propylene copolymer, a mnmaleic
anhydride-ethylene ccpélymer, a maleic anhydride-propylene
copolymer, a maleic anhydride-sthylene-propylene copolymer,
polyvethylens, polypropylene, an ethylene-propylene
copolymer, oxidized polysthylene, oxidized polypropylene,
an oxidized ethylene-propylene copolymer, an ethylene-
acrylic acid copoelymer, ethyl cellulose, ethylhydroxyethyl
cellulose, anhydrous maleinated polybutadiene and anhydrous
maleinated EPDM fethylene/?ropylene/diene terpolymer).

Among them, at least one kind selected ﬁrom the group
consisting of maleic anhydride-modifisd polyethylene,
maleic anhydridehmodified. polypropylene, a maleic
anhydride-modified ethylene-propylene copolymer, a malsic
anhydride-ethylens copolymer, a maleic anhydride-propylene
copolymer, a maleic anhydride-ethyiene-propylene copolymer,
polyethyvlens, pelypropylens, an ethylene-propylene

copolymer, oxidized polyethylens, oxidized polypropylene
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and an oxidized sthylene-propylene copolymer is preferred.
[oG271 |

Thé amount of the hydrophobic polymeric dispersion
agent to be added is preferably 5 parts by mass or less,
more preferably from 0.01 to 3 parts by mass, and stiil
more preferably from 0.05 to 2 parts by mass, bassd on 100
parts by mass of the agueous solution of a water-soluble
ethylenically unsaturated monomey. When the amount of the
hydrophobic polymeric dispersion agent to bs added is more
than 5 parts by mass, it is not economic, being wnot
preferable.

[OG?B]

It is important that a Thydrophobic éolymeric
digpersion agent 1s added tc a petroleum hydroccarbon
dispersian medium, and then the above dispersion medium is
warmed once toe establish a state where a part or wheole of
the hydrophobic polymeric dispersicn agent is dissolved or
dispersed thereéLter an aguecus monomer solution is added.
There i3 no problem even 1f the above dispersion medium is
cocled after heating to perform an addition of the aguecus
monoﬁer solution in a state where a part or whoele of the
hydrophobic polymeric dispersion agent is precipitated to
he dispersed in cloud state.

[opzel

When the agueous soluiion of a water-soluble

ethylienically unsaturated monomer 1s added to and dispersed

in the petroleum hydrocarbon dispersion medium, tThe agueocus
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solution of the water-soluble ethylenically unsaturated
moncmer 1s dispersed by stirring. However, stirring
conditions vary depending on a desired dispersed droplet
diameter and, therefore Cannot be determined
unconditio;ally,

Thé dispersed droplet diameter can be adiusted
dispersed droplet diameter can be adjusted by changing a
type, size, rotation numbers of a stirring impeller.

[0030]

It is pessible to use, as a stirring impeller, a
propeller impeller, a paddle impeller, an anchor impellier,
a turbine impeller, a Pfaudler impeller, a ribkbon impelier,
& FULLZONE impeller (manufactured by Bhinke Pantech Co.,
Ltd.), & MAXBLEND impeller (manufactured by Sumitomoc Heavy
Industries, Ltd.} and Super-Mix (manufactured by Satake
Chemilczl Eguipment Mfg., Ltd.!.

[0031]

The present Iinvention 1is characterized by the
presence of a hydrophilic polymeric dispersion agent in an
agueous monomer solution upon the dispersion. It is
preferred that the hydrophilic polymeric dispersion agent
is used in a state where it ls previously added, dissolve
te mix with an agueous solution of the water-soluble
ethylenically unsaturated mnonomer. Generation of O/W/0
type particles can be suppressed at a lower level by
dispersing the aguecus monomer solution containing &

hydrophilic polymeric dispersion agent into & petroleum
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hydrocarbon dispersion - medium in the presence of =&
surfactant.
{0o32]

hsg a hydrophilic polymeric dispersicn agent,
polyvinyl pyrrolidene (Abbreviated name “PVE”}, polyvinyl
alcohol (Abbreviated  name “PVATY, ' polyglycerol,
polyacrylate and the like can be used. These ﬁydrophilic
pslymaric dispersion agents may be used azlone, oy two or
more of them may be used in combination. Especially,
polyvinyl pyrrolidone and polyvinyl alcochol are preferrad
since they can be easily handled from a viewpeoint of

sclubility in water and the like, and they easily sxert

[0033]

An amount ©f the hydrophilic polymeric dispsrsion
agent can not determined unconditionally, because its
preferred amount varies depending on & kind and melecular
waight of the hydrophilic polymeric dispersion agent to be
used. However, 1t is preferably 0.1-7 parts by mass, more
preferably 0.3-5 parts by mass, and most preferably 0.5-3
parts by mass based on 100 parts by mass of & water-soluble

ethylene moncomer.

Wnen  thé amount of the Thydrophilic polymeric

jo3

dispersion agent to be used is legs than 0.1 part by mass,
the .reducticn effect for the remaining amount of ths
dispersion medium can rnet be sufficiently acouired. ‘When

the amount of the hydrophilic polymeric dispersion agent o
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be used is more than 7.0 parts by mass, it is not preferred
alnce the viscosity of an agueous monomer solution
increases, stirring rate is needed to be greatly increased
in order to obtain a targeted droplet diameter, and thereby
O/W/O type droplets are easily generated.
(00347

Although molecular welght and the like of the
hydro@hilic polymeric dispersion agent 1s not limited in
particular, they are within a range where’the hydrophilic
pelymeric dispersion agent can be added to disselve in an
agueous menomer solution. . For example, fgr the polyvinyl
pyrrolidone, the grade of K-15 to K-120 can be used, but K-
30 to K-90 are ezsily uUsed from a viewpoint of the
reducticn effect of the remaining dispersion medium.
Moreover, although the degrees ¢f saponpificaticon and ths
like of polyvinyl alceohel are not limited in particular,
the degrees of saponification of not less than 85 % is
nreferred. Further, Examples suitably used as polyvinyl
zlconcl include those having a degree of polymerization of
approximate 100 to 3,000, and those are easily used from
viewpoints of a reducing effect of the remaining dispersion
medium and use afrer dissolving.
[C035]

lthough Thydrophilic polymeric dispersion agents,

such as polyvinyl pyvrrolidone and pelyvinyl alcohol, may
generally be used as a water-soluble thickener, the present

o

invention wutilizes effects different from those for so-
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called thickener of a water socluble polvmerz.

According to  the pfesent inventors' situdy, for
example celiulose derivatives, such  as hydroxyethyl
celliuloss and ethyl cellulose, and- the natural
polysaccharides of guar gum and glucomannan, and the 1like
de not have the reduction effect of the remaining
dispersion medium as compared .wilth the addition of the
above-mentionesd hydrophiiic polymefic diespersion agants
even by addition to a monomer agueous solutien. Theraby,
it has peen found out that few generations of O/W/0 type
droplets are suppressed only by simply increasing the
viscosity of an agueous monomer solution.

[0036)

Moreover, although a mechanism for reduction in the
amount -of the remaining dispersion medium by using a
hydrophilic pelymeric dispersion agent, is not clear, it is
speculated that when the agueous monomer solution is added
and dispersed in a dispersioﬁ medium in the presence of a
surfactant, the dispersion medium containing the surfactant
is entrapped in an interior portion of a fine droplet cof
the agqueous menomer solutien during dispersing  the
dispersion medium in the droplet ©f the agueous monomer
sclution, and thereby an O/W/0 typs droplet which is an
origin of the remaining dispersion medium is formed and
stablized. It is alsc speculated that the hydrophilic
polymeric ~dispersion agent has an  effect that the

hydrophillic polymaric dispersion agent exists on  the
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surface of the droplet of the aqueous moncmer soluticn due
to the surface active effect, and protects the éuxface of
the droplet, to suppress an invasion of the dispersion
medium inte the interior portion. |
L0G37]

The dispersicn liquid obtained above is subjected to
a radical polymerization to obtain water-absorbent resin
particles in a hydrous gel state, in which the water-
abscrbent resin is dispersed in the petroleum hyvdrocarbon
dispersion medium.
[oosse]

Examples of the water-soluble radical polymerization
initiator include persulfates such as potassium persulfate,

ammonium persulfate and sodium persulfate; peroxides such

i

as hydrogen peroxide; and azo compounds such as 2,2'-
azobis{2-amidinopropane} dihydrochloride, 2,2’—azobis[§~(2m
carbozrysthyl)-2~methylpropiondiamine] tetrahydrate, 2,27~
azobls {l~imino~i~pyrrolidino-2~methylpropans)
dihydrochloride and 2,2 -zzobis[Z-methyl-N-{Z-
hydroxyvethyl) -propionamide] .
(0035]

Among them, potassium persulifate, ammonium persulfate,

sodium persuliate and 2,2 -azopbis (Z~anidinopropaneg)

b

dihydrochloride are preferred from a  viewpoint o
avalliability and easiness of handling.
The water-scluble radical polymerization initiator

may be used in combinaticn with reducing agents such as
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sulfite and ascorbic acid as a redox polymerization

Sinitiator.

[0040]

The amount of the water—~gsoluble radical
polymerization initiator to be used is usually from 0.081 to
1 part by mass based on 100 parts by mass of the water-
soluble @thylenically unsaturated monomer. When the amount

is Li

£1

ss than 0.01 vpart by mass, the degree of
polymerization decreases, and when the amount is more than
1 part.'by mass, a rapld polymerizaetion reaction arises.
Therefore, both cases are not preferred.

Timing of the addition of the water-soluble radical
polymerization initiator is not limited in_particular; but
it Ils preferred to previcusly add the water-soluble radical

polymerization initiator to the agueous solution ‘of the

=N

water-soluble ethylénically unsaturated monomer from a
viewpelnt of homogenelity.
(00417

Moreaover, upon polymerization, an internal-
crossliinking agent may be added te¢ an agqueocus solution of
the monomer. Examples of the internal-crosslinking agent
include polyols such as ({polyjethvlene giycol [“{poly)”
means a case where a prefix “poly’ is attached or not, the
same ghall apply hereinafter], 1,4-butansdiol, glycerol and
trimethylolpropane; polyunsaturated esters having two or
more vinyl groups obtained by reacting polyols with an

unsaturated acid such as acrylic aclid or methacrylic acid;
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bisacryvlamides such as N,N'-methyvienebisacrylamide; and
polyglyeidyl compounds having two or more glycidyl groups,
such a8 {pdly}ethylene glycol diglycildyl ether,

{polylethylene glyccl triglycidyl ether, (poly)glycerol
1

diglycidyl ether, {poly)glycerocl triglyoidy ether,
{poly)propylene glycol polygiycidyl ether and

{poly)glycercl polyglycidyl  sther. These internal-

crosslinking agents may be used zalone, or two or more kinds

h

¢f them may be used in combination.

0042]

.

The amount of the interpal-creosslinking agent to be

added i1s preferahly 3 parts by mazs or less, more

[

preferably 1 part by mass or less, and still more
preferably £from 0.001 te 0.1 part by mass, based on 160

rts by . mass of the water-soluble athylenically

ok
G

unsaturated monomer. When the amount is more than 3 parts
by.znass, excess crosslinking arises and water-absorption
capabllity excessgively deterlorates, and therefore it is
not preferred.

It is preferred that the internal-crosslinking agent

is previously added to the agueous solution of the waterw-

St

soluble ethylenically unsaturated monomer.

(GO

14
-

3]
The reaction temperature during reaversed-phase

suspension -polymerization in the pressent invenitlon wvaries

depending on the kind and amount of the polymerization

joie

nitiator tc bes used, and thersfores cannot be determinsd
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unconditionally. Howaver, it ls preferably from 20 fo
100°C, and more preferably from; 40 to 90°C. When the‘
reaction temperature is lower than 20°9C, the degtee of
polymerization mey decrease, and when the reaction
temperature 1s higher than 100°C, a rapid polymerization

reaction arises., Thersefore, both cases are not preferred.

In the above-mentioned reversed-phase suspension
polymerization, particles in a2 hydrous gel state which may
become & water—-absorbent resin with a small amount of
remaining dispersion medium are obtained. These resultant
hydrous gel particles are dehydrated, dried, and ?Bst—
crosslinked to obtaln water-—-absorbent resin particles.

Morsover, this polymerization may berconsider@d as
the first sgége polymerization, and an aquéous MOnoImar
solution may be added to a slurry with the dispersion
medium containing the hydrous gel obtained Zfrom the
po%ymerizaéion to perform multi-stage polymerization such
a5 two-stage polymerization or three-stags polymerization.
(00453

T
LI

the multi-stage polymerization is performed, the
particle size after the Iirst stage cof polymerizaticn
chtained by polymerization of & water-soluble ethyvlenically
unsaturated meonomer 1s preferably the median particle size
of 20-200 um, more preferably 30-150 wm, and still more

preferably 40-100 um, from a viewpoint of obtaining a

proper aggregated TPparticle size in  the multi-stage
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polymerization.

Besides, the median particle size of pelymer
particles after the first—-stage polyﬁﬁxization is a wvalue
for particles obtained by dehydration and drying after
completion of the first stage polymerization according to
the measurement method described below.

[00486)]

| When the second stage polymerization i=s perfdrmed,
the aqﬁeous solution of the water~soluble ethylenically
unsaturated monomer of the second stage polymerization is
added to the - polymerization siurry obtained after
completion of the ghove-ment iohed first  stage
polymerization, and subseguently, reversed-phase suspension

polymerization gan be performed.

t

Procedures are started from precipitations at least a

o

part of the above-menticned surfactant after completion of
the first stage polymerlization.

20473

P
—

Surfactants lose thelr essential capability to
stabilize an agueocus phase droplet  in an o©il phase {or
adversely, a capability to stabilize an oil phase droplet
in an agueous phase) when they precipite.

Examples of & precipitating methed include, but not
limited to, z method of decreasing a temperature of slurr
after polymerization by cooling.

Bv precipitating at least a part of surfactants

before adding the aqueous solution o¢f a water-soluble
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ethylenically unsaturated monomer inr the second stage
poiymerization, the droplet pf the added agueous monomer
solution is not gtabilized in a dispersion medium, and is
absorbed in gel-like rimary particies to enhance
aggregéﬁion of the primary particles' and thereby, a
particle diameter sultable for use in hyglenic materisls is
obtained.

In addition, due to precipitation of ths surfactants,
generation of new O/W/0 type droplets wupon adding the

agueous moncmer solution of the second stage polymerization

is suppressed to prevent increase in an amount of the

remaining dispersion medium. Therefore obtalined water
abscrbent resin has lower amcunt of remaining dispersion
medium than that invelved in the first stage polvmerization,
becauée_ amount of water. absorbent resin substantizally
ingreases through the second stage pélymerizaiion which
hardly increase in an amount of remeining dispersion medium.
Pesides, the hydrmphobic polymeric dispersicn agent
dissclving together with the surfactants may precipitats
into the diépersion medium upon adding the aguecus monomer
sclution in the sscond stage because the dispersion zgent
becomes impossible to be digsolved in a dispersion medium
by cocling.
10048]

After precipitating at least a part of the surfactant,

the aguecus =olution of the water~soluble ethyvlenically

unsatursted monomer of the second stage polvmerization,
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which contains a watef—soluble radical polymerization
initiator, is stirred to mix t¢ be absorbed and aggregated
in thg polyvmer gel in the fir$t‘stage,

It iz possible to use, asz water~soluble ethylenically
unsaturated monomer for the second-stage polymerization,
the same as thdse exemplified as the water-scluble
ethylenically unsaturated menomer Ior the first stagé
polymerization. Kinds, nentralization degiee and
neutralized salt of the monomer, and the concentration of
the agueous monomer solutien may e the same as  or
different from those of the water-soluble sthylenically
unisaturated monomer in the first stage polymerization.

The polymerizaticn iInitiator o be added..to an
agueous soluticon of a water-scluble ethylenically
ated monomer in the second stage polymerizaticn, any
cne nmay be selected from thoss exempiified aé the
polymerization initiator used in the first stage
polymerization to use.

If necessary, an internal-crossiinking agent and a
chain transfer agent may also be added to the aquecus
solution .of a . water-scoluble ethylenically ‘unsaturated
monomer in the second stage polymerization, and any one may
be selected from those exemplified for the first stage
polymerlization to use.

The amount of the water-soluble ethylenically
unsaturated monomer %o be added in the second stage

pelymerization is preferably from 1.0 to 2.0-fcld, and more
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preferably from 1.1 to 1.8-Zfold, bzsed on the amount of the
water-soluble ethylenically unsaturated monomsr in the
fi:st stége polymerization from viewpolints of obtaining.
appropriate aggregated particles and reducing the amount of

the remalning

dispersion medlun.

When the amount of the water-scluble ethylenically
unsaturated monomer to be added is less than 1.0-fold, the
reducticn effect by.the amount of the remaining dispersion
medium is low, being not preferable bercause the amount to
pe cbtained decreases.

When the amount of the water—soluble ethylenically
unsaturated monomer to. he added is more than Z.0-fold,
aggregated particles having a proper median particle size
are not obtaiﬁed, being not preferable because particles
pelymerized in tﬁe first stage polymerization cannot absorb
fully the agusous monomer solution in the ‘sécond stage
polymerization to cause fine powders.

0049

P
f—

It iz sufficient that the entire components are mixed
uniformly by stirring in the second stage reversed-phase
suspension polymerization. The median particle size of
aggregated particles may be contreolled depending on =&
precipitation state of the surfactants and a ratio of the
amount of the ethylenically unsaturated. monomer in  the
second stage polymerization to the ethylenically

unzaturated monomer in the first stage polymerizatiocon.

Additionally, the median particle size of the
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aggregated particles suitable for use in hyglenic materizals
is preferably from 200 to 600 um, more preferably from 250
te 500 pm, and still more preferably £rom 300 to 450 um.
[0050]

After adding the aqueous monemer solution for a
second stage polymerization, pelymerirzation is performed by
means of a radical polymerization by warming and the like.
(0051

The reaction temperature in reversed-phase suspsnzion
polymerization in the second stage polymerization cannot be
determined unccnditionally because 1t depends on the kind

and amount of the polymerization initliater. However, it is

et

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

ageC.
(0052}

Furthermorse, for the | purpose of improving
producﬁivity, multi-stage reversed-phase suspension

pelymerization may be performed by performing a tﬂird or
later stage polymerlization reactlon similar to the second
stage reversed-phase suspension polymerization.

[0053]

In reverssd-phase suspension polymerization using the
hydrophilic polymeric dispersion agent shown in the present
applicaticn, a dispersion medium can be added upon
performing a dehydration process by refluxing a dispeision
medium in azeotreopic distillation after completion of the

polymerization, in order to prevent aggregation  of
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Egpecially, when polvvinyl alcohol and pélyglycerol
are used as the hydrophilic polymeric dispersion agent, it
is preferred that the a dispersion medium iz added such
that W/C ratic calculated by dividing the total amount
{total of the agueous moncmer solution of the first stage
plus the second stage polymerizaticns when 1t was

polymerized in twce stages, o©f the aqueous moncmer solution

used in the polymerization by the amount of & petroleun

5_._!
®
1]
[
o+
oy
3]
s

hydrocarbon dispersicn medium, is 1.7, and more
specifically  less  than 1.4, When & dehydration 1s
performed at a ilnner temperature of not less than BO°C by

means of azecotropy dehydration in W/0 ratio of not less

£

han 1.7, @& phenomenon that aggregated particles are
furthér aggregated and precipitated is observed, and the
median particle size of the resultant water-absorbent resin
may be ﬁot less than 1,000 um.

Although fthe detailed mephaniSn1 is uanknown, it is
presumed that aggregation of particles 1ls promoted due to
adherence of & hydrophilic polymeric dispersion agent such
as polyvinyl alcohol and polyglycercl existing on the
particle surfasces when there 1s not the sufficient amount
cf the dispersion medium relative to the hydrcus gel
particliee obtained by the po}ymerization.

The timing for adding the dispersion medium is not
@axticularly limited, it may be added in any tTime befors

the dehydration process. Howsever, in the cass of cooling
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for the purpose of deactivation of surfactants after
completion of the first stage polymerization, and the like,
it ié praferred that <the dispersion medium at a low
temperature after completion of the first stage
polymerization as well as considering a cooling effect.
[00547 |

After completion of these multi-stages of revarsed;
phase suspension polymerization, iﬁ is preferred to add a
post-cresslinking agent containing two or more functional
groups hnaving reactiviity with a functional group derived
from a water—soluble ethylenicalily unsatu;ated monomer.
The cresslinking density of the surface layer of water-—
absorbent resin particles and warious properties such as
waterwabscxpﬁion capaclity under load, water-absorption rate
and gel strength can be enhanced by adding post-
crosslinking agent after the polymerization for reaction,

and to impart properties suitable for use in hygienic

& poest-crosslinking agent to be used in the post-
crosslinking reaction is not particularly limited as leng
as 1t can react with a functional group derived from the
water-soluble ethy;enically unsaturated moncomer used in the
polymerization.

Examples of the post-~crosslinking agent to be used

include polyels such as ethylene glvcol, propylens glycool,

1,4-butanediol, trimethylolpropane, glveceraol,
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polyoxyethylene glycel, polyocxypropylene glycel and
polyglycerol; polyglycidyl compounds such as (polylethylene
glycol diglyciayl ether, (pply)athylene glyecol ﬁriglycidyl
ether, {polylglycercl diglycidyl ether, {polyyglycerol
trigiyeidyl ether, {poly)propylene glycol polyvglyeoidyl
ether and (poly)glyvcercl polvglycidyl ether; halospoxy
compounds such as epichlm:ohycﬁrjﬁ.r epibromohydrin. and o~
methyiepichlorohydrin; compound having two or more reacfive
functional groups, for example, i1socvanate compounds. such
as 2,4wtol§lene dilsccyanate and hexamethylene
diisocyanate; oxstane compounds such as 3-methyl-3-oxetane
methanol, 3-ethyl-3-oxetane methancl, 3-butyl-3-oxetane
methanol, 3-methyl-3-cxetane ethanol, J-ethyl-3-oxetane
ethanol and 3-butyl-3-oxetane ethanol; oxazoline compounds
such as 1,2-sthylenebiscoxazoline; and carbonate éompounds
such as ethylene carbonate. These post-crossiinking agents
may be used alone, or twe or more kinds of them may be used
in combination.

[00586]

Among them, polyglycidyl compcounds such a5
{polytethylene g¢glycol  diglycidyl ether, {polyyethylene
glveol triglycidyl ether, (poly)glycercl diglycidyl ether,
{pelviglycerol triglyeldyl sether, (poly)propvlene glycol
polyglycidyl ether and (poly)glycercl polyglyeidyl ether
are preferred from a viewpcint of excellent reactivity.

00577

The amcunt of the post-crossliinking agent to be added
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is pfeferably from 0.41- to 5 'parts by mass, and more
preferably from 0.0Z to 3 parts by mass, based on 100 parts
by mass of <the tatél amount of. the water-scluble
ethylenically unsaturated monomer subiected to the
polymerization. When the amount of the post-crosslinking
agent to be added -is less than 0.0l part by ﬁass, it is
impossible tTo enhance various properties such as water-—
absorption capaciiy under load, water-absorption rate and
gel strengtﬁ of the resultant water-absorbent resin, aﬁd
when the amount to be added is mere than 5 parts by mass,
water-absorption capacity excessively detericrates.
Therefore both cases are not preferred, |
[0058]

The postucroSslinking agent may be added as it is, or
added in a form of an agueous solution. If necessary, the
post-cresslinking agent mey be added in a form of an
agueous solution containing a hydrophilic organic solvent.
Examples of the hydrophilic crganic solvent include lower
alcohols such asz methyl alcohol, ethyl alcchol, n-propyl
alcohol, isopropyl alcohel and prepylene glycel: ketones
such as acetone and methyl ethyl ketone; ethers such as
diethyl ether,; dioxane and tetrahvydrofuran; amides such as
W, M-dimethylformamide; and sulfoxides such as dimethyl
sulfoxide. These hydrophilic organic solvents may be used
alone, or &two or more kinds of them may bz used in
combination, lternatively, these  hydrophilic organic

sclvents may be used as a mixed solvent with water.
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[0459]
The timing of the addition of the post-crosslinking

agent may be after completion of the polymerization and is
The post~crosslinking reaction

particularly limited.
is preferably performed in a dehydration or drying =step
water at an

not
the polymerization in the presence of
-1 te 200 parts by mass, more

after
amount within a range from
to 160 parts by mass, and still more

50 parts by mass, bassd on 100 parts

prefersbly from 3
preferably from 10 to

of the water-abscrbent resin. By adiusting the

addition of the post-

by mass
the

amount of water during
crosslinking agent, post-crosslinking in the surface laver

particles of the water-absorbent resin can bke more
excellent water-absorption

]

o}
sultably performed and

capabllity can be exhibited.

[

[Cos0]
The temperature in the post-crosslinking reaction is
more preferably from 60 to
and ewven

to 250°C,
140°C,

preferably from 50
180°C, still more preferably from 60 to
20 more preferably from 70 to 120°C.
fooeL]
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
When the drying step
the drying

normal

in order to enhance drying efficacy.
is operformed under & pPrassure,
temperature is preferably from 70 to 250°C, more preferably
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from 80 to 180°C, stiii more preferably from 80 to 140°C,
and even more preferably from 20 to 13C°C. When the drying
step is performed under reduced pressure, the drying
temperature 1s preferably from 60 to 100°C, and more

preferably from 70 to S0°C.

[0062]

The water content of the water-—absorbent resin‘aﬁt@r
drying is 20% or less, and preferably 10% or less, from a
viewpoint of imparting fluidity. Inorganic lubricant
agents such as an amorphous silica powder and the like may
also be added to the water-absorbent resin sco as to improve

fluidity.
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{Examples]
[0063]

The median particle size, the water content, and the

amcunt of the remaining dispersion medium ({(amcunt of

petroleum hydrocarbon dispersion medium remaining in water-
aksorbent resin particles) of water~abéorbent resins
obtained 4in  the fespective. Examples"and Comparative
Exanples were evaluated by the following methods.
(0Ced]
{1) Median particle size

A water-absorbent resin(50g) was passed through a JIS
standard sieve having a sieve opening size of 250 um. The
median particle size was measured using a cembination of
gieves {o) when 50% by mass or more of the resin remaining

x

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
crder of; a sleve having a sieve cpening size of 830 um, a
sieve having a sieve opening size of 600 um, a sieve having
a sieve opening size of 300 gm, & sieve having a2 sleve
opening size of 425 um, a sisve having & sieve opening size
of 300 pm, a sieve having a sleve copening size of 250 um, a

sieve having a sleve opening size of 150 um and a tray.

7

-

.-«..
w2
—

S standard sieves were combined in a downward
ocrder of; a sieve having a sieve opening size of 425 uym, a

sieve having a sieve opening of 250 pm, a sieve having a

sieve opening size of 1B0 um, a sieve having & sleve
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opening size of 130 um, a siéve with & sieve opening size
of 10% um, a sleve with & sieve opening size of 75 um, a
gleve having a sileve opening size of 43 um and & tray.

About 30 g of the watsr-absorbent resin was placed on
the uppermost sieve of *the combination, and classified for
20 minutes using a Rotap-type shaking machine.

After the sieve classification, the mass of .the
water—absorpent resin remaining on The respective sieves
ﬁas‘calcuiatad in terms of mass% based on the total mass of
resin} the wvalues wers integrétad in an order from the
resins with a laﬁger particle size, and thereby the
relations between the sieve openings and integration values
of the mass% of the water-absorbent resin remaining on the
zilaeve were piotted on a logarithmic-probability papeﬁ. The
plots on the lggarithmic-probebility paper were connescted
with a straight line, and the particle size corresponding
to integrated mass% of 50% by mass was defined as the
median particle size.

[0065]
{2} Water content

Abour 2.5 g of the water-azbscrbent resin was
accurately welghed (¥ g) into an aluminum cup, and after
drying at 105°C with a hot air dryer foxr 2 hours, the mass
of the driesd water-absorbent resin was measured (Y g}, and
then the water content was calculated by the following
equatién. Besides, it i1s assumed that tare mass of the

aluminium cup dees not change before and after drying.
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Water content (%) = (X - ¥)/¥ = 100
[0066]
{3) Amount of remaining dispersion medium

In corder to measure an amount of a dispersion medium
entrapping and remaining in water-absorbent resin particlies,
an aqueocus pheosphoric acid solution was absorbed (swelied}
to a water absorbent resin in a sealed vial bottle, the
vial .bottle was heated and the dispersion medium was
extracted to guantiify the dispersion medium by means of a
head-space gas chromatograph.

10067]
{a) Formation of calibration curve

Approximate 10 g of the petroleum hydrocarbon
dispersion medium (hereinafter referred tc as a “dispersion
medium”) used tTo 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 60 g
of 25 % by mass of an aguecus phosphoric acid sclution is
alse ceooled with an ice-water bath. (Charging is performed
after sufficiently cooling Dbecause of transpiratiocn
inhibiticn for the dispersion medium during charging.)

0.2 g of the above dispersion medium was accurately
weighgd into & 50 ml volumetric screw wial and then the
above cooled DMF was added thereto to accurately make 20 o,
followsd by stirring with a magnetic stirrer bar to obtain

Standard sample soluticn 1. This Standard sanple sclution
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1 was alsc cooled with an ice-watsr bath. 0.2 g of the
above. Standzrd sample solution 1 was then accurately
weighed inte a 50 ml volumetric screw wvial and the above
cooled DME was added thereto to accurately make 20 g,
followed by stirring with a2 magnetic stirrer bar to cbhtain
Standard sample scolution 2. This Standard sample sclution
2 was alsc ceocled with an ice-water baﬁh.

In a 20 mi wvelumetric "vial bottle (No. a,
manufacturéd by Maruemu Corpoeraticn), 0.082, 0.05, 0.1 or
0.5 g of the above Standard samplé solution 2 and 0.02, ©.1
or 0.2 g of the above Standard sample sclution 1 were
accurately weighed and the coolsd DMF was added thereto to
make the amount of contents in each vial bottle to & total

amount o©f 3.8 g (4ml). Furthermore, each vial hottle was

b

charged with 3 ml of 25 % by mass of the agueocus phosphoric
acid solution, sealed and tightened Qith a septum rubber
and an aluminium cap, and then stirring was performed by
shaking each the bottle.

In  addition, attention has been paid to perform
gquickly procedurss from charging of the sample into the 20~
ml volumetric vial to the sealing, to prevent a dispersion
medium from transpiring from the vial as possible as much
a3 possible.

Moreover, attentlion has been paid alsce to fully cool
BME and 25% by mass of an agueous phospheric zecid solution
such that the dispersion medium did not transpire due to

generation of heat at the time of mixing the both reagents,
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and to fully mix them after sealing with an aluminium cap
or the like.
[006R]

This wial bottle was warmed at 110°C for Z hours, and
1 m} of & vapor phase porticen weas collected guch that the
vapor phase poridon was not coocled, and then 1t was
injected into a gas chromatograph to obtain a chromatogram.
(Use of head space autosamplier)

The amount to bg charged of the dispersion medium in
each vial bottle was calculated to prepare a callbration

curve based on tThe amcunt to be charged and a peak area of

the chromatogram. {When a mixtors of petroleum

hydrocarbons was used as the dispersion medium, plural
peaks appeared and therefore a calibration curve was
prepared based on a total value of the arsas and the amount
to be charged).

100697

(bl Measurement of amount of dispersion msedium remaining

.in sample

hhout 2 g of a sample to be measured was charged into
an aluminium cup and then dried with a hot alr dryver at
105°C for 2 hours to adjust the water content.
Required amounts of DMEP {(dimethylformamide; and 25 % by
mass of an aguecus phosphoric acid solution used Ifor the
measurement, were also charged intoc 2z screw bottle, and
cooled with an ice-water bath.

Iinte a 20 ml volumetric wvial bouttl (No.b5,
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ménufactured by Maruému Corperation}, O.lO.g of the aﬁove
sampls was accurately weighed, and the bottom of the vial
bottle was dipped in an ice bath to coecl the vial bottle
and the water-absorbent resins.

To this wial bettle were added 4 zﬁi of the above

cooled DMF and, further 5 ml of 2% % by mass of the above

cooled agueous phesphoric asid solution. The vial bottle

was guickly tight@ned by sealiﬁg with a septum rubber ang
ar aluminium cap and, then gently shaken to mix. - After
allowing to stand feor 10 min, it was confirmed that the
water-absorbent resin in the vial bottle was swelled, the
vial bottle was vigorcusly shaken to agitate the inside
strongly. This wvial bottie was pre-heated at 110°C for 2
hours to strongly agitate the inside again after heating.
Ir. addition, attention has been paid to perform quickly
procedures from charging of the sample into ths 20-ml
volumetric wvial 1o the éealing, to prevent a dispersion
medium frqm transpiring from the vial as possible as much
as possible.
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
vaper phase portion was not cooled, and then it was
injected intc a gas chromatograph to obtain a chromatoﬁram.
(UJze of head space autosampler)

The amount of the dispersion medium contained in the

amount (C.10 ¢ of observed values) of the charged sample
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was calcuiéted from the calibration curve made based on the
peak area cof the resultant chromatogran, and then converted
inte the amount [ppm] of the dispersion medium contained
per 1 g of the sample.
00711

The conditions of a gas chromatograph used in the
measurement of the .amount of the remaining dispersion
medium in the present invention are as fcollows.

Model: GC~14A + HSE2ZR {(HEADSPACE CAutosampler)

Filler: Squalane 25% Shimalite (WAW) (1L01)
A0-200 mesh

Column: 3.2 mm in diameter x 2.1 m

Column temperature: 80°C

Injection port temperature: 180°C

Detector temperature: 180°C

Detector: FID

Gas ;arrier: Nitrogen gas

Vial bottle heating femperature: 118°C

Syringe setting temperature: 110°C
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(00723

(d) Measurement cf amount of dispersion medium dissolved in
agueous monomer solution in the absence of surfactants and.
the like

The following experiment was conducted for the
purpose of investigasting thé amount of dispersicn medium
digsolved in an aqueous monomer sclution In the absence of
surfactants and the like.

[Reference Experiméntal Example]

A measurement of a dissolved amount of a dispersicn
medium in an agueous moncmer solution was performed by the
fellowing procedures:

1) Inte a 500 ml, Erlenmever f£lask, 46.0 g of 80% by
mass ¢of acrylic écid was charged and neutralized by adding
dropwise 51.1 ¢ of 30 % by mass scdium hydrozide un&er
stirring while cocliing the flask from the cutside. To this
were added 21.% g of ion exchange water to prepare an
agueous solution of a water—-soluble ethvlenically
unsaturated monomer. {the acueocus moncomar solutign having a
neutralization degree of 7% mol® and a concentfatidﬂ of 28%
by mass)

2y In a 2 L wolumetric £ive-necked covlindrical
separable round-bottom flask (herelnafier referred to as a
“rdund—bottom flask”)eqguipped with a stirrer with two steps
of 50 mm in diameter pitched bhlade paddle impellers, =
thermometér and & condenser, 171 g of n-heptane was

weighted.
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3) The above-menticoned round bottom flask was dipped
in a water bath, and n-heptane was agitated at 300 rpm, and
maintained to arn inside temperature of 401x1°C.

4} The acrylic acid neutralization agquscus sclution
prepared in Procedure 1) was supplied, and the temperature
of the water hath was adijusted to maintain the temperature
such that_it becomes an ﬁnsida temperature of 40121°C while
stirring at 500 rpm for 30 minutes.

5) After stirring for 30 wminutes, the stirrer is
stopped, and the round botitom f£lask 1s allowed to stand for
30 minutes while maintaining the same water TDbath
temperature.

&) Only lower layer neutralization ligquid layer was
gently withdrawn such that two-layer separation is not
mixed.

7} According to the measuring method of the amount of
remaining dispersion medium, about £.26 g {(corresponding tc
about 0.1 g in the amount of The monomer)of the neutralized
iiguid withdrawn in 20 mbL veolumetric wial bottle was
acpurately welghted to add cooled DMF and phosphoric acid
solution.

8) After sezling with a wvial cap and stirring,
preheating at 110°C for 2 hours is performed, and according
to  the measuring method <©f ths amount of remaining
dispersion medium, the amount of n-~-heptane in the
neutralized liquid was measured.

[GG73])
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As experimental -results, the same conditions as in
the first stage polymerizaticen described in the present
épplication, namely, fhe amcunt of n~heptane (disperszion
medium) dissolved in the acrylic acid neutralization
aqueous solution (aguecus monomer sceluticen) at 40°C, was 80
ppw 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
conventional method (WO 2005/025235% and the like}.

100743

The present invention will be described in detall by
way of Examples, but the present invention iz not limited
only toe these Examples.

1007513 |
[(Exampie 1]

0.7% by mass of polyvinyl alcchol (hereinafter
abbreviated to “PVAY) bas&d-on & mass of a monomer was
added as & hydrophilic polymeric dispersion agent to
perform a polymerirzation experiment.

Gosenol GH-20 (manufactured by Hippon . Synthetic
Chemical Industry Co., Ltd.: Degree of polymerization of
2000 and Degree of saponification cf B6.5-8%.0 mol%) as PVA
was heated, stirred, dissolved in distilled water, and
sllowed to stand to prepare 100g of 5 % by mass aqueous
golution of PBVA prior to the preparation of' an aguecus

monomer solution.
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Into a 500 mL Exlenmeyer flask, 92.0.g of 80% by mass
of acrylic acid was charged and neutralized by adding
dropwise 10Z.2 g of 30 % by mass sodium hydroxide under
stirring while cocling the flask from the outside.

To this were added 0.073 g of.potassium persulfate,
10.1 mg of ethylene glycel diglycidyl ethéf, 12.6 g of the
above—mentioned 5 mass® PVA agueous solution and 10 g of
distilled, water to prepars an agueocus menomer solution
having & monomer concentration of 38%.

{0078}

in & 2 L volumetric five-necked cvylindrical round-
bottom separable flask eguipped with a stirrer having a
two-stage pltched blade paddle lmpellers of 50 mm  in
diametéx, a thermometer, & reflux coﬁdeﬁser and 8 nitrogen
gas introducing tube, 282 g of Exxscl heptane (manufactured
by Euxon Mcobil Co.: Mixzture of hydrocarbons, héreinafter
referred to as a “dispersion medium”} was welghted as a
petroleum hydrocarbon dispersion medium.

To the round-bottom £flask was addsd 0.74 ¢ of a.
sucrose fatiy acid ester (manufactured by Mitsubishi-Ragaku
Foods Corporetion, trade name: S$~370) as a surfactant and
0.74 ¢ of a maleic anhydride-modified ethylene-propylens
copolymer {(manufactured by Mitsui Chemicals, Inc., trade
name: HIWAX 1105A) as & hydrophobic polymeric dispersion
agent, and then this was warmed up to about B0°C with =a
water bath at 8558 at a stirring rate of 300 rpm tco

dissclve and disperse it before alr cooling %o an inner
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remperature of 64°C.

The above-mentioned aguecus monomer solution was
charged once into the above dispersion medium with an
increased stirring rate of 500 rpm by using a2 funnel made
of SUS, having an inside diameter of 8 mm at opening at the
tip. After adding the agueous monomer sclution, the
atmosphere in the system was well substituﬁed with nitfogen
while maintaining the inner tempsraturs of the round-bottom
flask containing the dispersion at 40°C, and a radical
polymerization reaction was performed by warming for 1 heour
with a hot water bath st 70°C.

After the polymerization reaction, the stirring rate
was increased to 1,000 rpm, 100 g of the dispersion medium
was added to the flask, and the reaction suspenéion was
hezted using an oil bath at 120°C and 125 g of water was
removed off from the sgystem by azeotropic distillation
while refluxing the dispersion medium in the £flask to
ohtain a dehydrated polymer dispersed 1n the dispersion
medium, To the resultant dispersion medium dispsrsed
dehydrated polymer, 3.4 g of a 2% agueous solution of
ethylene glycol diglycidyl ether as a post-crosslinking
agent was added and the post-crosslinking reaction was
performed at 83°C for 2 hours.

Then, heating is psrformed using an oil bath at 120°C,
the dispersion medium and water were removed off from the
system by distillation, fellowed by drying under a nitrcgen

as Fflow to obtain 87 g of a water-absorbent resin having a
g g
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spherical shape (partially in a form of aggregated

spherical particles) by passing through a sieve of 850 pum.

This water-absorbent resin had a wmedian particle size
of 83 um, and a water content of 3.4%,

[0o771
[Example 2}

The same operaticn as in Example 1, except that the
stixriﬁg rate of 500 rpm for miiing and polimerizing the
agueous monomer solution in the dispersion mediuam  in
Example 1 was changed to 330 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 §3
um, and a water content of 2.8%,

60783
[Example 3]

0.7 % by mass of Gosencl GH-23 (manufactured by
Nippon Synthetic Chemical Industry Co., Ltd.: Degree of
polymerization of 2300 and Degree of saponification of
86.5-89.0 mol%) was used in place of Gosencl GH-20 in
Example 1.

Specifically, PVA (Gesenol GH-23) was heated, stirred,
Y

dissoclved in distilled water, and allowed o stand to

prepare 100g of 3 % by mass acgueous soluticn of PVA prior
to the preparation of an agueocus monomer sclution,
Into a 50C ml Erlenmeyer flask, 392.0 ¢ of 8C% by mass

of acrylic acid was charged and neutralized by adding
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dropwise 102.2 g of 30 % by mass sodium hydroxide under
stirring while cooling the flask from the cutside.

To this were added 0.11 é of potassium persulfate,
8.3 mg of ethylene glycol diglycidyl ether, 12.6 g ¢f the
above-mentioned 5 mass%¥ PVA aguecus solution and 31.4 g of
distilled water to prepare an aguegous solution of the
watar—-soluble ethylenically unsaturated monomer.

Then, the same. operation  as In Example 1  was
performed to obtain 86'g of a water~absorbént resin having
a spherical shape (partially in a form of aggregated
spherical particles). This water-absorbent resin had a.
median particle size of 100 um, and a2 water content of 3.3%.
[0079]

[Example 4]

2.0% by mass of PVA as =& hydrephilic poiymerié
dispersion agent was used based on an amcunt of the monomer.

Specifically, intc a 500 mlL Erlenmever f£lask, 92.0 g
of 80% by mass of acrylic acid was charged and neutralized
by adding dropwise 102.2 ¢ of 30 % by mass sodium hydroxide
under stirring while cooling the fiask from thz cutside.

To this were added 32.1 g of distilled water,
followed by 1.81 ¢ of PVA: Poval 403 (manufactured by
Kuraray Co., Ltd.: Degree of polymerization of 300 and
Degree of saponification of 78-83 mol%) as z hydrophilic
polymeric dispersion agent to dissclve it by stirring. To
this were zdded 0.073 g of poﬁassium persulfate, 10.1 mg of

ethylene glycol diglycidyl ether, and 10 ¢ of distilled
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water to prepare an agueous monomer solution.

Subsegquently, the same operation as in Example 1,
except that the stirring rate of 300 rpm for mixing and
polimerizing the above-mentioned aguecus monomer solution
in the dispersién medium 1is changed ‘to 700. Ipm, wWas
performed to obtain 30 g of a water-absorbent resin having
a spherical shape (@artiaily in a form of agéxegated
spherical paxtiélesj. - This water-absorbent resin had a

medlian particle size of 51 pm, and & water content of 2.3%

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

inte a 5300 ml Erlenmeyer flask, 9%2.0 g of 80% by mass
0f acrylic aclid was charged and neatralized by adding
dropwise 102.2 g of 30.% py mass sodium hydroxide under
stixring while cooling the flask from the outside. To
this were added 0.07 g of potassium psrsulfate, 10.1 mg of
ethylene glycol diglycidyl ether, 12.7 g of ths above-
rentioned 5 mass: PVA agueous sclution in Exampls 2 as a
hydrophilic polymeric dispersion agent and 30.% g of
distiltled water to prepare, stir and mix an agueous monomer
solution.

In & 2 L volumetric five-necked cylindrical round-
bottom separable Ilask equipped with a stirrer having a

two-stage pltched blade paddlie impellers of 50 wmm in
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diameter, a thermometer, a refliux condenser and a nitrogen
hereinzfter

tube, 282 ¢ of Exxsocl heptane {manufactured

Mixture of hydrocarbons,

-

Co.:

gas introducing
referred to as a “dispersion medium”) . was weighted as a

by Exzon Mobil

petroleum hydrocarbon dispersion medium.
round-bottom flask was added 0.74 g of a sucrose

To &

fatty acld ester (manufactured by Mitsubishi-Kagaku Foods
Corporation, trade name: 5-370) as a surfactant and 0.74 g
of a maleic anhydride-modified ethyiene-propylene copolymer

fmanufacturead by Mitsul Chemicals, Inc., rade name: HIWAX
hydrophobic polymeric dispersion agent, and

11058) as

12
then this was warmed up to about B80°C with a water bhath at
85°C at a stirring rate of 300 rpm to dissolve and disperse

it before air cocling te an inner temperature of £4°C.
above-mentioned agueous monomer solution was
dispersion medium with

15
once into the above
increased stirring rate of 550 rpm by using a funnel made

an

The

chargead

of SUS, having an inside dismeter of 8 mm at opening at the
agueous monomer solution, the

=

tip.
and the first

L

After adding th
atmosphere 1n the system was well substituted with nitrogen
while maintaining Ehe inﬁer temperature of the round-bottom

ag°ec,

20
perrormed by

was

flask containing the dispersion at
reaction
i0°C,

stage polymerization

warming for
After completion of

the dispersion medium at room temperature is

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

“
the first
added,

radical
hour with a2 hot water bath at
stage polymerization,

thea
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temperature was cooled to near 30°C to precipitate at lesast
a part of the surfactant.

[oogt]

i)

Separately, to a 500 nl: Erlenmeyer flask, 128.8 g of
BC mass% acrylic acid was added and neutralized by adding

dropwise 142.9 g of 30 mass® sodium hydreoxide under

stirring while cooling the fissk from the outside. To this

were added G.;S g of potassium persulfate, 11.6 mg of
ethylene glycol diglycidyl ether and 16.7 ¢ of distilled
water to prepare an agueous monomer solution in the second
stage polymerization.

‘Next, the agueous monomer solution for the above-
mentioned second stage was added to the above-mentioned
cooled polymerization slurry through the dropping funnel
and stirred to mix for some time, and absorbsd into a .
polymerization gel in the first stage to aggregate hydrous
gel.particles.

Then, the atmosphere in the systenm was well
substituted with niﬁrogen while maintaining the inner
temperature of the round-bottom flask near room temperature,
and the second stage radical polymerizatlon reaction was
performed by warming for 1 hour with a hot water bath at
70°C.

After the polymerization reaction in the second stage,
the reaction suspension was heated uéing an oil bath at
120°C and 223 g of water was removed off from the system by

azeotropic distillation while zrefluxing the dispersion
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médium in the flask to obtain a dehydrated polymer
dispersed in the dispersion medium. '~ To the resultant
dispersion mediwn dispersed dehydrated'pclymer, 3.9 g of a
2% agueous solution of sthylene glycol diglycidyl ether as
a post-crosslinking agent was added and the post-
crosslinking reaction was performed at 83°C for 2 hours.
Then, hsating is performed using an oll bath at 120°C,
the dispersion medium and water were removed off from the
system by distillation, followed by drying undér_a nitrogen
gas flow fTo cobtain 224 ¢ of a water-absorbent resin having
in a form of aggregaied spherical particles by pzssing
through a sieve of 230 um. This  water-absorbent Tresin
had a median particle size of 388 pm, énd a water content
cf 6.2%.
{00823
[Comparative Example 1}

The same experiment as in Example 1, except that PVA
was not used, was performed.

The same experiment as 1n Example 1, except that in
the preparation of an agueous monomer solution, 12.6 g of
distilled water was added substituted for 5 % by mass PVA,
was performed to cbitain 81 g of a water-abscrbent resin

having a spherical shape (partially in =z form of aggregated

bt

spherical particles). This water-zbsorbent resin had a
median particle size of €1 um, and a water content of 2Z.6%.
[0083]

[Compaiative Example 2)
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As Comparative Example, 0.3 % by mass of hydroxyeﬁhyi
celiulose (hereinafter abbzeviated, o “HEC”) based on a
mass of 4 WMONOWer was used as arthickenerrto perform a
polymarization.

Specifically, into a 500 mb Erlenmever flask, 82.0 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 ¢ of water, followed by 0.272

g of HEC (manufactured by Sumitomo Selka Chemicals Co.,

Litd.: AW-15F) to dissolve it by stirring.

To this were added §.073 g of potassium persulfatei
8.3 mg of ethylene cglycol diglycidyl ether and 10 g of
distilled water to prepars an agueous monomer solution.

.

Sum5aquently} the same operation as in Exampié i;
except'that The above-mentioned zgueous moncmer solution
was used, was performed to obtazin 89 g of a water-absorbent
resgin having a spherical shape {partiaily in a form of
aggregated spherical particles). This waber—abgorbent
resin had a median particle size of B7 um, and a water
content cf 3.1%.
[00B4]
iComparative Example 3]

The same operation as in Example 1, except that the
stirring rate of 500 rpm for wmizing and polimerizing the
BCUBOUS  mMOnomer soluﬁicn in the dispersion medium in

Comparative Example 2 was changsed to 700 rpm, was performed
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to obtain 90 g of a water-absorbesnt resin having ra
sphiericel shape (partizlly in & form of aggregated
spherical particles). This water-absorbent resin had a
median particle size of 55 mm, and a water content of 2.4%.
[0085]3
Comparative Eﬁampl@ 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
flask, 92.0 g of 80% by mass of acrylic acid was charged
and neutrélized by adding dropwise 102.2 g of 30 % by mass
sodium hydroxzide wunder stirring while cooling the flask
ffom the outside.

Te this were added 32.1 g of water, followed by (.804
g of HECT {manufactured by Sumitomo Seika C$émicals Co.,
Ltd.: ARW-15F) to dissolve it by stirring.

Tc thisz were added 0.072 g of potassium persulfate,
8.3 mg of ethylene glycol diglycidyl ether and 10 ¢ of
distilled water to prepare AL BgUeous moncmer solution.

Subgeguently, the samg operation as in Example

gt

r

axcept that the above-menticned agueous monomer sblntion
was used, was performed to obtain 86 g of a water-absorbent
resin having a2 spherical shape {partially in =2 form of
aggregated spherical particles). This water-absorbent
resin had a median paﬁticle size of 183 um, an@ a water
content of 4.0%.

[0086]
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[Comparative Example §

[—

0.1 % by mass of zanthan-gum was used substituted for
0.3 % by mass of HEC as a thicksner in Comparative Ixample
2 to perform s pelymerization.

~

Specifically, into & 300 nl Erlemmever flask, 82.0

G

e}

af 802 by mass of acrylic acid was charged and neutralized
by adding dropwilise 102.2 ¢ of 30 % by mass sodium hydroxids
under stirring while cooling the flask from the outside.

To this were added 32.3 ¢ of water, followed by 0.091
g of =zanthan-gum {manufactured by Sansho Co., Ltd.: KELZAN)
to disscolve and disperse it by stirring.

To this Qeré added (.11 g o¢f potassiuvm persulfate,
8.3 mg of ethylehe glycel diglycidyl ether and 10 ¢ of
distilled'water Lo prepare an agueous monomer solution.

Subsequently, the same opsraticn as in Example 1,
except that the zabove-mentioned agueous monomer solution
was used, was performed to obtain 87 é of 2 water-absorbent
resin having a spherical shape (partizlly in a form of
aggregated spherical particles). This water-absorbent
regin had a median particle size of §89 um; and a water
content of 3.3%.
(00871
[Comparative Example 6]

Two-stage peclymerization without PVA was performed.

Into a 200 ml Erlenmeyer flask, 82.0 g of 80% by mass
of acrylic acid was vcharged and neutralized by adding

dropwise 102.2 g of 30 % by mass sodium hydroxide under
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stirring while cooling the flask from the outside. To

this were added .07 g of potassium persulfats, 10.1 mg of
ethvlene glycel diglycidyl ether and 30.8 g of distilled
watexr to prepare, stir.and mix an agueous menomer solution.

‘In a 2 L volumetric Iive-necked cylindrical round-
pottom separable flask equippe@_with a stirrer having a
two-stage pitched blade paddle impellers of 50 mm in
diameter, & thermometer, a reflux condenser and a nitrogen
gaz introducing tube, 282 g of Exxscl heptane (manufacturad
by Exxon Mobkil Co.: Mixture of hydrocarbons, hereinafter
referred to as a “dispersicon medium”) was weighted as a
petroieum hydrocarbon dispersion medium.

To the round-botitcom Zlask was added 0.74 g of a
sucrose fatty acid ester (manufactured by Mitsubishi-Kagaku
Foods Corporation, trade name: S$~370) as a surfactant and
0.74 g of a malelc anhydride-modified ethvlene-propylens
copelymer (manufactured by Mitsui Chemicals, Inc., trade
name: HIWAX 11052} as a hydrophoblc polvmeric dispersion
agent, and then this was warmed up to about 80°C with a
water bath at 83°C at a stirring rate of 300 zrpm to
dissolve and disperse it before air cooling to an inner
temperature of 64°C.

The above-mentioned agueous monomey solution was
charged once into the above dispersion medium with an
increased stirring rate of 500 rpm by using a funnel made
of SUS, having an inside diameter of 8 mm at opening at the

tip. After adding the aguecus monomer sclution, the
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atmosphere in the system was well substituted with nitrogen
while maintaining the inner temperaturs of the round-bottom
flask containing the dispersion at 40°C, and the first
stage radical polymerization vreaction was performed by
warming for 1 hour with a hot water bath at 70°C.

‘Bfter completion of the first stage polymerization,
the stirring rate wasrincreased to 1,000 rpm and the inner

temperature was coocled to near 30°C to precipitate at least

Separately, to a 500 ml -Erlenmever flask, 128.8 g of
80 nmassk ac:ylic acid was added and neutralized by adding
dropwise 14Z.% "g of 30 mass% sodium hydroxide under
stirring while cooling the flask from the outside. To this
were added 0.15 g of potassiom persulfate, 11.6 mg of
ethylene glycol diglycidyl ether and 16.7 ¢ of distilled
water Lo prepare an agueous monomer sclution in the second
stage polymerization.

Next, the agueous monomer solution cr the above-

iy

menticned second stage was added to the above-mentioned
cooled polymerizaticon slurry through the dropping funnel,
and stirred to mix for some fime, and absorbed into a
polymerization gel in the first stage to aggregate hydrous
gel particles.

Then, the aﬁmosphere irn  the system was well
substitﬁtad with nitrogen while maintaining the innex

temperature ¢of the rcund-bottom flask near room température,
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and. the second stage radical polymerization reaction was
perfoxmed.by warning for 1 hour with a hot water bath at
70°C.,

After the polymerization reaction in the second stage,,
the reacticn suspension was heated using an oil bath at
120°C and 224 g of water was remcved off from the system by
azectropic distillatien while fefluxing the dispersion
medium in the Zlask teo obtain a dehydrated polymer
dispersed in the dispersion mnmedium. To the resultant

.8 g of a

Ll

dispersion medium dispersed dehydrated polymer,
2% agueous solution of ethylene glveocol diglycidyl ether as
a post-cressiinking agent was added and the post-
crosslinking reactioﬁ was performed at 83°C for 2 hours.

Then, heating is performed using an cil bath at 1208°C,

£+

the dispersicon medivm 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 aggregated spherical particles by passing
through a sieve of 850 um. This  water-absorbent rasin

had a median particle size of 428 um, and a water content

i10089]
{Comparative Example 7]

2s a comparative example, an agueous monomer solution
at the first stage in which 0.3% by mass of the thickener
HEC wzs added based on an amount of the monomer, was used

to perform a two-stage polymerization.
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Inte 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,

Tc this were added 32.1 g of water, followed by C.272

i8]
QO
i

HEC (menufactured by  Sumitomo Seika_ Chemicals Co.,
Lrd.: ﬁw—lSF) to dissolve it by stiizing}
To this were added 0.073 ¢ of potassium persulfate,
8.3 mg of ethylene glycol diglycidyl ether and 10 g of
distilled water to prepare an agueous menomer solution.
Subseguently, the same operation 2as in Example 1,
except that the stirring rate of 500 rpm fo*.mixing ~and

polimerizing the above-mentioned aqgueous monomer soclution

et

in he dispersion medium is changed to 700 rpm, was
performed to cobtain 223 g of a water-absorbent resin having
2 spherical shape ({partially in a form of aggregated
spherical particles). This water-azbsocrbent resin had a
median particle size ¢f 371 pm, and a water content of 5.%%
100807

[Example 6}

Polyvinyl pyrrolidone (hereinafter referred to as
“BPYE”) as a hydrophilic polymeric dispersion agent was
added to an agueous monomer solution for the Tirst stage
polymerization at 1.0 % by mass based on a mass of the
aguecus monomer solution.

50 g o¢f 5 % by mass aguecus solution of PRVP

{manufactured by ISP Japan Co. Ltd.: K-9%0) was prepared
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prior to the preparation of an aqusous monomer solution.
Subseguently, into a 5300 ml BErlenmeyer flask, 92.0 g of 8CS%
by nmass 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 ocutside.
To this were addéd 0.21 g of potassium persuilfate, 8.3 mg
of ethylene glycol diglyeidyl ether, 18.1 g of the above-
mentioned 5 mass% PVP aguepus solution and 25.5 g cof ion
exchange water to prepare, and stiy 0 mix an agueous
monomer solution.

In a8 2 I wvolumetric six-necked round-bottom Ilask

equipped with a stirrer having a two-stage pitdhed slade
paddlie iﬁpellers of 50 mm in diamster, 2 thermometer, a
reflux condenser and a nitrogen gas introducing tubs, 342 g
of heptane was weilghted as a psatroleum hydrocarbon
dispersion medium, To the round-bottom flask were added
0.92 g of a sucrose fatty aclid ester {manufactured by
Mitsubishi~-Ragaku Foods Corporation, trade name: S5-370) as
z surfactant, and 0.46 ¢ of an oxidized ethylene-propylene
copelymer (menufactured by Mitsui Chemicals, Inc., trade
name: HIWAX 4(52E) and 0.46 g of a maleic anhydride-
modiflied ethylene-propylene copolymer {(manufactured by
Mitsui Chemicals, Inc., trade name: HIWAX 1105A) as =&
hydrophobic polymeric dispersion agent, 0.46 g of & maleic
anhydride~modified. ethylene-propylene copolymer
(manufactured by Mitsuil Chemicals, Inc., trade name: HIWAX

11054} as a hydrophoblic polymeric dispersicn 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 dissclve and disperse

e

it before air cooling to an inner temperature of 61°C.

b

he above-mentioned agueous moncmer solﬁtion was added by
using a funnel made of SUS, having an inside diameter of §
mm at opening at the tip, and dispersed while stirring tThem
at 300 rpm. It was stirred at 300 rpm for 10 minutes, and

then the stirring rate was increased to 560 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 radical
polymerization reaction wasz performed by warming fér 1 hour
with a hot water bath at 7C°C.

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

[D0913

Separately, to a 500 mL Erlenm@yer flask, 128.8 g of
80 mass% acrylic aclid was added and neutralized by adding
dropwise 142.9 g of 20 mass% sodium hydroxide under
stirring while cooling the flask from the outside. To this
were added 0.15 ¢ of potassium persulfatre, 11.6 mg of
ethylene glycol diglycidyl ether and 16.7 g of distililed
water to preparée an agueous monomer solution in the second
stage polymerization.

Next, the agueous monomer solution for the above-



S {n

ot
{5

20

63

mentioned second stage polymerizatlion was added to the
above-mentioned cooled polymerization slurry through a
dropping funnel,‘stirred to mix for some time, and absorbed
into a pelymerization gel in the first stege to aggregate

hydrous gel particles.

Then, . the atmosphere in the system was well
substituted with nitrogen while maintaining <the inner
temparature of the round»bottom. fiask, and & zradical
pclymerization reaction was performed by warming for 1 hour
with a hot water bath at 70°C.

After the polymerization reaction in the second stage,
the reaction suspension was heated using an ¢il bath at
120°C and 260 g of wé%er was removed off from the system by
azeotropic distiliatiorn while refluxing heptane in the
iask to obtain a dehydrated polymer dispersed in heptanse.

To the resultant heptane dispersed dehydrated polymer, 8.2
P polym

g of a 2% agueous sclution 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.
Then, heating is performed using an oll bath at 120°C,
gptane and water were removed off from the system by
distiilation, followed by drying under a nitrogen gas fiow
to obtain 225 g of a water-absorbent resin having in a form
aggregeted spherical particles by passing through a
sieve of 850 um. This water-absorbent resin had a median

particle size of 389 um, and & water content of 4.8

oo

[0082]
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The measurment results of the remaining dispersion

medium f£o¥ the resultant water-absorbent resin ocobained by

Examples &and Comparative Examples are shown Iin the

felleowing table. In addition, since Exxsol heptane used in

5 erxperiments 1s a2 mixed hydrocarbon dispersion medium as
described above, a plurality of peaks in head space gas
chromategraph upon measuring the amount cof the remaining
dispersion medium were observed. Therefore, sach peak area
was integrated to  calculate an amount of the remaining

10 dispersion medium.
[00937]
[Table 1]

i Polymerization | Additives to | Stirring | Median Epount  of
MONOMET S at | rate particl | remaining
firast stage upon e zize dispersion
Kinds Rdded polymeri {ur] mediam

amotnt | zaticon [pom]
s {rom]

Monome

¥l First/Se

[% by | cond

. mass]

Example 1 One stage PVA 0.7 500 83 4886
GH-20

Erample 2 One stage PVE 0.7 350 63 581
GH-20

Example 3 One stage PYA G.7 500 140 420
GH~23

Exanple 4 One stage PVA 2.0 700 51 383
PVRLQZ

Example § ! Two stages PVA 0.7 550/1060 388 297

| GH-20

Example 6 Two stages PVE 1.0 S00/1000 388 308
K-30

Comparative | One stage - - 500 6l 18038

Example 1

Comparative | One stage HEC 0.3 500 87 5680

Example 2

Comparative | One stage HEC 0.2 700 55 7604

Example 3

Comparative [ Une stage HEC 1.0 500 183 1472

Example 4

Comparative | One stage xanthan- { 0.1 560 89 5014

Examnple 5 Fum

Comparative | Twe stageas - - 500/100¢C 428 8534




Example 6

Comparative
Example 7

Twe stages

{a)

700/1000 371

2855

(=]
Ut

20

25

EvAa.Polyvinyl alcchol

HEC.Hydroxyethyl celluloss

[0084]

As 'shown 1in the table, sany water-absorbent resin of

Examples 1

Comparative

te & had an amount of the remaining dispexsion

Examples.

More specifically, the remaning dispersion medium was

reduced as

watex

soluble ©

shown in Comparative Examples

o
el

by adding a

lckener to an agueocus monomer solution as

compared with Comparative Example 1 {(non-use of additives),

and it was
be resduced
to 6 when

to psrform

dispersion

i

polymeric

‘viewpoinis

effect of
Thereiore,
dispersion
dispersion
reduce an

dispersicon

article size as compared with a thickener,

chserved that the remaning dispersion medium can
to 1,000 ppm or less as described in Examples }
hydrophilic polvmeric dispersion agent is added
a polymerization., Since a hydrbphilié polymeric
agent has a smaller increasing effect of
the hydrophilic

can be

dispersion agent easily used from
of contrelling particle size and a reducing

a remaining dispersion medium is wvery high.
it is coasidered that the hydrophilic polymeric

reduce =&

agent is very effective to remalning
mediuvm of a water-absorbent resin, namely, o
cdor originating Ifrom- & petroleum hydrocarbon

medium upon water absorption.
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[Industrial applicability]
[008s;

The present invention provides a method for producing
g water-abscrbent resin, wherein an amount of & remaining
petrolsum hydrocarbon dispersion medium used in a reversed
phase suspension polyvmerization, which is contained in the
water~absorbent resin and an odor originated form the
petroleum hydrocarben dispersion medium is further reduced,

and a water-absorbent resin obtained by the method.
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[Document Namel! Claimg
[Claim 1]

A method for producing a water-absorbent resin by
performing a reversed-phase suspension polymerization of a
water-scluble ethylenically unsaturated monomer 1in a
petroleum hydrocarbon digpersion medium, conslisting
esgentially of the steps;

forming an aguecus sclution of a water-scluble
ethyienically unsaturated monomer containing & hydrophilic
polymeric dispersion agent;

forming & mixture of a petroleum hydrocarbon
dispersion medium and a hydrophobic polymeric dispersion
agent;

adding and disgpersing the agueous solution of a
water-soluble ethylenically unsaturated monomer containing
the hydrophilic polymeric dispersion agent to the mixture
of the petroleum hydrocarbon dispersion wmedium and the
hydrophobic polymeric dispersion agent in the presence of a
surfactant under stirring, and

performing a reversed-phase suspension polymerization

using a radical polymerization initiator.

[Claim 2]

The methed vaccording to claim 1 wherein the
hydrophilic polymeric dispersion agent is at least one kind
gselected from the group consisting of polyvinyl alcohol and
polyvinyl pyrrolidone.

[Claim 3]

The method for producing a water-absorbent regin
according toe claim 1 or 2, wherein the surfactant 1s at
least one kind sgelected from the group consisting of
polyvglyeeryl fatty acid sster, sucrose fatty acid ester and
sorbitan fatty acid ester.

[Claim 4]

The mwmethod for producing a water-absorbent resin

according to any one of claims 1 to 3, wherein the water-

soluble ethylenically unsaturasted monomer is at least one
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kind sslected from the group consisting of acrylic aclid and
its salt, methacrylic acid and its salt, and acrylamide.
The method zccording to any one of claims 1 to 4,
wherein the.petroleum hfdrocarbon dispersion medium is at
least one kind selected from the group consisting of an
aliphatic hydrocarbon and an alicyclic hydrocarbon, having

& carbon nunmber of 6 to 8.

A water-azbsorbent resin obtained by the method

according to any one of claims 1 to 5.
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[Document Name] Abstract
[Abstract]

The present invention provides a method for producing
& water-zbsorbent rasin nd a water-absorbent résin
obtained by the method, more specifically, to provide a
method.for producing & water—-absorbent resin by a reversed-
phase suspension pelymerization method, wherein an - odor
originating from a raw material component, in particular, a
petroleum hydrocarbon dispersion medium, 1s further reduced
as comparsd with a water-abscrbent resin obtained by a
conventiconal method, and a wabter-absorbent resi; obtained
by the method. More specifically, the present invention
provides a method for producing a water—abscrbent resin by
performing 2 reversed-phase suspension polymerization of a
water-scluble ethylenically unsaturated lmonomer in  a
petroleum hydrocarbon dispersion medium, comprising adding
and dispersing an .agueous solution o©f a water-soluble.
ethylenically unsaturated monomer containing a hvdrophilic
polymeric dispersion agent to a petroleum hydrocarbon
dispersion medium in the presence of a surfactant under
stirring, and periorming a reverssd-phase suspension
polymerization using a radical pelymerization initiator,

and a water-zbsorbent resin obtalined by the method.



