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[ Document Name] Description

[ Name of Invention] Method for producing a water-absorbent
resin

[ Technical Field

[ 0001]

The present invention relates tc a method for
producing a water-absorbent resin, and to a water-absorbent
resin cbtained by the same.

More specifically, the present invention relates Lo a
method for producing a water-absorbent resin by a reversed-
phase suspension polyvmerization methced, wherein an odor
originating from a raw material component, in particular, a
petroleum hydrocarkon dispersion medium, is further reduced
as compared with a water-absorbent resin cbtained hy a
conventional method, and to a water—-absorbent resin
obtained by the method.

[ Background Art]
[ 06G62]

Water—-absorbent resins are widely used in hygilenic
materials such as disposable diapers and sanitary napkins;
daily commedities such as pet sheets; water absorbing
sheets for food products; industrial materials such as
water blcocking materials for cables; water retention agents
for greening/agriculture/horticulture; and the like.

[ 0003}

Hygienic materials such as disposable diapers and
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sanitary napkins are generally constituted with a top sheet,
a back sheet, a het melt adhesive, an elastic material, a
water-~absorbent resin and a pulp fiber, various synthetic
resing and modifiers are used. Therefore, an odor
originating from raw material components 1s perceived from
the hygilienic materials, in some cases. Since these
hyvgienic materials are put on the human body, the odor
makes users uncomfortable even 1if 1t 1is subtle and,
therefeore, it is desired to develop an odor-free material.

[ 0004]

Among constituent materials of these hygienic
materials, the water-absorbent resin has a subtle odor
originating from the substances used in the production
process, and since the odor tends to emit upon water
absorption, it is cconsidered to be desirable to reduce the
odor.

[ 0005]

As water-absorbent resins used for hygienic materials,
for example, a partially-neutralized product of polyvacrylic
acid, a neutralized product of a starch-acrylic acid graft
polymer, a hydrolysate of a starch-acrylonitrile graft
copolymer, a saponified product of a vinyl acetate-acrylic
acld ester copolymer are known.

[ C0GE)
As methods for producing such water-abscrbent resins,

an aguecus polymerization method and a reversed-phase
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suspension polymerization method are known. In a case
where a water-absorbent resin is produced by a reversed-
phase suspension polymerization method in which
polymerization is performed by suspending a water-soluble
monomer in a dispersion medium, a major origin of the odor
is considered to be the dispersion medium.
[ 00073

As conventional methods for producing the water-
absorbent resin by a reversead-phase suspensicn
polymerization method, known are a method of polymerizing
an agueous sclution of o, pP-unsaturated carboxylic acid and
alkalli metal salt thereof 1in a petroleum hydrocarbon
solvent using a radical polymerization initiator in the
presence or absence of a internal-crosslinking agent in
which a sucrose fatty acid ester is used as a protective
celleid agent (see Patent Document 1), and a method of
polymerizing a 25% by mass or more of aquecus solution of
an o,p~unsaturated carboxylic acid and alkali metal salt
therecf in a petroleum hydrocarbon solvent using a radical
polymerization initlator in the pressnce or absence of a
internal-crosslinking agent in which a polyglyceryl fatty
acid ester with an HLR 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 odors of the

resultant water-absocrbent resins are not sufficiently low.

[ 0008]
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Moreover, on a purpose Lor reducing an odor of a
water—-sbsorbent resin, the present inventeors found out that
an o¢dor originating from the dispersion medlium upon water
absorption can be reduced by dispersing an agueous sclution
of a water—soluble ethvlenically unsaturated monomer in the
petroleum hydrocarbon dispersion medium to which
surfactants are not added, and further adding a surfactant
to the resultant dispersion liguid to further disperse and
polymerize it ({see Patent Document 3) in a reversed-phase
suspension polymerization method; or by adding an
surfactant tc a dispersion liguid obtained by dispersing an
agqueous solution of a water—-soluble ethylenically
unsaturated monomer in a petroleum hydrocarbon dispersion
medium, in a fFirst stage reversed-phase  suspension
polymerization upon multi-stages of two or more stages of
reversed~phase suspension polymerizations (see Patent
Document 4) .

However, when a large amount of water-~abscrbent
regsins are used in these methods in the conventiconal method,
an odor originating from the dispersion medium may be
perceived upcn water absorpticn, and thereby there is a
need for further reducing the odor.

[ Reference Documents]
[ Patent Documents]
[ 0009]

[ Patent Document 1] JP~A No. 61-87702



10

15

20

25

[ Patent Document 2] JP-A No. 62-17Z2006
[ Patent Document 3] WO 2007/126002
[ Patent Document 4] WO 2009/025235
[ Summary of the Invention]
[ Problems to e solved by the Invention]
[ 0C10}

An obiect of the present invention vrelates to a
method for producing a water-absorbent resin, and a water-
absorbent resin obtained by the method. More specifically,
an object of the present invention 1is to provide 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 particular, a
petroleum hydrocarbon dispersion medium, is further reduced
as compared with a water-abscrbent resin obtained by a
conventional method, and to a water—-absorbent regin
obtained by the method.

[ Means for Solving the Problems]
[ 0C11]

The present inventors intensively studied about a
relation between an odor originating from a petroleum
hydrocarbon dispersion medium when the water-absorbent
resin absorbs water, and a& petrcleum hydrocarbon dispersion
medium used in production of the water-absorkent resin ,
and the like and, as a result, found out to be able to

obtain a water-abscrbent resin of single particles having a
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significantly reduced odor as well as a larger particle
size as compared with a water-absorbent resin cbtained by a
conventional method, by existing of a hydrophilic polymeric
dispersion agent in an agueous solution c¢f the monomer,
upon primarily dispersing the above-mentioned agueocus
solution of the water-soluble ethylenically unsaturated
monomer containing a water-soluble radical polymerization
initiator in the absence of surfactants and in the presence
of a hydrophobic polymeric dispersion agent in a petroleum
hydrocarbeon dispersion medium in reversed-phase suspension
polymerization.
[oc12]

That 1is, the present invention relates to & methed
for producing a water-absorbent resin shown below, and a

water-absorbent resin cobtained by the method.

Ttem 1. A method for producing a water-absorbent
resin by performing a reversed-phase suspension
polymerization of a water~soluble ethylenically

unsaturated monomer 1n a petrcleum hydrocarbon dispersion
medium, comprising the following steps of:

{A} performing a primary dispersion in the absence of
surfactants by adding an agueous sgolution of a water-
soluble ethylenically unsaturated monomer containing a
hydrephilic polymeric dispersion agent to a petroleum
hydrocarben dispersion medium in  which a hydrophobic

polymeric dispersion agent 1s heat-dispersed or heat-
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dissclved, under stirring;

{8) further performing a secondary dispersion by
adding a surfactant to a dispersicon liguid obtained after
the primary dispersion; and

{C) performing the reversed-phase suspension
polymerization by using a radical polymerization Initiator.

Ttem 2. The method for producing a water-absorbent
resin according to Item 1 wherein the surfactant is at
least one kind selected from the group consisting of
polyglyceryl fatty acid ester, sucrose fatty acid ester,
and sorbitan fatty acid ester.

Item 3. The method for producing a water-absorbent
resin acccording to any one c¢f Items 1 to 2, wherein the
hydrophobic polymeric dispersion agent is at least one kind
selected from the group consisting of maleic anhydride-
modified polyethylene, maleic anhydride-modified
polypropylene, maleic anhydride-mcdified ethylene-propylens
copolymer, malelc anhydride-propylene copolymer, maleic
anhydride-ethylene-propylene copolymer, polyethylene,
polypropvlene, ethylene-propylene copolymer, oxidized
polyvethyviene, oxidized polypropylene, and an oxidized
ethylene-propylene copolymer.

Item 4. The method for producing a water-absorbent
resin according tc any one of Items 1 to 3, wherein the
water~goluble ethylenically unsaturated monomer is at least

onae kind selected from the group consisting of acrylic acid



10

15

20

25

and 1ts salt, methacrylic acid and its salt, and acrylamide.

Item 5. The method according te any cne of Items 1 to
4, wherein the petroleum hydrocarbon dispersion medium is
at least one kind selected from the group consisting of an
aliphatic hydrocarbon and an alicyclic hydrocarbon, having
a carbon number of 6 to 8.

Item 6. The method according to any one of Items 1 to
5, wherein the hydrophilic polymeric disgpersion agsent is at
least one kind selected from the group consisting of
polyvinyl alcohol and peolyvinyl pvrroiidone.

Item 7. A water-absorbent resin obtained by the
method accerding to any one of Items 1 to 6.

[ Effects of the Invention]
[ 0013]

According to the present invention, a method for
producing a water-absorbent resin, wherein an odor
originating from a raw material component, in particular, a
petroleum hydrocarboeon dispersion medium, is reduced, and a
water-absorbent resin obtained by the method are provided.

[ Modes for Carrving Out the Invention]
[ 0014}

An origin of odor, when a water-abosorbent resin
cbtained by a reversed-phase suspension polymerization
absorbs water, 1is mainly a dispersion medium remained
within particles of the water-abosorbent resin. The

present inventors have found out that a mechanism of a
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dispersion medium remaining in water-absorbent resin
particles 1is caused 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 disppersion medium which is an
oil phagse is entrapped in a ligquid droplet of the aguesocus
monomer solution, namely, an C/W/0 (oil/water/oil) type
droplet, and then stabilizing and polymerizing this O/W/C
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—~absorbent resin of
the present invention is characterized 1in  that a
hydrophilic polymeric dispersion agent exists in an
agueous solution of a water-scluble ethyvlenically
unsaturated monomer when the above-menticned agqueous
soluticen of moncemer c¢ontaining a water-scluble vradical
polymerization dinitiator is primarily dispersing in a
petroleum hydrocarbon dispersion medium in the absence of
surfactants and in the presence of a hydrophobic polymeric
dispersion agent, upon performing a reversed-phase
suspension polymerization, and thereby generation of O/W/0
{(oil/water/oil) type droplet is suppressed as compared with
the conventional method, and polymerization is perfcrmed by
using the water-scluble radical polymerization initiator

after performing a secondary dispersion by adding a
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surfactant. An O/W/0 type droplet is an abbreviation of
(01l in Water) in 0il, and refers to a state in which fine
0il droplets are dispersed in water droplets, and the water
droplets are further dispersed in an o©¢il phase. Namely, it
is constituted of an innermost oil phase, an intermediate
water phase and an outermost o¢il phase. In the present
invention, the O/W/0 type droplet exhibits a state in which
droplets of the aqueocus solution of the moncomer (water
phase) contain smaller droplets of dispersion medium {oil
phase) .
[ 0015]

As described in more detail, the present application
is characterized by including the following steps {A)-(C):

step (A): perfoerming & primary dispersicn in the
apsence of surfactants by adding an aqueocus sclution of a
water-soluble ethylenically unsaturated mcnomer conteaining
a hydrophilic pclymeric dispersion agent to a petroleum
hyvdrocarbon dispersion medium in which a hydrophobkic
polymeric dispersion agent was heat-dispersed or heat-
dissclved, under stirring;

step (B): further performing a secondary dispersion
by adding a surfactant tc a dispersion liquid obtained
after the primary dispersion;

step (C): performing the reversed-phase suspension
polymerization by using a radical polymerization initiator.

A water-absorbent resin which contalns a reduced
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amount of a remaining petroleum hydrocarbon dispersion
medium, can be obtained by the production method comprising
these reversed-phase suspension-polymerization steps.

In the present invention, the “amount of a remaining
petroleum hyvdrocarbon dispersion medium” {(Amount  of
remaining dispersion medium) is a value measured by a
measuring method described hereinafter.

[ 001e]

The present invention comprises dispersing an agueous
solution of a water-soluble ethylenically unsaturated
monomer in two steps of: a “primary dispersion” in which
the agqueous solution of a water-soluble ethylenically
unsaturated MONOmMer (hereinafter, tagueous monomexr
solution” means the “aguecus solution of the water-socluble
ethylenically unsaturated monomear” unless otherwise
expressly indicated) containing a hydrophilic polymeric
dispersion agent is mixed and dispersed in a petroleum
hydrocarbon dispersion medium {(hereinafter, “dispersion
medium” means the “petroleum hydrccarbon dispersion medium”
uniess otherwise expressly indicated) in the absence of
surfactants and in the presence of a hydrephobic polymeric
dispersion agent in the step (&), and a “secondary
dispersion” in which a surfactant is added to intend a
dispersion stabilization with the surfactant in the step
(B}, and thereby performs a reversed-phase suspension

polymerization. The present invention 1is intended to
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reduce an amount of the remaining dispersion medium by
suppressing generation of 0O/W/0 type droplet as compared
with conventional methods.

[ 0017}

Examples of the water—-soluble ethylenically
unsaturated moncmer used in the step (A) include monomers
having an acid group, such as {meth)acrylic acid
[ “{meth}acrylic” means “acrylic” and “methacrylic”, the
same shall apply hereinafter], 2-(meth)acrylamide-2-
methylpropanesulfonic acid and maleic acid, and salts
thereof; nonionic unsaturated MOnomers such as
{meth)acrylamide, N, N-dimethyl (meth)acrylamide, 2-
hydroxyethyl (meth)acryvlate and N-methvlcl (meth)acrylamids;
and amino group-containing unsaturated monomers such as
diethylaminoethyl (meth)acrylate and diethylaminopropyl
{(meth)acrylate, and guaternized monomers thereof. These
water-soluble ethylenically unsaturated monomers may be

used alone, or two or more kinds of them may be used in

combination.
[ 0018]

Among water-soluble ethylenically unsaturated
monomers, (methjacrylic acid and a sgalt therecf, and

{meth) acrylamide are preferable from a viewpoint of
industrial availability.
When the water-scoluble ethvlenically unsaturated

monomer has an aclid group, it can also be used as a salt
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after neutralizing the acid group.

Examples of an alkaline compound used when a monomer
having an acid group 1s neutralized to a salt include
compounds of 1ithium, sodium, potassium and ammonium.
More specifically, examples of the alkaline compound
include sodium hydroxide, potassium hydroxide, lithium
hydroxide, sodium carbonate and ammonium carbonate.

When the monomer having an acid group is neutralized,
a neutralization degree is preferably from 30 to 90 mol% of
the acid group of the water—-soluble ethylenically
unsaturated menomer. When the neutralization degree is
less than 30 mol%, the acid group is not easily icnized and
water-absorption capacity deteriorates, and therefore 1t is
not preferred. When the neutralization degree is more than
90 mol%, safety issues may arise when used as hyglenic
materials, and therefore it is not preferred. For the
timing of neutralization, although it i1s common to be
performed in a monomeric state from a viewpoint of a degree
of homogeneity, neutralizaticon by adding the above-
mentioned alkaline compound to a polymer after a menomer
polymerizatlion, so called post-neutralization, may be also
used together.

[ 0019

In the present invention, a water-scluble

ethylenically unsaturated monomer 1is used as an agueous

solution. The concentration of the monomer in the aqueocus
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solution o©f a water-soluble ethyvlenically unsaturated
monomer 1is preferably from 20% by mass to saturatiocn
concentration. If necessary, the agueous solution of a
water-soluble ethylenically unsaturated monomer may contain
a chain transfer agent and the like.

[ 0020

Examples o©f the c¢hain transfer agent include
compounds such as thiols, thiolic acids, secondary alcohols,
hypophosphorous acid and phosphorcus acid. These chain
transfer agents may be used alone, cr two or more kinds of
them may be used in combination.

[ 0CZ1]

Examples of the petroleum hydrocarbon dispersion
medium include aliphatic hydrocarbon having a carbon number
of 6 to 8, such as n-hexane, n-heptane, Z-methylhexane, 3-
methylhexane, 2,3-dimethylpentane, 3-ethylpentane and n-
octane; alicyclic hydrocarbons having a carbon number of 6
to 8, such as cyclohexane, methylcyclohexane, cyclopentane,
methylcyclopentane, trans-1,2-dimethylcyclopentane, cis-
1,3-dimethylcyclopentane and trans-1,3-
dimethylcyclopentane; and aromatic hydrocarbons such as
benzene, toluene and xylene. Among tThese hydrocarbkon
dispersion media, aliphatic hydrocarbons having a carbon
number of 6 tc &, such as n-~heptane, 2Z-methylhexane, 3-
methylhexane and n-octane; and alicyclic Thydrcecarbons

having a carbon number of 6 to 8, such as cyclohexane,
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methylcyclopentane and methylcyclohexane are preferably
used from viewpoints of easy industrial availability and
safety. These hydrocarbon dispersion media may be ussad
alone, or two or more kinds of them may bese used in
combination.

Further, among these hydrocarbon dispersion media, n-
heptane and c¢yclohexane are prefarably used from a
viewpoint that a state of W/0 type reversed suspension is
good, suitable particle size 1s easily obtained, and that
an industrial availability is easy and a quality is stable.
As an example of a mixture of the abeve-mentioned
hydrocarbon, a commercially available FExxsol Heptane
{manufactured by Exxon Mobil Co.: containing heptane and
isomeric hydreccarbons of 75 to 85 %) and the like may be
alsc used to cbtain a suitable result.

[ 0022]

The amount of the petroleum hydrocarbon dispersion
medium te be used is usually from 50 to 600 parts by mass,
more 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 agueous solution of a water-soluble
ethylenically unsaturated monomer Ifrom a viewpoint of
uniformly dispersing of the agqueous solution of a water-
soluble ethylenically unsaturated monomer and facilitating

contrel of the polymerization temperature.

[ 0023]
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In the step (&), when the aquecus solution of a
water-soluble ethylenically unsaturated monomer 1is added
and primarily dispersed in the petroleum hydrocarbon
dispersion medium in the absence of surfactants, the amount
c¢f the remaining petroleumr hydrocarbon dispersion medium
can be reduced to a lower level by dispersing the water-
soluble ethylenically unsaturated monomer in the presence
of a hydrophobic polymeric dispersion agent,

[ 0024]

As the hydrophobic polymeric dispersion agent, it is
preferred to select and use these which are digsolved or
dispersed in the petroleum hydrocarbon dispersion medium to
be used, and examples of the hydrophobic polymeric
dispersion agent include those having a viscocity-average
molecular weight of 20,000 or less, preferably 10,000 or
less, and more preferably 5,000 or less. Specific examples
thereof include maleic anhydride-modified polyethylene,
maleilc anhydride-modified polypropylene, a maleic
anhydride-modified ethyliene-propylene copolymer, a maleic
anhydride-ethylene copolymer, a maleic anhydride-propylene
copolymer, a maleic anhydride-ethylene-propylene copolymer,
polyethylene, polypropylene, an ethylene-propylene
copolymer, oxidized polyethylene, oxidized polypropylene,
an oxidized ethylene-propylene copolymer, an ethylene-
acrylic acid copolymer, ethyl cellulose, ethylhydroxyethyl

cellulose, anhydrous maleinated polybutadiene and anhydrous
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maleinated EPDM (ethylene/propylene/diene terpolymer).

Among them, at least one kind selected from the group
consisting of maleic anhydride-modified polyethylene,
maleic anhydride~modified polypropylene, a maleicg
anhydride-modified ethylene-propylene copolvmer, a maleic
anhydride-ethylene copolymer, a maleic anhydride-propylene
copolymer, a maleic anhydride-ethylene-propylene copolymer,
polyethylene, polypropylene, an ethylene-propylene
copolymer, oxidized polyethylene, oxidized polypropylene
and an oxidized ethylene-propylene copolymer is preferred.
[ 0025}

.The amount of the hydrophobic polymeric dispersion
agent to be added is preferably 5 parts by mass or less,
more preferably from ¢.01 to 3 parts by mass, and still
more preferably from 0.05 to 2 parts by mass, based on 100
parts by mass of the agueous sclution of a water-soluble
ethylenically unsaturated monomer. When the amount of the
hydrephobic polymeric dispersion agent to be added is more
than b parts by mass, it is not esconomic, being not
preferable.

[ 002¢€]

It is important that a hydrophobic vpolymeric
dispersion agent 1s added to a petroleum hydrocarbon
dispersion medium, and then the above dispersion medium is
warmed once to establish a state where a part or whole of

the hydrophobic polymeric dispersion agent is dissolved or
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dispersed thereafter an agueous monomer golution is added.
There is no problem even if the above dispersion medium is
cooled after heating to perform an addition of the agqueous
monomer scluticn in a state where a part or whole of the
hydrophobic polymeric dispersion agent 1s deposited to be
dispersed in cloud state.

[ 0C27]

When the agqueous solution o©f a water-soluble
ethylenically unsaturated monomer is added to and dispersed
in the petroleum hydrocarbon dispersion medium, the agueous
soluticn of the water-scluble ethylenically unsaturated
monomer 1s dispersed by stirring. However, stirring
conditions wvary depending on a desired dispersed droplet
diameter and, therefore cannot be determined
unconditiocnally.

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

[ 0028]

It is possible to use, as a stirring impeller, a
propeller impeller, a paddle impeller, an anchor impeller,
a turbine impeller, a Pfaudler impeller, a ribbon impeller,
a FULLZONE impeller (manufactured by Shinko Pantech Co.,
Ltd.), a MAXBLEND impeller (manufactured by Sumitomoc Heavy
Industries, Ltd.) and Super-Mix {(manufactured by Satake

Chemical Egquipment Mfg., Ltd.).
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[ C0Z9]

The present invention is characterized by not only
the presence of a hydrophobic polymeric dispersion agent in
a dispersicn medium, but also the presence of a hydrophilic
poelymeric dispersion agent in an agueous monomer solution
upon the primary dispersion. It is preferred that the
hydrophilic polymeric dispersion agent is used in a state
where 1t 1s previously added, dissolve to mix with an
aquecus sclution o©f the water-soluble ethylenically
unsaturated monomer, Generation of O/W/O type particles
can be suppressed at a lower level by primarily dispersing
the agueous monomer solution containing a hydrophilic
polymeric dispersion agent intce a petroleum hydrocarbon
dispersion medium in the presence of the above-mentiocned
hydrophobic polymeric dispersion agent and in the absence

of surfactants.

[ 0030]

As a hydrophilic polymeric dispersion agent,
polyvinyl pyrrolidone (Abbreviated name “PVP”), polyvinyl
alcohol {Abbreviated name “PVATY, rolyglycerol,
polyacrylate and the like can be used. These hydrophilic

poiymeric dispersion agents may be used alone, or two or
more of tThem may be used in combination. Especially,

polyvinyl pyrreolidone and polyvinyl alcohol are preferred
since they can be easily handled from & viewpoint of

solubility in water and the like, and they easily exert
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their effect.
[ 00311

An amount of the hydrophilic polymeric dispersion
agent can not determined unconditicnally, Dbecause its
preferred amount varles depending on a kind and molecular
weight of the hydrophilic polyvmeric dispersion agent to be
usad. However, it 1is 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 a water-soluble
ethylene monomer. When the amcunt of the hydrophilic
polymeric dispersion agent to be used is 0.1 part by mass
or less, the reduction effect for the remaining amount of
the dispersion medium can not be sufficiently acguired.
When the amount o©f the hydrophilic polymeric dispersion
agent to be used is more than 7.0 parts by mass, it is not
preferred since the viscosity o¢f an agqueous monomer
soluticn increases, stirring rate is needed to be greatly
increased in order to obktain a targeted droplet diameter,
and thereby O/W/0O type droplets are easily generated.

[ DG32]

Although molecular weight and the like of the
hydrophilic polymeric dispersicn agent are not limited in
particular, they are within a rancge where the hydrophilic
polymeric dispersion agent can be added to dissolve in an
agueous monomer solution. For example, for the polyvinyl

pyrrolidone, the grade cf K-15 to K-120 can be used, but K-
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30 to K-90 are easily used from a viewpoint of the
reduction effect of the remaining dispersion medium.
Moreover, although the degrees of saponification and the
like of polyvinyl alcohol are not limited in particular,
the degrees of saponification of not less than 85 % is
preferred from a viewpoint of reducing the remalning
dispersion medium. Further,. examples suitably used as
polyvinyl alcchol dinclude those having a degree of
polymerization of aproximate 100 to 3,000 from viewpoints
of a reducing effect of the remaining dispersion medium and
use after disolving..

[ 0G33]

Although hydrophilic polymeric diépersion agents,
such as polyvinyl pyrrolidone and polyvinyl alcohcel, may
generally be used as a water-soluble thickener, the present
invention utilizes effects different from those for so-
called thickener of a water soluble polymer. According to
the present inventors' study, for example cellulose
derivatives, such as hydroxyethyl cellulose and ethyl
cellulose, and the natural polysaccharides of guar gum and
glucomannan, and the like do not have the reduction effect
aven by addition tc a monomer agueocus solution, the amount
of the remaining dispersion medium tends to increase.
Thereby, it has been found that the generation of 0O/W/0
type droplets is not suppressed only by simply increasing

the viscosity of an aqueous menomer sclution.
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[ 0034]

Moreover, Although a mechanism for reduction in the
amount of the remaining dispersion medium Dby using a
hydrophilic polymeric dispersion agent, is not clear, it is
speculated that with the technology of a statement, it is
coneidered that for Patent Documents 3 and 4, when the
aqueous monomer soeluticon 1s dispersed in a dispersion
medium in the absence of surfactants and in the presence of
a hydrcphobic polymeric dispersion agent, the hydrophobic
polymeric dispersion agent protects the surface of an
aqueocus monomer solution droplet in a dispersion-medium
phase, and thereby the agueous =solution droplet is
stabilized tc inhibit that the dispersion agent is included
in the interior of the aqueous solution droplet by
collisicns of droplets. In contrast, 1t 1s speculated
that when a hydrophilic polymeric dispersion agent is
further used as in the present application, the hydrophilic
polymeric dispersion agent can protect the surface of an
agueocus solution droplet from the interior (water phase
side) of the monomer agueous sclution droplet, and that the
agueous solution droplet is stabilized more than in the
technolegies o©of Patent documents 3 and 4, and thereby
prevents not dnly inclusion but also dissclution into the
droplet of the dispersion medium.

Furthermore, an addition of the hydrophilic polymeric

dispersion agent has an advantage that viscosity of the
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aqueous monomer solution 1s  increased and the water-
absorbent resin having a large particle size of single
particles is obtained.

[ 0035]

A surfactant is added to a primary dispersion liquid
obtained in the step (A) and the agueous solution of a
water-soluble ethylenically unsaturated mononer is
secondarily dispersed in the petroieum hydrocarbon
dispersion medium {step (B}}).

[ 0036]

Examples of the surfactant used in the step (B)
include nocnicnic surfactants such as sorbitan fatty acid
ester, polyoxyethylene sorbitan fatty acid ester,
polyglyceryl fatty acid ester, polycxyethylens glyceryl
fatty acid ester, sucrose fatty acid ester, sorbitol fatty
acid ester, polyoxyethylene scorbitol fatty acid ester,
polyoxyethylene alkyl ether, polyvoxyethylene alkyl phenvyl
ether, polyoxyethylene castor oil, polyoxyethylene
hydrogenated castor oil, alkyl allvl formaldehyde condensed
polyoxyethylene ether, polyoxyethylene polyoxypropyl alkyl
ether, polyethylene glycol fatty acid ester, alkyl
glucoside, N-alkyl gluconamide, polyoxyethylene fatty acid
amide and polvoxyethylene alkylamine; and anionic
surfactants such as fatty acid salt, alkylbenzene sulfonate,
alkylmethyl taurate, polyoxyethylene alkyl phenyl ether

sulfate, polyoxyethylene alkyl ether sulfate,
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polyoxyethylene alkyl ether sulfonic acid and a salt
thereof, polyoxyethylene alkyl phenyl efher phosphoric acid
and a salt thereof, and polyoxyethylene alikyl ether
phosphoric acid and a salt thereof. These surfactants may
be used alone, cor two or more kinds of them may be used in
combination.

[ 0037]

Among these surfactants, at least one kind selected
from the grcup consisting of polyglyceryl fatty acid ester,
sucrese fatty acid ester and sorbitan fatty acid ester are
preferred from a viewpoint of dispersion stability of the
agueous sclution of a water—soluble ethylenically
unsaturated monomer.

[ 0028)

The amount of the surfactant to be added in the step
(B) is preferably from 0.01 to 5 parts by mass, and more
preferably from 0.05 tce 3 parts by mass, based on 100 parts
by mass o©of the aqueous sclution of & water-soluble
ethylenically unsaturated monomer. When the amount of the
surfactant tc be added is less than 0.01 part by mass,
dispersion stabillity of the agqueous monomer solution
deteriorates, and therefore it is not preferred. When the
amount o©of the surfactant to be added is more than 5 parts
by mass, 1t is not economic, being not preferable.

A form of the surfactant added in the step (B) is not

limited in particular, but a method which uses a surfactant
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previously diluted or dissolved in a small amount of the
dispersicn medium 1is preferred because the surfactant is
dispersed and stabilized within a short period. Besides,
after adding a surfactant in the step (B}, a stirring
rotation number of a stirring impeller may be increased.
The final dispersed droplet diameter is determined by the
stirring rotation number after an increased rate to
determine the particle size of the first stage
polymerization. By setting the stirring rotation number
for the primary dispersion in the step (A) such that it is
somewhat lower than the stirring rotation number of
secondary dispersion in the step (B}, it can be suppressed
that a dispersion medium is included by an aguecus monomar
solution droplet, and accordingly the amount of the
remaining dispersion medium of water-absorbent resin can be
more reduced.
10039

The dispersion liquid obtained in the step (B) 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
hydrocarbon dispersion medium (step {(C)}).
[ 0040]

Examples of the water-scluble radical polymerization
initiator include persuifates such as potassium persulfate,

ammonium persulfate and sodium persulfate; peroxides such
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as hydrogen peroxide; and azo compounds such as 2,2 -
azobis (Z-amidinopropane) dihydrochloride, 2,2 —azobisg] N-{(2-
carboxyethyl)-Z-methylpropiondiamine] tetrahydrate, 2,2/ -
azobis (l-imino-l-pyrrolidino-2-methylpropane)
dihydrochloride and 2,2 —azobisl 2-methyl-N- (2~
hydroxzyethyl) -propionamide] .

[ 0041]

Among these water-soluble radical ©polymerization
initiators, potassium persulfate, ammonium persulfate,
sodium persulfate and 2,2 —azobis (2~amidinopropane)
dihydrochloride are preferred from a viewpoint of
avaitlability and easiness of handling.

The water-soluble radical polymerization initiator
may be used in combiﬁation with reducing agents such as
sulfite and ascorbic acid as a redox polymerization
initiator.

[ 0042]

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

Timing of the addition of the water-scluble radical
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polymerization initiator is not limited in particular, but
it 1s preferred to previcusly add the water-soluble radical
polymerization initiator to the agueous solution of the
water—-soluble ethvlenically unsaturated meonomer from a
viewpoint of homogeneity.

[ 0043]

Morecover, upon polymerization, an internal-
crosslinking agent may be added to an agqueous solution of
the monomer. Examples of the internal-crosslinking agent
include polyols such as (poly)ethylene glycol [ “(poly)”
means a case where a prefix “poly” is attached or not, the
same shall apply hereinafter], 1,4-butanediol, glycerol and
trimethylolpropane; polyunsaturated esters having two or
more vinyl groups obtained by reacting polyols with an
unsaturated acid such as acryiic acid or methacrylic acid;
bisacrylamides such as N,N -methylensebisacrylamide; and
polyglycidyl compounds having two or more glycidyl groups,
such as (peolyjethyliene glycol diglycidyl ether,

(peoly)ethvlene glycel triglycidyl ether, (poly)glycerol

diglycidyl ether, (polviglycercl triglycidyl ether,
{poly)propylene glycol polyglyveidyl ether and
{polvy)glvycerol polyglycidyl ether, These internal-

crosslinking agents may ke used alone, or two or more kinds
of them may be used in combination.

[ 0044]

The amount of the internal-crosslinking agent to be
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added i1s preferably 3 parts by mass or less, more
preferably 1 wpart by mass or less, and still more
preferably from 0.001 to 0.1 part by mass, based on 100
parts by mass of the water—soluble ethylenically
unsaturated monomer. When the amcunt is more than 3 parts
by masgss, excess crosslinking arises and water-abscrption
capability excessively deteriorates, and therefore it is
not preferred.

It is preferred that the internal-crosslinking agent
is previously added to the aqueous soclution of the water-
soluble ethylenically unsaturated monomer.

[ 0045]

The reaction TLemperature during reversad-phase
suspension polymerization in the present invention varies
depending on the kind and amount of the polymerization
initiator to be used, and therefore cannct be determinsd
unconditicnally. However, it 1s preferably from 20 to
160°C, and more preferably from 40 to 9G°C. When the
reaction temperature 1s lower than 20°C, the degree of
polymerization may decrease, and when the reaction
temperature 1is hicgher than 100°C, a rapid polymerization
reaction arises. Therefore, both cases are not preferred.

[ 004¢]

In the above-mentioned reversed-phase suspension

polymerization, particles in a hydrous gel state which may

become & water—absorbent resin with a small amount of
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remalning dispersion medium are cbtained. These resultant
hydrous gel particles are dehydrated, dried, and post-
crosslinked to obtain water-absorbent resin particles.

Moreover, this polymerization may be considered as
the first stage polymerization, and an agueous monomsr
solution may be added to a slurry with the dispersion
medium containing the hydrous gel obtained from the
polymerization to perform multi-stage polymerizaticn such
as two-stage polymerization or tThree-stage polymerlization.

[ 0047)

If the multi-stage polymerization is performed, the
particle size after the Ifirst stage of polymerization
obtained by polymerization of a water-soluble ethylenically
unsaturated monomer is preferably the median particle size
of 20-20C um, more preferably 30-~150 um, and still more
preferably 40-100 um, from a viewpocint of obtaining a
proper aggregated particle size in the multi-stage
polymerization. Besides, the median particle =size of
polymer particles after the first-stage polymerization ig a
value for particles obtained by dehydration and drying
after completion of the first stage ©polymerization
according to the measurement method described hereinafter.

[ 0048]

When the second stage pelymerization is performed,

the adqueous solution of the water-soluble ethylenically

unsaturated monomer of the second stage polymerization is



10

15

20

25

30

added to the polymerization slurry obtained after
completion of the step (C), and subseguently, reversed-
phase suspension polymerization can be performed.
Procedures are started from precipitations at least a part

o

of the above-menticned surfactant after completion of the
first stage polymerization.
[ 0049]

Surfactants lcose their essential capability to
stabilize an aqueous phase dreplet in an oil phase {or
adversely, a capability to stabilize an o©il phase droplet
in an agueous phase) when they deposite. Examples of a
precipitating method include, but not limited to, a method
of decreasing a temperature of slurry after polymerlization
by cooling. By precipitating at least a part of
surfactants before adding the agqueous sclution of a water-~
soluble ethylenically unsaturated monomer in the second
stage polymerization, the droplet of the added agqueocus
monomer solution is not stabilized in a dispersion medium,
and 1is absorbed in gel-like primary particles to enhance
aggregation of the primary particles and thereby, a
particle diameter suitable for use in hygienic materials is
obtained. In addition, due to precipitation of the
surfactants, generation of new 0O/W/0 type droplets upon
adding the agueous monomer sclution of the second stage
polymerization is suppressed to prevent Iincrease 1in an

amount of the remaining dispersion medium. Therefore
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obtained water absorbent resin has lower amount of
remaining dispersion medium than that involved in tThe first
stage polymerization, Dbecause amount of water absorbent
resin substantially increases through the second stage
polymerization which Thardly increase 1in an amcunt of
remaining dispersion medium. Besides, the hydrophobic
polymeric dispersion agent dissolving together with the
surfactants may precipitate in the dispersion medium upon
adding the aqueous monomer sclution in the second stage
because the dispersion agent becomes impossible to be
dissclved in a dispersion medium by cooling.

[ 0050}

Afrer precipitating the surfactant, the aguecus
soiution of the water-soluble ethylenically unseaturated
moncmer of the second stage polymerization, which contains
a water-soluble radical ©polymerization initiator, is
stirred to mix to be abscrbed and aggregated in the polymer
gel in the first stage.

1t is possible to use, as water-soluble ethylenically
unsaturated moncomer for the second-stage polymerization,
the same as theose exemplified as the water-soluble
ethylenically unsaturated monomer for the first stage
polymerization. Kinds, neutralization degree and
neutralized salt of the monomer, and the concentration of
the aguecus menomer sclution may be the same as or

different fLrom those of the water-soiuble ethylenically
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unsaturated monomer in the first stage polymerization.

The polymerization initiator to be added <o an
aqueous solution of a water-soluble ethylenically
unsaturated monomer in the second stage polymerization, any
one may be selected from those exemplified as the
polymerization initiator used in the first stage
polymerization to use.

If necessary, an internal-crosslinking agent and a
chain transfer agent may also be added to the aqueous
solution o©f a water-soluble ethvlenically unsaturated
monomer in the second stage polymerization, and any one may
be selected from those exemplified for the first stage
polymerization to use.

The amount  of the water-soluble ethylenically
unsaturated monomer to be added in the second stage
pelymerization is preferably from 1.0 to 2.0-fold, and more
preferably from 1.1 to 1.8-fold, based on the amount of the
water-soluble ethylenically unsaturated monomer in the
first stage polymerization from viewpocints of obtaining
appropriate aggregated particles and reducing the amcunt of
the remaining dispersion medium,. When the amount of the
water-scluble ethylenically unsaturated monomer to be added
is less than 1.0-fcld, the reduction effect by the amount
of the remaining dispersion medium is low, Dbeing not
preferable because the amount to be cbtained decreases.

When the amount of the water-soluble ethylenically
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unsaturated moncomer to Dbe added is more than 2.0-fold,
aggregated particles having a proper median particle size
are not obtained, bkeing not preferable because particles
polymerized in the first stage polymerization cannot absorb
fully the agueous monomer sclution in the second stage
polymerization to cause fine powders.

[ 0051)

It is sufficient that the entire components are mixed
uniformly by stirring in the second stage of the reversed-
phase suspensicn polymerization. The median particle size
of aggregated particles may ke controlled depending on a
deposition state of the surfactants and a ratic of the
amount of the ethylenically unsaturated moncmer in  the
second stage polymerization te the ethylenically
unsaturated monomer in the first stage polymerization.

Additioconally, the median particle size of the
aggregated particles sultable for use in hygilenic materials
i preferably from Z00 te %00 pm, more preferably from 250
to 500 um, and still more preferably from 300 to 450 um.

[ 0052]

After adding the aguecus monomer sclution for a
second stage polymerization, polymerizaticn is performed by
means of a radical polymerization by warming and the like.
[ 0053]

The reaction temperature in reversed-phase suspension

polymerization in the second stage polymerization cannot be
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determined unconditionally because it depends on the kind
and amount of the peolymerization initiator. However, it is

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

90°C.
[ 0054}

Furthermore, for the purpose of inproving
productivity, multi-stage reversed-phase suspension

polymerization may be performed by performing a third or
later stage polymerization reaction similar to the second
stage reversed-phase suspension polymerization.

[ D055]

In reversed-phase suspensicn polymerization using the
hydrophilic polymeric dispersion agent shown in the present
application, a dispersion medium can be added upon
rerforming a dehydration process by refluxing a dispersion
medium in azeotropic distillaticon after completion of the
polymerization, in order to prevent aggregation of
particles. Especially, when polyvinyl alcohol and
polyglycerol are used as the  hydrophilic polymeric
dispersion agent, it 1is preferred that the a dispersion
medium is added such that W/0 ratio calculated by dividing
the total amount (total of the aguecus monomer solution of
the first stage plus the second stage polymerizations when
it was polymerized in two stages) of the agueous monomer
solution used in the polymerization by the amcount of a

petroleum hydrocarbon dispersion medium, 1is less than 1.7,
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and more specifically less than 1.4. When a dehydration
is performed at an inner temperature of not less than BO°C
by means c¢f azeotropy dehydration in W/0 ratio of not less
than 1.7, a phenomenon that aggregated particles are
further aggregated and precipitated is observed, and the
median particle size of the resultant water-absorbent resin
may be not less than 1000 um. Although the detailed

mechanism 1s unknown, 1t is presumed that aggregation of

i...r.

particles is promoted due to adherence of a hydrophilic
polymeric dispersion agent such as polyvinyl alcohol and
polyglycerol existing on the particle surfaces when there
i1s not the sufficient amount of the dispersion medium
relative to the hydrous gel particles obtained by the
polymerization.

The timing for adding the dispersion medium is not
particularly limited, it may be added in any time before
the dehydration process. However, 1in the case of cooling
for the purpcse of deactivation of surfactants after
completion of the first stage polymerization, and the like,
it is preferred that the dispersion medium at a low
temperature after completion of the first stage
polymerization as well as considering a cooling effect.

[ 005¢€]

Lfter completion of these multi-stages of reversed-

rhase suspension polymerization, it is preferred to add a

post-crosslinking agent containing ftwo or more functional
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groups having reactivity with a functional group derived
from a water-soluble ethylenically unsaturated moncmer.
The crosslinking density of the surface layer of water-
absorbent resin particles and various propertiss such as
water-absorption capacity under lcad, 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
materials.

[ 0057]

A post-crosslinking agent to be used in the post-
crosslinking reaction 1s not particularly limited as long
as 1t can react with a functional group derived from the
water—-soluble ethylenically unsaturated monomer used in the
polymerization.

Examples of the post-crosslinking agent to be used
include polyocls such as ethylene glycol, propylene glycol,
1,4-butanedicl, trimethylclpropane, glycerol,
polyoxyethylene glvcol, polyoxypropylene glycol and
pelyglycercl; polyglycidyl compounds such as (poly)ethylene
glycol diglycidyl ether, ({polylethylene glycol triglyecidyl
ether, {pely)givecerol diglycidyl ether, (polv)glycerol
triglycidyl ether, (polvivropyvlene glycol polyglycidyl
ether and (poly)glycerol polyglycidyl ether; haloepoxy
compounds such as epichlorohydrin, epibromohydrin and o-

methylepichlorochydrin; compound having two or more reactive
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functional groups, for example, Llsocyanate compounds such
as 2,4-tolyliene diitsocyanate and hexamethylene
diisccyanate; oxetane compounds such as 3-methyl-3-oxetane
methanol, 3-ethyl~3~oxetane methanol, 3-butyl-3-oxetane
methanol, 3-methyl-3-oxetane ethancl, 3-ethyl-3-coxetane
ethancl and 3-butyl-3-oxetane ethanol; oxazoline compounds
such as 1,2-ethylenebisoxazoline; and carbonate compounds
such as ethylene carbonate. These post-crosslinking agents
may be used alcone, or two or more kinds of them may be used
in combination.

[ 0058]

Among them, polyglyeidyl compounds such as
{(polv)ethylene glycol diglycidyl ether, (peoly)ethylene
glycol triglycidyl ether, {polviglyvcerol digliycidyl ether,
{polyyglycerol triglycidyl ether, (poly)propylene glycol
polvglyeidyl ether and (poly)glycercl polyglycidyl ether
are preferred from a viewpoint of excellent reactivity.

[ D059]

The amount of the post-crosslinking agent fto be added
is preferably from .01 fto 5 parts by mass, and more
preferably from 0.0Z to 3 parts by mass, bassd on 100 parts
by mass of the total amocunt of the water-soluble
ethyvlenically unsaturated monomer subjected to the
polymerization. When the amount of the post-crosslinking
agent to be added is iess than 0.01 part by mass, it is

impossible to enhance various properties such as water-
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absorption capacity under load, water-absorption rate and
gel strength of fthe resultant water-absorbent resin, and
when the amount to be added is more than 5 parts by mass,
water-absorption capacity excessively datericrates.
Therefere bhoth cases are nob preferred.

[ 0060]

The post~crossliinking agent may be added as it is, or
added in a form of an aqueocus sclution. If necessary, the
post-crosslinking agent may be added in a form of an
agueous solution containing a hydrophilic organic solvent.
Examples of the hydrophilic organic solvent includs lower
alcohols such as methyl alcohol, ethyl alcohol, n-propyl
alcohol, isopropyl alcohol and propyvlene glycol; ketones
such as acetone and methyl ethyl ketone; ethers such as
diethyl ether, dioxane and tetrahydrofuran; amides such as
N, N-dimethylformamide; and sulfoxides such as dimethyl
sulfoxide. These hydrophilic organic scolvents may be used
alone, or two or more kinds of them may bhe used in
combination. Alternatively, these  hydrophilic organic
solvents may be used as a mixed solvent with water.

[ 00¢1]

The timing of the addition of the post-crosslinking
agent may be after completion of the polymerization and is
not particularly limited, The post-cresslinking reaction
is preferably performed in a dehydration or drying step

after the polymerization in the presence of water at an
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amount within a range from 1 to 200 parts by mass, more
referably from 5 to 100 parts by mass, and still more
preferably from 10 to 50 parts by mass, bassed on 100 parts
by mass of the water-absorbent resin. By adjusting the
amcunt ¢f water during the addition of the post-
crosslinking agent, post-crosslinking in the surface laver
of particles of the water-absorbent resin can be more
suitably performead and excellent water-abscrption
capablility can be exhibited.
[ CC6Z]

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

[ D063]

In the present invention, a drying step may be
performed under a normal pressure or reduced pressure, oOr
may be performed under a gas flow such as nitrogen gas flow
in order to enhance drying efficacy. When the drying step
is  perfcrmed under a normal pressure, the drying
temperature is preferably from 70 to 2530°C, more preferably
from 80 to 180°C, still more preferably from 80 to 140°C,
and even more preferably from 90 to 130°C. When the drying
step 1is performed under reduced pressure, the drying
temperature 1s preferably from &0 to 100°C, and more

preferably from 7C to 80°C.
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[ 0064]

The water content of the water-absorbent resin after
drying 1is 20% or less, and preferably 10% or less, from a
viewpcint of dmparting fluvidity. Inocrganic lubricant
agents such as an amorphous silica powder and the like may
also be added to the water-absorbent resin so as to improve
Fluidity.

[ Examples]
[ 0Ce5]

The median particle size, the water content, and the
amount o¢f the remaining dispersion medium (amount of
petrcleum hydrocarbon dispersion medium remaining in water-
absorbent resin particles) of water-abscrbent resins
cbtained in the respective Examples and Comparative
Examples were evaluated by the fcllowing methods.

Besides for the amocunt of the remaining dispersion
medium described in Patent Document 4, since the absolute
value of the amount of the remaining dispersion medium is
decreased to 500 ppm or less and there is a tendency that a
sufficient extraction is not performed when the primary
particle becomes larger, the measuring method was improved
in order to extract more fully the water-absorbent resin.

[ 006¢]
(1) Median particle size
A water—absorbent resin(50g) was passed through a JIS

standard sieve having a sieve copening size of 250 um. The
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median particle size was measured using a combination of
sieves (o) when 50% by mass or more of the resin remaining
on the sieve, while using a combination of sieves () when
less than 50% by mass of the resin remaining on the sieve.

{x) JIS standard sieves were combined in a downward
order of; a sieve having a sieve opening size cf 850 um, =
sieve having a sieve opening size of 600 um, a sieve having
a sieve opening size of 500 wm, a sieve having a sieve
opening size of 425 um, a sieve having a sieve opening size
of 300 pm, a sieve having a sieve opening size of 250 um, a
sieve having a sieve opening size of 150 um and a tray.

(By JIS standard sieves were combined in a downward
order of; a sieve having a sieve opening size of 425 um, a
sieve having a sieve opening of 250 um, a sieve having a
sieve opening size of 180 um, & sieve having a sleve
opening size of 150 um, a sieve with a sieve opening size
of 106 um, a sieve with a sieve opening size of 75 um, a
gaieve having a sieve opening size of 45 um and a tray.

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

After the sieve c¢lassification, the mass of the
water—-abscrbent resin remaining on the respective slieves
was calculated in terms of mass% based on the total mass of
resin, the wvalues were integrated in an order Ifrom the

resins with a larger particle size, and thereby the
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relations between the sieve openings and integration values
of the mass% of the water-absorbent resin remaining on the
sieve were plotted on a logarithmic-probability paper. The
plots on the logarithmic-probability paper were connected
with a straight line, and the particle size corresponding
to integrated mass% of 50% by mass was defined as the
median particle size.
[ 0067}
(2} Water content

About 2.5 ¢ of the water-zbsorbent resin was
accurately weighed (X ¢g) 1into an aluminum cup, and afier
dryving at 105°C with & hot air dryer for 2 hours, the mass
of the dried water-absorbent resin was measured (Y g), and
then the water content was calculated by the following
equation. Besides, it is assumed that tare mass of the
aluminium cup does not change befcre and after drying.

Water content (%) = (X - Y)/¥X x 100
[ 0C68]
{3) Amount of remaining dispersion mediuam

In order to more fully extract the amcunt of the
remaining dispersion medium from the water—-absorbent resin
charged in the sample bottle relative to the conventional
measuring method of Patent Document 4 and the like such
that measurement cof the amount of the remaining dispersion
medium at a lower level may be enabled, it is improved as

follows such that swelling magnification is raised, and
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phosphoric acid is added to easily dissolve a swelling gel.
[ 0C6Y]
(a) Formation of calibration curve

Approximate 10 g of the petroleum hydrocarbon
dispersion medium (hereinafter referred toc as a “dispersion
medium”) used to polymerize a sgample for measuring a
remaining dispersion medium, is placed into a screw vial or
the like to cool the vial with an ice-water Dbath.
Similarly, 60 g of DMF (dimethylformamide) and 60 g of 25 %
by mass o¢f an aguecus phosphoric acid solution 1s also
cooled with an ice-water bath. (Charging is performed after
sufficiently c¢ocoling because of transpiration inhibition
for the dispersion medium during charging.)

0.2 g of the above dispersion medium was accurately
weighed into a 50 ml volumetric screw vial and then the
above cooled DMF was added thereto to accurately make 20 g,
followed by stirring with a magnetic stirrer bar to obfain
Standard sample solution 1. This Standard sample solution
1 was also cooled with an ice-water bath. 0.2 g of the
above Standard sample scluticn 1 was then accurately
weighed into a 3530 ml volumetric screw vial and the above
cooled DMF was added thereto to accurately make 20 g,
followed by stirring with a magnetic stirrer bar to cbtain
Standard sample sclution Z. This Standard sample solution
2 was also cooled with an lce-water bath.

In a 20 ml volumetric vial bottle (No. 5,
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manufactured by Maruemu Corporation}, ¢.02, 0.05, 0.1 or
0.5 g of the above Standard sample soluticn 2 and 0.02 g of
the above Standard sample solution 1 were accurately
welghed and the cocled DMF was added thereto to make the
amount of contents in each wvial bettle to a total amount of
3.8 g (4 ml). Furthermore, each vial bottle was charged
with 5 ml of 25 % by mass of the agueous phosphoric acid
solution, sealed and tightened with 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
quickly procedures from charging of the sample intc the 20-
ml veolumetric vial to the sealing, to prevent a dispersion
medium from transpiring from the vial as possible as much
as possible. Moreover, attention has been paid also to
fully cecol DPMF and 25% by mass of an agueous phosphoric
acid solution such that the dispersion medium did not
transpire due to generation of heat at the time of mixing
the bhoth reagents, and To fully mix them after sealing with
an aluminium cap or the like.

[ 0070]

This vial bottle was warmed at 110°C for 2 hours, and
1 ml of a wvapor phase portion was collected such that the
vapor phase portion was not cooled, and then 1t was
injected into a gas chromatcgraph to cbtain a chromatogram.

(Use of head space autcsampler)
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The amount to be charged of the dispersion medium in
each wvial bottle was calculated to prepare a calibration
curve based on the amount to be charged and a peak area of
the chremategram. (When a mixture 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 areas and the amount
Lo e charged).

[ 0071]
(b) Measurement of amount of dispersion medium remaining
in sample

About 2 g of a sample to be measured was charged into
an aluminium cup and then dried with & hot air dryer at

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

o

Required amounts of DMF (dimethylfermamide) and 25 ¢
by mass of an agueous phosphoric acid scolution used for the
measurement, were alsc charged into a screw bottle, and
cooled with an ice—water hath.

Into a 20 ml volumetric wvial Dbottle (No.5,
manufactured by Maruemu Corporation), 0.10 g of the above
sample was accurately welghed, and the bottom of the wvial
bottle was dipped in an Iice bath to cool the vial bottle
and the water-absorbent resins.

To this wvial bottle were added 4 ml of the above
cooled DMF and, further 5 ml of 25 % by mass of the above

cooled aguecus phosphoric acid solution. The vial bottle
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was quickly tightened by sealing with a septum rubber and
an aluminium cap and, then gently shaken to mix. After
allowing to stand for 10 min, it was confirmed that the
water-abscrbent resin in the wvial bottle was swelled, the
vial bottle was wvigorously shaken to agitate the inside
strongly. This wvial bottle was pre-heated at 110°C for 2
hours to strongly agitate the inside again after heating.

In addition, attention has been paid to perform
gquickly procedures 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
as possible.

[ 0072]

This vial bottle was warmed at 110°C for 2 hours, and
1 ml of a vapor phase portion was collected such that the
vapor phase portion was not c¢ooled, and then 1t was
injected into a gas chromatograph to obtain a chromatogram.
(Use of head space autosampler)

The amount ¢f the dispersion medium contained in the
amount (0.10 g of observed values) of the charged sample
was calculated from the calibration curve made based c¢n the
peak area of the resultant chromatogram, and then converted
into the amount { ppm] of the dispersion medium contained
per 1 g of the sample.

[ 0073]

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

Model: GC-14A + HSS2B (HEADSPACE Autosampler)
manufactured by Shimadzu Corporation

Filler: Sgualane 25% Shimalite (NAW) (101)

80-100 mesh

Column: 3.2 mm in diameter x 2 m

Celumn temperature: 80°C

Injection port temperature: 180°C

Detector temperature: 180°C

Detector: FID

Gas carrier: Nitrogen gas

Vial bottle heating temperature: 110°C

Syringe setting temperature: 110°C
[ 0C74]

Moreover, each of Examples and Comparative Examples
was performed 3 times, and the amount of the remaining
dispersion medium of each group was shown as Mean £
Standard deviation. Statistical evaluation of differences
between each groups was performed using Student's t-test (*
shows p< 0.05).

[ 0075]
(c) Comparison with conventional measuring method

As a result of measuring the amcunt of the remaining
dispersion medium for the same sample, the above-mentioned

measuring method of the present application could have



10

15

20

25

48

measured the amount of fthe remaining dispersion medium by
high sensitivity more as compared with the conventional
method., For example, for Reference Example 1 of the
present application, while the measuring method of the
present application exhibits 100 ppm of the amcunt of the
remaining dispersion medium, the ccnventicnal method
inhibits only 80 ppm of the amount of the remaining
dispersion medium.

[ 0076}

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

The folliowing experiment was conducted for the
purpcse of investigating the amount of dispersion medium
dissolved in an aqueous monomer sclution in the absence of
surfactants and the like.

[ Reference Experimental Example]

A measurement of a dissolved amount of a dispersion
medium in an agueous monomer solution was performed by the
following procedures:

1Y Into a 500 mlL Erlenmever flask, 46.0 g of 80% by
mass of acrylic acid was charged and neutralized by adding
dropwise 51.1 g of 320 % by mass sodium hydroxide under
stirring while cooling the flask from the ocutside. 7To this
were added 21.9 g of ion exchange water to prepare an

agueous solution of a water-scluble ethylenically
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neutralization degree of 75 mol% and a concentration of 38%
by mass)

2y Im a 2 L. volumetric five-necked cylindrical
separable round-bottom flask (hereinafter referred to as a
“round-bottom flask”)equipped with a stirrer with two steps
of 50 mm in diameter pitched blade paddle impellers, a
thermometer and & condenser, 171 g of n~heptane was
weilghted.

3) The above-mentioned round bottom flask was dipped
in a water bath, and n-heptane was agitated at 500 rpm, and
maintained to an inside temperature of 40x1°C.

4) The acrylic acid neutralization aquecus solution
prepared in Procedure 1) was supplied, and the temperature
of the water bath was adjusted to maintain the temperature
such that it becomes an inside temperature of 40121°C while
stirring at 500 rpm for 30 minutes.

5) After stirring for 30 minutes, the stirrer is
stopped, and the round bottom flask is allowed to stand for
30 minutes while maintaining the same water Dbath
temperature.

6) Only lower layer neutralization liguid layer was
gently withdrawn such that tweo-layer separation is not
mixed.

7) According to the measuring method of the amount of

remaining dispersion medium, about 0.26 g (corresponding to
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about 0.1 g in the amcunt of the monomer)of the neutralized
liguid withdrawn in 20 mi volumetric wvial Dbottle was
accurately weighted to add cooled DMF and phosphoric acid
solution.

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

[ 0077]

As experimental results, the same conditions as in
the first stage polymerization describaed in the present
application, namely, the amount of n-heptane (dispersion
medium) dissclved in  the acrylic acid neutralization
agueous solution (agueous monomer solution) at 40°C, was 890
ppm on the monomer mass basis.

Therefore, this amount {80 ppm) of the dispersion
medium was considered to be the minimum amount of the
remaining dispersion medium which c¢an ke reduced by the
conventional method (in Patent Document 4 and the like).
[ 0078]

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

[ 6G79]

[ Reference Example 1]
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The example 8 of W0200%/025235 ({Patent document 4)
was performed as Reference Example 1. In addition, the
example is an example with the lowest amount of the
remaining dispersion medium in Patent Document 4.

Intc 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 hvydroxide under
stirring while ccoling the flask from the outside. To this
were added 0.11 g of potassium persulfate, 8.3 mg of
ethylene glvycol diglycidyl ether and 43.6 ¢ of ion-exchange
water to prepare an agquecus solution of a water-soluble
ethylenically unsaturated monomer (hereinafter referred to
as “agqueous monomer solution”).

In a 2 L volumetric five-necked cylindrical round-
bottom separable flask (hereinafter referred to as a
“round-bottom flask”) eguipped with a stirrer having a two-
stage pitched blade paddle impellers of 50 mm in diameter,
a thermometer, a vreflux condenser and a nitrogen gas
introducing tube, 334 g of n-heptane was weighted as a
petroleum hydrocarbon dispersion medium. To the round-
bottom flask were added 0.46 g of an oxidized ethylene-
propylene copolymer (manufactured by Mitsui Chemicals, Inc.,
trade name: BIWAX 405ZE) and 0.4% g of a maleic anhydride-
modified ethylene-propylene copolymer (manufactured by
Mitsuili Chemicals, Inc., trade name: HIWAX 11054 as a

hydrophobic pelymeric dispersion agent, and then this was
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warmaed up to 83 to 86°C with a water bath at 90°C at a
stirring rate of 300 rpm to dissclve and disperse it before
air cooling to an inner temperature of 61°C. The above-
mentioned agueocus monomer solution was charged once into
the above heptane while stirring them at 300 rpm by using a
funnel made of SUS, having an inside diameter of 8 mm at
opening at the tip. After adding the agueous mcocnomear
solution, 1t was agitated at an inner temperature of 40°C
for 10 minutes and primarily dispersed.

Next, a solution separately prepared by warming 0.92
g of a sucrose fatty acid ester (manufactured Dby
Mitsubishi-Kagaku Foods Corporation, trade name: S-370) as
a surfactant to dissclve it in 8.28 g of heptane by warming
at 60°C or higher was added to the round-bottom flask
through a funnel and then a stirring rate was increased to
500 rpm to secondly disperse the agueous monomer solution.

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

After completion of the first stage polymerization,
the stirring rate was increased to 1,000 rpm and the inner
temperature was c¢ooled to near room temperature to
precipitate at least a part of the surfactant.

[ 0080]
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Separately, to a 500 mL Erlenmever flask, 128.8 g of
80 mass% acrylic acid was added and neutralized by adding
dropwise 142.9 g of 30 mass% sodium hydroxide under
stirring while cooling the flask from the outside. To this
were added 0.15 g of potassium persulfate, 11.6 mg of
ethylene glycel diglycidyl ether and 16.7 g of distilled
water Lo prepare an agueous nonomer solution in the second
stage polymerization. Next, the aguecus monomer solution
for the abocve-mentioned second stage was added to the
above-mentioned ccoled polymerization slurry through the
dropping funnel, and stirred fo mix for some time, and
abscrbed intc a polymerization gel 1in the first stage to
aggregate hydrous gel particles. Then, the atmosphere in
the system was well substituted with nitrogen while
maintaining the inner temperature of the round-bottom flask
near room  temperature, and a radical polymerization
reaction was performed by warming for 1 hour with a hot
water bath at 70°C.

After the pclymerization reaction in the second stage,
the reaction suspension was heated using an o0il bath at
120°C and 260 g of water was removed off from the system by
azeotropic distillation while refluxing heptane 1in the
flask to obtain a dehydrated polymer dispersed in heptane.
To the resultant heptane dispersed dehydrated polymer, §.2
g of a 2% agueous solution of ethylene glycol diglyeidyl

ether as a post-crosslinking agent was added and the post-
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crosslinking reacticn was performed at 83°C for 2 hours.
Then, heating is performed using an oil bath at 120°C,

heptane and water were rzremoved off from the system by

distillation, followed by drying under a nitrogen gas flow

to obtain 235 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 resin had a median

particle size of 356 um, and a water content of 4.5%.

[ 0081

[ Comparative Example 1]

At the complete time of the first stage
pelymerization of the examples 8 of W02009/025235 (Patent
Document 4), dehydration, post-crosslinking, and drying
were performed to make Comparative Example 1.

The first stage polymerization was performed in the
same manner as that of Reference Example 1, and after the
first stage polymerization, the stirring rate was increased
to 1000 rpm, and then the reacticn suspension was heated
using an oil bath at 120°C and about 125 g of water was
removed off from the system by azeotropic distillation
while refluxing heptane in the flask to cbtain a dehydrated
rpolymer dispersed in heptane. To the resultant heptane
dispersed dehydrated polymer, 3.4 g of a 2% agueous
solution of ethylene glyccl diglycidyl ether as a post-
crosslinking agent was added and the post-crosslinking

reacetion was performed at 83°C for 2 hours.
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Then, heating i1s performed using an oil bath at 120°C,
heptane and water were removed off from the system by
distillation, followed by drying under a nitrogen gas flow
to cbtain 89 g cf a water-absorbent resin having a
spherical shape (partially in a form of aggregated
spherical particles) by passing through a sieve of 850 pm.
This water-absorbent resgin had a median particle size of 61
um, and a water ccentent of 3.1%.

[ 0082]
[ Example 1]

0.7

o\e

by mass c¢f polyvinyl alcohol ({hereinafter
abbreviated to “PVA”) as a hydrophilic polymeric dispersion
agent based on a mass of a monomer was added to perform a
pelvmerization experiment.

Gosenol  GH-17 (manufactured by Nippon Synthetic
Chemical Industry Co., Ltd.: Degree of polymerization of
1700 and Degree of saponification of 86.5-89.0 mol%) as PVA
was heated, stirred, dissclved in distilled water, and
aliowed to stand to prepare 100g of 5 % by mass agueous
sclution of PVA prior toc the preparation of an agueous
monomer solution.

Into a 500 mL Erlenmeyer flask, 92.0 g cof 80% by mass
cf acrylic acid was charged and neutralized by adding
dropwise 102.2 g of 30 % by mass scdium hydroxide under

stirring while cooling the flask from the outside. To this

were added 0.073 g of potassium persulfate, 10.1 mg of
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mentioned 5 mass% PVA agueous scluticon and 10 g of ion
exchange water to prepare an agqueous monomer solution.

[ 0G83]

In &2 2 L wvolumetric five-necked cylindrical round-

bottom separable flask eguipped with a stirrer having a
two-stage pitched blade paddle impellers of 50 mm in
diameter, a thermometer, a reflux condenser and a nitrogen
gas introducing tube, 275 g of heptane was weighted as a
petroleum hydrocarbon dispersion medium. Tc the zround-
bottom flask was added (.74 g of a maleic anhydride-
meodified ethylene-propylene copolymer (manufactured by
Mitsul Chemicals, Inc., trade name: HIWAX 11052) as a
hydrophobic polymeric dispersion agent, and then this was
warmed up to 753 to 80°C with a water hath at 85°C at a
stirring rate of 300 rpm tco dissolve and disperse it before
alr cooling to an inner temperature of 64°C. The above-
menticned agueous monomer solution was charged once into
the above heptane while stirring them at 300 rpm by using a
funnel made of 3US, having an ingide diameter of 8 mm at
opening at the tip.
After adding the agqueous monomer solution, 1t was agitated
at an inner temperature of 40°C for 10 minutes and
primarily dispersed. (step (A))

Next, a solution separately prepared by warming .74

g of a sucrose fatty acld ester (manufactured by



1C

15

20

25

57

Mitsubishi-Kagaku Foods Corporation, trade name: $-370) as
a surfactant tec dissolve it in 6.62 g of heptane by warming
at ©0°C or higher was added to the round-bottom flask
through a funnel and then a stirring rate was increased teo
500 rpm to seccondly disperse the aguecus monomer solution.
(step (B))

The atmosphere in the system was well substituted
with nitrogen while maintaining the inner temperature of
the round-bottom flask containing the dispersion at 40°C,
and a radical polymerizaticn reaction was performed by
warming for 1 hour with a hot water bath at 70°C. (step- ({))
[ 0084]

After the polymerizatiocn reaction, the stirring rate
was increased to 1,000 rpm (while timely increasing the
stirring rate when stirring the content becomes inadequate
by proceeding with dehydration), the reaction suspension
was heated using an oil bath at 120°C and 125 g of water
was removed off from the system by azeotropic distillation
while refluxing heptane in the flask to obtain a dehydrated
polymer dispersed in heptane. To the resultant heptane
dispersed dehydrated polymer, 3.4 g of a 2% agusous
solution of ethylene glycol diglycidyl ether as a post-
crosslinking agent was added and the post~crossiinking
reaction was performed at 83°C for 2 hours.

Then, heating is performed using an oill bath at 120°C,

heptane and water were removed off from the system by
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distillation, followed by dryving under a nitrogen gas flow
Lo obtain 90 g of a wabter-absorbent resin having a
spherical shape (partially in a form of aggregated
spherical particles) by passing through a sisve of 850 pum.
This water-abscrbent resin had a median particle size of 69
um, and a water content of 2.5%.

[ 0085]

[ Example Z]

1.0 % by mass of Gosencl GH-20 {manufactured by
Nippon Synthetic Chemical Industry Co., Ltd.: Degree of
polymerization of 2000 and Degree of saponification of
86.5-82.0 mol3%) was used substituted for Gosencl GH-17 in
Example 1.

PVA (Cosenol GH-20)} was heated, stirred, dissolved in
distilled water, and allowed tc stand to prepare 100g of
5 % by mass agueous sclution of PVA prior to the
preparation of an agueous moncomer solution.

Into a 500 ml Erlenmeyer flask, 92.0 g of 80% by mass
of acrylic acid was charged and neutralized by adding
dropwise 102.2 g of 30 % by mass sodium hydroxide under
stirring while cooling the flask from the outside. To this
were added 0.11 g of potassium persulfate, 8.3 mg of
ethylene glycol diglivyeidyl ether, 18.1 g of the above-
mentioned 5 mass% PVA agqueous sclution and 25.8 g of ion
exchange water to prepare an agqueous solution of the water-

soluble ethylenically unsaturated monomer.
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Then, the same polymerization as in Example 1 was
performed to obtain 88 g of a water-absorbent regin having
a spherical shape (partially in a form of aggregated
spherical particles). This water-absorbent resin had a
median particle size of 80 pm, and a water content of 3.4%.
[ 0086]

[ Example 3]

0.7% by mass of Gosenol GH-Z23 (manufactured by Nippon
Synthetic Chemical Industry Co., Ltd.: Degree of
polymerization of 2300 and Degree of sapcnification of
86.5-89.0 mol%) was used substituted for Gossncol GHE-17 as
PVA in Example 1.

The above-mentioned PVA (Gosencl GH-Z3}) was heated,
stirred, dissolved in distilled water, and allowed to stand
to prepare 100g of 5 % by mass agueous solution of PVA
pricr to the preparation of an agqueocus monomer solution.

Into a 500 mbL Erlenmevyer flask, 92.0 g of 80% by mass
of acrvylic acid was charged and neutralized by adding
dropwise 102.2 g of 30 % by mass sodium hvdroxide under
stirring while cooling the flask from the outside. To this
were added 0.11 g of potassium persulfate, 8.3 mg of
ethylene glycol diglycidyl ether, 12.6 g of the above-
mentioned 5 mass% PVA aguecus solution and 31.4 g of ion
exchange water to prepare an agueous solution ¢f the water-
soluble ethylenically unsaturated monomer.

Subseguently, the same manner as 1in Example 1 was
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performed to cbtain 87 g of a water-absorbent resin having
a spherical shape (partially in a form of aggregated
spherical particleas). This water-absorbent resin had a
median particle size of 88 um, ahd a water content of 3.3%.
[ 0087]

[ Example 4]

As a hydrophilic polvmeric dispersion agent, 2.0% by
mass of FVA based on a mass of a monomer was used.

Into a 500 mL Erlenmeyer flask, 92.0 g of 80% by mass
of acrylic acid was charged and neutralized by adding
dropwise 102.2 g of 30 % by mass sodium hydroxide under
stirring while cooling the flask from the outside. To this
were added 3Z.1 g of ion exchange water, followed by 1.81 g
of PVA: Poval 403 (manufactured by Kuraray <Co., Ltd.:
Cegree of polymerization of 300 and Degree of
saponification of 78-83 mol%) as a hydrophilic polymeric
dispersion agent to dissolve it by stirring. To this were
added 0.073 g of potassium persulfate, 10.1 mg of ethylene
glycol diglycidyl ether and 10 g of ion exchange water to
prepare an agueous moncomer sclution.

[ 3088]

In a 2 L wvolumetric five-necked cylindrical round-
bottom separable flask equipped with a stirrer having a
two-stage pitched Dblade paddie impellers of 50 mm 1in
diameter, a thermometer, a reflux condenser and a nitrogen

gas introducing tubke, 275 g of heptane was weighted as a
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petroieum hydrocarbon dispersion mecium. Tc the round-
bottom flask was added 0.74 g of a maleic anhydride-
modified ethvlene-propylene copolymer (manufactured by
Mitsul Chemicals, Inc., trade name: HIWAX 1105A) as a
hydreophobic polymeric dispersicon agent, and then this was
warmed up te 75 to 80°C with a water bath at 85°C at a
stirring rate of 300 rpm to disscolve and disperse it before
air cooling to an inner temperature of 64°C. A dropping
injecticon of the above-mentioned agueous monomer solution
was performed into the above-mentionsed heptane stirring at
300 rpm by using a dropping funnel. After adding the
agueous monomer scolution, it was agitated at an inner
temperature of a5°C for 16 minutes and primarily
dispersed. (step (A))

Next, a solution separately prepared by warming 0.74
g of & sucrose fatty acid ester {manufactured by
Mitsubishi-Kagaku Foods Corperaticn, trade name: 5-370) as
a surfactant to dissolve it in 6.62 g of heptane by warming
at 60°C or higher was added to the round-bottom flask
through a funnel and then a stirring rate was increased to
700 rpm to secondly disperse the agueous monomer solution.
(step (B))

The atmosphere in the system was well substituted
with nitrogen while maintaining the inner temperature of
the round-bottom flask containing the dispersion at 40°C,

and a radical polymerization reaction was performed by
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warming for 1 hour with a hot water bath at 70°C. (step (C})
[ 0089]

After the polymerization reaction, the reaction
suspension was heated using an oil bath at 120°C and 121 g
of water was removed off from fthe system by azeotropic
distillation while refluxing heptane in the flask fTo cbtain
a dehydrated polymer dispersed 1in heptane. TQ the
resultant heptane dispersed dehydrated polymer, 1.84 g of a
2% aqueous solution of ethylene glvcol 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 oil bath at 120°C,
heptane and water were removed off from the system by
distillation, followed by drying under a nitrogen gas flow
to obtain 9%0 g of a water-absorbent resin having a
spherical shape {(partially in a form of aggregated
spherical particles) by passing through a sieve of 850 um.
This water-absorbent resin had a median particle size of 51
um, and a water content of 3.0%,.

[ 009C]
[ Comparative Example 2]

As Ccmparative Example, 0.3 % by mass of hydroxyethyl
celiulose f(hereinafter abbreviated to “HEC”) based on a
mass ol a monomer was used as a thickener to perform a
polymerization.

Inte a 50C mL Erlenmeyer flask, 92.0 g of 80% by mass
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of acrylic acid was charged and neutralized by adding
dropwise 102.2 g of 30 % by mass sodium hydroxide under
stirring while cooling the flask from the cutside. To this
were added 3Z2.1 g of water, followed by 1.81 g of HEC
(manufactured by Sumitomo Seika Chemicals Co., Ltd.: AW-
15F) teo dissolwve it by stirring.

To this were added 0.073 g of potassium persulfate,
8.3 mg of ethylene glycol diglycidyl ether and 10 g of ion
exchange water to prepare an agueous monomer solution.

In a 2 L velumetric five-necked cylindrical round-
bottom separable flask eguipped with a stirrer having a
two-stage pitched blade paddle impeilers of 50 mm in
diameter, a thermometer, a reflux condenser and a nitrogen
gas introducing tube, 275 g of heptane was weighted as a
petroleum hydrocarbon dispersion medium. Te tThe round-
botteoem flask was added 0.74 g of a maleic anhydride-
modified ethylene-propylene copolymer (manufactured by
Mitsui Chemicals, Inc., trade name: HIWAX 1105A) as a
hydrophobic polymeric dispersion agent, and then this was
warmed up to 75 te 80°C with a water bath at 85°C at a
stirring rate of 300 rpm to dissolve and disperse it before
air cooling to an inner temperature of 61°C. The above-
mentioned aguecus monomer solution was charged once into
the zbove heptane while stirring them at 300 rpm by using a
funnel made c¢f SUS, having an inside diameter of 8 mm at

opening at the fip. After adding the aguecus monomer
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sclution, it was agitated at an inner temperature of 40°C
for 10 minutes and primarily dispersed.

Next, a solution separately prepared by warming 0.74
g of a sucrose fatty acid ester {manufactured by
Mitsubishi-Kagaku Foods Corporation, %trade name: 5-370) as
a surfactant to dissolve it in 6.62 g cf heptane by warming
at 60°C or higher was added to the round-bottom flask
through a funnel and then a stirring rate was increased to
500 rpm to secondly disperse the agueous monomer solution.

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

[ 0091]

After the polymerization reaction, the reaction
suspension was heated using an o0il bath at 120°C and 125 g
of water was removed off from the system by azeotreopic
distillation while refluxing heptane in the flask to obtain
a dehydrated polymer dispersed in Theptane. To  the
resultant heptane dispersed dehvydrated polymer, 3.4 g of a
2% agueous solution of ethylene glycol diglycoidyl ether as
a post-crosslinking agent was added and the post-
crosslinking reaction was performed at 83°C for 2 hours.

Then, heating 1s performsed using an oil bath at 120°C,

heptane and water were removed off from the system by
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distillation, followed by drying under a nitrogen gas flow
to obtain 87 g of & water~abscrbent resin having a
spherical shape (partially in a form of aggregated
spherical particles) by passing through a sieve of 850 um.
This water-absorbent resin had a median particle size of 87
um, and a water content of 2.8%.

[ 0082]

[ Comparative Example 3]

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

Specifically, into a 500 mL Erlenmeyer flask, 82.0 g
of 80% by mass of acrylic acid was charged and neutralized
py adding dropwise 102.2 g of 30 % by mass sodium hydroxide
under stirring while cooling the flask from the outside.
To this were added 32.3 g of water, followed by 0.0%1 g of
xanthan-gum (manufactured by Sanshe Co., Ltd.: KELZAN) to
dissolve and disperse it by stirring. To this were added
0.11 g of potassium persulfate, 8.3 mg of ethylene glycol
diglyecidyl ether and 10 g of ion exchange water to prepare
an agueocus monomer solution.

Subsequentliy, in the same manner as that of
Comparative Example 2, water-absocorbent resin passed
through a sieve of L0 um to cbtain 88 ¢ of water-absorbent
resin having a spherical shape (partially in a form of

aggregated spherical particies). This water-absorbent
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resin had a median particle size of 84 um, and a water
content of 2.9%.

[ 0093]

[ Comparative Example 4]

¢.5 % by mass c¢f guar-gum was used substituted for
0.2 % by mass of HEC as a thickener in Comparative Example
Z to perform a polymerization.

Specifically, into a 500 mlL Erlenmeyer flask, 92.0 g
of 80% by mass of acrylic acid was charged and neutralized
by adding dropwise 102.2 g of 30 % by mass sodium hydroxide
under stirring  while cooling the flask from the outside.
To this were added 31.9 g of water, followed by 0.45 g of
guar-gum (manufactured by Sansho Co., Ltd.: MEYPROGA) to
dissolve it by stirring. To this were added 0.11 g of
potassium persulfate, 8.3 mg of ethylene glycol diglycidyl
ether and 10 g of ion exchange water to prepare an agueous
monomer solution.

Subsegquently, when a polymerization was performed in
the same manner as that of Comparative Example 2, a polymer
winded to the stirring impeller to cause an unusual
polymerization during raising an inner temperature by
dipping it in a hot water bath at 70°C. Therefore, this
experiment was canceled at the time.

[ 0094]
[ Comparative Example 5]

1.0 % by mass of pullulan was used substituted for
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0.3 % by mass of HEC as a thickener in Comparative Example
2 to perform a polymerization.
Specifically, into a 5HCG0 mlL Erlenmevyer f£lask, 92.0 g

80% by mass of acrylic acid was charged and neutralized

[

o)
by adding dropwise 10Z.2 g of 30 % by mass sodium hydroxide
under stirring while cooling the flask £from Lthe outside.
To this were added 31.5 g of water, followed by 0.905 g of

pullulan (Hayashibara trading company: Pullulan PI-20) to

H

dissolve it by stirring. To this were added 0.11 g o
potassium persulfate, 8.3 mg of ethylene glvycol diglycidyl
ether and 10 g of ion exchange water to prepare an agueous
monomer soclution.

Subseguently, in the same manner as that of
Comparative Example 2, water-absorbent resin vassed
through a sieve of 850 ym to obtain 90 g of 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 %6 um, and a water
content of 3.1%.

[ 0095]
{ Comparative Example 6&]

The stirring rate at the time of polymerization was
decreased to a lower speed to perform a reversed-phase
suspension polymerization.

Into a 500 mlL Erlenmeyer flask, 92.0 g of 80% by mass

of acrylic aclid was charged and neutralized by adding
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dropwise 102.2 g of 30 % Dby mass sodium hydroxide under
stirring while cooling the flask from the outside. To this
were added 0.i1 g of potassium persulfate, 8.3 mg of
ethyvlene glycol diglycidyl ether and 43.8 g of ion exchange
water Lo prepare an agueous menomer soluticon, In a 2 L
volumetric five-necked round-bottom flask equipped with a
stirrer having a two-stage pitched blade paddle impellers
cof 50 mm in diameter, a thermometer, a reflux condenser and
a nitrogen gas introducing tube, 334 g of heptane was
welighted as a petroleum hydrocarbon dispersion medium.

To the round-bottom flask was added 0.92 g of a
maleic anhydride-modified ethylene~propylens copolymer
{(manufactured by Mitsul Chemicals, Inc., trade name: HIWAX
11054} as a hydrophobkic polymeric dispersion agent, and
then this was warmed up to 75 to 80°C with a water bath at
85°C at a stirring rate of 300 rpm to dissoclve and disperse
it before air cooling to an inner temperature of 61°C.
The above-mentioned agueous monomer solution was charged
once into the above heptane while stirring them at 300 rpm
by using a funnel made ¢f S5SUS, having an inside diameter of
8 mm at opening at the tip. After acding the agueous
monomer solution, 1t was agitated at an inner temperature
of 40°C for 10 minutes and primarily dispersed.

Next, a solution separately prepared by warming (.52

£

g o©f a sucrose fatty acid estern {manufactured by

Mitsubishi-Kagaku Foods Corporation, trade name: S-370) as
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a surfactant to dissolve it in 8.28 g of heptane by warming
at 60°C or higher was added to the round-hottom £lask
through a funnel and then a stirring rate was increased to
300 rpm to secondly disperse the agueous monomer solution.

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

[ 00%6]

After the pelymerization reaction, the reaction
suspension was heated using an oil bath at 120°C and 125 g
of water was removed off from the system by azeotropic
distillation while refluxing heptane in the flask to obtain
a dehydrated polymer dispersed 1in heptane. To  the
resultant heptane dispersed dehydrated polymer, 3.4 g of a
2% aquecus sclution of ethylene glycol diglycidyl ether as
a post-crossiinking agent was added and the post-
crosslinking reaction was performed at 83°C for 2 hours.

Then, heating is performed using an oil bath at 1206°C,
heptane and water were removed off from the system by
distillation, followed by drying under a nitrogen gas flow
to obtain 87 g of a water-absorbent resin having a
ephericael shape {partially 1in a form of aggregated
spherical particles) by passing through a sieve of 850 um.

This water-absorbent resin had a median particle size of
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124 um, and a water content of 3.2%.
[ 0097]
{ Comparative Example 7]

The stirring rate at the time of polymerization in
Comparative Example ¢ was further decreased to a lower
speed to try to produce a sample having a larger particle
size.

According to the same manner as that of Comparative
Example 6, except that the stirring rate of 300 rpm 1is
changed to 250 rpm, a polymerization was performed. As a
result, a polymer winded to the stirring impeller to cause
an  unusual polymerization  during raising an  inner
temperature by dipping it in a hot water bath at 70°C.
Therefore, this experiment was canceled at that fime.

[ 0098]
[ Comparative Example g]

The thickener HEC in Comparative Example 6 was added
at 0.3 % by mass based on a mass of the monomer to try to
produce a sample having a larzger particle size.

Into a 500 mL Erlenmmever flask, 92.0 g of 80% by mass
of acrylic acid was charged and neutralized by adding
dropwise 102.Z2 g of 30 % by mass sgodium hydroxide under
stirring while ccoling the flask from the cutside. To this
were added 32.1 g of water, followed by 0.276 g of HEC
{manufactured by Sumitomo Seika Chemicals Co., Litd.: AW-

15F) to dissolve it by stirring. To this were added (.11
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g of potassium persulfate, 8.3 mg of ethylene glycol
diglycidyl ether and 11.4 g of ien exchange water to
prepare an agueous moncmer sclution.

In a 2 L volumetric five-necked round-bofttom Iflask
equipped with a stirrer having a two-stage pitched blade
paddle impellers of 50 mm in diameter, a thermometer, a
reflux condenser and a nitrogen gas introducing tube, 334 g
0of  heptane was welighted as a petroleum hydrocarbon
dispersion medium. To the round—bottom flask was added
0.22 g of a maleic anhydride-modified ethylene-propylene
copolymer (manufactured by Mitsui Chemicals, Inc., trade
name: HIWAX 1105A) as a hydrophobic poiymeric dispersion
agent, and then this was warmed up to 75 to 80°C with a
water bath at B85°C at a stirring rate of 300 rpm to
dissolve and disperse it before ailr cooling to an inner
temperature of 61°C. The above-menticned agueocus moenomer
sclution was c¢harged once into the above heptane while
stirring them at 300 rpm by using a funnel made of SUS,
having an inside diameter of 8 mm at opening at the tip.
After adding the aqueous monomer solution, 1t was agitated
at an inner temperature of 40°C for 10 minutes and
primarily dispersed.

Next, a sclution separately prepared by warming 0.82
g of a sucrose fatty acid ester {manufactured by
Mitsubishi-Kagaku Foods Corporation, trade name: 3-370) as

a surfactant to dissolve it in 8.28 g of heptane by warming
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at 60°C or higher was added to the round-bottom flask
through a funnel and then a stirring rate was increased to
300 rpm to secondly disperse the agqueous moncmer sclution.

The atmosphere in the system was well substituted
with nitrogen while maintaining the inner temperature of
the round-bottom flask containing the dispersion at 40°C,
and a radical polymerizatioﬁ reaction was performed by
warming for 1 hour with a hot water bath at 70°C. As a
result, since it was observed that polymer particles in the
polymerization tank were precipitated when polymerization
progressed to exceed an inner temperature of 81°C, stirring
rate was increased to 600 rpm.

After +the polymerization reaction, the reaction
suspension was heated using an oil bath at 120°C and 125 g

£~

of water was removed oIf from the system by azeotropic
distillaticn while refluxing heptane in the flask to obtain
a dehydrated polymer dispersed in heptane. To  the
resultant heptane dispersed dehydrated polymer, 3.4 g of a
2% aguecus 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 performed using an oil bath at 120°C,
heptane and water were removed off from the system by
distillation, followed by dryving under a nitrogen gas flow
to obtain 88 g of a water-absorbent resin having a

spherical shape (partially in a form of aggregated
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spherical particles) by passing through a sieve of 850 un.
This water-absorbent resin had a median particle size of
195 um, and a water content of 3.2%.

[ 0089]

[ Comparative Example 9]

The amount of the thickener HEC of Comparative
Example 8 was increased To 0.3 % by mass, and that of
Comparative Example 8 was changed +to the lattice-like
stirring impeller which can stir the system widely to
perform a peolymerizaticn.

Into a 500 ml, Erlenmever flask, 92.0 g of 80% by mass
of acrylic acid was charged and neutralized by adding
dropwise 102.2 g of 30 % by mass sodium hydroxide under
stirring while cooling the flask from the outside. To this
were added 33.4 g of water, followed by 0.46 g of HEC
(manufactured by Sumitomo Seika Chemicals Co., Ltd.: AW-
15%F) to dissecive it by stirring. Te this were added 0.11
g of potassium persulfate, .3 mg of ethylene glycol
diglycidyl ether and 10 g of ion exchange water to prepare
an agueous monomer solution.

In a 2 L wvolumetric five-necked round-bottom flask
equipped with a stirrer with the Iattice~like impellers
having a width of 58 mm, a maximum height of 104 mm and a
total of four slits of 65 mm in length, a thermometer, a
reflux condenser and a nitrogen gas introducing tube, 334 g

of heptane was weighted as a ©petroleum hydrocarbon
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dispersion medium. To the round-bhottom flask was added
0.22 g of & maleic anhydride-modified ethylene-propylene
copolymer (manufactured by Mitsul Chemicals, Inc., trade
name: HIWAX 1105A) as a hydrophobic polymeric dispersion
agent, and then this was warmed up to 75 to 80°C with a
water bath at B85°C at a stirring rate of 200 rpm to
dissolve and disperse it before air cooling to an inner
temperature of 61°C. A dropping iniection of the above-
mentioned agueous monomer sclution was performed into the
above-mentioned heptane stirring at 200 rpm by using a
dropping funnel. After adding the agueous menomer solution,
it was agitated at an inner temperature of 40°C for 10
minutes and primarily dispersed.

Next, a solution separately prepared by warming 0.92
g of a sucrose fatty acid ester {(manufactured by
Mitsubishi-Kagaku Foods Corporation, tTrads name: S-370) as
a surfactant to dissclve it in 8.28 g of heptane by warming
at 60°C or higher was added to the round-bottom flask
through a funnel and then a stirring rate was increased 1o
300 rpm to secondly disperse the agueous monomer solution.
The atmosphere in the system was well substituted with
nitrogen while maintaining the inner temperature of the
round-bottom flask containing the dispersion at 40°C, and a
radical polymerization reaction was performed by warming
for 1 hour with a hot water bath at 70°C.

After the polymerizaticn reaction, the reaction
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suspension was heated using an oil bath at 120°C and 125 g
of water was removed off from tThe system by azeotropic
distillation while refluxing heptane in the flask to obtain
a dehydrated polymer dispersed in heptane. Tao the
resultant heptane dispersed dehvdrated polymer, 3.4 g of a
2% aqueous 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 oil bkath at 120°C,
heptane and water were removed off from the system by
distillation, followed by drying under a nitrogen gas flow
to obtain 88 g of a water-absorbent resin having a
spherical shape (partially in a form of aggregated
spherical particles) by passing through a sieve of 850 um.
This water—-absorbent resin had a median particle size of
168 um, and a water content of 2.7%.
[ 0100]
[ Example 5]

1.0 % by mass, polyvinyl pyrrolidone (hereinafter
abbreviated to  “PVPY) of the  hydrophilic polymeric
dispersion agent Dbased on an amount of the monomer
substituted for the thickener HEC in Comparative Exanple 9
was added based on an amount of the monomer.

100 g of 5 % by mass agueous solution of PVP
(manufactured by ISP Japan Co. Ltd.: K-90) was prepared by

dissolving it in ion exchange water pricr to the
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preparation of an agueous monomer sclution. Into a 500 mL
Erienmever flask, 92.0 g of 80% by mass of acryiic acid was
charged and neutralized by adding dropwise 102.2 g of 3C %
by mass sodlium hydroxide under stirring while cooling the
flask from the outside. To this were added 0.11 g of
potassium persulfate, 8.3 mg of ethylene ¢lycol diglycidyl
ether, 18.1 g of the above-mentiocned S mass% PVP agueous
solution and 25.8 g of ion exchange water to prepare an
agqueous monomer selution.

[ 0101]

Im a 2 L wvolumetric five-necked round-bottom flask
equipped with a stirrer with the lattice-like impellers
having a width of 58 mm, a maximum height of 104 mm and a
total of four slits cf 65 mm in length, a thermometer, a
reflux condenser and a nitrogen gas introducing tube, 334 g
of Theptane was weighted as a petroleum hydrocarbon
dispersion medium. To the round-bottom flask were added
0.46 g of an oxidized ethylene-propylene copolymer
{manufactured by Mitsul Chemicals, Inc., trade name: HIWAX
4052E) and 0.46 g of a maleic anhydride-modified ethylene-
propylene copolymer (manufactured by Mitsui Chemicals, Inc.,
trade name: HIWAX 1105A) as a hydrophobic polymeric
dispersion agent, and then this was warmed up to 83 to 86°C
with a water bath at 90°C at a stirring rate of 300 rpm to
dissoclve and disperse it before air cocling to an inner

temperature of 61°C. A dropping injection of the above-
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mentioned agueous monomer solution in it was performed into
the azbove-menticned heptane stirring at 200 rpm by using a
dropping funnel. After adding the agueous monomer sclution,
it was agitated at an inner temperature of 40°C for 10
minutes and primarily dispersed.

Next, a sclution separately preparsed by warming 0.92
g o©f a sucrose fatty acid ester (manufactured by
Mitsubishi~-Kagaku Foocds Corporation, trade name: $-370) as
a surfactant to dissolve it in 8.28 g of heptane by warming
at 60°C or higher was added to the round-bottom flask
through a funnel and then a stirring rate was increased to
300 rpm to secondly disperse the aqueocus monomer sclution.

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

After the polymerization reacticon, the reaction
suspension was heated using an oil bath at 120°C and 125 g
of water was remcved off from the system by azeotropic
distillation while refluxing heptane in the flask tc obtain
a dehydrated polymer dispersed in Theptane. To the
resultant heptane dispersed dehydrated polymer, 3.4 g of a
2% aquecus solution of ethyvlene glycol diglycidyl ether as
a post-crosslinking agent was added and the post-

crosslinking reaction was performed at 83°C for 2 hours.
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Then, heating is performed using an oil bath at 120°C,
heptane and water were removed off from the system by
distillation, fcillowed by dryving under a nitrogen gas flow
to obtain 90 g of a water-absorbent resin having a
spherical shape (partially in a form of aggregated
spherical particles) by passing through a sieve of 850 um.
This water-abscorbent resin had a median particle size of
110 um, and a water content of 3.0%.

[ 0102
[ Example 6]

The amount of PVP to be added in Examples 5 was
increased to Z % by mass.

100 g of 5 % Dby mass aguecus gsclution of PVP
{manufactured by ISP Japan Co. Lid.: XK-20) was prepared by
dissolving it in ion exchange water prior to the
preparation of an agqueocus monomer solubtion. Into a 500 mL
Erlenmeyer flask, 92.0 g of 80% by mass of acrylic acid was
charged and neutralized by adding dropwise 102.2 g of 30 %
by mass socodium hydrozide under stirring while cooling the
flask from the ocutside.

Subsequently, in the same manner as that of Example 35,
water-absorbent resin passed through a sieve of 850 um to
obtain 21 g of 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 158 um, and a water content of 3.3%.
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[ 0163]
[ Comparative Example 10]

The amcunt o0f the thickener HEC in Comparative
Example 2 was increased to 1.0 % by mass.

Specilfically, intc a 500 mlL Erlenmever flask, 92.0 ¢
of 80% by mass of acrylic acid was charged and neutralized
by adding dropwise 102.2 g of 30 % by mass sodium hydroxide
under stirring while cooling the flask from the outside.
To this were added 31.5 g of water, followed by C.%05 g of
HEC (manufactured by Sumitomo Seika Chemicals Co., Ltd.:
AW-15F) to dissolve it by stirring. To this were added
0.073 g of potassium persulfate, 8.3 mg of ethylene glycol
diglycidyl ether and 10 g of lon exchange water to prepare
an agueocus monomer solution.

Subsequently, in the same manner as that of
Comparative BExample 2, water-absorbent resin passed
through a sieve of 850 um to obtain 90 g of water-absorbent
resin having a spherical shape (partially 1in a form of
aggregated spherical particles). This water-absorbent
resin had a median particle size of 215 um, and a water
content of 3.4%.

[ C104]

Each of Examples 1-5, Reference Example, and
Comparative Examples 1-3, 5-%, and 8-10 were carried out
three times. For each of the resultant water-absorbent

resins, amounts of an remaining dispersion medium was
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measured by using a measuring method of measuring an amount
of a remaining dispersion medium, Mean % Standard deviation
for them are shown in Table 1.

[ 0105]

[ Table 13

Agueous Stirring Median Rmount Remarks
mMoOnomer rate particle of
solution [ rpm] size remaini
additives [ um] ng
Additiv | Amoun dispers
as T ion
added | Primary/S mediumn
[ Mass | econdary [ pomy
Example PVA GH- | 0.7 300/500 69
1 17 24+3.5
Example pva GH-| 1.0 300/500 80
2 20 4243 .0
Fxanple PVA GH- | 0.7 300/500 85
3 23 53x4.07
Example PVA 2.0 300/700 51
4 403 3445.1°
Example PVP K- 1.0 200/300 110 lattice~
5 90 73+4.0°0 | like
impeller
Example VP K- 2.0 200/300 158 lattice~
6 90 TIE4.60 | like
impeller
Referenc | - - 300/500 356 104%6.0 | Two-stage
a polymerizat
Example ion
1
Comparat - - 300/500 61
ive 221+18.
Example 7
1
Comparat | HEC 0.3 300/500 87
ive g67+51.
Example 5
2
Comparat | xanthan | 0.1 300/500 84
ive —gum 710129,
Example 3
3
Comparat | guar- 0.5 300/540 - - unusual
ive gum polymerizat
Example ion
4
Comparat | pullula | 1.0 300/500 213
ive n 379+£40.
Example 1
5
Comparat | - -~ 300/300 124
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ive 340133,

Example 9

6

Comparat | - 250/250 - - unusual

ive polymerizat

Example ion

7

Comparat | HEC 300/300 195 (rate

ive 7581434, increased

Example 9 upen

8 precipitati
on}

Comparat | HEC 200/300 168 lattice-

ive 369114, Like

Example 6 impelier

9

Comparat | HEC 300/500 215 2862520

ive 0.1

Example

10

PVA. .Polyvinyl alcchol

PVP..Polyvinyl pyrrolidone

HEC..Hydroxyethyl cellulose

Remaining dispersion medium is

deviation.

* p<0.05

1-3, 35-6,

[ 010¢€]

As
Examples

medium reduced

{(vs.

and 8-10)

shown in Table 1,

1-6 had an amount

Reference

specifically,

Example

and

Reference Example 1,

shown by Mean

Standard

and Comparative Examples

any water-absorbent resin of

of the
gignificantly as

Comparative

compared with

remaining dispersion

those of

Examples. More

even when the production methods of Examples

1-4 which use a hydrophilic pelymeric dispersion agent to

perform

only

cne-stage

reversed-phase

suspension

polymerization are compared with the conventional method

{Reference Example 1,

104 ppm)

whnich

exhibits the lowest
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level of the amount of the remaining dispersion medium by
performing a two-stages polymerization, a further reduction
in the amount of the remaining dispersion medium could be
accomplished (P< 0.05).

Morecover, in comparison of the median particle size
of the obtained water-absorbent resinsg, the particles
obtained only by control of stirring rate without using a
thickener, has a median particle size up to about 120 um
(Comparative Examples 1 and 6), and when hydroxyethyl
caellulose {HEC) which 1s a thickener well-known in
reversed-phase suspension polymerization, was used, it was
identified that those having a larger particle size are
obtained and Thowever, the amount of the remaining
dispersion medium increases simultaneocusly (Comparative
Examples 2, 8, 9, and 10).

On the other hand, the spherical water-absorbent
resin {(Examples ©¢) having a particle size of 150 pm or more
could also be obtained by the production method of the
present inventicn, and the water-absorbent resin having the
amount of the remaining disparsion medium reduced
significantly as compared with those of Reference Example
and Comparative Examples has been further provided.

{ Industrial applicabllity]
[ 0107}
The present invention provides a method for producing

a water-absorbent resin, wherein an amount of a remaining
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petroleum hydrocarbon dispersion medium used in a reversed
rhase suspension polymerization, which is contained in the
water—-abscrbent resin and an odor originated form the
petrcleum hydrocarbon dispersion medium is further reduced,

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

A method for producing a water-absorbent resin by
performing a reversed-phase suspension polymerization

of a water-soluble ethylenically unsaturated monomer
in a petrocleum hydrocarbon dispersion medium, comprising
the following steps of:

(A) performing a primary dispersion in the absence of
surfactants by adding an agueous soluticn of a water-
solukle ethylenically unsaturated moncmer containing a
hydrophilic polymeric dispersion ageni to a petroleum
hydrocarbon dispersion medium in which a hydrophobic
polymeric dispersion agent 1is heat-dispersed or heat-~
dissclved, under stirring;

{(B) further performing a secondary dispersicn by
adding a surfactant to a dispersion ligquid obtained after
the primary dispersion; and

{C) performing the reversed-phase suspension
pelymerization by using a radical polymerization initiator.
[ Claim 2]

The method for producing a water—abscorbent resin
according to claim 1, wherein the surfactant is at least
one kind selected from the group consisting of
polyglyceryl fatty acid ester, sucrose fatty acid ester,
and sorbitan fatty acid ester.

[ Claim 3]
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The method for producing a water—-absorbent resgin
according tc any one of c¢laims 1 to 2, wherein the
hydrophobic polymeric dispersion agent is at least one kind
selected from the group consisting of maleic anhydride-
modified polyethylene, maleic anhydride-modified
volypropylens, maleic anhydride-modified ethylene-propylene
copolymer, maleic anhydride-propylene copolymer, maleic
anhydride-ethylene-propylens copolymer, volyethylene,
volypropylene, ethylene-propylene copolymer, oxidized
polyethylene, oxidized polypropylene, and an oxidized
ethylene-propylene copolymer.

[ Claim 4]

The method for producing a water-absorbent resin
according to any one cof claims 1 to 3, wherein the water-
soluble ethylenically unsaturated monomer is at least one
kind selected from the group consisting of acrylic acid and
its salt, methacrylic acid and its salt, and acrylamide.

[ Claim 5]

The method according to any one of claims 1 to 4,
wherein the petroleum hydrocarbon dispersion medium is at
least one kind selected from the group consisting of an
aliphatic hydrocarbon and an alicyclic hydrocarbon, having
a carbon number of 6 to 8,

[ Claim 6]
The method according to any one of claims 1 to 5,

wherein the hydrophilic polymeric dispersion agent 1s at
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ieast one kind selected from the group consisting of
polyvinyl alcohol and polyvinyl pyrrolidone.

[ Claim 7]

A water-absorbent resin cbtained by the method acceording to

any one of claims 1 to 6.



