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[Document Name] Description

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

[Technical Field)

[0001]

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

More specifically, the present invention relates to a
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—absogbent resin obtained by a
conventional method, and to a water-absorbent resin
obtained by the method.

[Background Art]
[0002]

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

(00031

Hygienic materials such as disposable diapers and
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sanitary napkins are generally constituted with a top sheet,
a back sheet, a hot melt adhesive, an elastic material, a
water-absorbent resin and a pulp fiber, various synthetic
resins and modifiers are used. Therefore, an odor
originating from raw material components is perceived from
the hygienic materials, 1n some cases. Since these
hygienic ﬁaterials are put on the human body, the odor
makes users uncomfortable even if it is subtle and,
therefore, it is desired to develop an odor-free material.
[0004]

Among constituent materials of these  hygienic
materials, the water-absorbent 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 considered to be desirable to reduce the
odor.

[0005]

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

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

an agueous 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.

[0007]

As conventionai methods for producing the water-
absorbent resin by a reversed-phase suspension
polymerization method, known are a method of polymerizing
an agueous solution of o,B-unsaturated carboxylic acid and
alkali metal salt thereof in a petroleum hydrocarbon
solvent using a radical polymerization initiator in the
presence or absence of a internal-crosslinking agent in
which a sucrose fatty acid ester 1is used as a protective
colloid agent (see Patent Document 1), and a method of
polymerizing a 25% by mass or more of agqueous solution of
an o, R~unsaturated carboxylic acid and alkali metal salt
thereof in a petroleum hydrocarbon solvent using a radical
polymerization initiator in the presence or absence of a
internal-crosslinking agent in which a polyglyceryl fatty
acid ester with an HLB of 2 to 16 is used as a surfactant
(see Patent Document 2). However, these production methods
do not focus on reduction of an odor, and thus odors of the
resultant water-absorbent resins,are not sufficiently low.

[0008]
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Moreover, on a purpose for reducing an odor of a
water-absorbent resin, the present inventors found ocut that
an odor originating from the dispersion medium upon water
absorption can be reduced by dispersing an agqueous solution
of a water-soluble ethylenically unsaturated monomer in the
petroleum hydrocarbon dispersion medium to which
surfactants are not added, and further adding a surfactant
to the resultant dispersion liquid to further disperse and
polymerize it (see Patent Document 3} in a reversed-phase
suspension polymerization method; or by adding an
surfactant to a dispersion liquid obtained by dispersing an

agueous solution of a water-soluble ethylenically

]

unsaturated monomer in a petroleum hydrocarbon dispersion
medium, in a first 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-absorbent
resins are used in these methods in the conventional method,
an odor originating from the dispersion medium méy be
perceived upon water absorption, and thereby there is a
need for further reducing the odor.

[Reference Documents)
[Patent Documents]
[0009] '

[Patent Document 1] JP-A No. 61-87702
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[Patent Document 2] JP-A No. 62-172006

[Patent Document 3] WO 2007/126002

[Patent Document 4] WO 2009/025235

[Summary of the Invention]

[Problems to be solved by the Invention]

{00107

An object of the present invention relates to a

method for producing a water-absorbent resin, and a water-
absorbent resin obtained by the method. More specifically,
an object of the present invention is to provide a method
for producing a water-absorbent resin by a reversed-phase
sugpension polymerization method, wherein an odor
originating from a raw materiasl component, in particular, a
petroleum hydrocarbon dispersion medium, is further reduced
as compared with a water-absorbent resin obtained by a
conventional method, and to a water-absorbent resin
obtained by the method.

[Means for Solving the Problems]

{00111

The present inventors intensively studied about a

relation betwsen an odor originating from a petroleum
hydrocarbon dispersion medium when the water-absorbent
resin absorbs water, and a petroleum hydrocarbon dispersion
medium used in production of the water-absorbent resin ,
and the like and, as a result, found out to be able to

obtain a water-absorbent 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 obtained by a
conventional method, by existing of a hydrophilic polymeric
digpersion agent in an aqueous solution of the monomer,
upon primarily dispersing the above-mentioned aqueous
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
hydrocarbon dispersion medium 1in reversed-phase suspension
polymerization.
(00121

That 1s, the present invention relates to a method
for producing a water-absorbent resin shown below, and a

water-absorbent resin obtained by the method.

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

unsaturated monomer in a petroleum hydrocarbon dispersion
medium, comprising the following steps of:

(A) performing a primary dispersion in the absence of
surfactants by adding an agqueous solution of a water-
soluble ethylenically unsaturated monomer containing a
hydrophilic polymeric dispersion agent to a petroleum
hydrocarbon dispersion medium in which a hydrophobic

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

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

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

Item 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 acccrding to any cne of 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-modified ethylene-propylene
copolymer, maleic anhydride-propylene copolymer, maleic
anhydride~ethylene-propylene copolymer, polyethylene,
polypropylene, ethylene-propylene copolymer, oxidized
polyethylene, oxidized polypropylene, and an oxidized
ethylene-propylene copolymer.

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

one kind selected from the group consisting of acrylic acid
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and its salt, methacrylic acid and its salt, and acrylamide.

Item 5. The method accoraing to any one of Items 1 to
4, wherein the petroleum hydrocarbon dispersion medium 1is
at least one kind selected from the group consisting of an
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 dispersion agent is at
least one kind selected from the group consisting of
polyvinyl alcohol and polyvinyl pyrrolidone.

Item 7. A water-absorbent resin obtained by the

method according to any one of Items 1 to 6.

th

[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 hydrocarbon dispersion medium, is reduced, and a
water-absorbent resin obtained by the method are provided.
[Modes for Carrying Out the Invention]

[0014]

An origin of odor, when a water-abosorbent resin
obtained by a reversed-phase suspension polymerization
absorbs water, i1s 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 is caused by generating so-called capsule-like
water-absorbent resin particles which include the
dispersion medium based on generating a 1liguid droplet
having a shape in which the disppersion medium which is an
oll phase is entrapped in a liquid droplet of the aqueous
monomer solution, namely, an O/W/0 (oil/water/oil) type
droplet, and then stabilizing and polymerizing this O/W/O
type droplet itself, upon dispersing the adqueous monomer
solution in the dispersion medium by means of stirring and
the like.

The method for producing a water-absorbent resin of
the present invention 1is characterized in that a
hydrophilic polymeric dispersion agent exists in an
aqueous solution of a water-soluble ethylenically
unsaturated monomer when the above-mentioned agqueous
solution of monomer containing a water-soluble radical
polymerization initiator i1s 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 0O/W/O
(0il/water/o0il) type droplet i1s suppressed as compared with
the conventional method, and polymerization is performed by
using the water-soluble 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
{0il 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 oil phase. Namely, it
is constituted of an innermost o1l phase, an intermediate
water phase and an outermost oil phase. In the present
invention, the O/W/0 type droplet exhibits a state in which
droplets of the aqueous solution of the monomer (water
phase) contain smaller droplets of dispersion medium (oil
phase) .
[0015]

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

step (A): performing a primary dispersion in the
absence of surfactants by adding an aqueous solution of a
water-soluble ethylenically unsaturated monomer containing
a hydrophilic polymeric dispersion agent to a petroleum
hydrocarbon dispersion medium in which a hydrophobic
polymeric dispersion agent was heat-dispersed or heat-
dissolved, under stirring;

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

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

A water—-absorbent resin which contains a reduced



10

20

25

11

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 hydrocarbon dispersion medium” (Amount of
remaining dispersion medium) 1s a value measured by a
measuring method described hereinafter.

(0616}

The present invention comprises dispersing an agqueous
solution of a water-soluble ethylenically unsaturated
monomer in two steps of: a “primary dispersion” in which
the aqueous solution of a water-soluble ethylenically
unsaturated monomer (hereinafter, “agueous monomer
solution” means the “agueous solution of the water-soluble
ethylenically unsaturated  monomer” unless otherwise
expressly indicated) containing a hydrophilic polymeric
dispersion agent 1s mixed and dispersed in a petroleum
hydrocarbon dispersion medium (hereinafter, “dispersion
medium” means the “petroleum hydrocarbon dispersion medium”
unless otherwise expressly indicated) in the absence of
surfactants and in the presence of a hydrophobic polymeric
dispersion agent in the step (A), and a “secondary
dispersion” in which a surfactant 1is added to intend a
dispersion stabilization with the surfactant in the step
(By, and thereby performs a reversed-phase suspension

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

[0017]

Examples of the water—-soluble ethylenically
unsaturated monomer used in the step (A) include monomers
having an acid group, such as (meth)acrylic acid
[“({meth)acrylic” means “acrylic” and “methacrylic”, the
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)acrylate and N-methylol (meth)acrylamide;

and amino group-containing unsaturated monomers such as
diethylaminoethyl (meth)acrylate and diethylaminopropyl
{meth)acrylate, and gquaternized moncomers 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, (meth)acrylic acid and a salt thereof, and
(meth)acrylamide are preferable from a viewpolnt of
industrial availability.

When the water-soluble ethylenically unsatu;afed

monomer has an acid 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 1is neutralized to a salt include
compounds of lithium, 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 monomer. Wnen the neutralization degree 1is
less than 30 mol%, the acid group is not easily ionized and
water—-absorption capacity detericrates, and therefore it is
not preferred. When the neutralization degree is more than
90 mol%, safety issues may arise when used as hygienic
materials, and therefore it 1s not preferred. For the
timing of neutralization, although 1t is common to be
performed in a monomeric state from a viewpoint of a degree
of homogeneity, neutralization by adding the above-
mentioned alkaline compound to a polymer after a monomer
polymerization, so called post-neutralization, may be alsc
used together.

[0019]

In the present invention, a water-soluble

ethylenically unsaturated ﬁonomeX‘ is used as an agueous

solution. The concentration of the monomer in the aqueous
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solution of a water-soluble ethylenically unsaturated
monomer 1is preferably from 20% by mass to saturation
concentration. If necessary, the aqueous solution of a
water-soluble ethylenically unsaturated monomer may contain
a chain transfer agent and the like.

[0020]

Examples of the <chain transfer agent 1include
compognds such as thiols, thiolic acids, secondary alcohols,
hypophosphorous acid and phosphorous acid. These chain
transfer agents may be used alone, or two or more kinds of
them may be used in combination.

[0021]

Examples of the petroleum hydrocarbon dispersion
medium include aliphatic hydrocarbon having a carbon number
of 6 to 8, such as n-hexane, n-heptane, Z2-methylhexane, 3-
methylhexane, 2,3-dimethylpentane, 3-ethylpentane and n-
octane; alicyclic hydrocarbons having a carbon number of 6
teo 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 these hydrocarbon
dispersion media, aliphatic hydrocarbons having a carbon
number of 6 to 8, such as n-heptane, 2-methylhexane, 3-
methylhexane and n-octane; and alicyclic hydrocarbons

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

Further, among these hydrocarbon dispersion media, n-
heptane and cyclohexane are preferably used from a
viewpoint that a state of W/O type reversed suspension is
good, sultable particle size is easily obtained, and that
an industrial availability 1s easy and a quality is stable.
As an example of a mixture of the above-mentioned
hydrocarbon, a commercially available Exxsol Heptane
(manufactured by Exxon Mobil Co.: containing heptane and
igsomeric hydrocarbons of 75 to 85 %) and the like may be
also used to obtain a suitable result.

[0022]

The amount of the petroleum hydrocarbon dispersion
medium to 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 aqueous solution of a water-soluble
ethylenically unsaturated monomer from a viewpoint of
uniformly dispersing of the aqueous solution of a water-
soluble ethylenically unsaturated monomer and facilitating
control of the polymerization temperature.

[0023]
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In the step (A), when the aqueous solution of a
water-soluble ethylenically unsaturated monomer is added
and primarily dispersed in the petroleum hydrocarbon
dispersion medium in the absence of surfactants, the amount
of the remaining petroleum hydrocarbon dispersion medium
can be reduced to ailower 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 those which are dissclved or
dispersed in the petroleum hydrocarbon dispersionAmedium to
be used, and examples o¢f 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
therecf include maleic anhydride-modified polyethylene,
maleic anhydride-modified polypropylene, a maleic
anhydride-modified ethylene-propylene copolymer, a maleic
anhydride~ethylene copolymer, a maleic anhydride-propylene
copolymer, 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 maleic
anhydride-modified ethylene-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
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 0.01 to 3 parts by mass, and still
more preferably from 0.05 to 2 parts by mass, based on 100
parts by mass of the agueous solution of a water-soluble
ethylenically unsaturated monomer. When the amount of the
hydrophobic polymeric dispersion agent to be added is more
than 5 parts by mass, it is not economic, being not
preferable. |

[0026]

It is important that a hydrophobic polymeric
dispersion agent 1s added fto 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 1is dissolved or



10

[
n

20

18

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

[C027]

When the aqueous solution of a water-soluble
ethylenically unsaturated monomer is added to and dispersed
in the petroleum hydrocarbon dispersion medium, the agqueous
solution of the water-soluble ethylenically unsaturated
monomer is dispersed by stirring. However, stirring
conditions vary depending on a desired dispersed droplet
diameter and, therefore cannot be determined
unconditionally.

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

(00283

It 1is 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 Shinke Pantech Co.,
Ltd.), a MAXBLEND impeller (manufactured by Sumitomo Heavy
Industries, Ltd.) and Super-Mix (manufactured by Satake

Chemical Equipment Mfg., Ltd.).
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[0029]

The present invention is characterized by not only
the presence of a hydrophobic polymeric dispersion agent in
a dispersion medium, but alsc the presence of a hydrophilic
polymeric dispersion agent in an agueous monomer solution
upon the primary dispersion. It is preferred that the
hydrophilic polymeric dispersion agent 1s used in a state
where it 1s previously added, dissolve to mix with an
agueous solution of the water-soluble ethylenically
unsaturated monomer. Generation of O/W/O type particles
can be suppressed at a lower level by primarily dispersing
the aqueous monomer solution containing a hydrophilic
pelymeric dispersion agent into a petroleum hydrocarbon
dispersion medium in the presence of the above-mentioned
hydrophobic polymeric dispersion agent and in the absence
of surfactants.

(0030}

As a hydrophilic polymeric dispersion agent,
poliyvinyl pyrrolidone (Abbreviated name “PVP”}, polyvinyl
alcohol (Abbreviated name “PVA"Y, polyglycerol,
polyacrylate and the like can be used. These hydrophilic
polymeric dispersion agents may be used alone, or two or
more of them may be used in combination. Especially,
polyvinyl pyrrolidone and polyvinyl alcohol are preferred
since they can be easily handled from a viewpoint of

solubility in water and the like, and they easily exert
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their effect.
[0031]

An amount of the hydrophilic polymeric dispersion
agent can not determined unconditionally, because 1its
preferred amount varies depending on a kind and molecular
weight of the hydrophilic polymeric dispersion agent to be
used. However, it i1s 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 amount 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 acquired.
When the amount of the hydrophilic polymeric dispersion
agent to be used is more than 7.0 parts by mass, 1t 1is not
preferred since the viscosity o©of an agueous monomer
solution increases, stirring rate 1is needed to be greatly
increased in order to obtain a targeted droplet diameter,
and thereby O/W/0 type droplets are easily generated.

[0032]

Although molecular weight and the 1like of the
hydrophilic polymeric dispersion agent are not limited in
particular, they are within a range where the hydrophilic
polymeric dispersion agent can be added to dissolve in an
agueous monomer solution. For example, for the polyvinyl

pyrrolidone, the grade of K-15 to K-120 can be used, but K-
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300 to K-90 are weasily 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 % 1is
preferred from a viewpoint of reducing the remaining
dispersion medium. Further, examples suitably used as
polyvinyl alcohol include 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..

[0033]

Although hydrophilic polymeric dispersion agents,
such as polyvinyl pyrrolidone and polyvinyl alcohol, 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
gluccmannan, and the like do not have the reduction effect
even by addition to a monomer aqueous solution, the amount
of the remaining dispersion medium tends to increase.
Thereby, it has been found that the generation of O/W/0
type droplets is not suppressed only by simply increasing

the viscosity of an aqueous monomer solution.
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[0034]

Moreover, Although a mechanism for reduction in the
amount of the remaining dispersion medium by using a
hydrophilic polymeric dispersion agent, is not clear, it is
speculated that with the technology of a statement, it is
considered that for Patent Documents 3 and 4, when the
agqueous monomer solution is dispersed in a dispersion
medium in the absence of surfactants and in the presence of
a hydrophobic polymeric dispersion agent, the hydrophobic
polymeric dispersion agent protects the surface of an
agueous monomer solution droplet in a dispersion-medium
phase, and thereby the aqueocus solution droplet 1is
stabilized to inhibit that the dispersion agent is included
in the interior of the aqgueous solution droplet by
collisions of droplets. In contrast, it 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
agueous solution droplet from the interior (water phase
side) of the monomer agqueous solution droplet, and that the
agueous solution droplet is stabilized more than in the
technologies of Patent documents 3 and 4, and thereby
prevents not only inclusion but also dissoluticn 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 1is 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 liguid
obtained in the step (A) and the aqueous solution of a
water-soluble ethylenically unsaturated monomex is
secondarily  dispersed in  the petroleum  hydrocarbon
dispersion medium (step (B)).

[0036]

Examples of the surfactant used 1in the step (B)
include nonionic surfactants such as sorbitan fatty acid
ester, polyoxyethylene sorbitan fatty acid ester,
polyglyceryl fatty acid ester, polyoxyethylene glyceryl
fatty acid ester, sucrose fatty acid ester, sorbitol fatty
acid ester, polyoxyethylene sorbitol fatty acid ester,
polyoxyethylene alkyl ether, polyoxyethylene alkyl phenyl
ether, polyoxyethylene castor oil, polyoxyethylene
hydrogenated castor oil, alkyl allyl formaldehyde condensed
polyoxyethylene ether, polyoxyethylene polyoxypropyl alkyl
ether, polyethylene glycol fatty acid ester, alkyl
glucoside, N-alkyl gluconamide, polycxyethylene fatty acid
amide and polyoxyethylene 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 ether phosphoric acid
and a salt thereof, and polyoxyethylene alkyl ether
phosphoric acid and a salt thereof. These surfactants may
be used alone, or two or more kinds of them may be used in
combination.

[0037]

Among these surfactants, at least one kind selected
from the group consisting of polyglyceryl fatty acid ester,
sucrose fatty acid ester and sorbitan fatty acid ester are
preferred from a viewpoint of dispersion stability of the
aqueous solution of a water-soluble ethylenically
unsaturated monomer.

[0038]

The amount of the surfactant to be added in the step
(B) is preferably from 0.0l to 5 parts by mass, and more
preferably from 0.05 to 3 parts by mass, based on 100 parts
by mass of the agueous solution o¢of a water-soluble
ethylenically unsaturated monomer. When the amount of the
surfactant to be added is less than 0.01 part by mass,
dispersion stability of the aqueocus monomer solution
deteriorates, and therefore it is not preferred. When the
amount of the surfactant to be added is more than 5 parts
by mass, it 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
dispersion medium is preferred because the surfactant 1is
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 i1s 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), 1t can be suppressed
that a dispersion medium is included by an agueous monomer
solution droplet, and accordingly the amount of the
remaining dispersion medium of water-absorbent resin can be
more reduced.

[0039]

The dispersion liguid obtained in the step (B) 1is
subjected to a radical polymerization to obtain water-
absorbent resin particles in a hydrous gel state, in which
the water-absorbent resin 1s dispersed in the petroleum
hydrocarbon dispersion medium (step (C)).

[0040]

Examples of the water-soluble radical polymerization

initiator include persulfates such as potassium persulfate,

ammonium persulfate and sodium persulfate; peroxides such
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as hydrogen peroxide; and azo compounds such as 2,27-
azobis (2-amidinopropane) dihydrochloride, 2,2’ -azobis[N-(2-
carboxyethyl)=-2-methylpropiondiamine] tetrahydrate, 2,2’-
azobis(l-imino-l-pyrrolidino-2-methylpropane)
dihydrochloride and 2,2"-azobis[2~-methyl-N= (2=
hydroxyethyl) -propionamide].

[0041]

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

The water-soluble radical polymerization initiator
may be used in combination 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 is more than 1 part by mass,
a rapid polymerization zreaction arises. Therefore, both
cases are not preferred.

Timing of the addition of the water-soluble radical
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polymerization initiator is not limited in particular, but
it is preferred to previously add the water-soluble radical
polymerization initiator to the aqueous solution of the
water-soluble ethylenically wunsaturated monomer from a
viewpoint of homogeneity.

[0043]

Moreover, upon polymerization, an internal-
crosslinking agent may be added to an aqueocus solution of
the monomer. Examples c¢f the internal-crosslinking agent
include polyols such as (poly)ethylene glycol [M(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 polycls with an
unsaturated acid such as acrylic acid or methacrylic acid;
bisacrylamides such as N,N’-methylenebisacrylamide; and
polyglycidyl compounds having two or more glycidyl groups,
such as {(poly)ethylene glycol diglycidyl ether,

(polyjethylene glycol triglycidyl ether, (poly)glycerol

diglycidyl ether, (poly)glycerol triglycidyl ether,
(poly)propylene glycol polyglycidyl ether and
(poly)glycerol polyglycidyl  ether. These  internal-

crosslinking agents may be 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 1s preferably 3 parts by mass or less, more
preferably 1 part by mass or less, and still more
preferably from 0.001 to 0.1 part by mass, based on 100
rarts by mass of the water-socluble ethylenically
unsaturated monomer. When the amount i1s more than 3 parts
by mass, excess crosslinking arises and water-absorption
capability excessively deteriorates, and therefore it is
not preferred.

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

[0045]

The reaction temperature during reversed-phase
suspension polymerization in the present invention varies
depending on the kind and amount of the polymerization
initiator to be used, and therefore cannot be determined
unconditionally. However, it is preferably £from 20 to
100°C, and more preferably from 40 to 90°C. When the
reaction temperature is lower than 20°C, the degree of
polymerization may decrease, and when the reaction
temperature is higher than 100°C, a rapid polymerization
reaction arises. Therefore, both cases are not preferred.
[0046]

In the above-mentioned reversed-phase suspension
polymerizaticn, particles in a hydrous gel state which may

become a water-absorbent resin with a small amount of
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remaining dispersion medium are obtained. 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 agqueocus monomer
solution may be added to a slurry with the dispersion
medium containing the hydrous gel obtained from the
pelymerization to perform multi-stage polymerization such
as two-stage polymerization or three-stage polymerization.
[0047]

If the multi-stage polymerization is performed, the
particle size after the first stage of polymerization
obtained by polymerization of a water-soluble ethylenically
unsaturated monomer is preferably the median particle size
of 20-200 um, more preferably 30-150 pm, and still more
preferably 40-100 um, from a viewpoint of obtaining a
proper ~aggregated particle size in the multi-stage
polymerization. Beéides, the median particle size of
polymer particles after the first-stage polymerization is a
value for particles obtained by dehydration and drying
after completion of the first stage polymerization
according to the measurement method described hereinafter.
[0048]

When the second stage polymerization 1is performed,
the aqueous 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 subsequently, reversed-
phase suspension polymerization can be performed.
Procedures are started from precipitations at least a part
of the above-mentioned surfactant after completion of the
first stage polymerization.

[0049]

Surfactants lose their essential capability to
stabilize an agueous phase droplet in an oil phase (or
adversely, a capability to stabilize an oil phase droplet
in an aqueous phase) when they deposite. Examples of a
precipitating method include, but not limited to, a method
of decreasing a temperature of slurry after polymerization
by cooling. By precipitating at least a part of
surfactants before adding the aqueocus solution of a water-
soluble ethylenically unsaturated monomer in the second
stage polymerization, the droplet of the added agueous
monomer solution is not stabilized in a dispersion medium,
and is 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 O/W/0O type droplets upon
adding the aqueous monomer solution of the second stage
polymerization 1s suppressed to prevent increase in 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 the first
stage polymerization, because amount of water absorbent
resin substantially increases through the second stage
polymerization which hardly i1increase in an amount of
remaining dispersion medium. Besides, the hydrophobic
polymeric dispersion agent dissolving together with the
surfactants may precipitate in the dispersion medium upon
adding the agqueous monomer solution in the second stage
because the dispersion agent becomes impossible to be
dissolved in a dispersion medium by cooling.

[0050]

After precipitating the surfactant, the aqgueous
solution of the water-soluble ethylenically unsaturated
monomer of the second stage polymerization, which contains
a water-soluble radical ©polymerization initiator, is
stirred to mix to be absorbed and aggregated in the polymer
gel in the first stage.

It 1s possible to use, as water-soluble ethylenically
unsaturated monomer for the second~stage polymerization,
the same as those 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 aqueous monomer solution may be the same as or

different from those of the water-soluble ethylenically
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unsaturated monomer in the first stage polymerization.

The polymerization initiator to be added to an
agueous 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 <ransfer agent may also be added to the agueous
solution of a water-soluble ethylenically unsaturated
monomer in the second stage polymerization, and any one may
be selected from those exemplified for the first stage
polym iization to use.

The amount of the water-soluble ethylenically
unsaturated monomer to Dbe added 1in the second stage
polymerization 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 viewpoints of obtaining
appropriate aggregated particles and reducing the amount of
the remaining dispersion medium. When the amount o©f the
water—-soluble ethylenically unsaturated monomer to be added
is less than 1.0-fold, the reduction effect by the amount
of the remaining dispersion medium 1is low, being not
preferable because the amount to be obtained decreases.

When the amount of the water-soluble ethylenically
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unsaturated monomer to be added is more than 2.0-fold,
aggregated particles having a proper median particle size
are not obtained, being not preferable because particles
polymerized in the first stage polymerization cannot absorb
fully the agueous monomer solution 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 suspension polymerization. The medlan particle size
of aggregated particles may be controlled depending on a
deposition state of the surfactants and a ratio of the
amount of the ethylenically unsaturated monomer in the
second stage polymerization to the ethylenically
unsaturated monomer in the first stage polymerization.

Additionally, the median particle size o©f the
aggregated particles suitable for use in hygienic materials
is preferably from 200 to 600 um, more preferably from 250
to 500 pm, and still more preferably from 300 to 450 um.
[0052]

After adding the agueous monomer solution Zfor a
second stage polymerization, polymerization 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 polymerization initiator. However, it is

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

g0°c.
[0054]

Furthermore, for the purpose of improving
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.

[0055]

In reversed-phase suspension polymerization using the
hydrophilic polymeric dispersion agent shown in the present
application, a dispersion medium can be added upon
performing a dehydration process by refluxing a dispersion
medium in azeotropic distillation after completion of the
polymerization, in order to prevent aggregation of
particles. Especially, when polyvinyl alcohol and
polyglycerol are used as the Thydrophilic polymeric
dispersion agent, it is preferred that the a dispersion
medium is added such that W/O ratio calculated by dividing
the total amount (total of the agueocus 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 amount of a

petroleum hydrocarbon dispersion medium, is 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 80°C
by means of azeotropy dehydration in W/O ratio of not less
than 1.7, a phenomenon that aggregated particles are
further aggregated and precipitated 1is observed, and the
median particle size of the resultant water-absorbent resin
may be not less than 1000 um. Although the detailed
mechanism 1is unknown, it 1s presumed that aggregation of
particles 1is promoted due to adherence of a hydrophilic
polymeric dispersion agent such as polyvinyl alcohol and
polyglycerol existing on the particle surfaces when there
is mnot the sufficient amount of the dispersion medium
relative to the hydrous gel particles obtained by the
polymerization.

The tiﬁing for adding the dispersion medium is not
particularly limited, it may be added in any time before
the dehydration process. However, in the case of coocling
for the purpose of deactivation of surfactants after
completion of the first stage polymerization, and the like,
it 4is preferred that the dispersion medium at a low
temperature after completion of the first stage
polymerization as well as considering a cooling effect.
[0056] |

After completion of these multi-stages of reversed-
phase suspens;on polymerization, it is preferred to add a

post-crosslinking agent containing two or more functional
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from a water-soluble ethylenically unsaturated monomer.
The crosslinking density of the surface layer of water-
absorbent resin particles and various properties such as
water-absorption capacity under locad, water-absorption rate
and gel strength «can be enhanced by adding post-
crosslinking agent after the polymerization for reaction,
and to dimpart properties suitable for wuse in hygienic
materials.

[0057]

A post-crosslinking agent to be used in the post-
crosslinking reaction is 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 polyols such as ethylene glycol, propylene glycol,
1,4-butanediol, trimethylolpropane, glycerol,
polyoxyethylene glycol, polyoxypropylene glycol and
polyglycerol; polyglycidyl compounds such as (poly)ethylene
glycol diglycidyl ether, (poly)ethylene glycol triglycidyl
ether, (poly)glycerol diglycidyl ether, {poly)glycerol
triglycidyl ether, (poly)propylene glycol polyglycidyl
ether and (poly)glycerol polyglycidyl ether; haloepoxy‘
compounds such as epichlorchydrin, epibromohydrin and o-

methylepichlorohydrin; compound having two or more reactive
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functional groups, for example, isocyanate compounds such
as 2,4-tolylene diisocyanate and hexamethylene
diisocyanate; oxetane compounds such as 3-methyl-3-oxetane
methanol, 3-ethyl~3~oxetane methanol, 3-butyl-3-oxetane
methanol, 3-methyl-3-oxetane ethanol, 3-ethyl-3-oxetane
ethanol 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 alone, or two or more kinds of them may be used
in combination.

[0058]

Among them, polyglycidyl compounds such as
(poly)ethylene glycol diglycidyl ether, (poly)ethylene
glycol triglycidyl ether, (poly)glycerocl diglycidyl ether,
(poly)glycerol triglycidyl ether, (poly)propylene glycol
polyglycidyl ether and (poly)glycerol polyglycidyl ether
are preferred from a viewpoint of excellent reactivity.
[0059]

The amount of the post-crosslinking agent to be added

is preferably from 0.01 to 5 parts by mass, and more

preferably from 0.02 to 3 parts by mass, based on 100 parts

by mass of the total amount of the water-soluble
ethylenically unsaturated monomer  subjected to  the
polymerization. When the amount of the post-crosslinking
agent to be added is less 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 the resultant water-absorbent resin, and
when the amount to be added is more than 5 parts by mass,
water-absorption capacity excessively deteriorates.
Therefore both cases are not preferred.

[0060]

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

[0061]

The timing of the addition of the post-crosslinking
agent may be after completion of the polymerization and is
not particularly limited. The post-crosslinking reaction
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
preferably from 5 to 100 parts by mass, and still more
preferably from 10 to 50 parts by mass, based on 100 parts
by mass of the water-absorbent resin. By adijusting the
amount of water during the addition of the post-
crosslinking agent, post-crosslinking in the surface layer
of particles of the water-absorbent resin can Dbe more
suitably performed and excellent water-absorption
capability can be exhibited.

[0062]

The temperature in the post-crosslinking reaction 1is
preferably from 50 to 250°C, more preferably from 60 to
180°C, stiil more preferably from 60 to 140°C, and even
more preferably from 70 to 120°C.

[0063]

In the present invention, a drying step may be
performed under a normal pressure or reduced pressure, Or
may be performed under a gas flow such as nitrogen gas flow
in order to enhance drying efficacy. When the drying step
is performed under a normal pressure, the drying
temperature is preferably from 70 to 250°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 60 to 100°C, and more

preferably from 70 to 90°C.
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[0064]

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

[Examples]
[0065]

The median particle size, the water content, and the
amount of the remaining dispersion medium (amount of
petroleum hydrocarbon dispersion medium remaining in water-
absorbent resin particles}) of water-absorbent <resins
obtained - in the respective Examples and Comparative
Examples were evaluated by the following methods.

Besides for the amount 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.

[0066]
(1) Median particle size
A water-absorbent resin(50g) was passed through a JIS

standard sieve having a sieve opening size of 250 um. The
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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 (B} when
less than 50% by mass of the resin remaining on the sieve.

(o) JIS standard sieves were combined in a downward
order of; a sieve having a sieve opening size of 850 um, a
sieve having a sieve opening size of 600 um, a sieve having
a sieve opening size of 500 um, a sieve having a sieve
opening size of 425 um, a sieve having a sieve opening size
of 300 upm, a sieve having a sieve opening size of 250 um, a
sleve having a sieve opening size of 150 um and a tray.

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

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 classification, the mass of the
water-absorbent resin remaining on the respective sieves
was calculated in terms of mass% based on the total mass of
resin, the values were integrated in an order from the

resins with a larger particle size, and thereby the
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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.
[0667]
(2) Water content
Bbout 2.5 g of the water-absorbent resin was
accurately weighed (X g) into an aluminum cup, and after
drying at 105°C with a 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 before and after drying.
Water content (%) = (X - ¥Y)/X x 100
[0068]
(3) Amount of remaining dispersion medium
In order to more fully extract the amount 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 of the amount of the remaining dispersion
medium at a lower level may be enabled, it is improved as

follows such that swelling magnification 1is raised, and
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phosphoric acid is added to easily dissolve a swelling gel.
[0069]
(a) Formation of calibration curve

Approximate 10 g of the petroleum hydrocarbon
dispersion medium (hereinafter referred to as a “dispersion
medium”) used to polymerize a sample for measuring a
remaining dispersion medium, is placed into a screw vial or
the like to cool the vial with an ice-water bath.
Similarly, 60 g of DMF (dimethylformamide} and 60 g of 25 %
by mass of an aqueous phosphoric acid solution 1s also
cooled with an ice-~water bath. (Charging i1s performed after
sufficiently cooling because of transpiration inhibition
for the dispersion medium during charging.)

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

In a 20 ml volumetric vial  |Dbottle (No. 5,
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manufactured by Maruemu Corporation), 0.02, 0.05, 0.1 or
0.5 g of the above Standard sample solution 2 and 0.02 g of
the above Standard sample solution 1 were accurately
weighed and the cooled DMF was added thereto to make the
amount of contents in each vial bottle 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 aqueous 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 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. Moreover, attention has been paid also to
fully cool DMF and 25% by mass of an agqueous phosphoric
acid solution such that the dispersion medium did not
transpire due to generation of heat at the time of mixing
the both 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 vapor phase portion was collected such that the
vapor phase portion was not cooled, and then it was
injected into a gas chromatograph to obtain a chromatogram.

(Use of head space autosampler)
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The amount to be charged of the dispersion medium in
each vial bottle was calculated to prepare a calibration
curve based on the amount to be charged and a peak area of
the chromatogram, {When a mixture of petroleum
hydrocarbons was used as the dispersion medium, plural
peaks appeared and therefore a calibration curve was
prepared based on a total wvalue of the areas and the amount
to be 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 a hot air dryer at
105°C for 2 hours to adjust the water content.

Reguired amounts of DMF (dimethylformamide) and 25 %
by mass of an agqueous phosphoric acid solution used for the
measurement, were also charged into a screw bottle, and
cooled with an ice-water bath.

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

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

cooled aqueous phosphoric acid solution. The wvial Dbottle
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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-absorbent resin in the wvial bottle was swelled, the
vial bottle was vigorously shaken to agitate the inside
strongly. This vial 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 cooled, and then 1t was
injected into a gas chromatograph to obtain a chromatogram.
(Use of head space autosampler)

The amount of the dispersion medium contained in the
amount (0.10 g of observed values) of the charged sample
was calculated from the cealibration curve made based on 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 + HSSZ2B (HEADSPACE Autosampler)
manufactured by Shimadzu Corporation

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

80-100 mesh

Column: 3.2 mm in diameter x 2 m

Column 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
[0074]

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 amount of the remaining
dispersion medium for the same sample, the above-mentioned

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

[0076]

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

The following experiment was conducted for the
purpose of investigating the amount of dispersion medium
dissolved in an agueous monomer solution in the absence of
surfactants and the like.

[Reference Experimental Example]

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

1) Into a 500 mL Erlenmeyer flask, 46.0 g of 80% by
mass of acrylic acid was charged and neutralized by adding
dropwise 51.1 g of 30 % by mass sodium hydroxide under
stirring while cooling the flask from the outside. To this
were added 21.2 g of ion exchange water to prepare an

aqueous gsolution of a water-soluble ethylenically
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unsaturated monomer. {the aqueous monomer solution having a
neutralization degree of 75 mol% and a concentration of 38%
by mass)

2y In 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 impeilers, a
thermometer and a condenser, 171 g o¢f n-heptane was
weighted.

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 40+1°C.

4) The acrylic acid neutralization aqueous 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 40x1°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 bath
temperature.

6) Only lower layer neutralization liquid layer was
gently withdrawn such that two-layer separation 1is 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 amount of the monomer)of the neutralized
ligquid withdrawn in 20 mL volumetric vial bottle was
accurately weighted to add cooled DMF and phosphoric acid
solution.

8) After sealing with a vial c¢ap 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 ligquid was measured.

(00771

As experimental results, the same conditions as in
the first stage polymerization described in the present
applicaticn, namely, the amount of n-heptane (dispersion
mediuvm) dissoclved 1n the acrylic acid neutralization
agqueous solution (agueous monomer solution) at 40°C, was 80
ppm on the monomer mass basis.

Therefore, this amount (80 ppm) of the dispersion
medium was considered to be the minimum amount of the
remaining dispersion medium which can be reduced by the
conventional method (in Patent Document 4 and the like).
(00781

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

[0079]

[Reference Example 1]
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The example 8 of W02009/025235 (Patent document 4)
was performed as Reference Example 1. In addition, the
example 1s an example with the lowest amount of the
remaining dispersion medium in Patent Document 4.

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

thylene glycol diglycidyl ether and 43.6 g of ion-exchange
water to prepare an aqueous solution of a water-soluble
ethylenically unsaturated monomer (hereinafter referred to
as “agueous monomer solution”).

In a 2 L volumetric five-necked cylindrical round-
bottom se?érable flask (hereinafter referred to as a
“round-bottom flask”) equipped with a stirrer having a two-
stage pitched blade paddle impellers of 50 mm in diameter,
a thermometer, a reflux condenser and a nitrogen gas
introducing tube, 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: HIWAX 4052E) and 0.46 g of a maleic anhydride-
modified ethylene-propylene copolymer (manufactured by
Mitsui Chemicals, Inc., trade name: HIWAX 11054) as a

hydrophobic polymeric dispersion agent, and then this was
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warmed up to 83 to 86°C with a water bath at 90°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 aqueous monomer solution was charged once into
the above heptane while stirring them at 300 rpm by using a
funnel made of 8US, having an inside diameter of 8 mm at
ocpening at the tip. After adding the agueous monomer
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

F—

g of a sucrose fatty acid ester (manufactured by
Mitsubishi-Kagaku Foods Corporation, trade name: S-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
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]



15

20

25

53

Separately, to a 500 mL Erlenmeyer flask, 128.8 g of
80 mass% acrylic acid was added and neutralized by adding
dropwise 142.9 g of 30 mass% sodium hydroxide under
stirring while cooling the flask from the outside. To this
were added 0.15 g of potassium persulfate, 11.6 mg of
ethylene glycol diglycidyl ether and 16.7 g of distilled
water to prepare an aqueous monomer solution in the second
stage polymerization. Next, the agqueous monomer solution
for the above-mentioned second stage was added to the
above-mentioned cooled polymerization slurry through the
dropping funnei, and stirred to mix for some time, and
absorbed into a polymerization gel in the first stage to
aggregate hydrous gel particles. Then, the atmosphere in
the system was well substituted with 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 polymerization reaction in the second stage,
the reaction suspension was heated using an oil bath at
120°C and 260 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, 8.2
g of a 2% agueous solution of ethylene glycol diglycidyl

ether as a post-crosslinking agent was added and the post-
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crosslinking reaction was performed at 83°C for 2 hours.
Then, heating is performed using an oil bath at 120°C,
heptane and water werxe removed oIff 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
polymerization of the examples 8 of W02009/025235 (Patent
Document 4), dehydration, post-cresslinking, and dryving
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 reaction 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 obtain a dehydrated
polymer dispersed in heptane. To the resultant heptane
dispersed dehydrated polymer, 3.4 g of a 2% aqgueous
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.
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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, followed by drying under'a nitrogen gas flow
to obtain 89 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 nm.
This water-absorbent resin had a median particle size of 61
um, and a water content of 3.1%.

[0082]
[Example 1]

0.7% by mass of polyvinyl alcohol (hereinafter
abbreviated to “PVA”) as a hydrophilic polymeric dispersion
agent based on a mass of a monomer was added to perform a
polymerization 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, dissolved in distiiled water, and
allowed to stand tc prepare 100g of 5 % by mass agueous
solution of PVA prior to the preparation of an aqueous
monomer 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 0.073 g of potassium persulfate, 10.1 mg of
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ethylene glycol diglycidyl ether, 12.6 g of the above-

mentioned 5 mass% PVA aqueous solution and 10 g of ion

exchange water to prepare an aqueous monomer solution.
[0083]

In a 2 L volumetric five-necked cylindrical round-

bottom separable flask equipped with a stirrer having a
two-stage pitched blade paddle impellers of 50 mm in
diameter, a thermometer, a reflux condenser and a nitrogen
gas introducing tube, 275 g of heptane was weighted as a
petroleum hydrocarbon dispersion medium. To the round-
bottom 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 to 80°C with a water bath at 85°C at a
stirring rate of 300 rpm to dissolve and disperse it before
alr cooling to an inner temperature of 64°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 of SUS, having an inside diameter of 8 mm at
opening at the tip.
After adding the agueous monomer solution, it was agitated
at an inner temperature of 40°C for 10 minutes and
primarily dispersed. (step (A))

Next, a solution separately prepared by warming 0.74

g of a sucrose fatty acid ester (manufactured by
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Mitsubishi-Kagaku Foods Corporation, trade name: 3-370) 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
500 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
warming for 1 hour with a hot watexr bath at 70°C. (step (C))
[0084]

After the polymerization 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% agueous
solution of ethylene glycol diglycidyl ether as a post-
crosslinking agent was added and the post-crosslinking
reaction was performed at 83°C for 2 hours.

Then, heating is performed 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 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 pum.
This water-absorbent resin had a median particle size of 69
um, and a water content of 2.5%.
[00851

[Example 2]

1.0 % Dby mass of Gosenol GH-20 (manufactured by
Nippon Synthetic Chemical Industry Co., Ltd.: Degree of
polymerization of 2000 and Degree of saponification of

86.5-89.0 mol%) was used substituted for Gosenol GH-17

[
3

-

Example 1.

PVA (Gosenol GH-20) was heated, stirred, dissolved in
distilled water, and éllowed to stand to prepare 100g of
5 % Dby mass aqueous solution of PVA prior to the
preparation of an agueous monomer 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 diglycidyl ether, 18.1 g of the above-
mentioned 5 mass% PVA aqueous solution and 25.8 g of ion
exchange water to prepare an aqueous 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 resin having
a spherical shape (partially in a form of aggregated
spherical particles). This water-absorbent resin had a
median particle size of 80 um, and a water content of 3.4%.

[0086]
[Example 3]

0.7% by mass of Gosenol GH-23 (manufactured by Nippon
Synthetic  Chemical Industry Co., Ltd.: Degree of
polymerization of 2300 and Degree of saponification of
86.5-89.0 mol%) was used substituted for Gosenol GH-17 as
PVA in Example 1.

The above-mentioned PVA (Gosenol GH-23) was heated,
stirred, dissolved in distilled water, and allowed to stand
to prepare 100g of 5 % by mass aqueous solution of PVA
prior to the preparation of an agqueous monomer 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 diglycidyl ether, 12.6 g of the above-
mentioned 5 mass% PVA aqueous solution and 31.4 g of ion
exchange water to prepare an agueous solution of the water-
soluble ethylenically unsaturated monomer.

Subsequently, the same manner as in Example 1 was
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performed to obtain 87 g of a water-absorbent resin having

a spherical shape (partially in a form of aggregated

spherical particles). This water-absorbent resin had a

median particle size of 88 um, and a water content of 3.3%.
[0087]

[Example 4]

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

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 32.1 g of ion exchange water, fcllowed by 1.81 g
of PVA: Poval 403 (manufactured by Kuraray Co., Ltd.:
Degree of polymerization of 300 and Degree of
saponification of 78-83 mol%) as a hydrophilic 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 monomer solution.

[0088]

In a 2 L volumetric five-necked cylindrical round-
bottom separable flask equipped with a stirrer having a
two-atage 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
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petroleum hydrocarbon dispersion medium. To the round-
bottom flask was added 0.74 g of a maleic anhydride-
modified ethylene-propylene copolymer (manufactured by
Mitsuil Chemicals, 1Inc., 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 85°C at a
stirring rate of 300 rpm to dissolve and disperse it before
alr cooling to an inner temperature of 64°C. A dropping
injection of the above-mentioned agueous monomer solution
wag performed into the above-mentioned heptane stirring at
300 rpm by using a dropping funnel. After adding the
aqueous monomer solution, it was agitated at an inner
temperature of 40°C for 10 minutes and primarily
dispersed. (step (A))

Next, a solution separately prepared by warming 0.74
g of a sucrose fatty acid ester (manufactured by
Mitsubishi-Kagaku Foods Corporation, trade name: S-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 ¢
of water was removed off from the system by azeotropic
distillation while refluxing heptane in the flask to obtain
a dehydrated polymer dispersed in Theptane. To the
resultant heptane dispersed dehydrated polymer, 1.84 g of a
2% agueous solution of ethylene glycol diglycidyl ether as
a post-crosslinking agent was added and the post-
crosslinking reaction was performed at 83°C for 2 hours.

Then, heating is 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 90 g of a water-absorbent resin having a
spherical shape (partialily 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%.
[0090]

[Comparative Example 2]

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

Into a 500 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 outside. To this
were added 32.1 g of water, followed by 1.81 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 ion
exchange water to prepare an agueous monomer solution.

In a 2 L volumetric five-necked cylindrical round-
bottom separable flask equipped with a stirrer having a
two-stage pitched blade paddle impellers of 50 mm in
diameter, a thermometer, a reflux condenser and a nitrogen
gas introducing tube, 275 g of heptane was weighted as a
petroleum hydrocarbon dispersion medium. To the round-
bottom flask was added 0.74 g of a maleic anhydride-
modified thylene-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 to 80°C with a water bath at 85°C at a
stirring rate of 300 rpm to dissolve and disperse it before
alr cooling to an inner temperature of 61°C. The above-
mentioned agqueous 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 B8 mm at

opening at the tip. ‘After adding the agqueous monomer
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solution, it was agitated at an inner temperature of 40°C
for 10 minutes and primarily dispersed.

Next, a solution separately prepared by warming 0.74
g of a sucrose fatty acid ester (manufactured by
Mitsubishi-Kagaku Foods Corporation, trade name: S$-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
500 rpm to secondly disperse the aqueous monomer solution.

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

[0091]

After the polymerization 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 in Theptane. To the
resultant heptane dispersed dehydrated polymer, 3.4 g of a
2% aqueous solution of ethylene glycol diglycidyl ether as
a post-crosslinking agent was added and the post-
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
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distillation, followed by drying under a nitrogen gas flow
to obtain 87 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 87
um, and a water content of 2.8%.

[0092]

[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, 92.0 g
of 80% by mass of acrylic acid was charged and neutralized
by adding dropwise 102.2 g of 30 % by mass sodium hydroxide
under stirring while cooling the flask from the outside.
Tc this were added 32.3 g of water, followed by 0.091 g of
zxanthan-gum (manufactured by Sansho 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
diglycidyl ether and 10 g of ion exchange water to prepare
an agueous monomer solution.

Subsequently, in the same manner as that of
Comparative Example 2, water-~absorbent resin passed
through a sieve of 850 um to obtain 88 g of water-absorbent
resin having a spherical shape (partially in a form of

aggregated spherical particles). 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]

0.5 % by mass of guar-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 énd 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.

Subsequently, when a polymerization was performed in
the same manner as that of Comparative Exaﬁple 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 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 31.5 g of water, followed by 0.805 g of
pullulan (Hayashibara trading company: Pullulan PI-Z0) 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
moncmer solution.

Subseguently, in the same manner as that of
Comparative Example 2, water-absorbent —resin passed
through a sieve of 850 um 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 96 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 mL Erlenmeyer flask, 92.0 g of 80% by mass

of acrylic acid was charged and neutralized by adding
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dropwise 102.2 g of 30 % by mass sodium hydroxide under
stirring while cooling the flask from the outside. To this
were added 0.11 g of potassium persulfate, 8.3 mg of
ethylene glycol diglycidyl ether and 43.8 g of ion exchange
water to prepare an agueous mencmer solution. In a 2 L
volumetric five-necked round-bottom flask equipped with a
stirrer having a two-stage pitched blade paddle impellers
of 50 mm in diameter, a thermometer, a reflux condenser and
a nitrogen gas introducing tube, 334 g of heptane was
welghted as a petroleum hydrocarbon dispersion~medium.

To the round-bottom flask was added 0.92 g of a
maleic anhydride-modified ethylene-propylene copolymer
(manufactured by Mitsuil 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
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 aqueous 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
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 0.92

g of a sucrose fatty acid ester (manufactured Dby

ol
D)

Mitsubishi-Kagaku Foods Corporation, trade name: $-370)
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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-bottom f£flask
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 het water bath at 70°C.

[0096]

After the polymerization 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 in heptane. To the
resultant heptane dispersed dehydrated polymer, 3.4 g of =a
2% aqueous solution of ethylene glycol diglycidyl ether as
a post-crosslinking agent was added and the post-
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 87 g of a water-absorbent resin having a
spherical 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 pym, and a water content of 3.2%.
[0097]
[Comparative Example 7]

The stirring rate at the time of polymerization in
Comparative Example 6 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 is
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 1t in a hot water bath at 70°C.
Therefore, this experiment was canceled at that time.

(0098]
[Comparative Example 8]

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

Into a 500 mL Erlenmeyer flask, 92.0 g of 80% by mass
of acrylic acid was charged and neutralized by adding
dropwise 102.2 g of 30 % by mass sodium hydroxide under
stirring while cooling the flask from the outside. To this
were added 32.1 g of water, followed by 0.276 g of HEC
{fmanufactured by Sumitomo Seika Chemicals Co., Ltd.: AW-

15F) to dissolve it by stirring. To this were added 0.11
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g of potassium persulfate, 8.3 mg of ethylene glycol
diglycidyl ether and 11.4 g of i1on exchange water to
Prepare an agueous monomer solution.

In a 2 L volumetric five-necked round-bottom 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, 334 g
of heptane was weighted as a petroleum hydrocarbon
dispersion medium. To the round-bottom flask was added
0.92 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 to B80°C with a
water bath at 853°C at a stirring rate of 300 rpm to
dissolve and disperse it before air cooling to an inner
temperature of 61°C. The above-mentioned agueous monomer
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 monomer solution, it was agitated
at an inner temperature of 40°C for 10 minutes and
primarily dispersed.

Next, a solution separately prepared by warming 0.892
g of a sucrose fatty acid ester (manufactured Dby
Mitsubishi-Kagaku Foods Corporation, trade name: S-370) as

a surfactant to dissolve 1t 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 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. 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 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% aqueous 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 drying under a nitrogen gas flow
to obtain 88 g of &a water-absorbent resin having a

spherical shape (partially 1n a form of aggregated
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spherical particles) by passing through a sieve of 850 um.
This water-absorbent resin had a median particle size of
195 um, and a water content of 3.2%.

[0099]

[Comparative Example 9]

The amount of the thickener HEC of Comparative
Example 8 was increased to 0.5 % 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 polymerization.

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 33.4 g of water, followed by 0.46 g of HEC
(manufactured by Sumitomo Seika Chemicals Co., Ltd.: AW-
15F) 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 aqueous monomer solution.

In a 2 L volumetric five-necked round-bottom £flask
equipped with a stirrer with the lattice-like impellers
having a width of 58 mm, a maeximum 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 Theptane was weighted as & petroleum hydrocarbon
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dispersion medium. To the round-bottom flask was added
0.92 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 to 80°C with a
water Dbath at 85°C at a stirring rate of 200 rpm to
dissolve and disperse it before air cocling to an inner
temperature of 61°C. A dropping injection of the above-
mentioned agueous monomer solution was performed into the
above-mentioned heptane stirring at 200 rpm by using a
dropping funnel. After adding the aqueous monomer 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, trade name: S$S-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 agqueous 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 ©polymerization 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 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 pelymer, 3.4 g of a
2% aqueous 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 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 “PVP”) of the  hydrophilic ©polymeric
dispersion agent Dbased on an amount of the monomer
substituted for the thickener HEC in Comparative Example 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 ©prior to the
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preparation of an agqueous monomer 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 diglycidyl
ether, 18.1 g of the above-mentioned 5 masss PVP agueous
solution and 25.8 g of ion exchange water to prepare an
aqueous monomer solution.

[0101]

In a 2 L volumetric 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 o0f four slits of 65 mm in length, a thermometer, a
reflux condenser and a nitrogen gas introducing tube, 334 ¢
of heptane was weighted as a petroleum hydrocarbon
dispersion medium. To the round-bottom flask were added
0.46 g of an oxidized ethyliene-propylene copolymer
(manufactured by Mitsui Chemicals, Inc., trade name: HIWAX
4052E) and 0.46 g of a maleic anhydride-modified ethyliene-
propylene copolymer (manufactured by Mitsul 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
dissolve and disperse it before air cooling to an inner

temperature of 61°C. A dropping injection of the above-
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mentioned aqueous monomer solution in it was performed into
the above~mentioned heptane stirring at 200 rpm by using a
dropping funnel. After adding the agueous monomer 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 Dby
Mitsubishi-Kagaku Foods Corporation, trade name: S-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 seccondly 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 ©polymerization =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 in heptane. To the
resultant heptane dispersed dehydrated polymer, 3.4 g of a
2% aqueous solution of ethylene glycol diglycidyl ether as
a post-crosslinking agent was added and the post-

crosslinking reaction was performed at 83°C for Z 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, followed by drying 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 pm.
This water-absorbent resin had a median particle size of
110 ym, and a water content of 3.0%.

[0102]
[Example 6]

The amount of PVP to be added in Examples 5 was
increased to 2 % by mass.

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 prior to the
preparation of an agueous monomer solution. Iinto 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.

Subseguently, in the same manner as that of Example 5,
water-absorbent resin passed through a sieve of 850 um to
obtain 91 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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[0103]
[Comparative Example 10]

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

Specifically, into a 500 mL Erlenmeyer flask, 92.0 g
of 80% by mass of acrylic acid was charged and neutralized
by adding dropwise 102.2 g of 30 % by mass sodium hydroxide
under stirring while cooling the flask from the outside.
To this were added 31.5 g of water, followed by 0.905 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 ion exchange water to prepare
an agueous monomer solution.

Subsequently, in the same manner as that of
Comparative Example 2, water-absorbent resin passed
through a sieve of 850 um 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 215 um, and a water
content of 3.4%.

[0104]

Each of Examples 1-¢, Reference Example, and
Comparative Examples 1-3, 5-6, 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

for them are shown in Table 1.

Standard deviation

[0105]
[Table 11-
Aqueous Stirring Median Amount Remarks
MONOMmer rate particle of
solution [xpm) size remaini
additives [pm] ng .
Additiv | Amoun dispers
es € ion
added | Primary/S medium
{Mass | econdary [ppm}
%]
Example PVA GH~ | 0.7 300/500 68
1 17 24+3.57
Example PVA GH- | 1.0 300/500 80
2 20 42+3.07
Example PVA GH- | 0.7 300/500 88
3 23 53%4.07
Example PVA 2.0 360/700 51
4 403 34+5.17
Example PVP K-11.0 200/300 110 lattice~
5 90 73+4.07 like
impeller
Example PVP K- 2.0 200/300 158 lattice~-
6 90 77+4.6" like
inpeiler
Referenc | -~ - 300/500 356 10446.0 | Two-stage
e polymerizat
Exanmple ion
1
Comparat | - - 300/500 61
ive 221#18
Example 7
.
Comparat | HEC 0.3 300/500 87
ive 867451,
Exanmple 5
2
Comparat | xanthan | 0.1 300/500 84
ive -gum 710£29.
Examplie 6
3
Comparat | guar- 0.5 300/500 - - unusual
ive gum polymerizat
Example ion
4
Comparat |pullula [ 1.0 300/500 96
ive n 379%40.
Example 1
5
Comparat | - - 300/300 124
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ive 340%33,

Example 9

3

Comparat | - - 250/250 - - unusual

ive ' polymerizat

Example ion

'7 .

Comparat | HEC G.3 300/300 195 (rate

ive 758134 increased

Example 9 upon

8 precipitati
: on)

' Comparat | HEC 0.5 200/300 168 lattice-
live 369+14. like
Example 6 impeller
9
Comparat | HEC 1.0 300/500 215 2862420
ilve 0.1
Ixample

L 1C

PVA..Polyvinyl alcohol
PVP..Polyvinyl pyrrolidone
HEC..Hydroxyethyl cellulose
Remaining dispersion medium is shown by Mean * Standard
deviation.
* P<0.05 (vs. Reference Example 1, and Comparative Examples
1-3, 5-6, and 8-10)
[0106]

As shown in Table 1, any water-absorbent resin of
Examples 1-6 had an amount of the remaining dispersion
medium reduced significantly as compared with those of
Reference Example and Comparative Examples. More
specifically, even when the production methods of Examples
1-4 which use é hydrophilic polymeric dispersion agent to
perform only the one-stage reversed-phase suspension
polymerization are compared with the conventional method

(Reference Example 1, 104 ppm) which exhibits the lowest
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level of the amcunt 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).

Mcreover, 1in comparison of the median particle size
of the obtalined water-absorbent resins, the particles
obtained only by control of stirring rate without using a
thickener, has a median particle size up to about 120 um
(Comparétive Examples 1 and 6), and when hydroxyethyl
cellulose (HEC) which 1is a thickener well-known 1in
reversed-phase suspension polymerization, was used, it was
identified that those having a larger particle size are
obtained and however, 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 6) having a particle size of 150 um or more
could also be obtained by the production method of the
present invention, and the water-absorbent resin having the
amount of the remaining dispersion medium reduced
significantly as compared with those of Reference Example
and Comparative Examples has been further provided.
[Industrial applicability]

[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
phase suspension polymerization, which 1s contained in the
water-absorbent resin and an odor originated form the
petroleum hydrocarbon dispersion medium is further reduced,

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

4

[Claim 1]

in

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

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

(A) performing a primary dispersion in the absence of
surfactants by adding an agueocus solution of a water-
scluble ethylenically unsaturated monomer containing a

eun

}...WI

hydrophilic polymeric dispersion agent to a petro

D

hydrocarbon dispersion medium in which a hydrophobic

1)

o

t
I

ed or 1

6]
'

polymeric dispersion agent 1s heat-disper
dissclved, under stirring;
(B) further performing a secondary dispersion by

guid obtained after

fote

adding a surfactant to a dispersion 1
the primary dispersion; and

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

The method for producing a water-absorbent resin
according to claim 1, wherein the surfactant 1is at least
one kind  selected from the group  consisting of
peclyglyceryl fatty acid ester, sucrose fatty acid ester,

and sorpita

i

w3
th
[¥H]
(3
t
[
s3]
(3
i.l_
(&N
(¥
63]
Ixi
W
=

(Claim 3]
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The method for producing a water-abgsorbent resin
according to any one of claims 1 to 2, wherein the
hydrophobic polymeric dispersion agent is at least one kind
selected from the group consisting of malelc anhydride-
modified polyethylene, maleic anhydride-modified
polypropylene, maleic anhydride-modified ethylene-propylene
copolymer, maleic anhydride-ethylene copolymer, maleic
anhydride-propylene copolymer, maleic anhydride-ethylene-
propylene copolymer, polyethylene, polypropylene, 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 of 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 is at
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least one kind selected from the group consisting of
polyvinyl alcohol and polyvinyl pyrrolidone.
[Claim 7]
L water-absorbent resin obtained by the method

according to any one of claims 1 to 6.



