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{Document Name] Description

{Name of Invention] Method for producing a water-absorbent

resin

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, was reduced, and
to a water-absorbent resin obtained by the method.
[Background Art]

[0002]

Water-abgsorbent resins are widely used 1in hygienic
materials such as disposable diapers and sanitary napkins;

dailly commodit
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pet sheets; water absorbing
sheets for food products; industrial materials such as

water blocking materials for cables; water retention agents

for greening/agriculture/herticulture; and the like.
3

Hvgienic materials such as disposable diapers
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generally constituted with a top sheet,
a back sheet, a hot melt adhesive, an elastic material, a

water-abscrbent resin and a pulp fiber, various synthetic

resins and modif
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are usged. Therefore, an odor

originating from raw material components is perceived from
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the hygienic materials, in some <cases. Since these
hygienic materials are put on the human body, the odor
makes users unccemfortable even 1f 1t 1s subtle and,
therefore, 1t is desired to develop an odor-free material.

(060047
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Among  constituent matexrials o these hygienic

M

materials, the water-absorbent resin has a subtle ode
originating from the substances used in the production
process, and since the odor tends to emit upon water

absorption, 1t is considered to be desirable to reduce the

As water-abscrben

it

resins used for hygienic materials,
for example, a partially—neutralized‘produbt of polyacrylic
acid, a neutralized product of a starch-acrylic acid graft
poclymer, a hydrolysate of a starch-acrylonitrile graft
copolymer, a saponified product of & vinyl acetate-acrylic
acld ester copolymer are known.

[0006]

As methods for producing such water-abscrbent resins,

an agueous polymerization method and a reversed-phase
suspension pclymerization 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 cause of the odoer
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is considered to originate from the dispersion medium.
[0007]

As conventional methods for producing the water-
absorbent resin by a reversed-phase suspension
polymerization method, known are a method of polymerizing
an aqueous solution of «,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 is used as a protective
colloid agent (see Patent Document 1), and a method of
polymerizing a 25% by mass or more of agueous solution of
an o,pB-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, thege production methods
do not focus on reduction of an odor, and thus odors of the
resultant water-absorbent resins are not sufficiently low.
[Reference Documents]

[Patent Documentg]

[0008]

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

[Summaxry]
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[Problems to be solved]
[0009]

An object of the present embodiments disclosed herein
is to provide a method for producing a water-absorbent
regin by a reversed-phase suspension polymerization method,
wherein an odor originating from a raw material component,
in particular, a petroleum hydrocarbon dispersion medium,
was further reduced, and to a water-absorbent resin
obtained by the method.

[Means for Solving the Problems]
[0010]

The present inventors intensively studied about a
relation between an odor originating from a petroleum
hydrocarbon dispersion medium when the water-absorbent
resin absorbs water, and a petroleum hydrocarbon dispersion
medium used in production of the water-absorbent and, as a
result, found out to be able to provide a method for
producing a water-absorbent resin having a further reduced
odor as well as a water-absorbent resin produced by the
same method, by dispersing the water-soluble ethylenically
unsaturated monomer in the dispersion medium at a specific
addition rate, in a method for the reversed-phase
suspension polymerization of water-soluble ethylenically
unsaturated monomer by using a surfactant in a petroleum
hydrocarbon dispersion medium.

[0011]
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That ig, the present disclosure relates to a method
for producing a water-absorbent resin shown below, and a
water-absorbent resin obtained by the method.

Item 1. In one aspect, there is provided a method for
producing a water-absorbent resin comprising performing a
reversed-phase suspension polymerization of a water-soluble
ethylenically unsaturated monomexr in a petroleum
hydrocarbon dispersion medium by using a surfactant,

a pouring rate upon dispersing an agqueous solution of
the water-soluble ethylenically unsaturated monomer in the
dispersion medium, is satisfied with the following
conditions:

(a) an addition rate V; of the agueous solution is
0.30 [min'] or less upon dispersing an aqueous solution of
the water-soluble ethylenically unsaturated monomer in the
digpersion medium, wherein the addition rate V; is defined

by Equation (I):

V1=F1XA1/T
wherein i: Nozzle number (1 to n), n: Number of
nozzles (1<n<10), Vi: Addition rate [min™'], F;: Average

linear flow rate from nozzle [m/min}, A;: Cross-section
area of nozzle [m?’], and T: Total amount [m’] of the
agueous monomer solution charged 1in a polymerization
reaction tank; and

(b) a total addition rate Vietar ©f the aqueous

monomer solution of the water-soluble ethylenically
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unsaturated monomer charged in the polymerization reaction
tank, is 0.04 [min*] or more, wherein the total addition
rate Veotqn 18 defined by the following Equation (II):

Veora1=3 Vi (i= 1 to n) polymerization tank
wherein Vi..;: Total addition rate [min™'], V;: Addition
rate of each nozzle [min?], and i and n are as defined in
Equation (1), incidentally  Veora: = V3 when the
polymerization equipment has one nozzle (n=1).

Item 2. In another aspect, there is provided a method
for producing a water-absorbent resin comprising performing a
reversed-phase suspension polymerization of a water-soluble
ethylenically unsaturated monomer in a petroleum hydrocarbon
dispersion medium by using a surfactant,

a pouring rate upon dispersing an aqueous solution of
the water-soluble ethylenically unsaturated monomer in the
dispersion medium, ig satisfied with the following
conditions:

(a) an addition rate V; of the agueous solution is
0.30 [min™*] or less upon dispersing an aqueous solution of
the water-soluble ethylenically unsaturated monomer in the

dispersion medium, wherein the addition rate V; is defined

by Equation (I):

VitFiXAi/T
wherein i: Nozzle number (1 to n), n: Number of
nozzles (1<n<10), Vi: Addition rate [min™*], F;: Average

linear flow xrate from nozzle [m/min], A;: Cross-section
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area of nozzle [m?], and T: Total amount [m’] of the
aqueous monomer solution charged in a polymerization
reaction tank; and

(b) a total addition rate Viea: ©of the agueous
monomer  solution of the water-soluble ethylenically
unsaturated monomer charged in the polymerization reaction
tank, is 0.08 [min™'] or more, wherein the total addition
rate Veorar 18 defined by the following Equation (II):

Viotal=y, Vi (i= 1 to n) polymerization tank
wherein Viewai: Total addition rate [min™'], Vi;: Addition
rate of each nozzle [min'], and i and n are as defined in
Equation (1), incidentally Veotal = V.  when the
polymerization equipment has one nozzle (n=1).

Item 3. The method for producing water-absorbent
resin according to Item 1 or 2, wherein n is 2sn<i0.

Item 4. The method for producing water-absorbent
regin according to any one of Items 1-3, wherein the water-
soluble ethylenically unsaturated monomer is dispersed in
the petroleum hydrocarbon dispersion medium before the
polymerization by using the surfactant, and then the
polymerization is performed by wusing a water-soluble
radical polymerization initiator.

Item 5. A water-absorbent zresin obtained by the
method according to any one of Items 1-4.

[Effects]

[oo12]
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According to the ©present disclosure, a method for
producing a water-absorbent resin, wherein an odor originating
from a raw material component, 1in 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]
[0013]

The present invention relates to a method for

producing a water-absorbent resin comprising performing a
revergsed-phase suspension polymerization of an aqueous
solution of a water-soluble ethylenically unsaturated
monomer (hereinafter, an “agueous monomer solution” means
an ‘“agueocus solution of a water-soluble ethylenically
unsaturated monomer” unless otherwise expressly indicated)
in a petroleum hydrocarbon dispersion medium (hereinafter,
a “dispersion medium” means a “petroleum hydrocarbon
dispersion medium” unless otherwise expressly indicated)
in the presence of a surfactant, wherein the aqueous
monomer solution is added at a specific addition rate, and
to a water-absorbent resin obtained by the method.

An origin of odor, when a water-abosorbent resin
obtained by a reversed-phase suspension polymerization
absorbs water, is mainly a dispersion medium remained
within particles of the water-abosorbent resin. The
pregent inventors have found out that a mechanism of a

digpergion medium remaining in water-absorbent resin
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particles is caused by generating so-called capsule-like

1

cles which include the
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water—absorbent resin part
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gion medium based on generating a ligquid droplet

3

having z shape in which the disppersion medium which is an
0il phase is entrapped in a liguid droplet of the aqgueous
menomer solution, namely, an C/W/0 {oil/watexr/oil) type
droplet, and then stabilizing and polymerizing this O/W/0
ty?e droplet itself, upon dispersing the agueous monomer
solution in the dispersion medium by means of stirring and
the like.

An O/W type droplet herein is an abbreviation of 01l
in Water, and refers to a state in which oil droplets are
dispersed in water phase. Further, An O/W/0 type droplet
is an abbreviation of (01l in Water) in ©il, and refers to
alstate in which fine o©il droplets are dispersed in waﬁer
droplets, and the water droplets are further dispsrsed in
an ©0il phase. Namely, 1t is constituted of an innermost

0il phase/an intermediate water hase/an outermost oil

el

phase. In the present invention, the O/W/O type droplet
exnibits a state in which droplets of the agueous solution

of the moncmer (water phase) contain smaller droplets of

N

dispersion medium (oll phase).

[0014]

3

Then, the present inventors focus attention on steps
adding, mixing and dispersing an agueous monomer

sclution, and examine how to prevent the generation of the
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above-mentioned dispersion~medium‘intansion type cdroplet in
a dispersion medium, and as a result, the present inventors
proceeded with a study on the raiaﬁionsuwo between the
linear flow rate and the amount of the remaining dispersion
medium by Zfocusing the linéax' flow rate of the agueous
ronomer solution charged from the nozzles as an index of

the vigor of pouring based on a phenomenon that the amount

of the remaining dispersion medium is increased when the

[

agquecus monomer solution is vigorously added from the
pouring nozzle for providing Lné agquecus nono solution.
However, since examples in which the amount of the
remaining dispersion medium is not reduced were observed
even if the linear flow rate 1is decreased, the present
inventors proceeded with a further study, and as a result,
when the addition rate Vi definred 1Iin the present
application for a pouring nozzle was estimated upon
providing an agueous solution of the water-soluble
ethylenically unsaturated monomer to a polymerization tank,

the present inventors found out that the amount of the

remaining dispersion medium is reduced when the rate is
P o o :
0.30 [min "] or less. The addition rate V; of the pouring

=1

nozzle is defined by fcllowing Equation (I).

[0015]

,.__

wherein i: Nozzle number (1 to n), Number of

-]

s

nozzles (1€n<10), Vy: Addition rate (min %], Fi: Average
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linear flow rate from nozzle [m/min}, A;: Cross-secti

» p 2
area of nozzle [m°), and T: Total amount (m®] of the
aqueous monomer scolution charged in a polymerization

~
e

tion tank.
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., (average linear flow rate frcm a nozzle number i)
is an index under the influence of how much to run off the
agueous monomer solution to be poured at an input slot
{i.e., the nozzle number 1i}). Since a remaining disipersion

medium of a water-absorbent resin to be obtained is

increased when a pouring rate of the agueous monome:
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501 t is considered

(==

ution from a pouring nczzle is fas

t

er,

that Fy affects the remanence of the dispersio
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described below. When the pump etc. 1s used, the value
calculated from the flow rate (the volumetric flow rate is

divided by cross-sectional area of a pouring nozzle cutput)

is average linear flow rate F; from a pouring nozzle.

Moreover, when the pouring method using gravity etc. was
adopted, the amount of an agueous monomer solution (volume)

°

to be poured was divided by a time which the pouring needs
-t' s

to calculate mean volumetric flow rate, and sim
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average near flow rate Fy was calculated.

A; (Cross-sectional area of nozzle) is involved with

ct

he size of liguid mass (droplet) of the agueocus monomer

192}

solution to be poured. When the liguid mass (droplet) 1is

upon pouring it into a dispersion medium even if the
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linear flow rate of the aqueous moncmer sclution is low, an
amount o©of remaining dispersion medium in the water-
absorbent resin to be obtained becomes large, and thereby
it is considered that F; affects the remanence of the
m as described below.

dispersion medi

®
)

T (tot

Q

1 amount of an agueous monomer solution added

to a polymerization reaction tank) is the added amount of

the polymerization reaction tank, and polymerization

conditions.

E‘Av

Vs (addition rate) 1s calculated by the above-
mentioned equation (I), and a multiplied wvalue of the
linear flow rate F; [m/min] which is an index of the vigor
of pouring of an aqueous meonomer soluticn and the cross-

] of the nozzle related to the poured

—+

YTiquid mass (droplet), is divided as a standard by “the
total amount of the agueous monomer solution added to &
polymerization reaction tank: T [m’]” decided with each

reactor scale to exclude the influence of the scale factor

[0017]

On the other hand, when the addition rate V; of an
aguecus monomer solution becomes lower, an amcunt of the
remaining dispersion medium tends to decrease. However,
since the time reqguired to add and mix the agueous monomer

solution to the dispersion medium  becomes  longer,



-
[S2]

25

bt
(&)

oroductivity for the reaction system

as a method of reducing the amount of the
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0 [min™*} or

4

O
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. less, and without delaying gr

addition time of the agueous monomer

polymerization reaction tank, the addition
Y

aguecous wmonomer soluticon
whole

a plurality of pouring nozzles,

solution

eatly ¢

to

rate of €

te a dispersicon medium as t

ispersion medium by making the addition rate from a nozzle

he

a

he

he

polymerization reaction tank was secured by providing

having an addition rate of

£,

o

e

0.30 [min™] or less, of the aguecus monomer solution to
the polymerization reaction tank, and as a resul
resolving this problem is one feature of thé prese
invention. Namely; total of the addition rate of ea
nozzle is defined as Vierar=ILVi {i=1-n) [min™*] when it
assumed that the number of ﬁhe nozzle for adding t
agueous monomer solution to the dispersion medium in
polymerization reactor, is n, and Viea of 0.04 [min™]

more preferably 0.08 [min™!)

aggravation of productivity i1s rendered to be
That is, when Viegtay 18 legs than 0.04 [min ], the

addition bkecomes

or

Or more are secured,

minimum.

amount

Howewv

longer, t

of

er

he

productivity becomes very worse, and reduction width of the

amount of the remaining solvents

becomes small,

[0018]

is not preferable.

against the required time
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Therefore, in the method for producing the water-~
absorbent resin of the present invention which performs a
reversed-phase suspension polymerization of the water-

soluble ethylenically unsaturated wmonomer by using a

on medium, it

i...ﬂ.

surfactant in a petroleum hydrocarbon dispers

}_x.
143
o

ecessary for the addition rate of the agqueous solution
of the water-soluble ethylenically unsaturated monomer Lo

satisfy the following conditicns: (a) an addition rate V;

\

of the agueous sclution is 0.30 fmin™] or less, and (b) a
toetal addition rate Viea: ©f the all above-mentioned
nozzles, is 0.04 [min™*} or more. In other words, when the
addition rate Vi from each nozzle is 0.30 [min™'] or less,

Veotal may be 0.3 [min™

‘] or more.
[0019]
In addition, if a plurality of nozzles of the present

invention satisfies with the above-mentioned addition rate

conditions, their setting method is not limited. Therefore,

do

b

urality of flow paths

ot

one flow path may be branched tec a p

near the polymerization reaction tank to provide nozzles at
its tip, or to provide a plurality of flow paths from a
supply tank.
[0020]

Although the mechanism in which the amount of the
remaining dispe;sion medium is reduced by makin the

addition rate V; from the nozzle of an agquecus monomer

solution of 0.30 f{min"] or less, is not clear, 1t is



speculated that the generation of O/W/0 type droplet is
suppressed by reducing the addition rate. More
specifically, the addition rate Vy; 1s represented by a
multipled value of two factors as described in the above

FEquation (I}, theose factors are (1) Average linear flow

=

rate F; which represents wvigor of pouring an agqueocus
moncmer solution from nozzles and (2) Cross-section area A;
of nozzles which relates to droplet size of an agueous
monomer solution pouring from nozzles.

And, (1) When Average linear flow rate in nozzle is

faster, a region where the dispersin medium and the agueou

4]

e

€3]

moncmer  solution are contacted with eaéh other
vigorously agitated more than an agitation of a stirring
impeller, namely, vigorously agitated over the needs, and
as a result, it is speculated that generation of O/W/0 type
droplet 1is @nhanced. Further, (2} When cross-section area

of nozzles i1s larger, droplet size added from the the

“

nozzles becomes larger, an agueous monomer solution-rich

" region for the dispersion medium is generated, and thereby

there 1s considered a high possibility that the region
where an agueous monomer solution 1s rich occurs locally
against the dispersion medium to generate an O/W type

droplet in which the dispersion medium is dispersed in the

aqueous monomer solution when droplet size added from

nozzles is large. And, it is considered that O/W/0O type
droplet is generated by further stirring and dispersing the
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descibed previously, O0O/W/O type droplets are polyme

ot
[0

generated G/W type droplet in the dispersion medium. As

zed

5]
[
F-

with maintaining their £form, and becomes water-absorbent
resin particles incliuding the dispersion medium therein,
and the included dispersion medium 1s detected as a

ning dispersion medium. Therefore, it 1s speculated

Lt

rema

that bv controlling each of the factors (1) and (2} to a
- g

smaller value, a genaration amount of O/W/C type droplets
is suppressed, and as a result, an amount of the ramaining

dispersion medium i1s reduced,

-l

[0621]
Even if a plurality of nozzles which add an aqueous

monomer solution at  this low rate 1s placed, the

]

elationship between the agueous monomer soluticon and the

dispersion medium which are supplied from each nozzle, is
not different from the above-mentioned those. Therefore,

it is considered that the amount of the remaining
dispérsion medium is hardly increased even when Vit
becomes more than 0.3 [min™] by providing a plurality  of

nozzles having the addition rate Vi of 0.30 [min™"] or less.

v

1

iowever, when the number of inst

o

llaticn nozzles

“
o]

increases too much, then reservation of a setting position
not only becomes difficult, but also setting cost is
increased, an interval with the next nozzle becomes near
upon the addition, and it is considered that the effect

which locally suppresses the generation of the region where



'_!
<

20

the agueous monomer solution is rich, 1is decreased.
Therefore, it is considered that ten of the number of
neczzles at the maximum are preferred, and four or less of

nozzles are more preferred.

1.0 [nﬁn”% or less, more preferably 0.5 min™*] or less,
from a viewpeint of suppressing the generation of the rich
region of the agueous monomer sclution within the dispersed
system.
0

An O/W type droplet herein is an abbreviation of 0il
in Water, and refers to a state in which o©il droplets are

dispersed in water phase. Further, &An G/W/0O type droplet

O
T

is an abbreviation of (0il in Water) in 0il, and refers to
a state in which fine oil droplets are disperéed in water
droplets, and the water droplets are further dispersed in
an oil phase. Namely, 1t is constituted of an innermost
0il phase/an intermediate water phase/an outermost oil
phase. In the present invention, the O/W/C type droplet
exhibits a state in which droplets of the agueous solution
of the monomer (water phase) contalin smaller droplets of
dispersion medium {oil phase).

10023]

ot

Examples of he water—-soluble ethylenically
unsaturated monomer used for raw material of water-—

absorbent resin in the present invention include monomers
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having an acid group, such as (meth)acrylic acid
[“(meth)acrylic” means “acrylic” and “methacrylic”, the
same  shall apply hereinafter], 2-(methj)acrylamide-2-
methylpropanesuifonic acid and maleic acid, and salts

oy

theragf; nonionic unsaturated mnonomers such as

G

{meth)acrylamide, ' N, N-dimethyl {meth)acrylamide, 2~
hydroxyethyl (meth)acrylate and N-methylel (meth)acrylamide;
and aminc group-containing unsaturated monomers such as

diethylaminoethyl (meth)acrylate and diethylaminopropy

ot

{(methjacrylate, and guaternized monomers thereof, These
water-scluble ethylenically unsaturated monomers may be
used alone, o¢r two or more kinds of them may be used in

combination.

In addition, examples of an alkaline compound used

"_’))

when a monomer having an acid group 1is neutralized to a

P

salt include compounds of lithium, sodium, potassium and

ammonium. More specifically, examples of the ikal

i._!,.

compound include sodium hydroxide, potassium hydroxide,
lithium hydroxide, sodium carbonate and ammonium carbonate.
Among water-soluble ethylenically unsaturated
mnonomers, (meth)acrylic acid and a salt thereof are
preferable from a viewpcint of industrial availability.

In addition, when the monomer having an acid group is

(€8
o

neutralized, a neutralization degree is preferably from

o

o 90 mol% of the acid group of the water-soluble
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ethylenically unsaturated monomer. When the neutralization

U)

degree is less than 30 mol%, the acid group is not easily

ionized and water-absorption capacity detericrates, and

[N

)
el
0]
Ly
63}
Q
=
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l,...l

it is not preferred. When the neutralization
degree is more than 20 mol%, safety issues may arise when

used as hygienic materials, and therefore it is not

In the present invention, a water~soluble

Y

ethylenically unsaturated monomer 1s used as an agueocus

solution. The concentration of the monomer in the agueous

o}

soclution of a water-soluble ethylenically unsaturate

93]

monomer is preferably from 20% by mass to saturation

)

concentration. If necessary, the agueous solution of

- water-soluble ethylenically unsaturated monomer may contain

Examples of the chain transfer agent include
compeunds such as thiols, thiolic acids, seccondary alcchols,
hypophosphorous acid and phosphorous acid. These chain

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

t-

them may be used in combination.

nclude

‘wk

Examples of the thickener

[._.,1
l._..x

carboxymethylcellulose, hydroxyethyl ellulose,

hydroxypropylcellulose, methyl cellulose, >olyvethylene
Y V¥ Y pcly Y

glvecol, polyacrylic aci

El

a neutralized polyvacrylate and

polyacrylamide.
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xample 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
to 8, such as cyclchexane, methylcyclohexane, cyclopentane,
methylcyclopentane, trans-1, 2~dimethylcyclopentane, cls=-

1,3-dimethylcyclopentanse and trans-1, 3~

a3

dimethylcyclopentane; nd arcmatic hydrocarbons such as
benzene, toluene and =xylene. Among these hydrocarbon
dispersion media, aliphatic hydrocarbons having a carbon

umber of & to 8, such as n-heptane, Z-methylhexane, 3~
methylhexane and n-octane; and alicyclic hydrocarbons
having a carbon number of & to 8, such éﬁ cycliohexane,
methylcyclopentane and metnhylcyclohexane 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

a

media, n-heptane and cyclohexane are preferably used from

viewpoints of a good state of W/O type reversed suspension,

suitable particle size 1s easily obtained, and easy

N

industrial availability, and stable guality. Further, as
an example of a mixture of the above-menticned hydrocarbon,

a commercially available Exxsol heptane [(manufactured by
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Exxon  Mobil Co.: containing  heptane and lsomeric
hydrocarbons of 75 to 85 %) and the like may be used to
suitable result.
leum hydrocarbon dispersion

petrol

The amount of the
dium to be used is usually from 50 to 600 parts by mass,
and still

400 parts by mass,
1060

iLt
50 to
based on 1

more preferably

from
more preferably from 50 to 200 parts by mass,
a

soluticn of water-scluble
from a viewpoint of-
water-

parts by mass of the agueocus
MoNomer

unsaturated
of the agqueous of a

ethylenically
iy dispersing
ylenically unsaturated monomer and facilitating

solul th
control of the polymerization temperature.

¥
>

(00273
rder to obtain more stable polymerized particle

In o;
and to disperse an agueous monomer solution in a dispersio
necessary, & hydrophobic
that

tant, and if
From a viewpcin

b
(&3]

medium, a surfac
polymeric dispersion agent are used.

the polymerization is stably completed without abnormality,
] ispersion

the hydrophecbic polymeric

the agueocus monomer

surfactant or
in

exist before

Je polymerizing
solution to fully disperse the agueous monomer solution

£ the

m
Q)
¢
=
-+
O
o
3

3

certain

‘
lS St

dispersion medium to stabilizée the droplet and then the
timing of an addition of it is

polymerization is performed,
not limited in particular. Elthough there
exception by taking into consideration current technology,

or the hydrophobic

the surfactant

N
1

that

t is common

-
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agent 1s previcusly dissolved or

in a petroleum hydrocarbon dispersion medium

before adding the agueous monomer solution.

Exampl

dispezrsio

(f}

Q

stability

nonionic surfactants

polyoxyethylens

fatty acid ester,

sucrose fa

¥ the

surfactant used *to maintain a
during the polymerization, include

such as sorbitan fatty acid ester,

sorbitan fatty acid ester, polyglyvceryl

polyoxyethylene glyceryl fatty acid ester,

bty acid estex sorbitol fatty acid ester,
7 <

-

polyoxyethylene sorbit

castor oil, alkyl

polyoxyethylene ether,

ether, ©polyethylene

amide an

d

surfactants

alkylmethyl

sulfate,

lene castor oil,

ol fatty acid ester, polyoxyethylene

polyoxyethylene alkyl phenyl ether,

polyoxyethylene hydrogenated
allyl formaldehyde condensed
polyoxyethylene polyoxypropyl alkyl

glycol fatty acid ester, alkyl

N-alkyl gluconamide, polyoxyethylene fatty acid

polyoxyethylene alkylamine; and anionic

such as fa
taurate,

polyoxyeth

polyoxyethylene alkyl

tty acid salt, alkylbenzene sulfonate,

polyoxvethylene alkyl phenyl ether

%

lene alkyl ether sulfate,

Y

ether sulfonic acid and a salt

-

thereof, polyoxyethylene alkyl phenyl ethexr phosphoric acid

and & Ssalt thereof,

phosphoric

e}
@
U,],
I
Q.
)

e

acid and a

1lone, or two

and polyoxyethyvlene alkyl ether
salt thereof. These surfactants may

or more kinds of them may be used in
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Among these surfactants, at least one kind selected
from the group consisting of polyglyceryl fatty acid ester,
sucrose fatty acid ester and sorbitan fatty acld ester are
preferred from a viewpoint of dispersion stability of the
aqueous monomer solution.

The amocunt of the surfactant to be added 1is
preferably from (0.01 to 5 parts by mass, and more
preferably from 0.03 to 3 parts by mass, based on 100 parts
by mass of the aqgueous solution of a water-scluble

Wi the amount of the
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gurfactant to be added is less than 0.01 part by mass,

dispersion stability of the agueous monomer soluticn

[

deteriorates, and therefore it 1s nct preferred. When the
amount of the surfactant to be added is more than 5 parts
by mass, it is not economic, being not preferable.

[0029]

In order to improve the dispersion stability at the

polymerization more, & hydrophobic polymeric dispersion
agent may be used together with the surfactant. It is

preferred to select and use, as the hydrophoblc polymeric

dispersion agent, those which ar
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the petroleum hydrocarbon dispersion medium to be used, and
examples of the hydrophobic polymeric dispersion agent
include those having a viscosity-average molecular weight

of 20,000 or less, preferably 10,000 oxr less, and more
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preferably 5,000 or less. Specific examples thereof

Fobe

nclude maleic anhydride-modified polyethylene, maleic
anhydride-modified polypropylene, a maleic anhydride-~
modified ethylene-propylene cbpolymerfja maleic anhydride-
ethylene copolymer, a maleic anhydride-propylene ccpolymer,
a maleic anhydride-ethylene-propylene copolymer,
polyethylene, poiypropylene, an ethylene-propylene

opclymer, oxidized polyethylene, oxidized polypropylene,
an oxidized ethylene-propylene copolymer, an ethylenem.
acrylic acid  copolymer, athyl cellulose, anhydrous

maleinated polybutadien EPDM

)
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{ethylene/propylene/diene ferpclymer).

RAmong them, at least one kind selected from the group
censisting  of maleic  anhydride-modified polyethylene,
maleic anhydride-modified polypropylene, a aleic
anhydride-modified ethylene-propylene copolymer, a maleilc
anhydride~ethylene copolymer, a maleic anhydride-propylene
copolymer, a maleic anhydride-ethylene-propylene copolymer
polyethylene, polypropylene, an ethylene-propylene

copolymer, oxidized polyethylene, oxidized polypropylene

X

and an oxidized ethylena-propylene copolymer is preferred.

The amount of the hydrophobic polymeric dispersion

agent to be added 1s preferably from 0 to 5 parts by mass,

more preferably from 0.01 to 3 parts, and still more
preferably from 0.05 to 2 parts by mass, based on 100 parts

“#
m
O
L
o
U

by mass of the agueous solution of a water
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ethylenically unsaturated monomer. When the amount of the
hydrophobic polymeric dispersion agent to be added is more

than 5% -parts by mass, it 1s not economic, being not

When the aqueous solution of a water-soluble
ethylenically unsaturated monomer is added to and dispersed
in the petroleum hydrocarbon dispersion medium, the agueous
solution of +*the water-soluble ethylenically unsaturated
menomer 1s dispersed by stirring. However, stirring

conditions wary depending on a desired dispersed droplet

diameter and, therefaore cannoct be determined

The dispersed droplet diameter can be adjusted
dispersed droplet diameter can be adjusted by changing a

type, size, rotation numbers of a stirring impeller.

Industries, Ltd.) and Super-Mix {manufactured by Satake
Chemical Equipment Mfg., Ltd.

(00311

Ei

In addition, upon adding an agueocus solution of the

Jt

water-soluble ethylenically unsaturated monomer to a
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petroleum hydrocarbon dispersion nedium, the addition of
the agueous solution of the water-soluble ethylenically
unsaturated monomer the component of which was adjusted and

ce of the addition

[N

mixed must be performed while taking not
rate of each nozzle from one or more nozzles being 0.30
[min™"] or less, and the total addition rate Dbeing 0.04

min™] or more as the whole addition rate, as described

The agqueous nonomer solution added at the above-
mentioned addition rate is sufficiently stirred within the
above-mentioned dispersion medium in the presence of a
surfactant, and dispersed to stablize droplets, and at the
same time, it is fully subjected fto a nitrogen gas
replacement within the system, and then a reversed-phase
suspension polymerization is performed by using a water-
soluble radical polymerization dinitiator to obtain the
suspension of a hydrous gel-like crosslinked polymer, in
the presence of an internal-crosslinking agent, i€
necessary.

Exemples of the water-soluble radical polymerization

in the present application include

o)
ot

initiator use

persulfiates such &s potassium  persulfate, ammoniim

bt

persulfate and sodium persulfate; peroxides such as
hydrogen peroxide; and azo compounds such as 2,2’ ~azobis (2-

amidinopropane) dihydrochioride, 2,2"~azopis [N~ (2~
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dihydrochloride are preferred Ifrom a viewpoint O
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oy

carboxyethyl)-2-methylpropicondiamine] tetrahydrate, 2,27~
cdihydrochloride and 2,27 ~azobis[Z2-nethyl-N~ (2~
hydroxyethyl) -propionamide].

Among them, potassium persulfate, ammonium persulfate,

I

sodium persulfate and 2,2"~azobis{2~amidinopropane)

o
J__

Py

availabllity and easiness of handling.

[J,.

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.

The amount of the water-scluble radical

polymerization initiator to be used is usually from 0.01 to

1

'

art by mass bpassed on 100 parts by mass of the water-

e

soluble ethylenically unsaturated monomer. When the amount
is less than 0.01 part by mass, a polymerization rate
decreases, and when the amount 1s more than 1 part by mass,
a rapid polymerization reaction arises. Therefore, both
cases are not preferred.

Timing of the addition of the water-soluble radical
polymerization initiator is not limited 1in particular, but
it 1s preferred to previocusly add the water-soluble radical

polymerization initiator to the agueous solution of the

o

water-soluble ethylenically unsaturated monomer in advance.

ey
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o
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Examples of the internal-crosslinking agent used
opticnally include polyocls such as (poly)ethylene glycoi
“(poly)” means a case where a prefix “poly” 1s attached or
not, the same shall apply hereinafter], 1,4-butanediol,
glycerocl and trimethylolpropane; polvunsaturated esters
having two or more vinyl groups obtained by reacting
polycls with an unsaturated acid such as acrylic acid or
methacrylic acid; bisacrylamides such &s N, N~
methylenebisacrylamide; and polyglycidyl compounds having
two or more glycidyl groups, such as (poly)ethylene glycol
diglycidyl ether, (poly)ethylene glycol triglycidyl ether,
(polyiglycerol diglycidyl ether, {(polyjglycerol triglycidyl
ether, (poly)propylens glycol polyglycidyl ether and
(poly)glycerocl polyglycidyl  ether. These  internal-
crosslinking agents may be used alone, or two or more kinds
cf them may be used in combination.

The amount of the internal-crosslinking agent to be
added is preferably 0 to 3 parts by mass or less, more
preferably 0 to 1 part by mass or less, and still more
preferably from 0.001 to 0.1 part by mass, based on 100
parts by mass of tﬁe water—-soluble  ethylenically
unsaturated monomer. When the amount is mcre than 3 parts

by mass, excess crosslinking arises and water-absorption

E_Ju

=5

capability excessively deteriorates, and therefore 1t is
not preferred.

Tt is preferred that the internal-crosslinking agent
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is previously added to the agueous sclution of the water-
soluble ethylenically unsaturéted monomer.
[0034]

The reaction temperature during reversed-phase
suspension polymerization in the present invention varies

depending on the kind and amcunt of the polymerization

'

initiator to be used, and therefore cannot be determined

b

unconditionally. However, it 1s preferably from 30 *to

100°C, and more preferably from 40 to 90°C, When the

X2

reaction temperature 1is lower than 20°C, the degrse of
polymerization wmay éecrease, and when the reaction
temperature i1s higher than 100°C, a rapid pdlymerization
reaction arises. Therefcre, both cases are not preferred.
[0035]

Thus, the polymerization reaction ligquid (Susﬁension
of a hydrous gel-like crosslinked polymer) obtained after
the reversed-phase suspension polymerization is considered

as the <first stage of polymerization, and subsequently

repeated once and again, may be performed by adding an

{

agqueous monomer scilution. In use for hygienic materials,
it is particularly preferred to perform two stages
polymerizaticn from a viewpolnt of the size and productive
efficiency of the resultant water-absorbent resin particles

~

The size of particles afte the first stage

polymerization thus obtained by polymerizing water-soluble
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[#3]
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ethylenically unsaturated monomers 1s a median particle

size preferably from 20 to 200 um, more preferably from 30
to 150 um, and still nmore preferably from 40 to 100 um,

from a viewpoint that a moderate particle size from a

in multi-stage polymerization. In addition, the median

ot~

particle size of the first stage of polymerized particle
can be measured by dehydrating and drying, after completion
of the first stage polymerization. (The measuring methocd
is described below)

[0036]

According to the below-mentioned method  when
performing two-steps polymerization, the particles obtained
by the first stage polymerization can be aggregated obtain
a water~abpsorbent resin suitable for a hyglenic material
use, having comparatively larger mean particle size.

In this case, it is necessary to reduce a function of

a surfactant such that the agueous monomer solution used

for the second stage polymerizaticn does not form an

Frf

independent droplet. or example, the bove~mentionad

aggregated particles can be obtained by cooling after the

i‘s‘]

th

irst stage of end of polymerization, and adding the
aqueous monomer solution of the second stage polymerization
at a temperature at which a surfactant precipitates at
least in part.

In additicn, if it is a method capable for obtaining
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method is

[0037]

remaining

addition of the aqueous

the second stage polymerization, the

limited to the above-mentioned method.

net

amount of the rsion medium

dispe:
in a water—absorbent resin can be further reduced

activity, and then adding the

second stage polymerization,

It is speculated that by lowering a

functicn of the surfactant, generation of an

independent droplet is supressed as described above, and
further that 1t i1s supressed that an agueous monomer
sclution at the second stage forms an O/W/0 droplet to be
stabilized. (Genérally, a surface active function of a
surfactant is known to stabilize O/W/0 droplets).

[00381]

It i1s possible
unsaturated monomers

+he one similar

ethylenic

polymeriz

to use, as water-soluble ethylenically

in the second-stage polymerization,

those exemplified as the water-solubl

To

ally unssturated wmwonomer in the first stage
ation Kinds, neutralization degree and

neutralized salt of the moncmer, and the concentration of
the aguecus monomer solution may be the same as or
different from those of the water-scluble ethylenically

unsaturated monomer

The

in the first stage polymerization.

pclymerization
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of a water-soluble

sclution of
the second stage polymerization

agueous
unsaturated monomer for
aiso pe used after selecting from those exemplified a

in the irst stage

fty

initiator used

polymerization

polymerization.

{5

agent and a

[0039]
internal~crosslinking

the agueous

E_J
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o
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from those exemp
! first stage

amount of
i the second

to

unzaturated monomer

-h
H

fork
ut

200 parts by mass, and still

o)
O
E. -4
I
=f
0}
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=
I

rom 120 to 160 parts by mass, based on 100

parts by  mass of the
20 unsaturated monomer at the first stage from a viewpoint of
obtaining appropriate aggregated particles.
the second stage of the reversed-

in
should be mixed

rring i

For sti
phase suspension polymerization, the whole
uniformly. The aggregated particle size can be changed

?5‘ with the precipitated state of a suxfactant, or the amount
1 unsaturated monomer for the second



(6]

10

’,...J
(8 x]

20

25

33

stage polymerization to  that of the ethylenically
unsaturated monomer for the first stage polymerization.
10040]

Tor the addition rate of the agueous monomer sclution
in the second stage polymerization to a pelymerization
reaction liquid at the first stage, since the action of a
surfactant 1s reduced as mentioned above not to generate
the independent particle, 1.e., tc make the polymerization
particle at the first stage absorb almost, it 1s preferred
that the addition rate per cone nozzle from the nozzles is

1 or less, and the total addition rate is 0.0

0.30 [min 4
[min™"] or more in order to reconcilile both of uniform

th

es and maintenance ©

f—t

formation of the aggregated partic

roductivity although the amount of the remaining

<

P
disparsion medium is
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polyvmerization in the second stage pcelymerization cannot be
| Y 4 b

determined unconditionally because it depends on the kind

e

and amount of the polymerization initiator. However, it is

preferably from 30 to 100°C, and more preferably from 40 to
P Yy ¥ Y

1)
[$3]

When performing of multi-stage polymerization such
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n the th
stage or fourth stage polvmerization to perform them
[00417]

(613

the reversed-phase suspension
irst stage,
second stage,

the

or multi-stages such as
it 4

to add a post-
crosslinking agent

containing two or more functicnal groups
having reactivity with a functional group derived from a
water-soluble ethylenically unsaturated monomer
a drying step. The

[__t

ayer

i

crosslinking density of the
water-abgorbent

resin partic
various properties sucl

i_l
{D
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as water-absorption
load, water-absorption
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n rate and
enhanced by adding

polymerization

gel

for
suitable

Hh
O
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use 1

o
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a
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materials
A post-crosslinking agent

to
crossiin

o

i

. in the
king reaction is
as it

not particularly limited as lon

3]
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react with a functional group derived from the
water-soluble ethylenically unsatur
polymerization.

ated monomer used in the
[09

BN
(3]
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Examples of the post-crosslink

king agent to be used
e polyols such as ethylene glycol, propylen
1,4-butanediocl trimet

e glycol,
nyiolpropane,

glycerol,
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polyoxyethylene glycel, polyoxypropylene glycol and

-

pvolyglycerol; polyglycidyl compounds such as {p

L

(6]
O
!_l

viyethylen

4

et
]

glycol diglycidyl ether, (poly)ethylene glycol triglycidyl
triglycidyl ether, (poly)propylene glycel polyglycidyl
ether and {(poly)glycercl polvglyvcidyl =ether; haloepoxy
compounds such as epichlorohydrin, epibromohydrin and o
methylepichlorochydrin; compound'baving two or more reactive
functicnal groups, for example, isocyanate compounds such
as 2,4-tolviene diisocyanate and nhexamethylene
diisocyanate; oxetane compounds such as 3-methyl-3-oxetans
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 compound
such as 1,2-ethyienebiscxazoline; and carbonate compounds
such as ethyiene carpbonate. These post-crosslinking agents
may be used alone, or two or more kinds of them may be used
in combination.

[0043]

{poly)glycerol triglycidyl ether, (poly)propylene glycol

polyvglycidyl ether and (poly)glycerol polyglycidyl ether
are preferred from a viewpoint of excellent reactivity.

The amount of the post-crosslinking agent to be added
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is preferably from 0.0l 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-crossiinking agent to be
added is less than 0.01 part by mass, it is impossible to
enhance various properties such as wa termabsorptionA
cepaclty under load, water-abscrption rate and gel strength

of the resultant water-absorbent resin, and when the amount

DJ

to be added is meore than 5 parts by mass, water-absorption

capacity excessively detericorates. Therefore both
¥ Y

0

ase

193]

are not preferred.
{00447

Further, The post-crosslinking agent may be added aé
it is, or added in a form of an agueous solution. 1f
necessary, the post-crosslinking agent may be added in a
form of an aqgueous solution containing a hydrophilic
organic soclvent. Examples of the hydrophilic organic
solvent include Jlower alcchols such as methyl alcohol,
ethyl alcchol, n-propyl alcohel, isopropyl alcohol and
propylene glycol; ketones such as acetone and methyl ethyl
ketone; ethers such as diethyl ether, dioxane and
retrahydrofuran; 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
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them may be used in combination.
(00451
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 reactilon

is preferably performed in a drying step after the

" polymerization in the presence of water at an amount within

a range from 1 to 200 parts by mass, more preferably 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 adjusting the amount of water during
the addition of the post-crosslinking agent, post-

crosslinking in the surface layer of particles of the

water-absorbent resin can be more suitably performed and

-:..

-
i

excellent water*absorptién capability can be exhibited.

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

fe

&

(‘3

pr ably from 70 to 120°C.
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In the present invention, a drying step may be
performed under a normal pressure or reduced pressure, oOr

may be performed under a gas flow such as nitrogen gas flow

in order to enhance drying efficacy. When the drying step
is under a normal pressure, a dehydration can be advanced
by refluxing only a dispersion medium among the dispersion



(&1

[

(11

N

38

medium and water which were distilled out of the system by
azeotropy. When the drying step is performed under a
normal pressure, the drying temperature 1s preferably from
70 to 250°C, more preferably from 80 to 18B0°C, still more
preferably from 80 to 140°C, and most preferably from S50 to
130°C,. When the drying step is performed under reduced
pressure, the drying temperature is preferably from 60 to
100°C, and more preferably from 70 to 90°C.

The water content of the water-absorbent resin after
drying is 20% by mass or less, and usually preferably 10%
by mass or less, from a viewpoint of imparting fluidity.
An amorphous silica powder can also be added to the water-

orbent resin so as to improve fluidity.

4

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) cf water-absorbent resins
obtained in the respective Examples and Comparative

amples were evaluated by the following methods.

0048

oy

(1) Median particle size

A water-absorbent resin{50g) was passed through a JI

n

standard sieve having a sieve opening size of 250 um. Ths

median particle size was measured using a combination of
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sieves (w) when 50% by mass or more of the resin remaining
on the sieve, while using a combination of sieves (P) when
less than 50% by mass of the resin remaining on the sieve,

{ay JIS standard ves were combined in a downward

6]
0]

order of; a sieve having a sieve opening size of 850 um, a
ieve hav iﬁg a sieve opening size of 600 um, a sieve having
a sieve opening size of 500 um, a sieve having a sieve
cpening size of 425 pm, a sieve having a sieve opening size
of 300 um, a sileve having a sieve opening size of 2530 um, a
sieve having a sieve opening size of 150 um and a tray.

ieves were combined in a downward
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order of; a sieve having a sieve opening size of 425 um, a
sieve having a sieve open ing of 250 um, a sieve having a
sieve opening size of 180 um, & =zieve having a sieve
cpening size of 150 um, a sieve with a sieve opening sizes
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 ¢ of the water~zbsorbent resin was placed on
the uppermost sieve of the combination, and classified for
20 minutes using a Rotap-type shaking machine.

Rfter the sieve classification, the mass of the

water~absorbent resin remaining on the respective sieves

¢

was calculated in terms of mags% based on the total mass of
resin, the values were integrated in an c¢rder from the
resins with a larger particle size, and thereby the

relations between the sieve openings and integration values
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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 & straight line, and the particle size corresponding

o@

to integrated mass® of 50 by mass was defined as the
median particle size.

(G0

>

91
{Z) Water content
About 2.5 g of the water-absorbent resin was

-

courately weighed (X ¢g) into an aluminum cup, and after

Ak

drying at 105°C with a hot air dryer for 2 hours, the mass

of the dried water-abscrbent resin was measur

®
o
[®

%
m
o]
o

then the water content was calculated by the following
equation. Resides, it 1s assumed that tare mass o0f the
aluminum cup does not change before and after drying.

Water content (%) = (X - Y)/X = 100

o

3]
{n

ount of remaining dispersion medium

The amount of the petroleum hydrocarbon dispersion
medium remaining in the water-absocrbent resin was measured
using a head-space gas chromatograph.

(a} Formation 5f calibration curve

Approximate 10 g of the petroleum hydrocarbon

dispersion medium (hereinafter referred

2

c as a “dispersion

medium”) used to polymerize a sample for measuring a

remaining dispersion medium, is placed intc a screw vial or
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the like to cool the vwvial with an ice-water Dbath.

Similarly, 80 g of DMF (dimethylformamide) and 60 g of 25 3%

by mass of an agueous phosphoric acid solution i1s also

]-1

Q
Q

cled with an ice-~water Dbath. (Charging 1is performed

)
Hh

fter sufficiently <cooling because of transpiration
inhibition for the dispersion medium during charging.)

0.2 g of the above dispersion medium was accurately welghed
into a 50 ml volumetric screw vial and then the above
cooled DME was added theretoc to accurately make 20 g,
follewed by stirring with a magnetic stirrer bar to obtain

ample solution. This standard sample sclution

tandard

r
2
n

}mt

was also

(¢}

ocled by the ice-water bath.
in a 20 ml volumetric wvial Dbottle {No. 5,

manufactured by Maruemu Corporation), each of 0.0

Y
-
(]
<O
n
~

O

{5t

0.1 and g of the above standard sample solution was
accurately weighed and the cooled DMEF was added thereto to
make the amount of contents in each wvial bottle to a total
amcunt of 3.8 g {4 ml

Furthermore, each wvial bottle was charged with 5 ml.

of 25 % by mass of the agueous phosphoric acid solution,

sealed and tightened with a septum rubber and an aluminium

cap, and then stirring was performed by shaking each the
bottle.

In addition, attention has been pald to perform
gquickly procedures from charging of the sample into the 20-

§:,..t
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metric vial to the sealing,
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medium from transpiring from the vial as possible.

Moreover, attention has been paid also

+

o fully cool DME
and 25% by mass of an aquecus phosphoric acid solution such

that the dispersion medium did not transpire due to

l._J

generation of heat at the time of mixing the both reagents

his vial bottle was warmed at 110°C for 2 hours, and
1 mi of a vapor phase portion was collected such that the

vapor phase portion was not cooled, and then it was

! .}
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hromatograph to cbtain a chromatogram.
(Use of head space autosampler)
The concentrations of the above Standard sample

solutions were calculated based on amount to be charged,

and then the amount to be charged o

(S

the dispersion medium

)

in each vial bottle was calculated to prepare a calibration

curve based on the amount to be charged

a5

s

nd a peak area o

the ch

i

cmatogram.

When a mixture of petroleum hydrocarbons was used as

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

[0052]

(b} Measurement of amount of dispersion medium remaining in

sample
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About 2 g of a sample to be measured was charged into
an aluminum cup and then dried with a hot air dryer at
105°C for 2 hours to adjust the water content.

Reguired amounts of DMF and 25 % by mass of an
aqueous phosphoric acid solution used for the measurement,
were also chargéd into a screw bottle, and ccoled with an

e-water bath.

into a 20 ml  volumetric vial bottle (No.5

sample was accurately weighed, and the bottom of the vial
bottle was dipped in an ice bath to cool the wvial bottle
and the water-absorbent resins. To this vial bottle were
added 4 mli of the above ccoled DMF and, further 5 ml of
25 % by mass of the above cooled agueous phosphoric acid

solution. The via

ot

T bottle was quickly tighitened by sealing
with a septum rubber and an aluminium cap and, then gently

shaken to mix. Afte

b

allowing to stand for 10 min, it was
confirmed that thﬁ water-absorbent resin in the vial bottle
was swelled, the vial bottle wés 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
guickly procedures from charging of the sample into the 20-
ml volumetric wvial to the sealing, to prevent a dispersion

medium from transpiring from the vial as possible as much



10

!‘“"’“
ot

20

he
ey}

This vial bottle was warmed at 110°C for Z hours, and
1 ml of a vapor phase portion was collected such that the

vapor phase portion was not cooled, and then it was
intected into a gas chromatograph to obtain a chromatogram.
(Use of head space autosamplier)

The amount of the dispersion medium contained in the
amount {0.10 g of observed wvalues) of the charged sample
was calculated from the calibration curve made based on the

£

peak area of the resultant chromatogram, and then converted

[

into the amount [ppm

&)
Tmed

of the dispersion medium contained
per 1 g of the sample.
(0054}

The conditions of a gas chromatograph used in the
measurement of the amount of the remaining dispersion

medium in the present inventlon are as follows.
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manufactured by Shimadzu Corporation
Filler: Sgualane 25% Shimalite (NAW) (101)
80-100 mesh

Column: 3.2 n in diameter x 2 m

5

Column temperature: 80°C
Injection port temperature: 180°C
Detector temperature: 180°C

Detector: FID
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Gas carrier: Nitrogen gas
V:al bottle heating temperature: 110°C
Syringe setting temperature: 110°C

The present invention will be described in detail by

h

way of Examples, but the present invention is not limited

3

onily to these Examples.

~

in addition, the specific gravity of the aqgueous

monomer sclution in each example was calculated as 1.15¢g/ml

005

(&)}
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Comp tive Example 1

33

r

o

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

o

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 diglveidyl ether and 43.6 g of ion-exchange
water to prepare an agueous soliution of a water-socluble

ethylenically unsaturated monomer (hereinafter referred to

th

W

as “agueous monomer sclution”).

Inte & 2 L volumetric six-necked separable cover and

]

cylindrical separable round-bottom flask {hereinafte

referred to as a “round-~bottom £lask”) equipped with

23]

stirrer with one 50 mm in diameter pitched blade paddle
impeller, a thermometer, a refliux condenser, a nitrogen gas

introducing tube and a ball-head stopper, 342 g of n-
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heptane was poured. To the round-bottom flask were added

a
o
O
[}
D

0.92 g of fatty acid ester {manufactured by

Mitsubishi-Kagaku Foods Corpcracion, trade name: 3-370) as

a surfactant and 0.92 ¢ of a2 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 dissolved by

warming up to an inner temperature of 80°C, and alr cooled

to an inner temperature of 60°C.

The above-mentioned agueous monomer solution was
charged once into the above heptane while stirring them at
500 rpm by using a funnei made of 8US, having an inside
diameter of 8 mm at opening at the tip. When a time period
required from the start to the end for providing the
agqueous monomer solution was measured, the time period was
12 seconds. By converting the agueocus monomer solution

238g by the specifi

F, ’
@]
te]
b
al
<
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fe
G
h
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.15 g/ml, and dividing

]

volume of 207 ml by 12 sec to obtain a mean volume flow

rate upon pouring of 17.3 ml/sec, Cross-sectional area
=r1/4%0.8x0.8=0.503cm®* and Linear flow rate Fy=17.3
ml/sec)/0.503[cm’] %60 [sec/min) x0. 0% [cm/m]=20.6[m/min],

Addition rate Vi=Vigear=F1x100[m/cm]*xA;/207 [ml] =5.0[min "1,

1

The atmosphere in the system was substituted w

2oy
ot

-
[

}wl .

nitrogen at a flow rate of 200 ml/min for 30 minutes while
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stirring at 3500 rpm and maintaining the inner temperature
of the round-bottom flask around 40°C, and a 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 about
114 g of water was removed off from the system by

1.2 ~

azeotropic distillation while refluxing n-heptane to obtain

To the resultant dehydrated polymer was added 4.6 g

of 2% aquecus sclutions of ethylene glycol diglycidyl ether

—

as a post-crosslinking agent te perform a post-crosslinking
reaction at 83°C for Z hours.

Then, heating is performed using an oil bath at 120°C,
heptane and water were removed off Irom the system by

distillation, followed by drying under a nitrogen gas flow

to obtain %1 g of a water-absorbent resin. This water-
absorpent resin had a median particle size cf 56 pm, and a

water content of 3%,

Example 1

Into a 500 mL Erlenmevyer flask, 92.0 g of 80% by mass

Hh

¢ 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

o~

were added 0.11 g o¢f potassium persulfate, 8.3 mg of
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ethylene glycol diglycidyl ether and 43.6 g of ion-exchange

water tO prepare an agueous solution of a water-soluble
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turated monomer.
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metric six-necked separable cover and
cylindrical separable round—bottém. flask equipped with a
stirrer with one SO mm in diameter pitched blade paddle

pelleh, a thermometer, & reflux condenser, a nitrogen gas

=

introducing tube and a ball~head stopper, 342 g of n-

round-bottom flask were added

ot
o

heptane was poured. Te

0.%22 g of a sucrose faft

t
i
e

acid ester (menufactured by

a surfactant and 0.%92 g of a maleic anhydride~modified
ethylene-propylene copolymer (manufactured by Mitsul

Chemicals, Inc., trade name: HIWAX 11054) as a hydrophobic
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was dissoclved by

warming up to an inner temperature of 80°C, and air cooled

[0060]

A nozzle (made of flucroresin tube with an inside

diameter of I mm) with an inside diameter of 1 mm was

attached to the ti

}_..I

p of the tube of the tube pump

(MASTT

£

RFLEX 1L/S ser

ot
o

s) previously prepared, the nczzle is
fixed to a opening at the six openings of the separable
cover, and the above-mentioned agqueous solution of the

water-soluble ethylenically unsaturated monomer was added

fot

to the above-mentioned heptane stirring at 500 rpm (whi
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0

keeping in mind that an aqueocus monomer solution is not
contacted with the wall surface) in a pump flow rate of 42

ml/min {observed separately). {(The addition of the total
amount ©0f the above-mentioned agueous monomer sclution
required about 600 seconds.)  From Cross-sectional area

=r/Ax0.1x0.1=7.85x107 [cm®], Linear flow rate
Fi=42 [(ml/minl/ (7.85x1077 [em?] ) =x0.01 [m/em]}=53.5 [m/min],
Addition rate  Vi=Viees=F1x100[{cm/m}x2;/207 [ml]=0.20[min "]
was calculated at this time.
06611

The atmosphere in the system was Substituted with

nitrogen at a flow rate of 200 ml/min for 30 minutes while
stirring at 500 rpm and maintaining the inner temperature

of the round-bottom flask around 40°C, and a 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 about
114 g of water was removed £f from the system by

distilliation while refluxing
rated polymer. To the resultant

was added 4.6 g of 2% agueous solutions
diglycidyl ether as a post-crosslinking
83°C for 2
Then,
water

heptane and were

removed off f

n-heptane to obtain
dehydrated polymer
of ethylene glycol
rform a

agent to pe

at 120°C,

rom the system Dby
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distillation, followed by drying under a nitrogen g

to obtain 82 0f a water-absorbent resin p
g [

B

ssed through a
sieve of 85C um. This water-absorbent resin had a median

particle size of 61 um, and a water content of 3%.

The same operations as those of Example 1 were

gel

erformed, except that the pump flow rate of 42 ml/min for

addition rate of the agueous monomer solution with a tube
pump in Example 1 was substituted with 21 ml/min. The
addition rate was 0.10[min™*). (The addition of the total

amount of the above-mentioned agueocus monomer solution
regulred about 600 ssconds.})

As a result, the water-absorbent resin 82g was

q

This water-absorbent resin had a median

O
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i
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o
jo8
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size of 59 um, and a water content cof 3%.

=
[es]
(o
(o8
baviined

Comparative Example 2

The same operations as those of  Example 1 wer

¢V

performed, except that the pump flow rate of 42 ml/min for
addition rate of the aquecus monomer solution with a tube
pump in Example 1 was substituted with &6é> ml/min. The
addition rate was 0.80[min™*]. (The addition of the total
amount of the above-mentioned aqueocus mnmonemer solution
required about 75 seconds.)

\s a result, the water-absorbent resin 9lg was
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obtained. This water-
particle size of 58 um, and
[0064]
Comparative Example 3
The same operations
performed, except that

addition rat

addition of

Example 1

e of

wasg

the total amount

the pump

the aqgueous

(8]
pead

apgorneant

a water

- o
& e

of the

monomer solution required about 150

those

menomer solu

ted

4]

sir had a

e
-

(I)

)

=
0]
Q.
},_i
)
3

content of 3%.

of Example 1 were

flow rate of 42 ml/min for

ition with a tube

with 83 ml/min. (The
above-mentioned agueous

seconds.)

As a result, the water-absorbent resin 91 g was
obtained. This water-absorbent resin had a median
particle size of 61 um, and a water content of 2%.

[0065]
Example 3

The same operations as those of Example 1 were

performed, except that two sets of tube pumps which add the

agqueQus monomer

mm in diame
and each no

position for

solution

from Cross-sectional
Linear fiow rate
3r 2

ey

from

solubion at
ter of Example
zzle was fixed

1

CE Separ

.

m/cm]=53.5[m/min],

two positions.,

42 ml/min and nozzles having 1

1 were

in the
able cover to
For both nozzles at

area Aj=R,=11/4x(.1ix0.1=7. BSXLO?FC

prepared respecti

I.J

vely,

approximately di

onad

o

go

add the aqueocus monome

s

this time

[om—
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Vioral=Vi+V,=0.40[min™*] (The addition of the total amount of
the above-mentioned agueous monomer solution required about
150 seconds.)

As a result, the water-absorbent resin %3g was

obtained. This water-absorbent resin had a median particle

)]

ize of 58 um, and a water content of 4%.

Comparative Example 4

The same operations as those of Example

-
X
®
R
€]

performed, except that two sets of tube pumps which add the
agueous monomer solution at 83 ml/min and nozzles having 1
mm  in diameter of Comparative Example 3 were prepared
respectively, and each nozzle was fixed in the
approximately diagonal position for the separable cover to
add the aqueous monomer solution from two positions. For

both nozzles at this time, from Cross-sectional area

F=Fo=83[mil/min]/(7.85x10 [cm?]) x0.01 [m/cm]=105.73 [m/min},

=0.40 min™], and Vu=Vi, Vietar=VitVe=0.80[min™] (The additio
J '

of the total amount of the above-mentioned agueous monom

1]
=

solution reguired about 75 seconds.)

As a result, the water-absorbent resin 92g was

zu.t.

obtained. This water-absorbent resin had a median particle

i

)

3

e

size of 58 um, and a water content o©
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Example 4

The same operations as those of Example 1 were
performed, except that four sets of tube pumps which add
the agueous menomer sclution at 21 ml/min and nozzles
having 1 mm in diameter of Example 2 were prepared

respectively, and the four nozzles were fixed at an open

5
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(while keeping in mind that agueous
moncmer solutions exhausted from the nozzies 1s not

contacted with each other on the licquid surface of heptane)

ct

te add the agqueous monomer solution from four positions

o

imultanecusly. For each nozzle at this time, from Cross-

sectional area Af#ﬁfoﬂumn/éxo.lXO,lz7.BSXEOﬁicm?E, Linear

£1ow rate Fi=Fp=F3=F;=21 [ml/min] / (7.85=10
lem®)) x0.01 m/em]=26.75 [m/min], Addition rate-

Vi=Fx100lem/ml xR /207 iml7=0.1

)
=3
’- g
=
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ddition rate Veigeai=L(Vy To V43=0.40 was calculated.
(The addition of the total amount of the above-mentiocned
agqueous nmonomer solution reguired about 150 seconds.)
(The addition of the total amount of the above-mentioned
agqueous moncmer solution required about 150 seconds.)
As a result, <the water-absocrbent resin %lg was

obtained. This water—absorbent resin had a median particle

oo

size of 58 um, and a water content cof 2
(0068}
Example 5

The same operations as those of Comparative Example 1
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were performed, except that the tip of the funnel made of

SUS having an inside diameter of 8 mm at the opening of the

tip used in Comparative Example 1 was covered with a ca
iy allE

T
b5
()]

ip of which has one opened aperture having an inside
diameter of 1 mm (it was confirmed that the liguid poured

in the funnel was added to heptane under the funnel through

only this aperture having 1 mm in diameter), to throw the

above-mentioned agueous moncmer solution into heptane

bed

n addition, when a time period reguired from the
start to the end for providing the agueous monomer sclution
was measured by using a stopwatch, the time period was 260
seconds . By converting the agueous monomer solution 238 g

by the specific gravity of 1.15 g/ml, and dividing a volume
S Y °!

of 207 ml by 260 sec to obtain a mean volume flow rate of
0.80C ml/sec, from Cross=-sectional area
Ry=11/4%0,1x0.1=7.85%107° [emw?], Linear addition rate
F1=0.80[ml/sec]/{7.85x107%[cm?®])

x0.01 (m/cm] =60 [sec/min]=61.15m/mi at this time, Addition

rate Vi=Viepea=F1x100[cm/m]%A;/207=0.23[min™"] was calculated,

As & vresult, the water-absocrbent resin 92g was
ocbtained. This water-absozpent resin had a median
particle size of 690 um, and a water content of 3%.

[0069]

The same operations as those of Comparative Example 3

h
2

were performed, except that the an inside diameter o
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mm for the nozzles at the tip of the tube pump was changed

to 2 mm in diametey. From Cross~sectional area
- -2 o 5 — - .

D Ba=n/4x0.2x0.2=3,14%10 “;cmz}, and Linear flow rate

F1=83[ml/min]/ (3.14x107%[cm?®])%x0.01{m/cn}=26.43[m/min],

Addition rate  Vi=Vieea=F1x100[cm/mlxA,/207 [m1]=0.40{min™*]
was calculated at this time. (Although the linear flow
rate was comparable as that of Example 2, the addition rate

is the same as in Comparative Example 3, and the addition
of the total amcunt of the above-mentioned aguseous monomer

solution required about 150 seconds.)

As a result, the water-absorbent resin 9lg was
obtained. This water—absorbent resin had a median
particle size of 56 um, and a water content of 2%.

[0070]
Example 6
Into a 500 ml Erlenmevyer flask, 92.0 g-of 80% by mass

ic acid was charged and neutralized by adding

|....A

of ac

n]

Y4
drop&ise 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, 8.2 mg of
ethylene glycol diglycidyl ether and 43.6 g of ion-exchange
water to prepare an agueous solution of a water-scluble
ethylenically unsaturated monomer.

Into a 2 L volumetric six-necked separable cover and
cylindrical separable round-bottom £flask eguipped with a

stirrer with one 50 mm in diameter pitched Dblade paddle

r”J
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a nitrogen gas

reflux condenser,
342 g of

peller, a thermometer, a
ntroducing tube and a Dball-head stopper
heptane was poured To the round-bottom flask were
0.92 g of a sucrcose fatty acid ester (manufactured by
Mitsubishi-Kagaku Foods Corporation, trade name: S8-370) as
a surfactant and 0.92 g of a maleic anhvdride-modified
ethylene~-propylene copolymer (manufactured by Mitsul
Chemical Inc., trade name: HIWAX 1105A) as a irophobic
polymeric dispersion agent, and then this was dissolved by
10 arming up to an inner temperature oif 80°C, and air cocoled
to an inner temperature of 60°C.
A nozzle {made of fluocroresin tube with an inside
diameter of 1 mm) with an inside diameter of 1 mm was
attached to. the tip of the tube of the tube pump
15 (MASTERFLEX L/S series) previously prepared, the nozzle is
fizxed to a opening at the six openings of the separable
cover, and the above-mentioned agueous solution of the
water—-soluble ethylenically unsaturated monomer was added
to the above-menticned heptane stirring at 500 rpm (while
20 keeping in mind that an aquecus monomer solution is not
ntacted with the wall surface) in a pump flow rate of 1l
ml/min (observed separately) (The addition of the total
amount of the above-mentioned agueous monomer sclution
reguired apout 11350 seconds.; From Cross-sectional area
5x107% [em?], Lineaxr flow rate
Cl[m/cml=14.0{m/minl,

Ry=11/4%0.1x0.1=7.8
7.85x107% [cm®]) x0.

25
lell L / } /

L:.



10

Lk
(3

20

57

Addition rate Vi=Viera=Fix100[cm/m]xA;/207 ml1]~0.05min™")

o

-

was calculated at this time.

1

The atmosphere in the system was substituted with

~

nitrogen at a flow rate of 200 ml/min for 30 minutes while

3

0N

ot

tirring at 500 rpm and maintaining the inner temperature
of the round-bottom flask around 40°C, and a polymerization

reaction wags performed by warming for 1 hour with a hot
Yy

After the polymerization reaction, the reaction

suspension was heated using an oil bath at 120°C and about

433

1

W

g of water was removed off from the system by

$omi

azectropic distillation while refluxing n-heptane to obtain

a dehydrated polymer. To the resultant dehydrated polymer

t

was added 4.6 g of 2% agueous solutions of ethylene glycol
diglycidyl ether as a post-crosslinking agent to perform a

hours.

N

post-crosslinking reaction at 83°C for

4

Then, heating is performed using an oil bath at 120°C,
heptane and water were removed off from the system by

1

distil

EJ.

i—w&

ation, followed by drying under a nitrogen gas flow

(%]

to obtain 93 ¢ cof a water-absorbent resin passed through a

. a

sieve of 850 um. This water-absorbent resin had & median

particle size of 60 pm, and a water content of 4%.

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

Into a 500 mL Erlenmever flask, 92.0 g of 8C

o®
O
=
=)
o
n
o

of acrvlic acid was charged and neutralized b addin
o) g

[
e

n

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

0 ~ -

dded 0.11 g

3

were

o

4

f potassium persulfate, 8.3 mg o
ethylene glycol diglycidyl ether and 43.6 g of ilon-exchange

water to prepare an aqueous solution of a water-soluble

Into a 2 L volumetric six-necked separable cover and
cylindrical separable round-bottom £lask equipped with =&
stirrer with one 50 mm in diameter pitched blade paddle
impeller, a thermometer, a reflux condenser, a nitrogen gas
introducing tube and a ball-head stopper, 342 ¢g o¢f n-
heptane was poured. To the round-bottom flask were added
0.92 g of a sucrose fatty acid ester {manufactured by
Mitsubishi-Kagaku Foods Corporation, trade name: S-370) as
a surfactant and 0.3%2 ¢ of a maleic anhydride-modified
ethylene-propylene  copolymer (manufactured by  Mitsui
Chemicals, Inc., trade name: HIWAX 1105A) as a hnydrophobic
polymeric dispersion agent, and then this was dissolved by
warming up to an inner temperature of 80°C, and air cooled

to an inner temperature of 60°C.

A nozzle I[(made of flucroresin tube with an inside
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diameter of 1 mm) with an inside diameter of 1 mm was

attached to the tip of the tube of the tube

T

ump
(MASTERFLEX L/S series) previously preparéd, the nozzle is
fixed to a opening at the six openings o©f the separable
cover, and the above-mentioned agqueous solution of the
water-soluble ethylenically unsaturated monomer was added
to the above-mentioned heptane stirring at 500 rpm (while
keeping in mind that an aguecus monomer golution 1s not

contacted with the wall surface) in a pump flow rate of 21

mi/min (observed sgeparately}. (The additicn of the total
amount o©f the above-mentioned agueous monomer solution
requiréd about 600 seconds.) From Cross-sectional area
Ry=r/4x0.1%0.1=7.85x107° [cn?], Linear flow rate
Fi=21[ml/min]/(7.85x10" 3 {em?] ) x0. 01l m/cn]=26.8 [m/min],

Addition rate  Vim=Viers1=F3x100Tcm/m]xA;/207 m1}=0.20[min™*]

tuted with

t-,-)

The atmosphere in the system was subst

-

nitrogen at a flow rate of 200 ml/min for 30 minutes while

0
e
[
R
i
=
W3
¢y
(43
i

00 rpm and maintaining the inner temperature

h

of the round-bottom flask around 40°C, and the first stage

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 innex
temperature was cooled To near 25°C to preciplitate at least
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a part of the surfactant.
[0075]

Separately, into a 500 mL Erlenmeyer flask, 128.8 g

Fras

of 80% by mass of acrylic acid was charged and neutralized
py adding dropwise 142.9 g of 30 % by 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

¢f ethy

sw,.x

ene glycol diglycidyl ether and 16.7 g of idon-
exchange water to prepare an agueous solution of a water-
soluble ethylenically unsaturated monomer for the second
stage polymerization. Next, for the cooled polymerization
liguid, a nozzle (made of fluorcresin tube with an inside
diameter of 1 mm) with an inside diameter of 1 mm was

attached to the tip of the tube of the tube pump

nozzle is

(-:')"
[

(MASTERFLEX L/S series) previously prepared, tI

fixed to a opening at the six openings of the separabl

~}
@

[¢)

cover, and the above-mentioned agueous solution of the

-

water~soluble ethylenically unsaturated monomer was added

rring at 1,000 rpm (while

[

to the polymerization liguid st

keeping in mind that an agueous monocmer solution 1is not

i~h
o

contacted with the wall surface) in a pump ow rate of 30

ml/min {cbserved separately). (The addition of the

b

Q

t
et

i

amount of the above-mentiocned agueous monomer solution

required about 500 seconds.) 288.6 g of the aqueous

E_J.

monomer solution has a specific gravity of 1.17 g/ml and

volume is 246.7 ml. From Cross—-gectional area
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A=n/4x%0,1x0.1=7.85x10°[cm?]=7.85%x10""[m?], Linear flow rate
F1=30 (ml/min]/{7.85x107% [em?]) x0. 01 [m/cm)=38.2 [m/min],

Addition rate Vi=Vieea=Fix100{cm/m]xA,/246.7 [m1]1=0.12[min™"]

73}
9
u
E,__:
Q
[
ot
job3
a3
o
joX
i)
T
¢t
oy
}_L
[¥3]
~+

wa Cime.

Next, the atmosphere 1in the system was well
substituted with nitrogen while maintaining the inner
temperature of the round-bottom flask containing the

dispersion near room temperature, and a radical

polymerization re

23

ction was performed by warming for 1 hour
with a hot water bath at 70°C

After the sgecond stage polymerization reaction, the
reactlon suspension was heated using an oil bath at 120°C
and about 260 g of water was removed off from the system by
azeotropic distillation while refluxing n-heptane into the
flask to obtaln a dehydrated pclymer despersed in heptane.
To the resultant dehydrated polymer despersed in heptane
was added 8.2 g of 2% acgueous solutions of ethylene giycol
diglycidyi ether as a post-crosslinking agent to perform a
post-crogslinking reaction at 83°C for 2 hours.

Then, heating is performed using an oil bath at 120°C,
n~-heptane and water were removed off from the  system by

e

nitrogen gas flow

Q.
[
4]
ot
e
el
;.,.,J
o
+
} d
O
=3
h
O
froed
}__.J
0O
z
o
X
o
W3
o,
3
-t
=
(@)
oy
3
Q.
&
i1
3

3

to cbtain 238 g of a water-absorbent resin having in a form

cf aggregated spherical particles by passing through a

'—3.

sieve of 850 um, This water-absorbent resin had a median

particle siz

€5
th

0%.

of 367 um, and a water content o
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[Table 1]

L

[6)
o

Additicn conditions of agueous monomer solution Part | Amount
icle | of
| per one nozzle size | remaini
: ' — ro. n
Devic | Noz Num Volume Lineax Addition Total ] d?svers
a3 zle | ber flow flow rate addition 46P* )
RN 4
dia 8 ratg _ra@e‘ .Vi rate medsum
met of [ml/min] {m/min} [min-1] Veoral oy
e [ppm)
ha noz {min-1]
Tneg zle
s
Example | Tub 1 1 4z 53.5 0.20 0,20 61 4,427
3 pumpe
Exanple i L 21 26.8 0,10 0.19 59 3,833
2
Example | " 1 2 42 33.5% 0.20 0.40 58 4,765
el
Zxample | " 1 4 42 2¢.8 0.10 Q.40 58 4,805
4
Example | Funne 1 i 48 61.2 0.23 0.23 57 4,969
& i
Example | Tube 1 1 i1 14.0 0.05 0.05 80 3,621
5 pump
Example | Tube 1 3 21 26.8 5.10 C.10 387 1,863
7 pump {30) (38.2) {0.12) {(6.12)
Compara | Funne 2 i 1638 20.¢6 5,01 5,01 56 20,138
Tive 1
Exanpls i
1 E
Compaxa | Tube 1 ] 166 211.4 ¢.80 3.80C 58 49,873
Tive DUMP
xample
2
Compara ; i 1 83 105.7 0.40 0.40C 61 12,340
tive
Example
3
Compara | 7 il 2 23 105.7 0.40 0.80 58 22,064
tive
Exanple
4
Compazxa | " 2 1 83 26.4 0.48 0.40 56 18,990
tive
Examplie
5 i i
The parenthetic wvalues {(in "{)}") show conditions for the
second stage polymerization.
[0077]
From Table 1, when for addition rates to the
polymerization system of an agueous monomer solution, the
T <5 . 4 - PN
addition rate V; of each pouring nozzle was 0.30 [min or
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s

less and the total addition rate Vietsr was 0.04 [min

o

mere, a reduction in the amount of the remaining dispersic
medium could be accomplished as compared with Comparative
Examples.
{Industrial applicability]

(00781

The present invention provides a methoed for producing
a water-absorbent resin, wherein an amount of a remaining
petroleum hydrocarbon dispersion medium used in a reversed
phase suspension polymerization, which is contained in the
water—-absorbent resin and an odor originated form tThe

petroleun hydrocarbon dispersion medium is reduced, and a

esin obtained by the method.
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[Document Name] Claims

[Claim 1]
A method for producing a water-absorbent resin
comprising performing a reversed-phase suspension

polymerization of a water-scluble ethylenically unsaturated
monomer in a petroleum hydrocarbon dispersion medium by
using a surfactant,

a pouring rate upon dispersing an agueous solution of

the water-soluble ethylenically unsaturated monocmer in the
dispersion wedium, is satisfied with the fcollowing

nditiong:
{a) an addition rate V; of the agueous soclution 1is
0.30 [min™*] or less upcon dispersing an agueous solution of
the water-soluble ethylenically unsaturated monomer in the
d

dispersion medium, wherein the addition rate Vi is defin

vy
0]

by Equation (I):
Vi=F;xBy /T

wherein 1: Nozzle number (1 to n), n: Number of

3

nozzlies!{1<n<10), V:i: Addition rate [min™*}, ¥F;: Average

=
¥

1

]

lt/mil"

7
el

A;: Cross-section

e
Gk

linear flow rate from nozzle
" i 2 I il i P - T 3 A
area of nozzle I[m?], and T: Total amcunt [m’] of the

agqueous monomer solution charged 1in a polymerization

moncmer  solution of the water-soluble ethylenically

)

unsaturated monomer charged in the polymerization reaction



j=]

[@1]

[

(o)}
[62]

tank, is 0.04 Imin™!'] or more, wherein the total addition
rate Viewas 18 defined by the following Eguation (II):
Vigral=nVi (i= 1 to n) polymerizatibn tank

wherein Veea1: Total addition rate [min™®}, Vi: Addition

r B -~

rate of each nozzle [min "}, and 1 and n are as defined in

ey

p incidentally Veoral = Vs when the

t

Eqguation (3

£
=4

polymerization eguipment has one nozzle (n=1).
[Claim 2]

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

polymerization of a water-soluble ethylenically unsaturated

g

monomer in a petroleum hydrocarbon dispersion medium Dby

using a surfactant,

a pouring rate upon dispersing an aqueous solution of
rhe water-soluble ethylenically unsaturated monomer in the
dispersion medium, is satisfied with the following
conditions:

{a} an addition rate Vi of the agueocus solution 1

n

-

0.30 imin™] or less upon dispersing an aqueous solution of
the water-soluble ethvlenically unsaturated monomer in the

dispersion medium, wherein the addition rate V; is defined

. wherein i1: Nczzle number (1 to n), n: Number of
nozzles (1<n<i0), Vi: Addition rate [min "1, ¥Fi: Average

linear flow rate from nozzle [m/mini, A:: Cross-sectilon
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amount [m?] of the

¢l
o
E_.A

o

area of nozzle [m?], and T:

(63
fte

agqueous monomer solution charge n a polymerizatio

bl

reaction tank; and
(b) a total addition rate Viea o©f the agueous

the water-soluble ethylenically

h

monomexr solution 0

unsaturated monomer charged in the polymerization reaction

Vieta1=3 Vg {i= 1 to n) polymerization tank

wherein Vige,n: Total addition rate [min™t1, Vy: Addition

rate of each nozzle [min '], and i and n are as defined in
BEguation {1y, incidentally Viota = Vs whern the

[Claim 3]

The method for producing water-absorbent resin
according to claim 1 or 2, wherein n is 2<n<10.
[Claim 4]

The method for producing water-absorbent resin

accordin

ot

o any one of claims 1-3, wherein the water-

[{e]

n

dispersed in

},4.

soluble ethylenically unsaturated monomer
the peftroleum hydrocarbon dispersion medium before the
polymerization by using the surfactant, and then the
polymerization 1is performed Dby using a water-soluble

radical polymerization initiator.



