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(57) ABSTRACT

In manufacturing of a carboxyl group-containing water-
soluble polymer by a precipitation polymerization method, a
method which can improve production efficiency with
increasing practicality continuously adds a monomer solu-
tion wherein a monomer component containing an c.,f3-un-
saturated carboxylic acid is dissolved in an inert solvent in a
concentration of 20 to 50% by volume to an inert solvent
charged in a reaction vessel. In this case, the amount of the
inert solvent charged in the reaction vessel is set so that the
concentration of the monomer component in the total amount
summed up with the monomer solution is 10 to 24% by
volume, and the time period until completion of continuous
addition of the total amount of the monomer solution is set so
that the conversion of the monomer component at the time of
completion of addition of the total amount of the monomer
solution is 60% or more. The monomer component may con-
tain a polymerizable compound having two or more ethyleni-
cally unsaturated groups.
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METHOD FOR MANUFACTURING
CARBOXYL GROUP-CONTAINING
WATER-SOLUBLE POLYMER

TECHNICAL FIELD

[0001] The present invention relates to a method for manu-
facturing a carboxyl group-containing water-soluble poly-
mer, in particular, a method for manufacturing a carboxyl
group-containing water-soluble polymer by carrying out a
reaction of a monomer component containing an o, 3-unsat-
urated carboxylic acid in an inert solvent.

BACKGROUND ART

[0002] A carboxyl group-containing water-soluble poly-
mer is generally manufactured by carrying out precipitation
polymerization in an inert solvent in which a monomer com-
ponent containing an a,fB-unsaturated carboxylic acid and
optionally a polymerizable compound having two or more
ethylenically unsaturated groups is dissolved but in which a
carboxyl group-containing water-soluble polymer produced
by polymerization of the monomer component is not dis-
solved. Precipitation polymerization refers to a polymeriza-
tion method wherein a polymer produced by a polymerization
reaction is precipitated out of a solvent by using an inert
solvent as described above, by which polymerization method
a carboxyl group-containing water-soluble polymer can be
obtained in a form of a powder.

[0003] In a general manufacturing of a carboxyl group-
containing water-soluble polymer by precipitation polymer-
ization, a polymerization reaction is progressed by dissolving
arequired monomer component in an inert solvent charged in
areaction vessel, and heating the reaction system in the pres-
ence of a radical polymerization initiator (for example, see
Patent Literatures 1, 2, 3, 4 and 5). However, since this
method tends to result in very high viscosity of a reaction
solution slurry formed with the progress of the polymeriza-
tion reaction, it is difficult during the polymerization reaction
to control heat of reaction, and there is a risk of causing
bumping of a reaction solution and a possibility of having an
adverse effect on the degree of polymerization or physical
properties of a produced polymer. In particular, when the
concentration of a monomer component in the reaction sys-
tem exceeds 10% by volume, this tendency is remarkable.
[0004] Thus, in manufacturing of a carboxyl group-con-
taining water-soluble polymer by general precipitation poly-
merization as described above, although increase in viscosity
of a reaction solution slurry is suppressed by reducing the
concentration of a monomer component in an inert solvent to
cope with the above-mentioned defect, it is difficult to
increase production efficiency of a carboxyl group-contain-
ing water-soluble polymer due to decrease in the amount of
production per batch.

[0005] As other methods, for manufacturing a carboxyl
group-containing water-soluble polymer, Patent Literatures 6
and describe methods of carrying out a reaction by addition-
ally adding a monomer component to a reaction solution in
which a specific amount of a monomer component remains
unreacted. In addition, Patent Literature 8 (in particular,
claims and paragraph 0032) describes a method of dividedly
adding a monomer component to an inert solvent in 2 to 8
additions and a method of continuously adding a monomer
component little by little to an inert solvent.
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[0006] However, methods of additionally adding or divid-
edly adding a monomer component lack practicality since an
effect of suppressing increase in viscosity of a reaction solu-
tion slurry is insufficient despite complication in control and
operation. In addition, there is a tendency that the produced
carboxyl group-containing water-soluble polymer becomes
light and small in the bulk specific gravity. Furthermore, a
method of continuously adding a monomer component lacks
practicality since the optimal range of reaction conditions
such as polymerization temperature is limited and thus the
control is difficult as described in Patent Literature 8.

PRIOR ART LITERATURES
Patent Literatures

[0007] Patent Literature 1: Japanese Patent Application
Laid-Open No. 1-217017

[0008] Patent Literature 2: Japanese Patent Application
Laid-Open No. 2-22312

[0009] Patent Literature 3: Japanese Patent Application
Laid-Open No. 2-258813

[0010] Patent Literature 4: Japanese Patent Application
Laid-Open No. 6-107720

[0011] Patent Literature 5: U.S. Pat. No. 5,663,253

[0012] Patent Literature 6: Japanese Patent Application
Laid-Open No. 2003-268009

[0013] Patent Literature 7: Japanese Patent Application
Laid-Open No. 2005-126445

[0014] Patent Literature 8: Japanese Patent Application
Laid-Open No. 2002-097205

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

[0015] An object of the present invention is to enhance
practicality and to improve production efficiency in manufac-
turing of a carboxyl group-containing water-soluble polymer
by a precipitation polymerization method.

Means for Solving the Problems

[0016] The inventors focused on a method of carrying out a
polymerization reaction with continuously adding an inert
solvent solution of a monomer component to an inert solvent
in manufacturing of a carboxyl group-containing water-
soluble polymer by a precipitation polymerization method.
Also, the inventors found that, in this method, when the
concentration of the monomer component in the inert solvent
solution, the concentration of the monomer component rela-
tive to the total amount of inert solvent to be used and the
conversion of the monomer component in the polymerization
reaction system after completion of addition of the total
amount of the inert solvent solution are controlled, increase in
viscosity of a reaction solution slurry can be easily sup-
pressed, whereby production efficiency of a carboxyl group-
containing water-soluble polymer increases.

[0017] The present invention relates to a method for manu-
facturing a carboxyl group-containing water-soluble polymer
by carrying out a reaction of a monomer component contain-
ing an o,fB-unsaturated carboxylic acid in an inert solvent.
This method comprises step (A) of preparing a reaction vessel
in which an inert solvent is charged and step (B) of continu-
ously adding a monomer solution wherein the monomer com-
ponent is dissolved in an inert solvent at a concentration of 20
to 50% by volume to the inert solvent charged in the reaction
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vessel. Here, the amount of the inert solvent charged in the
reaction vessel in step (A) is set so that the concentration of
the monomer component in the total amount summed up with
the monomer solution is 10 to 24% by volume. In addition,
the time period until completion of continuous addition of the
total amount of the monomer solution in step (B) is set so that
the conversion of the monomer component is 60% or more at
the time of completion of addition of the total amount of the
monomer solution.

[0018] In this manufacturing method, upon carrying out
precipitation polymerization with continuously adding an
inert solvent solution of a specified monomer component to
an inert solvent, since the concentration of the monomer
component in the inert solvent solution, the concentration of
the monomer component relative to the total amount of the
inert solvent to be used and the conversion of the monomer
component in the polymerization reaction system after
completion of addition of the total amount of the inert solvent
solution are controlled, increase in viscosity of a reaction
solution slurry can be easily suppressed, and production effi-
ciency of a carboxyl group-containing water-soluble polymer
can be increased.

[0019] The manufacturing method of the present invention
generally further comprises step (C) of continuing the reac-
tion after completion of the continuous addition of the total
amount of the monomer solution. In this case, the manufac-
turing method of the present invention usually further com-
prises step (D) of volatilizing the inert solvent from the reac-
tion solution after completion of the reaction in step (C), to
remove the inert solvent.

[0020] The o,p-unsaturated carboxylic acid used in the
manufacturing method of the present invention is, for
example, at least one kind selected from the group consisting
of acrylic acid; methacrylic acid; an ester of acrylic acid and
a higher alcohol of which alkyl group has a carbon number of
1010 30; and an ester of methacrylic acid and a higher alcohol
of which alkyl group has a carbon number of 10 to 30.
[0021] In addition, the monomer component may further
comprise, for example, a polymerizable compound having
two or more ethylenically unsaturated groups. The polymer-
izable compound having two or more ethylenically unsatur-
ated groups is, for example, at least one kind selected from the
group consisting of pentaerythritol allyl ether, polyallyl sac-
charose, diethylene glycol diallyl ether and polyethylene gly-
col diallyl ether.

[0022] The inert solvent charged in a reaction solution and
the inert solvent in which a monomer component is dissolved
in the monomer solution used in the manufacturing method of
the present invention are generally the same.

[0023] In the manufacturing method of the present inven-
tion, less than 50% by weight of the total amount of the
monomer component can be previously dissolved in the inert
solvent to be charged in the reaction vessel in step (A).
[0024] Other objects and effects of the present invention
will be mentioned in the following detailed description.

EMBODIMENTS OF THE INVENTION

[0025] In the method for manufacturing a carboxyl group-
containing water-soluble polymer according to the present
invention, a monomer component containing an o.,3-unsatur-
ated carboxylic acid is subjected to a polymerization reaction
in an inert solvent.

[0026] The o,p-unsaturated carboxylic acid used herein is
not limited specifically, but includes, for example, an o.f3-
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unsaturated carboxylic acid such as acrylic acid, methacrylic
acid, crotonic acid, maleic acid, itaconic acid and fumaric
acid; alkyl acrylate ester; and alkyl methacrylate ester. These
a,p-unsaturated carboxylic acids may be used alone respec-
tively or two or more kinds of the o, -unsaturated carboxylic
acids may be used in combination.

[0027] Alkyl acrylate ester and alkyl methacrylate ester
refer to alkyl esters of acrylic and methacrylic acid and alkyl
alcohol, preferably a higher alcohol of which alkyl group has
a carbon number of 10 to 30, respectively. The higher alcohol
of'which alkyl group has a carbon number of 10 to 30 forming
this alkyl ester includes, for example, decanol, lauryl alcohol,
myristyl alcohol, cetyl alcohol, stearyl alcohol, eicosanol,
behenyl alcohol and tetracosanol. Especially, as this alkyl
ester, those of which alkyl group has a carbon number of 18 to
24, for example, stearyl acrylate, stearyl methacrylate,
eicosanyl acrylate, eicosanyl methacrylate, behenyl acrylate,
behenyl methacrylate, tetracosanyl acrylate and tetracosanyl
methacrylate and a mixture thereof are preferably used, since
these alkyl esters can be obtained inexpensively and easily.
[0028] The above-mentioned alkyl ester of acrylic acid or
methacrylic acid can be appropriately prepared and used,
however a commercially available product thereof may be
also used. For example, a mixture of stearyl methacrylate,
eicosanyl methacrylate, behenyl methacrylate and tetracosa-
nyl methacrylate is commercially available from NOF Cor-
poration under the tradet name of “BLEMMER VMA70”.
[0029] Here, among the a,f-unsaturated carboxylic acids,
especially preferable o,f-unsaturated carboxylic acid is a
mixture of one kind or two or more kinds selected from
acrylic acid, methacrylic acid, an ester of acrylic acid and a
higher alcohol of which alkyl group has a carbon number of
10 to 30 (especially an ester of acrylic acid and a higher
alcohol of which alkyl group has a carbon number 0of 12 to 24)
and an ester of methacrylic acid and a higher alcohol of which
alkyl group has a carbon number of 10 to (especially an ester
of methacrylic acid and a higher alcohol of which alkyl group
has a carbon number of 12 to 24), since a carboxyl group-
containing water-soluble polymer having excellent solubility
to water and transparency can be obtained.

[0030] When a monomer component which does not con-
tain a polymerizable compound having two or more ethyleni-
cally unsaturated groups described below is used as a mono-
mer component, it is especially preferable that acrylic acid
and the above-mentioned alkyl methacrylate ester are con-
comitantly used as an o,f-unsaturated carboxylic acid.
[0031] The monomer component may further contain a
polymerizable compound having two or more ethylenically
unsaturated groups. A carboxyl group-containing water-
soluble polymer obtained by using this monomer component
can function as a thickener, when added to water or a variety
of aqueous solutions. The polymerizable compound having
two or more ethylenically unsaturated groups used herein is
not limited specifically, but, in general, is preferably a com-
pound having an allyl group as an ethylenically unsaturated
group, and can include, for example, pentaerythritol allyl
ether, diethylene glycol diallyl ether, polyethylene glycol
diallyl ether and polyallyl saccharose. The compound having
two or more ethylenic unsaturated groups may be used alone
respectively, or two or more kinds of the compounds may be
used in combination.

[0032] Inthe monomer component, the usage of the com-
pound having two or more ethylenically unsaturated groups is
generally preferably set at 2 parts by weight or less, and more
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preferably set at 1.5 parts by weight or less, relative to 100
parts by weight of o, §-unsaturated carboxylic acid. When the
usage of the compound having two or more ethylenically
unsaturated groups exceeds 2 parts, there is a possibility that
a water-insoluble polymer easily comes to be mixed in the
obtained carboxyl group-containing water-soluble polymer.
[0033] As the inert solvent used upon subjecting the mono-
mer component to a polymerization reaction, a wide variety
of inert solvents can be used, so long as the monomer com-
ponent dissolves in the solvent, but the obtained carboxyl
group-containing water-soluble polymer does not dissolves
in the solvent, which solvent does not inhibit the polymeriza-
tion reaction of the monomer component. As specific
examples, an aliphatic hydrocarbon solvent such as n-pen-
tane, n-hexane, n-heptane, cyclopentane and cyclohexane; an
aromatic hydrocarbon solvent such as benzene and toluene; a
halogenated solvent such as 1,2-dichloroethane and methyl-
ene chloride; and an ester solvent such as ethyl acetate and
butyl acetate. These inert solvents may be used alone respec-
tively, or two kinds of the inert solvents may be used in
combination.

[0034] Inpolymerization of a monomer component, first, a
reaction vessel in which an inert solvent is charged is prepared
(step (A)). Here, in general, a radical polymerization initiator
is added to the inert solvent. As a radical polymerization
initiator, a wide variety of known radical polymerization ini-
tiators, for example, o, a'-azobisisobutyronitrile, 2,2'-azobis-
2,4-dimethylvaleronitrile and 2,2'-azobismethylisobutyrate,
and the like can be used.

[0035] The usage of the radical polymerization initiator is
preferably set at 0.0001 to 0.0015 mol relative to 1 mol of
a,p-unsaturated carboxylic acid contained in a monomer
component. When the usage is less than 0.0001 mol, the
reaction rate becomes slow, and there is a tendency that the
obtained carboxyl group-containing water-soluble polymer
becomes light and small in the bulk specific gravity. On the
contrary, when the usage of the polymerization initiator
exceeds 0.0015 mol, there is a possibility that polymerization
progresses rapidly and the reaction becomes difficult to con-
trol.

[0036] Next, to the inert solvent charged in the reaction
vessel, a solution of a monomer component is slowly, con-
tinuously added (step (B)). The solution of a monomer com-
ponent continuously added herein (hereinafter sometimes
referred to as a monomer solution) is prepared by dissolving
a monomer component in an inert solvent. The inert solvent
used in the monomer solution is similar to the inert solvent
charged in the reaction vessel in step (A). In general, an inert
solvent which is the same as the inert solvent charged in the
reaction vessel is used, but a different solvent may be used so
long as the solvent has compatibility with the inert solvent.
[0037] In the manufacturing method of the present inven-
tion, the concentration of the monomer component in the
monomer solution is set at 20 to 50% by volume. However,
this concentration is more preferably set at 24 to 45% by
volume, and even more preferably set at 28 to 40% by vol-
ume. When the concentration of the monomer component is
less than 20% by volume, there is a tendency that a viscosity
of'areaction solution slurry becomes high and heat of reaction
becomes difficult to control in polymerization of the mono-
mer component, and there is a possibility of causing bumping
of a reaction solution. In addition, the produced carboxyl
group-containing water-soluble polymer tends to adhere to an
inner wall or an impeller of the reaction vessel, because the
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carboxyl group-containing water-soluble polymer aggregates
and becomes more likely to form a mass. Thus, there is a
possibility that it becomes difficult to obtain a carboxyl
group-containing water-soluble polymer in a form of a pow-
der or physical properties of the carboxyl group-containing
water-soluble polymer are adversely affected. On the con-
trary, when the concentration of the monomer component
exceeds 50% by volume, in addition to the possibility that the
defects similar to the defects in the case where the concen-
tration is less than 20% by volume likely to cause, there is a
possibility that a water-insoluble polymer (a highly cross-
linked product of carboxyl group-containing water-soluble
polymers) is produced as a byproduct in the obtained car-
boxyl group-containing water-soluble polymers. Here, a
water-insoluble polymer is generally separated as a dandruff-
like white particle in the case where the produced carboxyl
group-containing water-soluble polymer is dispersed in ion-
exchanged water and left standing whole day and night, there-
after the dispersion is subjected to suction filtration with a
mesh having an aperture of 50 microns.

[0038] When a monomer solution is continuously added to
the inert solvent in the reaction vessel, it is generally prefer-
able that the inside of the reaction vessel is set under an
atmosphere of inert gas such as nitrogen gas, argon gas or the
like. In addition, upon continuous addition of the monomer
solution, it is preferable that the content in the reaction vessel
is stirred and the reaction temperature is set at 50 to 95° C.,
and preferably at 65 to 90° C. by appropriately heating or
cooling the reaction vessel. Here, when continuous addition
of the monomer solution is started, the inert solvent in the
reaction vessel may be at room temperature of around 20 to
30° C. or may be heated to near the above-mentioned reaction
temperature.

[0039] When the reaction temperature is less than 50° C., a
viscosity of a reaction solution slurry increases, and there is a
possibility that it becomes difficult to uniformly stir the reac-
tion system. On the contrary, when the reaction temperature
exceeds 90° C., the produced carboxyl group-containing
water-soluble polymer tends to adhere to an inner wall or an
impeller of the reaction vessel, because the produced car-
boxyl group-containing water-soluble polymer aggregates
and becomes more likely to form a mass. Thus, there is a
tendency that it becomes difficult to obtain a carboxyl group-
containing water-soluble polymer in a form of a powder.
[0040] The continuous addition of the monomer solution to
the inert solvent in the reaction vessel can be carried out by a
wide variety of methods, so long as the monomer solution can
be divided infinitely and added little by little at an almost
constant speed, whether the method is a manual method or a
method using a device. However, in the present invention, it is
generally preferable that an addition device is used, since the
time period for continuous addition is set to be comparatively
long as described below. As a device for addition, a tube pump
or the like can be used in the case of small-scale manufactur-
ing, and a slurry pump or the like can be used in the case of
industrial-scale manufacturing.

[0041] The manufacturing method of the present invention
is set to meet the following conditions in the above-men-
tioned steps (A) and (B).

(Condition 1)

[0042] The amount of the inert solvent to be charged in the
reaction vessel in step (A) is set so that the concentration of a
monomer component in the total amount summed up with the
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total amount of the monomer solution to be continuously
added in step (B) is 10 to 24% by volume, preferably 12 to
22% by volume, and more preferably 14 to 20% by volume.
When this concentration is less than 10% by volume, there is
a possibility that the production amount per batch becomes
small and the method becomes uneconomical. On the con-
trary, when the concentration exceeds 24% by volume, there
is a possibility of causing bumping of the reaction solution,
since a viscosity of the reaction solution slurry becomes high
and it becomes difficult to control the heat of reaction. In
addition, the produced carboxyl group-containing water-
soluble polymer tends to adhere to an inner wall or an impel-
ler of the reaction vessel, and there is a possibility that it
becomes difficult to obtain a carboxyl group-containing
water-soluble polymer in a form of a powder, or the physical
properties of the obtained carboxyl group-containing water-
soluble polymer is adversely affected, because the produced
carboxyl group-containing water-soluble polymer aggregates
and becomes more likely to form a mass.

(Condition 2)

[0043] The time period until continuous addition of the
total amount of the monomer solution is completed in step (B)
is set so that the conversion of the monomer component is
60% or more at the time of completion of addition of the total
amount of the monomer solution. This time period is variable,
since it changes depending on a wide variety of factors such
as composition of the monomer solution, the amount of a
radical polymerization initiator to be used, and reaction tem-
perature. However, in general, when the time period until the
continuous addition is completed is set to be long, the above-
mentioned conversion can be accomplished. Here, the con-
version of the monomer component can be derived according
to the following formula.

[Formula 1]
Conversion of monomer component (%) =
Total amount of monomer component added to reaction system —

Amount of unreacted monomer component 100
X

Total amount of monomer component added to reaction system

[0044] In the formula, the amount of the unreacted mono-
mer component means the amount of the unreacted o.,f3-
unsaturated carboxylic acid. In addition, in the formula, each
amount of the monomer component is based on weight.
[0045] This conversion can be confirmed by a method using
liquid chromatography such as high performance liquid chro-
matography.

[0046] When the conversion of the monomer component at
the time of completion of addition of the total amount of the
monomer solution is less than 60% by volume, there is a
possibility of causing bumping of the reaction solution, since
aviscosity of the reaction solution slurry becomes high and it
becomes difficult to control the heat of reaction during the
following polymerization of the monomer component. In
addition, the produced carboxyl group-containing water-
soluble polymer tends to adhere to an inner wall or an impel-
ler of the reaction vessel, and there is a possibility that it
becomes difficult to obtain the carboxyl group-containing
water-soluble polymer in a form of a powder or the physical
properties of the carboxyl group-containing water-soluble
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polymer is adversely affected, since the produced carboxyl
group-containing water-soluble polymer aggregates and
becomes more likely to form a mass.

[0047] While it is necessary that the time period from start
to completion of the continuous addition of the monomer
solution is set so that condition 2 is accomplished, it is gen-
erally preferable that the time period is set to be 60 to 360
minutes. When this time period is short (that is to say, when
addition rate of the monomer solution is high), there is a
tendency that the reaction is inhibited until the concentration
of'amonomer component becomes a certain level or more due
to dilution effect on the reaction solution by the added mono-
mer solution, and the reaction becomes difficult. However,
since the reaction starts to progress rapidly when the concen-
tration of the monomer component becomes a certain level or
more, control of the reaction by heat removal from the reac-
tion system becomes difficult, and the reaction becomes dan-
gerous. In addition, there is a tendency that the produced
carboxyl group-containing water-soluble polymer becomes
light and the bulk specific gravity described below becomes
small. On the contrary, when the time period is too long,
productivity of the carboxyl group-containing water-soluble
polymer decreases and the method becomes uneconomical.
[0048] After completion of addition of the whole amount of
the monomer solution, the reaction in the reaction vessel is
kept (step (C)). This reaction time changes depending on a
wide variety of factors such as reaction temperature, the
amount of the radical polymerization initiator used and a 10
hour half-life temperature of the radical polymerization ini-
tiator, but it is generally preferable that the reaction time is set
to be 1 to 8 hours.

[0049] After completion of the reaction, the inert solvent is
volatilized and removed by heating the reaction solution (step
(D)). With this step, a carboxyl group-containing water-
soluble polymer in a form of a fine powder can be obtained. In
this case, when the heating temperature of the reaction solu-
tion is too high, there is a possibility that solubility of the
carboxyl group-containing water-soluble polymer to water is
impaired. On the other hand, when the heating temperature of
the reaction solution is low, removal of the inert solvent takes
a long time and production efficiency is decreased. Thus, it is
generally preferable that the heating temperature of the reac-
tion solution for removing the inert solvent is set within the
range of 80° C. or more and 120° C. or less.

[0050] In the manufacturing method of the present inven-
tion, the balance between polymerization kinetics of the
monomer component and the addition rate of a monomer
solution can be kept by accomplishing the above-mentioned
wide variety of conditions which can be easily set, and, as a
result, slurry concentration (concentration of a monomer
component) in the reaction system can be increased with
suppressing increase in the viscosity of the reaction solution
slurry. Therefore, the manufacturing method of the present
invention is highly practical due to ease in control of reaction,
especially in control of the reaction temperature, and can
safely manufacture a carboxyl group-containing water-
soluble polymer with increasing production efficiency per
batch. In addition, the carboxyl group-containing water-
soluble polymer produced by the manufacturing method of
the present invention hardly adheres to an inner wall or an
impeller of the reaction vessel as an aggregate, and easily
precipitates as a stable fine particle in the reaction solution. It
is estimated that these results by the manufacturing method of
the present invention are due to the reasons that: since a
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monomer solution is continuously added, the concentration
of'the monomer component in the reaction system can be kept
at relatively low concentration; the monomer solution con-
tinuously added can function as a diluent of the reaction liquid
slurry; and a part of the monomer component continuously
added is absorbed by the carboxyl group-containing water-
soluble polymer which is previously produced in the reaction
system, and polymerized; and the like.

[0051] The carboxyl group-containing water-soluble poly-
mer produced by the manufacturing method of the present
invention has a bulk specific gravity of 0.20 g/ml or more and
within the range of 0.27 g/ml or less, within which range
solubility to water is hardly impaired. Thus, the carboxyl
group-containing water-soluble polymer produced by the
manufacturing method of the present invention is different in
heaviness from a light carboxyl group-containing water-
soluble polymer obtained by a conventional precipitation
polymerization method, of which bulk specific gravity is less
than 0.20 g/ml. Therefore, this carboxyl group-containing
water-soluble polymer can decrease a transportation cost and
a space for storage.

[0052] In the manufacturing method of the present inven-
tion, a part of a monomer component may be previously
dissolved in an inert solvent to be charged in a reaction vessel
in step (A). In this case, the amount of the monomer compo-
nent previously dissolved is set at preferably less than 50% by
weight, and more preferably less than 30% by weight relative
to the total amount of the monomer component used for the
manufacturing of a carboxyl group-containing water-soluble
polymer. When the amount is 50% by weight or more, since
a viscosity of the reaction solution slurry becomes too high
and sufficient stirring of the reaction solution becomes diffi-
cult, there is a possibility of causing bumping due to partial
overheating of the reaction solution. In addition, since there is
a tendency that the produced carboxyl group-containing
water-soluble polymer becomes more likely to aggregate and
adhere to an inner wall or an impeller of the reaction vessel,
there is a possibility that it becomes difficult to stably obtain
a carboxyl group-containing water-soluble polymer in a form
of'a powder.

EXAMPLES
Example 1

[0053] A reaction vessel consisting of a 500 ml.-volume
round-bottom separable flask (spherical diameter: 110 mm)
equipped with a stirrer, a thermometer, a nitrogen-blowing
tube, an addition device and a condenser was prepared. The
stirrer used here was equipped with 4-paddle impellers (blade
diameter: 75 mm; blade width: 14 mm; pitch: 45 degrees),
which impellers were placed at the height of S mm above the
bottom of the separable flask.

[0054] The reaction vessel was charged with 207.1 g (165.7
ml) of 1,2-dichloroethane and 0.042 g (0.00026 mol) of 2,2'-
azobismethylisobutyrate, and the addition device was
charged with a monomer solution (concentration of a mono-
mer component: 36% by volume) wherein a monomer com-
ponent consisting of 70 g (0.97 mol, 66.7 ml) of acrylic acid
and 0.63 g (0.66 ml) of pentaerythritol allyl ether was dis-
solved in 148.1 g (118.5 ml) of 1,2-dichloroethane. The con-
centration of the monomer component in the total amount of
the solvent charged in the reaction vessel and the monomer
solution was 19% by volume.
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[0055] Stirring of the content in the reaction vessel was
started, and nitrogen gas was blown into the content, in order
to remove oxygen present in the content and the upper space
of'the reaction vessel. Thereafter, heating was carried outina
state where inside of the reaction vessel was kept under nitro-
gen atmosphere, and the monomer solution was continuously
added from the addition device, taking 110 minutes from the
time when the temperature of the content of the reaction
vessel reached 60° C. In this case, the reaction temperature
was controlled so that the reaction temperature gradually
increased to 75° C. During addition of the monomer solution,
rotational speed of the stirrer was increased by 50 rpm per
minute from the initial rotational speed of 200 rpm, until the
reaction solution slurry of which viscosity gradually
increased could be uniformly stirred. After completion of
addition of the monomer solution, the temperature was kept at
75° C., and the reaction was allowed to continue (mature) for
another 1 hour. Here, the conversion of the monomer compo-
nent at the time of completion of addition of the monomer
solution was 75%.

[0056] After completion of the reaction, the produced
slurry was transferred to another vessel, and heated to 90° C.
to distill 1,2-dichloroethane off, to give 68 g of alkyl-modified
carboxyl group-containing water-soluble polymer in a form
of a fine white powder.

Example 2

[0057] A reaction vessel similar to the reaction vessel used
in Example 1 was prepared, and charged with a mixed solvent
of 107.9 g (158.7 ml) of n-heptane and 35.7 g (39.7 ml) of
ethyl acetate, and 0.036 g (0.00015 mol) of 2,2'-azobismeth-
ylisobutyrate. In addition, an addition device was charged
with a monomer solution (concentration of a monomer com-
ponent: 36% by volume) wherein a monomer component
consisting of 60 g (0.83 mol, 57.1 ml) of acrylic acid and 0.33
g (0.35 ml) of pentaerythritol allyl ether was dissolved in a
mixed solvent of 55.3 g (81.3 ml) of n-heptane and 18.3 g
(20.3 ml) of ethyl acetate. The concentration of the monomer
component in the total amount of the solvent charged in the
reaction vessel and the monomer solution was 16% by vol-
ume.

[0058] Stirring of the content of the reaction vessel was
started, and nitrogen gas was blown into the content, in order
to remove oxygen present in the content and the upper space
of'the reaction vessel. Thereafter, heating was carried outina
state where inside of the reaction vessel was kept under nitro-
gen atmosphere, and the monomer solution was continuously
added from the addition device, taking 180 minutes from the
time when the temperature of the content of the reaction
vessel reached 70° C. In this case, the reaction temperature
was controlled so that the temperature gradually increased to
75° C. During addition of the monomer solution, rotational
speed of the stirrer was increased by 50 rpm per minute from
the initial rotational speed of 200 rpm, until the reaction
solution slurry of which viscosity gradually increased could
be uniformly stirred. After completion of addition of the
monomer solution, the reaction temperature was kept at 75°
C., and the reaction was allowed to continue (mature) for 1
hour. Here, the conversion of the monomer component at the
time of completion of addition of the monomer solution was
78%.

[0059] After completion of the reaction, the produced
slurry was transferred to another vessel, and heated to 110° C.
to distill both n-heptane and ethyl acetate off, to give 57 g of
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alkyl-modified carboxyl group-containing water-soluble
polymer in a form of a fine white powder.

Example 3

[0060] A reaction vessel similar to the reaction vessel used
in Example 1 was prepared, and charged with a mixed solvent
of 107.9 g (158.7 ml) of n-heptane and 35.7 g (39.7 ml) of
ethyl acetate, and 0.036 g (0.00015 mol) of 2,2'-azobismeth-
ylisobutyrate. In addition, an addition device was charged
with a monomer solution (concentration of a monomer com-
ponent: 36% by volume) wherein a monomer component
consisting of 60 g (0.83 mol, 57.1 ml) of acrylic acid and 0.33
g (0.35 ml) of pentaerythritol allyl ether was dissolved in a
mixed solvent of 55.3 g (81.3 ml) of n-heptane and 18.3 g
(20.3 ml) of ethyl acetate. The concentration of the monomer
component in the total amount of the solvent charged in the
reaction vessel and the monomer solution was 16% by vol-
ume.

[0061] Stirring of the content of the reaction vessel was
started, and nitrogen gas was blown into the content, in order
to remove oxygen present in the content and the upper space
of the reaction vessel. Thereafter, keeping inside of the reac-
tion vessel under nitrogen atmosphere, the monomer solution
was continuously added from the addition device, taking 300
minutes. In this case, addition of the monomer solution was
started when temperature of the content of the reaction vessel
was ordinary temperature (25° C.), and the reaction tempera-
ture was controlled so that the reaction temperature gradually
increased to 75° C. During addition of the monomer solution,
rotational speed of the stirrer was increased by 50 rpm per
minute from the initial rotational speed of 200 rpm, until the
reaction solution slurry of which viscosity gradually
increased could be uniformly stirred. After completion of
addition ofthe monomer solution, the reaction was allowed to
continue (mature) for 1 hour, with keeping the temperature at
75° C. Here, the conversion of the monomer component at the
time of completion of addition of the monomer solution was
78%.

[0062] After completion of the reaction, the produced
slurry was transferred to another vessel, and heated to 110° C.
to distill both n-heptane and ethyl acetate off, to give 57 g of
alkyl-modified carboxyl group-containing water-soluble
polymer in a form of a fine white powder.

Example 4

[0063] Operations were carried out in the similar manner as
in Example 2, except that a reaction vessel was charged with
a mixed solvent of 54.9 g (80.7 ml) of n-heptane and 18.2 g
(20.2 ml) of ethyl acetate, and 0.036 g (0.00015 mol) of
2,2'-azobismethylisobutyrate, and that an addition device was
charged with a monomer solution (concentration of a mono-
mer component: 36% by volume) wherein a monomer com-
ponent consisting of 60 g (0.83 mol, 57.1 ml) of acrylic acid
and 0.30 g (0.32 ml) of pentaerythritol allyl ether was dis-
solved in a mixed solvent of 55.3 g (81.3 ml) of n-heptane and
18.3 g (20.3 ml) of ethyl acetate (concentration of the mono-
mer component in the total amount of the solvent charged in
the reaction vessel and the monomer solution is 22% by
volume) in Example 2, to give 57 g of alkyl-modified car-
boxyl group-containing water-soluble polymer in a form of a
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fine white powder. Here, the conversion of the monomer
component at the time of completion of addition of the mono-
mer solution was 81%.

Example 5

[0064] A reaction vessel similar to the reaction vessel used
in Example 1 was prepared, and charged with a monomer
component consisting of 24 g (0.33 mol, 22.9 ml) of acrylic
acid and 0.10 g (0.11 ml) of pentaerythritol allyl ether, a
mixed solvent of 111.4 g (163.8 ml) of n-heptane and 36.8 g
(40.9 ml) of ethyl acetate, and 0.036 g (0.00015 mol) of
2,2'-azobismethylisobutyrate. In addition, an addition device
was charged with a monomer solution (concentration of a
monomer component: 36% by volume) wherein a monomer
component consisting of 36 g (0.50 mol, 34.3 ml) of acrylic
acid and 0.23 g (0.24 ml) of pentaerythritol allyl ether was
dissolved in a mixed solvent of 51.8 g (76.2 ml) of n-heptane
and 17.2 g (19.1 ml) of ethyl acetate. The concentration of the
monomer component in the total amount of the solvent and
the monomer component charged in the reaction vessel and
the monomer solution was 16% by volume.

[0065] Stirring of the content in the reaction vessel was
started, and nitrogen gas was blown into the content, in order
to remove oxygen present in the content and the upper space
of'the reaction vessel. Thereafter, heating was carried outina
state where inside of the reaction vessel was kept under nitro-
gen atmosphere, and the monomer solution was continuously
added from the addition device, taking 150 minutes from the
time when the temperature of the content of the reaction
vessel reached 60° C. In this case, the reaction temperature
was controlled so that the reaction temperature gradually
increased to 75° C. During addition of the monomer solution,
rotational speed of the stirrer was increased by 50 rpm per
minute from the initial rotational speed of 200 rpm, until the
reaction solution slurry of which viscosity gradually
increased could be uniformly stirred. After completion of
addition of the monomer solution, the temperature was kept at
75° C., and the reaction was allowed to continue (mature) for
1 hour. Here, the conversion of the monomer component at
the time of completion of addition of the monomer solution
was 82%.

[0066] After completion of the reaction, the produced
slurry was transferred to another vessel, and heated to 110° C.
to distill both n-heptane and ethyl acetate off, to give 57 g of
alkyl-modified carboxyl group-containing water-soluble
polymer in a form of a fine white powder.

Example 6

[0067] Operations were carried out in the similar manner as
in Example 2, except that the time period for continuous
addition of a monomer solution was changed to 120 minutes,
to give 57 g of alkyl-modified carboxyl group-containing
water-soluble polymer in a form of a fine white powder. Here,
the conversion of the monomer component at the time of
completion of addition of the monomer solution was 62%.

Example 7

[0068] Operations were carried out in the similar manner as
in Example 2, except that a reaction vessel was charged with
a mixed solvent of 64.8 g (95.3 ml) of n-heptane and 21.4 g
(23.8 ml) of ethyl acetate, and 0.036 g (0.00015 mol) of
2,2'-azobismethylisobutyrate, and that an addition device was
charged with a monomer solution (concentration of a mono-
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mer component: 24% by volume) wherein a monomer com-
ponent consisting of 60 g (0.83 mol, 57.1 ml) of acrylic acid
and 0.33 g (0.35 ml) of pentaerythritol allyl ether was dis-
solved in a mixed solvent of 98.4 g (144.7 ml) of n-heptane
and 32.6 g (36.2 ml) of ethyl acetate (concentration of the
monomer component in the total amount of the solvent
charged in the reaction vessel and the monomer solution is
16% by volume), to give 57 g of alkyl-modified carboxyl
group-containing water-soluble polymer in a form of a fine
white powder. Here, the conversion of the monomer compo-
nent at the time of completion of addition of the monomer
solution was 75%.

Example 8

[0069] Operations were carried out in the similar manner as
in Example 2, except that an addition device was charged with
a monomer solution (concentration of a monomer compo-
nent: 37% by volume) wherein a monomer component con-
sisting of 60 g (0.83 mol, 57.1 ml) of acrylic acid, 2.4 g (0.009
mol) of lauryl methacrylate and 0.33 g (0.35 ml) of pen-
taerythritol allyl ether was dissolved in a mixed solvent of
55.3 g (81.3 ml) of n-heptane and 18.3 g (20.3 ml) of ethyl
acetate (concentration of the monomer component in the total
amount of the solvent charged in the reaction vessel and the
monomer solution is 17% by volume), to give 57 g of alkyl-
modified carboxyl group-containing water-soluble polymer
in a form of a fine white powder. Here, the conversion of the
monomer component at the time of completion of addition of
the monomer solution was 81%.

Example 9

[0070] Operations were carried out in the similar manner as
in Example 2, except that an addition device was charged with
a monomer solution (concentration of a monomer compo-
nent: 37% by volume) wherein a monomer component con-
sisting of 60 g (0.83 mol, 57.1 ml) of acrylic acid and 3.0 g
(0.009 mol, 3.3 ml) of stearyl methacrylate was dissolved in
a mixed solvent of 55.3 g (81.3 ml) of n-heptane and 18.3 g
(20.3 ml) of ethyl acetate (concentration of the monomer
component in the total amount of the solvent charged in the
reaction vessel and the monomer solution is 17% by volume),
to give 61 g of alkyl-modified carboxyl group-containing
water-soluble polymer in a form of a fine white powder. Here,
the conversion of the monomer component at the time of
completion of addition of the monomer solution was 83%.

Comparative Example 1

[0071] A reaction vessel consisting of a 500 ml.-volume
round-bottom separable flask (spherical diameter: 110 mm)
equipped with a stirrer, a thermometer, a nitrogen-blowing
tube, and a condenser was prepared. The stirrer used here was
similar to the stirrer used in Example 1. This reaction vessel
was charged with 45 g (0.63 mol, 42.9 ml) of acrylic acid
(monomer component), 392.9 g (314.3 ml) of 1,2-dichloro-
ethane, 0.36 g (0.38 ml) of pentaerythritol allyl ether and
0.095 g (0.00004 mol) of 2,2'-azobismethylisobutyrate (con-
centration of the monomer component: 12% by volume).
Thereafter, stirring of the content in the reaction vessel was
started, and nitrogen gas was blown into the content, in order
to remove oxygen present in the content and the upper space
of the reaction vessel.

[0072] Next, heating was carried out in a state where inside
of the reaction vessel was kept under nitrogen atmosphere,

May 3, 2012

and reaction was carried out for 200 minutes with keeping the
temperature at 75° C. During the reaction, rotational speed of
the stirrer was increased by 50 rpm per minute from the initial
rotational speed of 200 rpm, until the reaction solution slurry
of which viscosity gradually increased could be uniformly
stirred. Thereafter, 0.05 g (0.00022 mol) of 2,2'-azobismeth-
ylisobutyrate was further added, and the reaction was allowed
to continue (mature) for another 1 hour, with keeping the
temperature at 75° C.

[0073] After completion of the reaction, the produced
slurry was transferred to another vessel, and heated to 90° C.
to distill 1,2-dichloroethane off, to give 44 g of alkyl-modified
carboxyl group-containing water-soluble polymer in a form
of a fine white powder.

Comparative Example 2

[0074] A reaction vessel similar to the reaction vessel used
in Comparative Example 1 was prepared, and charged with 45
g (0.63 mol, 42.9 ml) of acrylic acid (monomer component),
a mixed solvent of, 0.27 g (0.28 ml) of pentaerythritol allyl
ether, 160.3 g (235.7 ml) of n-heptane and 70.7 g (78.6 ml) of
ethyl acetate, and 0.081 g (0.0035 mol) of 2,2'-azobismeth-
ylisobutyrate (concentration of the monomer component:
12% by volume). Thereafter, stirring of the content of the
reaction vessel was started, and nitrogen gas was blown into
the content, in order to remove oxygen present in the content
and the upper space of the reaction vessel.

[0075] Next, heating was carried out in a state where inside
of the reaction vessel was kept under nitrogen atmosphere,
and reaction was carried out for 200 minutes with keeping the
temperature at 75° C. During the reaction, rotational speed of
the stirrer was increased by 50 rpm per minute from the initial
rotational speed of 200 rpm, until the reaction solution slurry
of which viscosity gradually increased could be uniformly
stirred. Thereafter, the reaction was allowed to continue (ma-
ture) for another 1 hour, with keeping the temperature at 75°
C

[0076] After completion of the reaction, the produced
slurry was transferred to another vessel, and heated to 100° C.
to distill both n-heptane and ethyl acetate off, to give 43 g of
alkyl-modified carboxyl group-containing water-soluble
polymer in a form of a fine white powder.

Comparative Example 3

[0077] Operations were carried out in the similar manner as
in Example 2, except that a reaction vessel was charged with
amixed solvent 0£24.7 g (36.3 ml) of n-heptaneand 8.2 g (9.1
ml) of ethyl acetate, and 0.036 g (0.00015 mol) of 2,2"-azo-
bismethylisobutyrate, and that an addition device was
charged with a monomer solution (concentration of a mono-
mer component: 36% by volume) wherein a monomer com-
ponent consisting of 60 g (0.83 mol, 57.1 ml) of acrylic acid
and 0.30 g (0.32 ml) of pentaerythritol allyl ether was dis-
solved in a mixed solvent of 55.3 g (81.3 ml) of n-heptane and
18.3 g (20.3 ml) of ethyl acetate (concentration of the mono-
mer component in the total amount of the solvent charged in
the reaction vessel and the monomer solution is 28% by
volume), to give 57 g of alkyl-modified carboxyl group-con-
taining water-soluble polymer in a form of a fine white pow-
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der. Here, the conversion of the monomer component at the
time of completion of addition of the monomer solution was
72%.

Comparative Example 4

[0078] A reaction vessel similar to the reaction vessel used
in Example 1 was prepared, and charged with a monomer
component consisting of 45 g (0.63 mol, 42.8 ml) of acrylic
acid and 0.25 g (0.26 ml) of pentaerythritol allyl ether, a
mixed solvent of 149.4 g (219.7 ml) of n-heptane and 49.4 g
(54.9 ml) of ethyl acetate, and 0.036 g (0.00015 mol) of
2,2'-azobismethylisobutyrate. In addition, an addition device
was charged with a monomer solution (concentration of a
monomer component: 36% by volume) wherein a monomer
component consisting of 15 g (0.21 mol, 14.3 ml) of acrylic
acid and 0.08 g (0.08 ml) of pentaerythritol allyl ether was
dissolved in a mixed solvent of 13.8 g (20.3 ml) of n-heptane
and 4.6 g (5.1 ml) of ethyl acetate. The concentration of the
monomer component in the total amount of the solvent
charged in the reaction vessel and the monomer solution was
16% by volume.

[0079] Stirring of the content in the reaction vessel was
started, and nitrogen gas was blown into the content, in order
to remove oxygen present in the content and the upper space
of'the reaction vessel. Thereafter, heating was carried outin a
state where inside of the reaction vessel was kept under nitro-
gen atmosphere, and the monomer solution was continuously
added from the addition device, taking 150 minutes from the
time when the temperature of the content in the reaction
vessel reached 60° C. In this case, the reaction temperature
was controlled so that the reaction temperature gradually
increased to 75° C. During addition of the monomer solution,
rotational speed of the stirrer was increased by 50 rpm per
minute from the initial rotational speed of 200 rpm, until the
reaction solution slurry of which viscosity gradually
increased could be uniformly stirred. After completion of
addition ofthe monomer solution, the reaction was allowed to
continue (mature) for another 1 hour, with keeping the tem-
perature at 75° C. Here, the conversion of the monomer com-
ponent at the time of completion of addition of the monomer
solution was 85%.

[0080] After completion of the reaction, the produced
slurry was transferred to another vessel, and heated to 110° C.
to distill both n-heptane and ethyl acetate off, to give 57 g of
alkyl-modified carboxyl group-containing water-soluble
polymer in a form of a fine white powder.

Comparative Example 5

[0081] Operations were carried out in the similar manner as
in Example 2, except that the time period for continuous
addition of a monomer solution was changed to 80 minutes, to
give 57 g of alkyl-modified carboxyl group-containing water-
soluble polymer in a form of a fine white powder. Here, the
conversion of the monomer component at the time of comple-
tion of addition of the monomer solution was 55%.

Comparative Example 6

[0082] Operations were carried out in the similar manner as
in Example 2, except that a reaction vessel was charged with
amixed solvent 0f21.6 g (31.8 ml) of n-heptaneand 7.1 g (7.9
ml) of ethyl acetate, and 0.036 g (0.00015 mol) of 2,2"-azo-
bismethylisobutyrate, and that an addition device was
charged with a monomer solution (concentration of a mono-
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mer component: 18% by volume) wherein a monomer com-
ponent consisting of 60 g (0.83 mol, 57.1 ml) of acrylic acid
and 0.33 g (0.35 ml) of pentaerythritol allyl ether was dis-
solved in a mixed solvent of 141.6 g (208.2 ml) of n-heptane
and 46.9 g (52.1 ml) of ethyl acetate (concentration of the
monomer component in the total amount of the solvent
charged in the reaction vessel and the monomer solution is
16% by volume), to give 57 g of alkyl-modified carboxyl
group-containing water-soluble polymer in a form of a fine
white powder. Here, the conversion of the monomer compo-
nent at the time of completion of addition of the monomer
solution was 68%.

Comparative Example 7

[0083] Operations were carried out in the similar manner as
in Example 2, except that a reaction vessel was charged with
a mixed solvent of 137.8 g (202.6 ml) of n-heptane and 45.6
g (50.7 ml) of ethyl acetate, and 0.036 g (0.00015 mol) of
2,2'-azobismethylisobutyrate, and that an addition device was
charged with a monomer solution (concentration of a mono-
mer component: 55% by volume) wherein a monomer com-
ponent consisting of 60 g (0.83 mol, 57.1 ml) of acrylic acid
and 0.33 g (0.35 ml) of pentaerythritol allyl ether was dis-
solved in a mixed solvent of 25.4 g (37.4 ml) of n-heptane and
8.4 2(9.3 ml) of ethyl acetate (concentration of the monomer
component in the total amount of the solvent charged in the
reaction vessel and the monomer solution is 16% by volume),
to give 57 g of alkyl-modified carboxyl group-containing
water-soluble polymer in a form of a fine white powder. Here,
the conversion of the monomer component at the time of
completion of addition of the monomer solution was 80%.

Comparative Example 8

[0084] A reactor similar to the reactor used in Example 1
was prepared, and charged with a monomer component con-
sisting 0f 45 g (0.63 mol, 42.9 ml) of acrylic acid, 1.8 g (0.007
mol, 2.1 ml) of lauryl methacrylate and 0.27 g (0.28 ml) of
pentaerythritol allyl ether, a mixed solvent of 160.3 g (235.7
ml) of n-heptane and 70.7 g (78.6 ml) of ethyl acetate, and
0.081 g (0.0035 mol) of 2,2'-azobismethylisobutyrate. The
concentration of the monomer component in the total amount
of the solvent and the monomer component charged in the
reaction vessel was 13% by volume.

[0085] Stirring of the content of the reaction vessel was
started, and nitrogen gas was blown into the content, in order
to remove oxygen present in the content and the upper space
of'the reaction vessel. Thereafter, heating was carried outina
state where inside of the reaction vessel was kept under nitro-
gen atmosphere, and reaction was carried out for 200 minutes,
with keeping the temperature at 75° C. Rotational speed of the
stirrer was increased by 50 rpm per minute from the initial
rotational speed of 200 rpm, until the reaction solution slurry
of which viscosity gradually increased could be uniformly
stirred. After completion of the reaction, the reaction was
allowed to continue (mature) for another 1 hour, with keeping
the temperature at 75° C.

[0086] After completion of the reaction, the produced
slurry was transferred to another vessel, and heated to 100° C.
to distill both n-heptane and ethyl acetate off, to give 44 g of
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alkyl-modified carboxyl group-containing water-soluble
polymer in a form of a fine white powder.

Comparative Example 9

[0087] A reaction vessel similar to the reaction vessel used
in Comparative Example 1 was prepared, and charged with a
monomer component consisting of 5 g (11% by weight rela-
tive to the total amount summed up with the acrylic acid to be
added later, 4.8 ml) of acrylic acid and 0.03 g (0.03 ml) of
pentaerythritol allyl ether, 0.017 g of a,a'-azobisisobutyroni-
trile and 210.8 g (314.6 ml) of n-hexane. The concentration of
the monomer component in the total amount of the solvent
and the monomer component charged in the reaction vessel
was 16% by volume.

[0088] Stirring of the content of the reaction vessel was
started, and nitrogen gas was blown into the content, in order
to remove oxygen present in the content and the upper space
of'the reaction vessel. Thereafter, heating was carried outin a
state where inside of the reaction vessel was kept under nitro-
gen atmosphere, and reaction was carried out for 1 hour, with
keeping the temperature at 64 to 66° C. At this point, the
conversion of the monomer component was 70%. Thereafter,
40 g (89% by weight relative to the total amount summed up
with the acrylic acid previously charged in the reaction vessel,
38.2 ml), 0.24 g (0.25 ml) of pentaerythritol allyl ether, and
0.136 g of a,a'-azobisisobutyronitrile were charged thereto,
and reaction was carried out for another 3 hours.

[0089] After completion of the reaction, the produced
slurry was heated to 90° C. to distill n-hexane off, and drying
under reduced pressure was carried out under the conditions
of' 110° C. and 10 mmHg for 8 hours, to give 41 g of cross-
linked carboxyl group-containing polymer in a form of a fine
white powder.

Comparative Example 10

[0090] A reaction vessel similar to the reaction vessel used
in Comparative Example 1 was prepared, and charged with a
monomer component consisting of 22.5 g (50% by weight
relative to the total amount summed up with the acrylic acid
to be added later, 21.4 ml) of acrylic acid and 0.135 g (0.14
ml) of pentaerythritol allyl ether, 0.077 g of a.,at'-azobisisobu-
tyronitrile and 210.8 g (314.6 ml) of n-hexane. The concen-
tration of the monomer component in the total amount of the
solvent and the monomer component charged in the reaction
vessel was 12% by volume.

[0091] Stirring of the content of the reaction vessel was
started, and nitrogen gas was blown into the content, in order
to remove oxygen present in the content and the upper space
of'the reaction vessel. Thereafter, heating was carried outin a
state where inside of the reaction vessel was kept under nitro-
gen atmosphere, and reaction was carried out for 2 hours, with
keeping the temperature at 64 to 66° C. At this point, the
conversion of the monomer component was 82%. Thereafter,
22.5 g (50% by weight relative to the total amount summed up
with the acrylic acid previously charged in the reaction vessel,
21.4 ml), 0.135 g (0.14 ml) of pentaerythritol allyl ether, and
0.077 g of a,a'-azobisisobutyronitrile were charged thereto,
and reaction was carried out for another 2 hours.

[0092] After completion of the reaction, the produced
slurry was heated to 90° C. to distill n-hexane off, and drying
under reduced pressure was carried out under the conditions
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of' 110° C. and 10 mmHg for 8 hours, to give 41 g of cross-
linked carboxyl group-containing polymer in a form of a fine
white powder.

Comparative Example 11

[0093] A reaction vessel similar to the reaction vessel used
in Comparative Example 1 was prepared, and charged with 40
g (0.56 mol, 38.1 ml) of acrylic acid, 0.2 g (0.0008 mol) of
lauryl methacrylate, 0.08 g of sodium carbonate, 0.25 g (0.26
ml) of pentaerythritol allyl ether, 0.16 g (0.001 mol) of a,c'-
azobisisobutyronitrile, and 177.0 g (264.2 ml) of n-hexane.
[0094] Stirring of the content of the reaction vessel was
started, and nitrogen gas was blown into the content, in order
to remove oxygen present in the content and the upper space
of'the reaction vessel. Thereafter, heating was carried outina
state where inside of the reaction vessel was kept under nitro-
gen atmosphere, and reaction was carried out for 60 minutes,
with keeping the temperature at 60 to 65° C. At this point, the
total amount of unreacted acrylic acid and lauryl methacry-
late in the reaction solution was 0.215 mol, which was 38 mol
% relative to the total amount of the acrylic acid and the lauryl
methacrylate charged in the reaction vessel.

[0095] Successively, 10 g (0.14 mol, 9.5 ml) of acrylic acid
was added to the reaction solution, and reaction was carried
out for 180 minutes, with keeping the temperature at the
above-mentioned temperature. During the reaction, rota-
tional speed of the stirrer was increased by 50 rpm per minute
from the initial rotational speed of 200 rpm, until the reaction
solution slurry of which viscosity gradually increased could
be uniformly stirred.

[0096] After completion of the reaction, the produced
slurry was transferred to another vessel and heated to 90° C.
to distill n-hexane off, to give 48 g of alkyl-modified carboxyl
group-containing water-soluble polymer in a form of a fine
white powder.

Comparative Example 12

[0097] A reaction vessel similar to the reaction vessel used
in Comparative Example 1 was prepared, and charged with 40
g (0.56 mol, 38.1 ml) of acrylic acid, 0.08 g of potassium
carbonate, 0.48 g of diethylene glycol diallyl ether, 0.16 g
(0.001 mol) of a,a'-azobisisobutyronitrile, and 177.0 g
(264.2 ml) of n-hexane.

[0098] Stirring of the content of the reaction vessel was
started, and nitrogen gas was blown into the content, in order
to remove oxygen present in the content and the upper space
of'the reaction vessel. Thereafter, heating was carried outina
state where inside of the reaction vessel was kept under nitro-
gen atmosphere, and reaction was carried out for 90 minutes,
with keeping the temperature at 60 to 65° C. At this point, the
amount of unreacted acrylic acid in the reaction liquid was
0.170 mol, which was 30 mol % relative to the acrylic acid
charged in the reaction vessel.

[0099] Successively, 10 g (0.14 mol, 9.5 ml) of acrylic acid
was added to the reaction solution, and reaction was carried
out for 150 minutes, with keeping the temperature at the
above-mentioned temperature. During the reaction, rota-
tional speed of the stirrer was increased by 50 rpm per minute
from the initial rotational speed of 200 rpm, until the reaction
solution slurry of which viscosity gradually increased could
be uniformly stirred.

[0100] After completion of the reaction, the produced
slurry was transferred to another vessel and heated to 90° C.
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to distill n-hexane off, to give 48 g of alkyl-modified carboxyl
group-containing water-soluble polymer in a form of a fine
white powder.

Evaluation 1

[0101] Regarding Examples 1 to 9 and Comparative
Examples 1 to 12, conditions of the reaction solution slurry
during polymerization reaction were evaluated. Here, viscos-
ity of the reaction solution slurry during polymerization and
adhesion state of the polymerization products to the reaction
vessel were evaluated by the method described below. Results
are shown in Tables 1 and 2.

(Viscosity of Reaction Solution Slurry)

[0102] Levelofviscosity of the reaction solution slurry was
evaluated by the number of rotations of the impeller (final
number of rotations after acceleration) required for stirring
the reaction solution slurry uniformly during polymerization
by a stirrer. When the number of rotations is more than 600
rpm, viscosity of the reaction solution slurry is high, and it is
difficult to control heat of reaction during polymerization
reaction and there is a risk of causing bumping of the reaction
solution.

(Adhesion State of Polymerization Product to Reaction Ves-
sel)

[0103] Adhesion state of the polymerization product in
Comparative Example 2 to the reaction vessel was evaluated
as scale 5, and the adhered amount in visual comparison with
the polymerization product in Comparative Example 2 was
evaluated on 5-point scale of 1 to 5. When the number of the
scale is small, it is meant that adhesion to the reaction vessel
is small.

Evaluation 2

[0104] Regarding the carboxyl group-containing water-
soluble polymer powders obtained in Examples 1 to 9 and
Comparative Examples 1 to 12, bulk specific gravity, exist-
ence or non-existence of water-insoluble matter, and viscos-
ity of'a 0.5% by weight aqueous solution were examined by
the following methods. Results are shown in Tables 1 and 2.

(Bulk Specific Gravity)

[0105] Bulk specific gravity refers to the ratio of weight and
volume of the produced carboxyl group-containing water-
soluble polymer powder. Specifically, 10 g of carboxyl group-
containing water-soluble polymer powder was poured into an
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empty 50 ml-volume measuring cylinder from a height of 5
cm above the measuring cylinder within 20 seconds, and the
volume (ml) for which the carboxyl group-containing water-
soluble polymer powder accounts was determined. Thereaf-
ter, bulk specific gravity (g/ml) was calculated by dividing the
weight of the loaded carboxyl group-containing water-
soluble polymer powder (10 g) by the determined volume
(ml).

(Existence or Non-Existence of Water-Insoluble Matter)

[0106] In a 2,000 ml-beaker was put 1,000 g of ion-ex-
changed water, and 20 g of carboxyl group-containing water-
soluble polymer was added thereto, with stirring the mixture
with DISPER (trade name “T. K. ROBOMIX” from PRIMIX
Corporation to which dispersion blades were attached) at
5,000 rpm. After 30 minutes of stirring, suction filtration was
carried out with a 250-mesh filter cloth of which weight is
known, and the water on the filter cloth was sufficiently
removed by drying the filter cloth at 110° C. for 3 hours, to
determine the weight. Rate of water-insoluble matter was
calculated according to the following formula. Here, when
the rate ofthe water-insoluble matter was 0.03% or less, it was
judged that there was no water-insoluble matter.

[Formula 2]

Water-insoluble matter (%) =

Weight of filter cloth after filtration—
Weight of filter cloth before filtration
X

0 100

(Viscosity of 0.5% by Weight Aqueous Solution)

[0107] Into a beaker of which volume was 500 ml was put
298.5 g of ion-exchanged water, and 1.5 g of carboxyl group-
containing water-soluble polymer was collectively added
thereto, with stirring the mixture using a stirrer equipped with
a 4-blade paddle (blade diameter: 50 mm) at a rotational
speed of 300 rpm. Dissolution of the carboxyl group-contain-
ing water-soluble polymer was visually confirmed, and the
resulting 0.5% by weight aqueous solution was neutralized to
pH 7 with sodium hydroxide, to give a neutralized viscous
liquid. Viscosity of this neutralized viscous liquid was deter-
mined with a B-type viscometer at 25° C. and 20 rpm.
According to Table 1, the carboxyl group-containing water-
soluble polymers obtained in Examples 1 to 8 are effective as
a thickener, due to high viscosity.

TABLE 1
Example
1 2 3 4 5 6 7 8 9
Rate of charge of 0 0 0 0 40 0 0 0 0
monomer component to
reaction vessel (%)
Rate of addition of 100 100 100 100 60 100 100 100 100
monomer component to (con- (con- (con- (con- (con- (con- (con- (continuous  (continuous
reaction vessel (%) tinuous tinuous tinuous tinuous tinuous tinuous tinuous addition) addition)
addition) addition) addition) addition) addition) addition) addition)

Monomer component AA + AA + AA + AA + AA + AA + AA + AA + AA +

PEA PEA PEA PEA PEA PEA PEA PEA + SM

LM
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TABLE 1-continued
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Example
1 2 3 4 5 6 7 8 9
Inert solvent EDC HEP + HEP + HEP + HEP + HEP + HEP + HEP + HEP +
EA EA EA EA EA EA EA EA
Concentration of 36 36 36 36 36 36 24 37 37
monomer solution
(% by volume)
Concentration of 19 16 16 22 16 16 16 17 17
monomer component
(% by volume)
Conversion at the time 75 78 78 81 82 62 75 81 83
of completion of
addition of monomer
solution (%)
Viscosity of reaction 350 400 350 300 500 450 300 300 300
solution slurry (rpm)
Adhesion state to 1 1 1 1 2 1 1 1 1
reaction vessel
Bulk specific gravity 0.24 0.22 0.22 0.25 0.20 0.21 0.24 0.22 0.24
(g/ml)
Water-insoluble matter non- non- non- non- non- non- non- non- non-
existent existent existent existent existent existent existent existent existent
Viscosity of 0.5% by 46000 47000 48000 45000 44000 43000 44000 47000 <1000
weight aqueous
solution
TABLE 2
Comparative Example
1 2 3 4 5 6
Rate of charge of 100 100 0 75 0 0
monomer component to
reaction vessel (%)
Rate of addition of 0 0 100 25 100 100
monomer component to (continuous  (continuous  (continuous  (continuous
reaction vessel (%) addition) addition) addition) addition)
Monomer component AA + AA + AA + AA + AA + AA +
PEA PEA PEA PEA PEA PEA
Inert solvent HEP + HEP + HEP + HEP + HEP + HEP +
EA EA EA EA EA EA
Concentration of — — 36 36 36 18
monomer solution
(% by volume)
Concentration of 12 12 28 16 16 16
monomer component
(% by volume)
Conversion at the time — — 72 85 55 68
of completion of
addition of monomer
solution (%)
Viscosity of reaction >600 >600 >600 >600 >600 >600
solution slurry (rpm)
Adhesion state to 4 5 4 4 4 4
reaction vessel
Bulk specific gravity 0.16 0.14 0.19 0.18 0.18 0.17
(g/ml)
Water-insoluble matter non- non- existent non- non- non-
existent existent existent existent existent
Viscosity of 0.5% by 45000 44000 52000 48000 38000 40000
weight aqueous
solution
Comparative Example
7 8 9 10 11 12
Rate of charge of 0 100 11 50 80 80

monomer component to
reaction vessel (%)
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TABLE 2-continued
Rate of addition of 100 0 89 50 20 20
monomer component to (continuous (collective (collective (collective (collective
reaction vessel (%) addition) addition)  addition) addition) addition)
Monomer component AA + AA + AA + AA + AA + AA +
PEA PEA + PEA PEA PEA + DEDA
LM M
Inert solvent HEP + HEP + HEX HEX HEX HEX
EA EA
Concentration of 55 — — — — —
monomer solution
(% by volume)
Concentration of 16 13 12 12 15 15
monomer component
(% by volume)
Conversion at the time 80 — — — — —
of completion of
addition of monomer
solution (%)
Viscosity of reaction >600 >600 >600 >600 >600 >600
solution slurry (rpm)
Adhesion state to 4 4 5 4 5 5
reaction vessel
Bulk specific gravity 0.18 0.13 0.12 0.14 0.13 0.13
(g/ml)
Water-insoluble matter existent non- non- non- non- non-
existent existent existent existent existent
Viscosity of 0.5% by 46000 45000 40000 41000 48000 48000

weight aqueous

up with the monomer solution is 10 to 24% by volume,

the time period until completion of continuous addition of
the total amount of the monomer solution in step (B) is
set so that the conversion of the monomer component is
60% or more at the time of completion of addition of the
total amount of the monomer solution.

2. The method for manufacturing a carboxyl group-con-
taining water-soluble polymer according to claim 1, further
comprising step (C) of continuing the reaction after comple-
tion of continuous addition of the total amount of the mono-

solution
[0108] The abbreviations shown in Tables 1 and 2 are as
follows. and
[0109] AA: acrylic acid
[0110] LM: lauryl methacrylate
[0111] SM: stearyl methacrylate
[0112] PEA: pentaerythritol allyl ether
[0113] DEDA: diethylene glycol diallyl ether
[0114] EDC: 1,2-dichloroethane
[0115] HEP: n-heptane
[0116] EA: ethyl acetate
[0117] HEX: n-hexane .
[0118] The present invention can be carried out in other mer solution.

specific forms without departing from the spirit or essential
properties thereof. The above embodiment and example are
therefore to be considered in all respects as illustrative and not
restrictive. The scope of the present invention is indicated by
the appended claims rather than by the foregoing description.
All changes and modifications which come within the range
of equivalency of the claims are therefore intended to be
included within the scope of the present invention.

1. A method for manufacturing a carboxyl group-contain-
ing water-soluble polymer by carrying out a reaction of a
monomer component containing an o,p-unsaturated car-
boxylic acid in an inert solvent, comprising:

step (A) of preparing a reaction vessel in which an inert

solvent is charged, and

step (B) of continuously adding a monomer solution

wherein the monomer component is dissolved in an inert
solvent at a concentration of 20 to 50% by volume to the
inert solvent charged in the reaction vessel,

wherein, the amount of the inert solvent charged in the

reaction vessel in step (A) is set so that the concentration
of'the monomer component in the total amount summed

3. The method for manufacturing a carboxyl group-con-
taining water-soluble polymer according to claim 2, further
comprising step (D) of volatilizing the inert solvent from the
reaction solution after completion of the reaction in step (C),
to remove the inert solvent.

4. The method for manufacturing a carboxyl group-con-
taining water-soluble polymer according to claim 1, wherein
the o,p-unsaturated carboxylic acid is at least one kind
selected from the group consisting of acrylic acid; meth-
acrylic acid; an ester of acrylic acid and a higher alcohol of
which alkyl group has a carbon number of 10 to 30; and an
ester of methacrylic acid and a higher alcohol of which alkyl
group has a carbon number of 10 to 30.

5. The method for manufacturing a carboxyl group-con-
taining water-soluble polymer according to claim 4, wherein
the monomer component further comprises a polymerizable
compound having two or more ethylenically unsaturated
groups.

6. The method for manufacturing a carboxyl group-con-
taining water-soluble polymer according to claim 5, wherein
the polymerizable compound having two or more ethyleni-
cally unsaturated groups is at least one kind selected from the
group consisting of pentaerythritol allyl ether, polyallyl sac-
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charose, diethylene glycol diallyl ether and polyethylene gly- 8. The method for manufacturing a carboxyl group-con-
col diallyl ether. taining water-soluble polymer according to claim 1, wherein
7. The method for manufacturing a carboxyl group-con- less than 50% by weight of the total amount of the monomer
taining water-soluble polymer according to claim 1, wherein component is previously dissolved in the inert solvent to be
the inert solvent charged in the reaction vessel and the inert charged in the reaction vessel in step (A).

solvent in which the monomer component is dissolved in the
monomer solution are the same. ok ow R



