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ABSTRACT

An object of the present i1nvention 1s to provide a

method for easily producing granular carboxyl group-

containing polymer particles which have a high bulk density
and readily swell in water;

The present invention provides a method for producing
granular carboxyl group-containing polymer particles, which
includes: producing carboxyl group-containing polymer
particles; preparing an aggregate of the carboxyl group-
contailning polymer particles by allowing the carboxyl
group-containing polymer'particles to absorb an polar
organic solvent to a ligquid content of 5 to 25% by mass;
and dryving the aggregate of the carboxyl group-containing

polymer particles and then grinding the dried aggregate.
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DESCRIPTION

METHOD FOR PRODUCING GRANULATED CARBOXYL GROUP-CONTAINING
POLYMER PARTICLE AND GRANULATED CARBOXYL GROUP-CONTAINING
POLYMER PARTICLE

TECHNICAL FIELD
[0001]

The present i1nvention relates to a method for
producing granular carboxyl group-containing polymer
particles and granular carboxyl group-containing polymer
particles obtained by the method. More specifically, the

present invention relates to a method for producing

granular carboxyl group-containing polymer particles which

are suitably useable as thickening agents for cosmetics and

the like, and granular carboxyl group-contalining polymer

particles obtained by the method.

BACKGROUND ART
[0002]

Crosslinked carboxyl group-containing polymers,
alkyl-modified carboxyl group-containing polymers, and the
like are known examples of carboxyl group-contalning
polymers to be used as thickening agents for cosmetics or
the like, as humectants for cataplasms, and as suspension
stabilizers for emulsions, suspensions or the like. Known
examples of the crosslinked carboxyl group-containing

polymers include copolymers of an «, f-unsaturated

carboxylic acid, such as acrylic acid, and a polyallyl
ether (cf. Patent Document 1), copolymers of an «, S- .
unsaturated carboxylic acid and hexaallyl trimethylene
trisulfone (cf. Patent Document 2), copolymers of an o, -
unsaturated carboxylic acid and glycidyl methacrylate or
the like (cf. Patent Document 3), copolymers of an o, (-

unsaturated carboxylic acid and pentaerythritol allyl ether
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(cf. Patent Document 4, Patent Document 5, and Patent

Document 6), and copolymers of an o, f-unsaturated

carboxylic acid, a (meth)acrylic acid ester, and

pentaerythritol allyl ether (cf. Patent Document 7 and

Patent Document 8).

[0003]
Known examples of the alkyl—modified carboxyl group-

containing polymers include copolymers of a polyacrylic
acid or (meth)acrylic acid and a (meth)acrylic acid alkyl
ester, among others. More specifically, the known examples
include copolymers obtained by reacting a specific amount
of an olefinically unsaturated carboxylic acld monomer with
a specific amount of a (meth)acrylic acid alkyl ester (the
alkyl group containing 10 to 30 carbon atoms) (cf. Patent
Document 9) and copolymers obtained by reacting an
olefinically unsaturated carboxylic acid monomer with a
(meth)acrylic acid alkyl ester (the alkyl group containing
8 to 30 carbon atoms) (cf. Patent Document 10).

[0004 ]

In using the carboxyl group-containing polymer
particle including crosslinked carboxyl group-containing
polYmers,_alkyl-modified carboxyl group-contalning polymers
or the like in the aforementioned fields of application, 1t

is first necessary to prepare a uniform aqueous dispersion

of the carboxyl group-containing polymer particles and then

neutralize the dispersion with an alkali to give a

neutralized viscous liquid with a concentration of about
0.1 to 1% by mass. However, the aforementioned carboxyl
group—containing polymer particles have a drawback that, as
they are generally in the form of a fine powder,
undissolved lumps are readily formed upon dispersing the
particles in water. Once the undissolved lumps have been
formed, a gel-like layer is formed on the surface of each
lump and therefore the rate of permeation of water into the

gy

inside thereof is reduced. As a result, 1t becomes
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difficult to obtain a uniform agueous dispersion.

[0005]
For the aforementioned reasons, in preparing an
aqueous dispersion of carboxyl group-containing polymer

particles, it i1s necessary to include an unproductive

guimber

procedure of gradually adding powders of the carboxyl

group-containing polymer particles to water under high-
speed stirring for preventing the formation of undissolved
lumps. Moreover, in some cases, a special dissolution
apparatus may be required for preventing the formation of
undissolved lumps.

[0006]

Furthermore, as the carboxyl group-containing polymer
particles mentioned earlier are in the form of a fine
powder and are readily charged electrically, the polymer
particles cause heavy dusting. Therefore, the carboxyl
group-containing polymer particles mentioned earlier have
disadvantages that they are not only difficult to handle
but are not suitable for the working environment as well.
Furthermore, the carboxyl group-contalning polymer
particles in fine powder form problematically have low bulk
density and therefore cause an increase in transportation
cost and require an increased number of storage sites.

[0007]
For the reasons mentioned earlier, the advent of a

granular carboxyl group-contailning polymer particle has

been awalted.
[0008]

- In granulating a powder, a granulator 1s generally
used. The granulators are broadly classified i1nto three

types, that is, mixing granulation, forced granulation and
f

——

granulation utilizing heat depending on methods c

granulation to choose.
[0009]

Examples of the granulators for mixing granulation
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include a fluidized bed granulator and a tumbling
granulator. Those granulators produce granules by allowing
powders to float and flow by means of an air stream or
stirring blade or by tumbling while uniformly spraying the
powders with a liquid serving as a binder. When an attempt
ig made to apply these granulators for mixing granulation
to the carboxyl group-containing polymer particles, since
the carboxyl group-containing polymer particles are very
small in particle size and low in bulk density, 1t 1s
difficult to allow those particles to float and flow by
means of an air stream or stirring blade or by tumbling.
The ligquid serving as a binder is preferably water or a

polar organic solvent. However, when the floating and

flowing carboxyl group-containing polymer particles are
sprayed with water or the polar organic solvent, the
carboxyl group-containing polymer particles get sticky and
adhere to inside walls of the granulator'or a binder-

spraying nozzle, or stick to one another to form large

undissolved lumps.

[0010]
Examples of the granulators for forced granulation

include a compression molding granulator and an extrusion

granulator. As the method for granulating the carboxyl

group-containing polymer particles utilizing forced
granulation, a method including compressing fine powders
using a compression molding machine, followed by grinding
(cf. Patent Document 11) may be exemplified. However, this
method has a problem that, for example, the carboxyl group-

containing polymer particles are excessively compressed by

the pressure exerted by the compression molding machine,

and as a result, the swelling property of the resulting
granular carboxyl group-containing polymer particles in
water is deteriorated.

(0011}

Examples of the granulator for granulation utilizing
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heat 1nclude a‘spray°dryeru A spray dryer, however, has
problems, for example, that it is economically
disadvantaged due to the need for dilution of the carboxyl
group-containing polymer particles with water, an organic
solvent or the like to a viscosity level at which the
diluted product can be sprayed, and that the granule to be
obtained 18 not porous and thus poor in solubility in water.
[0012]

On the other hand, examples of known methods for
granulation without using the granulators mentioned earlier
are the method including bringing fine powders of a polymer
flocculant into contact with water vapor for granulation
(cf. Patent Document 12), the method including dispersing

fine powders of a water-soluble polymer in an organic

solvent and then adding water for granulation (cf. Patent

Document 13), and the method including feeding a lubricant

and water simultaneously and continuously to a water-

soluble polymeric substance in fine powder form and
grinding the thus-granulated gel bodies (cf. Patent
Document 14). In the case of the carboxyl group-containing

polymer particles, however, it is difficult to apply those

methods because of problems such as the problem (1): the
carboxyl group-containing polymer particles, when brought

into contact with water formed due to dew condensation of

‘water vapor, awell with the water, and thus the finally-

obtained granule is not porous and has poor solubility 1in
water, and additionally the problem that, in the method
including allowing powders to fall to contact with water

vapor, it is difficult to allow the carboxyl group-

containing polymer particles to uniformly fall due to the
poor flowability thereof and a large amount of dust may
possibly be flung up upon allowing the powder to fall; the
problem (2): on the occasion of adding water followiling
dispersing the particles 1n an organic solvent; the

resulting hydrous gel forms undisgsolved lumps; and the
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problem (3): since the granule contalns an unnecessary
lubricant depending on use and is produced via a gel form,
the granule obtained 1s not porous and has poor solubility

in water.

(0013]
Patent Document 1: US Patent No. 2,923,629

Patent Document 2: US Patent No. 2,958,678

Patent Document 3: Japanese Kokai Publication Sho-58-
84819 (JP-A 58-84819)

Patent Document 4: US Patent No. 5,342,911

Patent Document 5: US Patent No. 5,663,253

Patent Document 6: US Patent No. 4,996,274

Patent Document 7: Japanese Kokoku Publication Hei-

05-39966 (JP-B 05-39966)

Patent Document 8: Japanese Kokoku Publication Sho-

60-12361 (JP-B 60-12361)

Patent Document 9: Japanese Kokail Publication Sho-51-
6190 (JP-A 51-6190)

Patent Document 10: US Patent No. 5,004,598

Patent Document 11: WO 03/016382

Patent Document 12: Japanese Kokail Publication Sho-
52-2877 (JP-A 52-2877)

Patent Document 13: Japanese Kokai Publication Sho-
52-136262 (JP-A 52-136262)

Patent Document 14: Japanese Kokai Publication Hei-
03-143605 (JP-A 03-143605)

DISCLOSURE OF INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0014]

The present invention aims to provide a method for

easlly producing granular carboxyl group-containing polymer
particles which have a high bulk density and readily swell

in water.
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MEANS FOR SOLVING THE PROBLEMS

[0015]
The present invention has been completed based on the

finding that granular carboxyl group-containing polymer
particles can be obtained by allowing carboxyl group-
containing polymer particles to absorb a polar organic
solvent to a specific level of liquid content to give an
aggregate, subsequently drying and grinding the aggregate.
Namely, the present invention relates to the followilng
Ltems.

Item 1: A method for producing granular carboxyl
group-containing polymer particles, including:

producing carboxyl group-containing polymer
particles;

preparing an aggregate of the carboxyl group-
containing polymer particles by allowing the carboxyl
group-containing polymer particles to absorb a polar
organic solvent to a liquid content of 5 to 25% by mass;

and

drying the aggregate of the carboxyl group-containing
polymer particles and then grinding the dried aggregate.
(0016}

Item 2: The method for producing granular carboxyl
group-containing polymer particles according to Item 1,

wherein, in producing the carboxyl group-containing
polymer particles, an o, f-unsaturated carboxylic acid-type
compound and a compound containing two or more
ethylenically unsaturated groups are polymerized 1in an
inert solvent in the presence of a radical polymerization
initiator to give crosslinked carboxyl group-contalning
polymer particles.
[0017]

Item 3: The method for producing granular carboxyl

group-containing polymer partiéles according to Item 1,

wherein, in producing the carboxyl group-containing
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polymer particles, an «, f-unsaturated carboxylic acid-type
compound and a (meth)acrylic acid alkyl ester contalining an
alkyl group of 10 to 30 carbon atoms are polymerized in an
inert solvent in the presence of a radical polymerization

initiator to give alkyl-modified carboxyl group-containing
polymer particles.
[0018]

Ttem 4: The method for producing granular carboxyl

group-containing polymer particles according to any one of
Ttems 1 to 3,

wherein, 1in preparing the aggregate of the carboxyl
group-containing polymery particles, the polar organic
solvent 1s at least one member selected from the group

consisting of alcohols containing 1 to 5 carbon atoms,

ketones containing 3 to 6 carbon atoms, esters containing 3

to 6 carbon atoms, and ethers containing 4 to 6 carbon
atoms.

(0019]

Item 5: Granular carboxyl group-contalning polymer
particles obtained by the production method according to
any one of Items 1 to 4, the granular carboxyl group-
containing polymer particles having the following
characteristics 1) to 3):

1) a median particle size of 300 to 800 um;

2) a bulk density of not lower than 0.30 g/ml; and

3) a time of not longer than 30 minutes to be
~required for all the granular carboxyl group-containing
polymer particles to swell when placed in standing water at
25°C in a proportion of 0.5% by mass relative to the water.
[0019a]

Accordingly, in one aspect the present invention
resides in a method for producing granular carboxyl group-
containing polymer particles, comprising: producing

carboxyl group-containing polymer particles; preparing an
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aggregate of the carboxyl group-contalning polymer
particles by allowing the carboxyl group-containing polymer
particles to absorb a polar organic solvent to a liquid
content of 5 to 25% by mass; and drying the aggregate of
the carboxyl group-containing polymer particles and then
grinding the dried aggregate, wherein, in preparing the
aggregate of the carboxyl group-containing polymer
particles, the polar organic solvent 1s at least one member
selected from the group consisting of alcohols containing 1
to 5 carbon atoms, ketones containing 3 to 6 carbon atoms,
esters containing 3 to 6 carbon atoms, and ethers

containing 4 to 6 carbon atoms.

EFFECTS OF THE INVENTION

[0020]
According to the production method of the present

invention, it 1s possible to produce granular carboxyl

group-containing polymer particles which hardly form
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undissolved lumps, have an excellent swelling property in
water, hardly cause dusting and are thus superior 1n
handleability as compared with carboxyl group-containing

polymer particles in fine powder form. By dissolving the

granular carboxyl group-containing polymer particles

obtained by the production method of the present invention
in water and then neutralizing the solution with an alkalil
such as sodium hydroxide and triethanolamine, 1t 1s
possible to obtain a neutralized viscous liquid having
excellent surface smoothness, thickening property, and

transparency in a short period of time.

BEST MODE FOR CARRYING OUT THE INVENTION

[0021]
The method for producing granular carboxyl group-

containing polymer particles of the present invention
includes producing carboxyl group-containing polymer
particles. Preferably used as the carboxyl group-
containing polymer particles are crosslinked carboxyl
group-containing polymer particles or alkyl-modified
carboxyl group-containing polymer particles.
[0022]

The crosslinked carboxyl group~¢ontaining polymer

particles to be used in the present invention can be

produced by polymerizing an «,ff-unsaturated carboxylic

acid-type compound and a compound containing two oOr more
ethylenically unsaturated groups 1in an inert solvent in the

presence of a radical polymerization initiator.
[0023]

The o, f-unsaturated carboxylic acid-type compound to
be used in producing the crosslinked carboxyl group-
containing polymer particle mentioned earlier 1s not
particularly limited, and examples thereof include an «, (-
unsaturated carboxylic acid such as acrylic acid,

methacrylic acid, crotonic acid, maleic acid, 1itaconic acid,
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fumaric acid; and an «,f-unsaturated carboxylic'acid alkyl
ester such as methyl acrylate, ethyl acrylate, octyl
acrylate, lauryl acrylate, myristyl acrylate, behenyl
acrylate, lauryl methacrylate, myristyl methacrylate,

5 behenyl methacrylate. These may be used singly or two or
more of them may be used in combination.
[0024]

In the present invention, acrylic acid and

methacrylic acid are collectively referred to as

10 (meth)acrylic acid.

[0025]
In producing the aforementioned crosslinked carboxyl

ymer particle, the «,f-unsaturated

group-contalining po
carboxylic acid-type compound is used preferably in an

15 amount of 6 to 25 parts by volume, more preferably 8 to 22
parts by volume, particularly preferably 13 to 20 parts by
volume, relative to 100 parts by volume of the inert
solvent to be specifically described later herein. When
the amount used of the «,fB-unsaturated carboxylic acid-type

20 compound is smaller than 6 parts by volume, the neutralized
viscous liquid prepared from the granular carboxyl group-

containing polymer particles obtained may become poor in

transparency. When the amount used of the «,f-unsaturated
carboxylic acid-type compound is in excess of 25 parts by
25 volume, the crosslinked carboxyl group-containing polymer
particles will precipitate out with the progress of the
reaction, possibly making it difficult to perform uniform
stirring and, in addition, the neutralized viscous liquid
prepared from the granular carboxyl group-containing

30 polymer particles obtained may have poor surface smoothness.

[0026]
In the present invention, the term “neutralized” 1in

the phrase “neutralized viscous liquid” means that the
liguid or solution has a pH of 6.5 to 7.5.
35 [0027]
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The aforementioned compound contalning two or more

ethylenically unsaturated groups is not particularly

limited, and examples thereof include di- or more

substituted-acrylic acid esters of polyols such as ethylene

glycol, propylene glycol, polyoxyethylene glycol,
polyoxypropylene glycol, glycerol, polyglycerol,
trimethvlolpropane, pentaerythritol, saccharose and
sorbitol; di- or more substituted-allyl ethers of such
polyols as mentioned above; diallyl phthalate, triallyl
phosphate, allyl methacrylate, tetrallyloxyethane, triallYl

cyanurate, divinyl adipate, vinyl crotonate, 1,5-hexadiene,

and divinylbenzene. 'Pentaerythritol allyl ether and

polyallyl saccharose are preferred among the above examples

since they, even when used in a small proportion, can give

a neutralized viscous liquid having a high thickening
property and capable of providing emulsions, suspensions
and the like with a high suspension stability.

10028}

The compound containing two or more ethylenically
unsaturated groups is used preferably in an amount of 0.01
to 2 parts by mass, and more preferably 0.3 to 1.5 parts by
magss, relative to 100 parts by mass of the «,fB-unsaturated
carboxylic acid-type compound. When the amount used of the
compound containing two or more ethylenically unsaturated
grdups is smaller than 0.01 parts by mass, the neutralized
vigcous ligquid prepared from the granular carboxyl group-
containing polymer particles obtained may show reduced
viscosity. When the amount of the compound containing two
or more ethylenically unsaturated groups 1s 1n excess of 2

parts by mass, an insoluble gel may be readily formed 1in

the neutralized viscous liquid prepared from the granular

carboxyl group-containing polymer particles obtained.

[0029]
The alkyl-modified carboxyl group-containing polymer

particles to be used 1n the present 1nvention can be
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produced by polymerizing an «,f-unsaturated carboxylic
aclid-type compound and a (meth)acrylic acid alkyl ester
containing an alkyl group of 10 to 30 carbon atoms in an
inert solvent in the presence of a radical polymerization
initiator. '
[0030]

The o, f-unsaturated carboxylic acid-type compound to
be used in producing the aforementioned alkyl-modified
carboxyl group-containing polymer particle 1s not
particularly limited, and examples thereof include acrylic
acid, methacrylic acid, crotonic acid, maleic acid,
itaconic acid and fumaric acid. These may be used singly or
two or more of them may be used in combination.

[0031]

In producing the alkyl-modified carboxyl group-
containing polymer particle mentioned above, the «o, -
unsaturated carboxylic acid-type compound 1s used
preferably 1n an amount of 6 to 25 parts by volume, more
preferably 8 to 22 parts by volume, and particularly
preferably 13 to 20 parts by volume, relative to 100 parts
by volume of the inert solvent to be specifically described
later herein. When the amount used of the o, f-unsaturated
carboxylic acid-type compound 1s smaller than 6 parts by
volume, the transparency of the neutralized wviscous liquid

prepared from the granular carboxyl group-containing

- polymer particles obtained may be deteriorated. When the

amount used of the o, f-unsaturated carboxylic acid-type
compound 1s 1n excess of 25 parts by volume, the alkyl-
modified carboxyl group-containing polymer particles will
precipitate out with the progress of the reaction, possibly

making it difficult to perform uniform stirring and, in

addition, the neutralized viscous ligquid prepared from the

granular carboxyl group-contalining polymer particles

obtained may have poor surface smoothness.

10032]
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The (meth)acrylic acid alkyl ester contalning an
alkyl group of 10 to 30 carbon atoms to be used in the

present invention is an ester derived from (meth)acrylic

acid and a higher alcohol containing an alkyl group of 10

to 30 carbon atoms. Examples of the esters include an

ester derived from (meth)acrylic acid and stearyl alcohol,
an ester derived from (meth)acrylic acid and eicosanol, an
ester derived from (meth)acrylic acid and behenyl alcohol,
and an ester derived from (meth)acrylic acid and
tetracosanol. Stearyl methacrylate, eicosanyl methacrylate,
behenyl methacrylate, and tetracosanyl methacrylate are
preferably used among the above examples since the
neutralized viscous liquid prepared from the granular
carboxyl group—containing polymer particles obtained 1s
superior in viscosity characteristics and texture
regardless of the presence or absence of an electrolyte.
As the (meth)acrylic acid alkyl ester containing an alkyl
group of 10 to 30 carbon atoms, a commercial product such

as Blemmer VMA 70 produced by NOF Corporation may also be

used.

[0033]
In the present invention, the (meth)acrylic acid

-

~alkyl ester containing an alkyl group of 10 to 30 carpbon

atoms is used preferably in an amount of 0.5 to 20 parts by
mass, and more preferably 1 to 10 parts by mass, relative
to 100 parts by mass of the «,f-unsaturated carboxylic
acid-type compound. When the (meth)acrylic acid alkyl
ester containing an alkyl group of 10 to 30 carbon atoms 1s
used in an amount smaller than 0.5 parts by mass relative
to 100 parts by mass of the o, B-unsaturated carboxylic
acid-type compound, the neutralized viscous liquid prepared
from the granular carboxyl group-containing polymer
particles obtained may have poor transparency 1in the
presence of an electrolyte. On the other hand, when it 1is

used in excess of 20 parts by mass, the granular carboxyl
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group-ceontaining polymer particle obtained may have poOr

solubility in water.

10034
The aforementioned radical polymerization initiator

is not particularly limited, and examples thereof include
o,d’ -azobisisobutyronitrile, 2,2'-azobis-2,4-
dimethylvaleronitrile, dimethyl 2,2’ -azobisisobutyrate,
benzoyl peroxide, lauroyl peroxide, cumene hydroperoxide
and tert-butyl hydroperoxide.

10035]

" The radical polymerization initiator 1s used
preferably in an amount of 0.01 to 0.45 parts by mass, and
more preferably 0.01 to 0.35 parts by mass, relative to 100
parts by mass of the «,f-unsaturated carboxylic acid-type
compound. When the radical polymerization initiator 1is
used in an amount smaller than 0.01 parts by mass, the rate
of reaction may become slow to cause an economic
disadvantage. When the radical polymerization initiator 1is
used in an amount exceeding 0.45 parts by mass, the
neutralized viscous liquid prepared from the granular
carboxyl group-containing polymer particles obtained may

possibly have poor surface smoothness.
[0036]

In the present invention, the “inert solvent” refers

to a solvent which is capable of dissolving the o, (-

unsaturated carboxylic acid-type compound, capable of

dissolving the compound containing two oOr more
ethylenically unsaturated groups or the (meth)acrylic acid
alkyl ester containing an alkyl group of 10 to 30 carbon
atoms, but is incapable of dissolving the carboxyl group-
containing polymer particles obtained.
[0037]

Examples of the inert solvent include normalpentane,

normalhexane, normalheptane, normaloctane, 1sooctane,

cyclopentane, methylcyclopentane, cyclohexane,
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methylcyclohexane, benzene, toluene, Xylene, chlorobenzene,
ethylene dichloride, ethyl acetate, i1sopropyl acetate,
ethyl methyl ketone, and.isobutyl methyl ketone. These may
be used singly or two or more of them may be used in
combination. Ethylene dichloride and normalhexane are

preferred among the above examples from the viewpoints of

the quality stability and ready availability.

[0038]

The atmosphere in which the o, f-unsaturated

carbexylic acid-type compound and the compound contalning

two or more ethylenically unsaturated groups are

polymerized or the a,ﬁ—unsaturated carboxylic acid-type
compound and the (meth)acrylic acid alkyl ester containing

an alkyl group of 10 to 30 carbon atoms are polymerized 1s

preferably an inert gas atmosphere such as nitrogen gas

‘atmosphere and argon gas atmosphere.

[0039]
The reaction temperature 1s preferably 50 to 90°C,

and more preferably 55 to 75°C, from the viewpoint that the

reaction solution is to be inhibited from increasing 1in

viscosity and that the neutralized viscous ligquid prepared

from the granular carboxyl group-containing polymer

particles obtained is to be improved in surface smoothness.
[0040]

The reaction time cannot be absolutely specified
since it depends on the reaction temperature, but 1t 1s
generally 2 to 10 hours.

(0041}

After completion of the reaction, the reaction
solution is heated to 80 to 130°C to thereby distill off
the inert solvent, whereupon the carboxyl group-containing
polymer particle can be obtained in the form of a fine
white powder. When the heating temperature 1is lower than
80°C, a long period of time may be required for drying and,

when it is higher than 130°C, the neutralized viscous
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liguid prepared from the granular carboxyl group-containing

polymer particles obtained may have poor surface smoothness.

[0042]

In the present invention, preparing an aggregate of the

i

aforementioned carboxyl group-contalining polymer particles
is8 carried out by allowing the carboxyl group-contalining

polymer particles obtained in the aforementioned process to

absorb a polar organic solvent to a liquid content of 5 to

25% by mass.

[0043]
Examples of the polar organic solvent include

alcohols containing 1 to 5 carbon atoms, ketones containing

3 to 6 carbon atoms, esters containing 3 to 6 carbon atoms,
and ethers containing 4 to 6 carbon atoms.

[0044]
Examples of the alcohols containing 1 to 5 carbon

atoms include methanol, ethanol, 1l-propanocl, 2-propanocl, 1-
butanol, 2-butanol, 2-methyl-l-propanol, 2-methyl-2-
propanol, l-pentanol, 2-pentancl, 3-pentanol, 2-methyl-1-
butanol, 3-methyl-1-butanol, 1,l1-dimethyl-l-propanol, 1,2-
dimethyl-1-propanol, and 2,2-dimethyl-1-propanol.
10045]

Examples of the ketones containing 3 to 6 carbon

atoms include acetone, ethyl methyl ketone, methyl propyl
ketone, diethyl ketone, butyl methyl ketone, and isobutyl

methyl ketone.

[0046]
Examples of the esters containing 3 to 6 carbon atoms

include methyl acetate, ethyl acetate, propyl acetate,
1sopropyl acetate, butyl acetate, isobutyl acetate, methyl

propilionate, ethyl propionate, propyl propionate, methyl
butanocate, and ethyl butanoate.

[10047]
Examples of the ethers containing 4 to 6 carbon atoms

include methyl propyl ether, butyl methyl ether, diethyl
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ether, ethyl propyl ether, butyl ethyl ether, and dipropyl
ether. '
[0048]

These may be used singly or two or more of them may
be used in combination. Methanol, ethanol, acetone, ethyl
methyl ketone, and ethyl acetate are preferred among the
above examples from the viewpoints of the ready
avallability.

[0049] _

On the occasion of forming the aggregate by allowing
the carboxyl groupwcontaining polymer particles to absorb a
polar organic solvent, the liquid content is 5 to 25% by
mass, and preferably 5 to 23% by mass. When the liquid

s |

ower than 5% by mass, the effect of aggregating

content 1s

the carboxyl group-containing polymer particles 1s

insignificant and sufficient level of aggregation may not
b

tn

e obtalned. On the other hand, when the liquid content o:

F_

the carboxyl group-containing polymer particles is higher

than 25% by mass, there are drawbacks that the aggregation
1s excessively promoted and therefore the grinding after
drying becomes difficult, and that the time to be required

for dissolving the granule when dispersing in water becomes

prolonged.
[0050]

In the present description, the “liquid content”
refers to the percentage of the 1ncrement of the mass of
the carboxyl group-containing polymer particles resulting
from the absorption of the polar organic solvent to the
mass of the particles before the absorption. More
specifically, the percentage of the increment of the mass
of the carboxyl group-containing polymer particles
resulting from the absorption of the polar organic solvent
to the mass of the particles before the absorption is

calculated according to the following formula.

[0051]
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Ligquid content (% by mass) = (Y - X)/X x 100

(In the above formula, X is the mass (g) of the carboxyl

group-containing polymer particles before absorption of the

polar organic solvent, and Y is the mass (g) of the

carboxyl group-containing polymer particles after

absorption of the polar organic solvent.)

[0052]
In the present invention, the method for allowing the

carboxyl group-containing polymer particles to absorb a

polar organic solvent to a liquid content of 5 to 25% by

mass is not particularly limited. Examples of the method
include a method including spraying the carboxyl group-
containing polymer particles with fine drops of the polar

organic solvent, and a method including keeping the

carboxyl group-containing polymer particles in vapor of the

polar organic solvent. A particularly preferable example
is a method including keeping the carboxyl group-contalning
polymer particles in vapor of the polar organic solvent at

a temperature of from about 20°C lower than the boiling'

point of the polar organic solvent to the boiling point.
Upon keeping the carboxyl group-containing polymer
particles in vapor of the polar organic solvent, when the
temperature is below the temperature about 20°C lower than
the boiling point of the polar organic solvent, the time to
be required for allowing the carboxyl group-containing '
polymer particles to aggregate may be prolonged. Moreover,
upon keeping the carboxyl group-containing polymer
particles in vapor of the polar organic solvent, the
temperature higher than the boiling point of the polar
organic solvent is not preferable as it requires a large
amount of energy.

[0053]
Since a boiling point of a polar organic solvent 1is

determined depending on the surrounding pressure, the

boiling point of the polar organic solvent is determined
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" based on the pressure at which the carboxyl group-

containing polymer particles are kept. Specifically,

temperatures for keeping the particles may be, for example,
45 to 65°C (under atmospheric pressure) for methanol, 59 to

79°C (under atmospheric pressure) for ethanol, 36 to 56°C

(under atmospheric pressure) for acetone, 59 to 79°C (under

atmospheric pressure) for ethyl methyl ketone, and 57 to

77°C (under atmospheric pressure) for ethyl acetate. 1In
the case of using a polar organic solvent having a high
boiling point under atmospheric pressure, aggregation of
the carboxyl group-containing polymer particles may become
easlier by allowing the carboxyl group-containing polymer

particles to absorb the polar organic solvent under reduced

pressure.

[0054]
The keeping time is not generally specified since the

state of aggregation varies depending on the liquid content

attained at the temperature. The keeping time 1s not
particularly limited as long as the carboxyl group-
containing polymer particles are kept for a period
necessary for sufficient-aggregation thereof. For example,
under a condition of at about 20°C lower than the boiling
point of the polar organic solvent to be used, 1t 1is
preferable that the carboxyl group-containing polymer
particles are kept for about 0.5 to 4 hours so as to
achieve a high liguid content of about 15 to 20% by mass.
On the other hand, under such a condition as at a

temperature of the boiling point of the polar organic

solvent, since satisfactory aggregates can be produced even

at a low ligquid content of 5 to 10% by mass, the keeping

p—

time of 5 to 60 minutes may be sufficient.

[0055]

The method for keeping the carboxyl group-containing

polymer particles under the specific temperature conditions

as mentioned above is not particularly limited. An example
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of the method is a method including allowing the carboxyl
group-containing polymer particles to stand in a state of a
layer having such a thickness capable of uniformly
absorbing liquid, in a device in which: the space
containing the carboxyl group-containing polymer particles
is kept under a uniform vapor of the polar organlic solvent;
condensation of the polar organic solvent due to
temperature changes does not occur; and the temperature of
the space and generation of the vapor of the polar organic
solvent can be precisely controlled. The term “stand” as
used herein indicates that the carboxyl group-containing
polymer particles are not in a flowing state. Thus, the
term “stand” includes a case where the carboxyl group-
containing polymer particles are moved without flowing by
an apparatus such as a belt conveyor in the device.

[0056]
By allowing the carboxyl group-containing polymer

particles to absorb the polar organic solvent to a liquid
content of 5 to 25% by mass in the aforementioned manner,
the particles are bonded together, with the polar organic
solvent as a binder, to ftorm aggregates.
[0057]

The method for producing granular carboxyl group-
containing polymer particles of the present invention

includes drying the obtained aggregates of the carboxyl

‘group-containing polymer particles and then grinding the

dried aggregates.
[0058]

After drying and grinding the aggregates, the
granular carboxyl group-containing polymer particles of the

present 1nvention can be obtained.

[0059]
The drying apparatus to be used in the above drying

18 not particularly limited but may be, for example, a

vacuum drier. The drying temperature 1is preferably 30 to
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130°C, and more preferably 50 to 110°C. When the drying
temperature is lower than 30°C, a prolonged drying time may
be required. When the drying temperature exceeds 130°C,

the solubility of the granular carboxyl group—containing

polymer particle in water may be impaired. The liguid
content after drying is preferably lower than 5% by mass
from the viewpoint that the fluidity after grinding 1s to
be secured and that the granular carboxyl group-containing
polymer particles are not to form undissolved lumps during
a long period of storage.

[0060]
The grinding apparatus to be used in the above

grinding is not particularly limited but may be
conventionally-used grinding machines such as a pin mill
type grinder, a hammer mill type grinder and a jet mill
type grinder.

[0061]
According to the manners as mentioned earlier, the

granular carboxyl group-containing polymer particles of the
present invention can be obtained. Further, by classifying
the resulting granular particles using a sieve with a
desired mesh size and removing coarse grains, 1t 1s also
possible to allow the resulting granular particles to have
a desired median particle size.

[0062]

The granular carboxyl group-containing polymer
particle obtalined by the production method of the present

invention preferably has the following characteristics 1)
to 3):
1) a median particle size of 300 to 800 um;

2) a bulk density of not lower than 0.30 g/ml; and

3) a time of not longer than 30 minutes to be required for

all the granular carboxyl group-containing polymer

particles to swell when placed in standing water at 25°C 1in

a proportion of 0.5% by mass relative to the water.
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[0063]
The granular carboxyl group-containing polymer

particle of the present invention preferably has a median
particle size of 300 to 800 um, and more preferably 400 to
600 um. When the median particle size is smaller than 300
um, dust may be readily flung up at the time of use.

Moreover, on the occasion of adding the granular carboxyl

group-containing polymer particles to standing water at
25°C in the proportion of, for example, 0.5% by mass
relative to the water, undissolved lumps may be readily
formed and the time to be required for all polymer
particles to swell may sometimes exceed 30 minutes. On
the other hand, when the median particle size exceeds 800
um, although the handling thereof becomes easy, the time
to be required for all polymer particles to swell 1n water
may be a long period and sometimes exceed 30 minutes.
[0064 ]

-~ In the present invention, the term “median particle
size” refers to the particle size corresponding to the mesh
size of the sieve which is used for classifying the

granular carboxyl group-containing polymer particles at the

time when an accumulated mass of the granular carboxyl
group-containing polymer particles obtained by adding up
the mass of the particles remaining on each of sieves after
classifying the particles with the sieves arrives at 50% by
mass of the total mass of the particles. More specifically,
seven standard sieves according to JIS-Z-8801-1982 (mesh
sizes of 850 um, 500 um, 355 um, 300 um, 250 um, 180 um and
106 um) and a receiving pan are prepared. Those sieves are
stacked up in ascending order of mesh size from the bottom
to the top. After 100 g of the granular carboxyl group-
containing polymer particles are placed on the sieve having
the largest mesh size, sieving is carried out by shaking
the sieves using a Ro-Tap sieve shaker for 10 minutes.

Thereafter, the particles remaining on the respective
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sieves are 1ndividually weighed,'and the mass of the
particles'on_each of the Sieves 1s added up 1n descending
order of the mesh size to obtain each wvalue of an
accumulated mass. The particle size corresponding to the
5 mesh size of the sieve used when the accumulated mass
reaches 50% by mass of the total mass of the particles is
calculated according to the formula mentioned below, and

the particle size thus obtained is determined as the median

particle size.
10 [0065]
The median particle size (um) =
(50 - A)/(C -~ A) x (D - B) + B
In the above formula, A represents the accumulated
value (g) obtained by sequentially adding up the mass of
15 the granular carboxyl group-containing polymer particles
remalining on the sieves in descending order of mesh size
from the largest one until the accumulated mass arrives a
level lower than 50% by mass but closest to 50% by mass of
the total mass of the particles. C represents the
20  accumulated value (g) obtained by sequentially adding up
the mass of the particles remaining on the sieves in
descending order of mesh size from the largest one until
the accumulated mass arrives at a level higher than 50% by
mass but closest to 50% by mass of the total mass of the
25 particles. D is the mesh size (um) of the sieve smallest
in mesh size as involved in the calculation of the
aforementioned accumulated value A, and B is the mesh size
(um) of the sieve smallest in mesh gize as involved in the
calculation of the aforementioned accumulated value C.
30 [0066]
' The granular carboxyl group-containing polymer
particles of the present invention preferably have a bulk

density of not lower than 0.30 g/ml, more preferably 0.30

to 0.60 g/ml, particularly preferably 0.35 to 0.55 g/ml.
35 When the bulk density is lower than 0.30 g/ml, the bulk
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density cannot be said to be significantly higher as
compared with the prior art carboxyl group—containing
polymer particles and therefore such prdblems as the
increase in transportation cost and the necessity of a

large number of storage sites cannot be solved.

[0067]
In the present invention, the "“bulk density” refers

to the value obtained by dividing the mass of the granular

- carboxyl group-containing polymer particles by the volume

of the polymer particles having that mass. More
specifically, it is the wvalue obtained by pouring 10 g of
the granular carboxyl group-containing polymer particles
into an empty 50 ml measuring cylinder from a position 5 cm
above that cylinder over within 20 seconds, measuring the
volume (ml) of the space occupied by the granular carboxyl

group-containing polymer particles and dividing the mass of

10 g of the polymer particle by the volume (ml) of the

space occupied by the granular carboxyl group-containing

polymer particles.
[0068]
The granular carboxyl group-containing polymer

particle of the present invention preferably behaves as

follows. When the polymer particles are placed 1in
standing water at 25°C in a proportion of 0.5% by mass
relative to the water and the subsequent state of swelling
of the polymer particles is observed with eyes, the time
to be regquired for all the polymer particles to swell is
preférably not longer than 30 minutes, more preferably 30

minutes to 1 minute. The time to be required for all

polymer particles to swell exceeding 30 minutes 1s not
preferable since the swelling property cannot be said to
be significantly better as compared with the prior art
carboxyl group-containing polymer particles.

[0069]
The following examples and comparative examples
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illustrate the present invention more specifically. These
examples are, however, by no means limitative of the scope
of the present invention. It is to be noted that the

operations mentioned below were performed under atmospheric

pressure unless otherwise stated.

[0070]

[Example 1]
A 500 ml four-necked flask equipped with a stirrer, a

thermometer, a nitrogen inlet tube, and a condenser was

charged with 45 g (42.9 ml) of acrylic acid, 0.24 g of
pentaerythritol allyl ether, 0.153 g of o,a’-
azobisisobutyronitrile and 150 g (223.9 ml) of normalhexane,
followed by uniform stirring for mixing up. Thereafter,
nitrogen gas was blown into the solution for removing the
oxygen present in the upper space of a reaction vessel, raw
materials and a solvent. Subsequently, while the
temperature was maintained at 60 to 65°C, the reaction was

allowed to proceed under nitrogen atmosphere for four hours.

[0071]
After completion of the reaction, the slurry formed

(D

was heated to 90°C to distill off the normalhexane, and th
residue was further dried at 110°C under reduced pressure
(10 mm Hg) for eight hours, whereupon 41 g of the
crosslinked carboxyl group-containing polymer particle was
obtained as a fine white powder.

[0072]
The thus-obtained crosslinked carboxyl group-

containing polymer particles (12 g) were thinly and
uniformly spread on a stainless steel dish having a

diameter of 10 cm, and then allowed to stand for 10 minutes
in a separable flask i1n which the temperature was
controlled to 54°C in the presence of methanol vapor. The

ligquid content after the standing was 8 % by mass. The

resulting product was dried at 80°C for two hours and then

ground using a pin mill type grinder (trade name: Fine
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Impact Mill, manufactured by Hosokawa Micron Corporation)
to produce granular crosslinked carboxyl group-containing
polymer particles. Subsequently, the thus-obtained
granular crosslinked carboxyl group-containing polymer
particles weré classified using a sieve with a mesh size of
1000 um, whereby 11.5 g of the granular crosslinked
carboxyl group-containing polymer particles having an
adjusted particle size were obtained.

[0073]
For the thus-obtained granular crosslinked carboxyl

group-containing polymer particles, the median particle
size, bulk density and time required for swelling were

measured. The swelling time was evaluated by the method

mentioned below. The results are shown in Table 1.

10074]

[Evaluation method]

Water (150 g) is placed in a 200 ml beaker and the

water temperature 1s adjusted to 25°C. While this is in a

standing-still state, 0.75 g of the granular crosslinked

carboxyl group-containing polymer particles are fed into

the water, and the time to be required for all the polymer
particles to swell to the core thereof is measured. The
judgment about the time of arrival of the granular
crosslinked carboxyl group-containing polymer particles at
the state of swelling in water is made by observing with
eyes whether or not the polymer particles, which are white
when belng dried, become translucent white as a result of
SWQlling in water. '

[0075]

i

cxample 2]

| —

Crosslinked carboxyl group-contalining polymer
particles (12 g) obtained in the same manner as in Example
1 were thinly and uniformly spread on a stainless steel
dish having a diameter of 10 cm, and then allowed to stand

for 30 minutes in a separable flask in which the
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Cemperature was controlled to 70°C 1n the presence of
ethanol vapor. The liguid content after the standing was
11% by mass. The resulting product was dried at 80°C for
two hours and then ground using a pin mill type grinder

D (trade name: Fine Impact Mill, product of Hosokawa Micron

Corporation) to produce granular crosslinked carboxyl
group-containing polymer particles. Subsequently, the
thus-obtained granular crosslinked carboxyl group-
containing polymer particles were classified using a sieve

10 with a mesh size of 1000 um, whereby 11.4 g of the granular
crosslinked carboxyl group-containing polymer particles
having an adjusted particle size were obtalined.
[0076]

For the thus-obtained granular crosslinked carboxyl

15 group-containing polymer particles, the median particle
size, bulk density and time required for swelling were
measured. The results obtalined are shown in Table 1.
[0077]
[Example 3]

20 Crosslinked carboxyl group-contailining polymer
particles (12 g) obtained in the same manner as in Example
1 were thinly and uniformly spread on a stainless steel
dish with a'diameter of 10 cm, and then allowed to stand
for 30 minutes 1n a separable flask 1n which the

26 temperature was controlled to 55°C in the presence of
acetone vapor. The liquid content after the standing was
13% by mass. The resulting product was dried at 80°C for
two hours and then ground using a pin mill type grinder
(trade name: Fine Impact Mill, manufactured by Hosokawa

30 Micron Corporation) to produce granular crosslinked
carboxyl group-containing polymer particles. The thus-
obtained granular crosslinked carboxyl group-containing
polymer particles were classified using a sieve with a mesh
size of 1000 um, whereby 11.4 g of the granular crosslinked

35 carboxyl group-containing polymer particles having an
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adjusted particle size were obtained.
[0078] _

For the thus-obtained granular crosslinked carboxyl
group-containing polymer particles, the median particle
size, bulk density and time required for swelling were
measured. The results obtained are shown in Table 1.

(00791 '
[Example 4]

Crosslinked carboxyl group-containing polymer
particles (12 g) obtained in the same manner as in Example
1 Were-thinly and uniformly spread on a stainless steel
dish with a diameter of 10 cm, and then allowed to stand
for 50 minutes in a separable flask in which the
temperature was controlled to 66°C in the presence of ethyl
methyl ketone vapor. The liquid content after the standing
was 20% by mass. The resulting product was dried at 80°C
for two hours and then ground using a pin mill type grinder
(trade name: Fine Impact Mill, manufactured by Hosokawa

Micron Corporation) to produce granular crosslinked

carboxyl group-containing polymer particles. The thus-
obtained granular crosslinked carboxyl group-contalning
polymer particles were classified using a sieve with a mesh
size of 1000 um, whereby 11.5 g of the granular crosslinked
carboxyl group-containing polymer particles having an
adjusted particle size were obtailned.
[0080]

For the thus-obtained granular crosslinked carboxyl
group-containing polymer particles, the median particle
size, bulk density and time required for swelling were

measured. The results obtained are shown in Table 1.

([0081]
[Example 5]

Crosslinked carboxyl group-containing polymer

particles (12 g) obtained in the same manner as 1n Example

1 were thinly and uniformly spread on a stainless steel
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dish with a diameter of 10 cm, and then allowed to stand
for 50 minutes in a separable flask in which the
temperature was controlled to 75°C 1in the presence of ethyl
acetate vapor. The liquid content after the standing was
21% by mass. The resulting product was dried at 80°C for
two hours and then ground using a pin mill type grinder
(trade name: Fine Impact Mill, manufactured by Hosokawa
Micron Corporation) to produce granular crosslinked
carboxyl group-containing polymer particles. The thus-
obtained granular crosslinked carboxyl group-containing
polymer particles were classified using a sileve with a mesh
size of 1000 um, whereby 11.6 g of the granular crosslinked
carboxyl group—COntaining polymer particles having an
adjusted particle size were obtalined.

[0082]
For the thus-obtained granular crosslinked carboxyl

group-containing polymer particles, the median particle
size, bulk density and time required for swelling were

measured. The results obtained are shown in Table 1.

[0083]
[Comparative Example 1]

Crosslinked carboxyl group-containing polymer
particles (12 g) obtained in the same manner as in Example
1 were thinly and uniformly spread on a stainless steel
dish with a diameter of 10 cm, and then allowed to stand
for 30 minutes in a separable flask in which the
temperature was controlled to 30°C in the presence of
methanol vapor. The liquid content after the standing was

3% by mass. The resulting product was dried at 80°C for

two hours and then ground using a pin mill type grinder

(trade name: Fine Impact Mill, manufactured by Hosokawa
Micron Corporation) to produce granular crosslinked

carboxyl group-containing polymer particles. The thus-
obtained granular crosslinked carboxyl group-contalning

polymer particles were classified using a sieve with a mesh
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size of 1000 um, whereby 11.5 g of the granular crosslinked

carboxyl group-containing polymer particles having an

adjusted particle size were obtailned.

[0084]
For the thus-obtained granular crosslinked carboxyl

group-containing polymer particles, the median particle
size, bulk density and time required for swelling were
measured. The results obtained are shown in Table 1.
[0085]

[Comparative Example 2] ‘

_ ACrosslinked carboxyl group-contalning polymer
particles (12 g) obtained in the same manner as 1n Example
1 were thinly and uniformly spread on a stainless steel
dish with a diameter of 10 cm, and then allowed to stand
for 30 minutes in a separable flask in which the
temperature was controlled to 30°C in the presence ot
ethanol vapor. The ligquid content after the standing was
4% by mass. The resulting product was dried at 80°C for
two hours and then ground using a pin mill type grinder
(trade name: Fine Impact Mill, manufactured by Hosokawa
Micron Corporation) to produce granular crosslinked
carboxyl group-containing polymer particles. The thus-
obtained granular crosslinked carboxyl group-containing
polymer particles were classified using a sieve with a mesh
size of 1000 um, whereby 11.4 g of the granular crosslinked
carboxyl group-containing polymer particles having an
adjusted particle size were obtained.

[0086]
For the thus-obtained granular crosslinked carboxyl

group-containing polymer particles, the median particle
size, bulk density and time requlired for swelling were
measured. The results obtained are shown in Table 1.
[0087]

[Comparative Example 3]

Crosslinked carboxyl group—containing polymer
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particles (12 g) obtained in the same manner as in Example
1 were thinly and uniformly spread on a stainless steel
dish with a diameter of 10 cm, and then allowed to stand
for 360 minutes in a separable flask in which the
temperature was controlled to 30°C in the presence of
acetone vapor. The liquid content after the standing was
29% by mass. The resulting product was dried at 80°C for
two hours and then ground using a pin mill type grinder
(trade name: Fine Impact Mill, manufactured by Hosokawa
Micron Corporation) to produce granular crosslinked
carboxyl group-contalning polymer particles.' The thus-
obtained granular crosslinked carboxyl group-containing
polymer particles were classified using a sieve with a mesh

size of 1000 um, whereby 11.5 g of the granular crosslinked

carboxyl group-containing polymer particles having an

adjusted particle size were obtained.

[0088]
For the thus-obtained granular crosslinked carboxyl

group-containing polymer particles, the median particle
size, bulk density and time required for swelling were

measured. The results obtained are shown in Table 1.

[0089]
[Comparative Example 4]
Crosslinked carboxyl group-containling polymer

particles (15 kg) obtained in the same manner as in Example

1 were granulated by compression molding granulation. The

compression molding apparatus used was Pharma Impactor
(model: CS-25, manufactured by Hosokawa Micron Corporation).
The particles were compression-molded between two rolls
(roll diameter: 230 mm, roll distance: 1.2 mm, number of
roll revolutions: 5 rpm, compression molding pressure: 0.15
T/cm®) . The subsequent grinding using Fine:Impact Mill
(trade name, manufactured by Hosokawa Micron Corporation)
and classification gave 13.6 kg of the compression-molded

granular crosslinked carboxyl group-containing polymer
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particles.
[0090] |
' For the thus-obtained compression-molded granular

crosslinked carboxyl group-containing polymer particles,
the median particle size, bulk density and time required

for swelling were measured. The results obtained are shown
1n Table 2.

[0091]
[Reference Example 1]

For crosslinked carboxyl-group containing polymer
particles in the form of a fine white powder as obtalned 1n

the same manner as in Example 1, the bulk density and time

required for swelling were measured and the median particle
size was measured using a laser diffraction type particle
size distribution measuring apparatus (model: SALD-20004J,
manufactured by Shimadzu Corporation, disperse media:

normalhexane). The results obtained are shown in Table 1.
10092]

[Table 1]

Liquid content : , Time
after Median Bulk density| required for

Time standing in vl
standing particic size [g/mi] swelling

Polar solvent |polar solvent vapor
Iminute]

[% by mass] L m] [minute]

8
20
21
3
| 4
29
-

6]
N

Methanol
Ethanol

Example 1

7

®,
W
O

Example 2
O

Acetone
Ethyl methyl ketone

Ethyl acetate

Example 3

Ca)

Example 4

21
3

Example 5

Comparative
Example 1

Comparative
Exampie 2

Comparative
Example 3

Reference
xample

W
O
oV
-

<106

<106
610

5—10

Methanol
Ethanol

120 orionger
120 or longer

0. 15
0. 15
0.5
0.12

N

-
8 o1 Re)
—& G|

vl

S N DU PR Y
Wi |W|~_IW

W
O

360 29

Acetone

W W ~J

oNE®, h
—
-l

20 or longer

10093}
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Method of Median particle . Bulk density
| granulation size [ym] lg/ml]

Example 1 | Methedofthe | 500 | 0.49 13
550

. . .

Time required for |
swelling [minute]

sroestte | Gormrovion oting | 550 | 041|120 orlonger _

10094 ]
The results shown in Table 1 and Table 2 indicate

that the granular crosslinked carboxyl group-containing
polymer particles as obtained by the production method of
the present invention have a high bulk density and also
swell in water in a short period of time.

[0095]

[Example 6]

A 500 ml four-necked flask equipped with a stirrer, a
thermometer, a nitrogen inlet tube and a condenser was
charged with 45 g (42.9 ml) of acrylic acid, 0.68 g of
Blemmer VMA70 (produced by NOF Corporation, a mixture of 10

to 20 parts by mass of stearyl methacrylate, 10 to 20 parts

Oy mass of eicosanyl methacrylate, 59 to 80 parts by mass

of behenyl methacrylate and at most 1 part by mass of
tetracosanyl methacrylate) as the (meth)acrylic acid alkyl
ester containing an alkyl group of 10 to 30 carbon atoms,
0.153 g of «,0’-azobisisobutyronitrile and 150 g (223.9 ml)
of normalhexane, followed by uniform stirring for mixing up.
Thereafter, nitrogen gas was blown into the solution for
removing the oxygen present in the upper space of a
reaction vessel, raw materials and a solvent. Subsequently,

while the temperature was maintained at 60 to 65°C, the

reaction was allowed to proceed under nitrogen atmosphere

for four hours.

[0096]
After completion of the reaction, the slurry formed

was heated to 90°C to distill off the normalhexane, and the

residue was further dried at 110°C under reduced pressure

(10 mm Hg) for eight hours, whereupon 42 g of the alkyl-

modified carboxyl group-containing polymer particle was
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obtained as a fine white powder.
[0097]

The thus-obtained alkyl-modified carboxyl group-
containing polymer particles (12 g) were thinly and
uniformly spread on a stainless steel dish with a diameter
of 10 cm, and then allowed to stand for 10 minutes 1in a
separable flask in which the temperature was controlled to
55°C in the presence of methanol vapor. The liquid content

after the standing was 8% by mass. The resulting product

was dried at 80°C for two hours and then ground using a pin
mill type grinder (trade name: Fine Impact Mill,
manufactured by Hosokawa Micron Corporation) to produce
granular alkyl-modified carboxyl group-containing polymer
particles. The thus-obtained granular alkyl-modified
carboxyl.group—containing polymer particles were classified
using a sieve with a mesh size of 1000 um to remove coarse
particles, whereby 11.4 g of the granular alkyl-modified
carboxyl group-containing polymer particles having an
adjusted particle size were obtained.

[0098]

For the thus-obtained granular alkyl-modified
carboxyl group-containing polymer particles, the median
particle size, bulk density and time required for swelling
were measured. The swelling time was evaluated by the
method mentioned below. The results are shown in Table 3.

[0099]
[Evaluation method]

Water (150 g) is placed in a 200 ml beaker and the
water temperature is adjusted to 25°C. While this 1s 1n a

standing-still state, 0.75 g of the granular alkyl-modified

carboxyl group-containing polymer particles are fed into
the water, and the time to be required for all the polymer
particles to swell to the core thereof i1s measured. The
judgment about the time of arrival of the granular alkyl-

modified carboxyl group-containing polymer particles at the
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State.of'swelling 1n water 1s made by observing with eves

whether or not the polymer particles, which are white when

being dried, become translucent white as a result of

swelling 1n water.

[0100]
[Example 7]

Alkyl-modified carboxyl group-containing polymer
particles (12 g) as white fine powders obtained in the same
manner as 1n Example 6 were thinly and uniformly spread on

a stainless steel dish with a diameter of 10 cm, and then

allowed to stand for 30 minutes in a separable flask in

which the temperature was controlled to 70°C in the
presence of ethanol vapor. The ligquid content after the
standing was 12% by mass. The resulting product was dried
at 80°C for two hours and then ground using a pin mill type
grinder (trade name: Fine Impact Mill, manufactured by
Hosokawa Micron Corporation) to produce granular alkyl-
modified carboxyl group-containing polymer particles. The
thus-obtained granular alkyl-modified carboxyl group-
containing polymer particles were classified using a sieve
with a mesh size of 1000 um to remove coarse particles, '
whereby 11.5 g of the granular alkyl-modified carboxyl
group-containing polymer particles having an adjusted
particle size were obtained.

[0101]
For the thus-obtained granular alkyl-modified
carboxyl group-containing polymer particles, the median

particle size, bulk density and time required for swelling

were measured. The results are shown in Table 3.
10102]
[Example 8]

Alkyl-modified carboxyl group-containing polymer
particles (12 g) as white fine powders obtained in the same
manner as 1n Example 6 were thinly and uniformly spread on

a stalinless steel dish with a diameter of 10 c¢cm, and then
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allowed to stand for 20 minutes in a separable flask in

which the temperature was controlled to 55°C 1in the

presence of acetone vapor. The liquid content after the
standing was 12% by mass. The resulting product was dried
at 80°C for two hours and then ground using a pin mill type
grinder (trade name: Fine Impact Mill, manufactured by

Hosokawa Micron Corporation) to produce granular alkyl-

modified carboxyl group-containing polymer particles. The
thus-obtained granular alkyl-modified carboxyl group-
containing polymer particles were classified using a sieve
with a mesh size of 1000 um to remove coarse particles,
whereby 11.5 g of the granular alkyl-modified carboxyl
group-containing polymer particles having an adjusted
particle size were obtained. -

10103] ,
For the thus-obtained granular alkyl-modified

carboxyl group-containing polymer particles, the median
particle size, bulk density and time required for swelling

were measured. The results are shown 1n Table 3.

10104 ]
[Example 9]

Alkyl-modified carboxyl group-containing polymer
particles (12 g) as white fine powders obtained in the same
manner as in Example 6 were thinly and uniformly spread on

a stalnless steel dish with a diameter of 10 cm, and then

allowed to stand for 50 minutes 1n a separable flask in

which the temperature was controlled to 67°C in the

presence. of ethyl methyl ketone vapor. The ligquid content
after the standing was 19% by mass. The resulting product
was dried at 80°C for two hours and then ground using a pin
mill type grinder (trade name: Fine Impact Mill,
manufactured by Hosokawa Micron Corporation) to produce
granular alkyl-modified carboxyl group-containing polymer
particles. The thus-obtained granular alkyl-modified

carboxyl group-containing polymer particles were classified
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using a sieve with a mesh size of 1000 um to remove coarse
particles, whereby 11.6 g of the granular alkyl-modified
carboxyl group-containing polymer particles having an
adjusted particle size were obtained.
[0105]

~ For the thus-obtained granular alkyl-modified
carboxyl group-containing polymer particles, the median
particle size, bulk density and time required for swelling

were measured. The results are shown in Table 3.

[10106]

[Example 10]
- Alkyl-modified carboxyl group-containing polymer

particles (12 g) as white fine powders obtained in the same

- manner as in Example 6 were thinly and uniformly spread on

a stainless steel dish with a diameter of 10 cm, and then
allowed to stand for 50 minutes in a separable flask in

which the temperature was controlled to 76°C in the

presence of ethyl acetate vapor. The liquid content after

the standing was 20% by mass. The resulting product was

dried at 80°C for two hours and then ground using a pin
mill type grinder (trade name: Fine Impact Mill,
manufactured by Hosokawa Micron Corporation) to produce
granular alkyl-modified carboxyl group-containing polymer
particles. The thus-obtained granular alkyl-modified
carboxyl group-containing polymer particles were classified
using a sieve with a mesh size of 1000 um to remove coarse
particles, whereby 11.4 g of the granular alkyl-modified
carboxyl group-containing polymer particles having an
adjusted particle size were obtained.

[0107]
For the thus-obtained granular alkyl-modified

carboxyl group-containing polymer particles, the median
particle size, bulk density and time required for swelling

were measured. The results are shown in Table 3.

[0108]
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[Comparative Example 5]

Alkyl-modified carboxyl group-containing polymer
particles (12 g) as white fine powders obtained in the same
manner as 1n Example 6 were thinly and uniformly spread on
a stailnless steel dish with a diameter of 10 cm, and then
allowed to stand for 30 minutes in a separable flask in
which the temperature was controlled to 30°C in the
presence of methanol vapor. The liquid content after the
standing was 3% by mass. The resulting product was dried
at 80°C for two hours and then ground using a pin mill type
grinder (trade name: Fine Impact Mill, manufactured by
Hosokawa Micron Corporation) to produce granular alkyl-
modified carboxyl group-containing polymer particles. The
thus-obtained granular alkyl-modified carboxyl group-
containing polymer particles were classified using a sieve
with a mesh size of 1000 um to remove coarse particles,
whereby 11.5 g of the granular alkyl-modified carboxyl
group-containing polymer particles having an adjusted
particle size were obtained.

10109]

For the thus-obtained granular alkyl-modified
carboxyl group-containing polymer particles, the median
particle size, bulk density and time required for swelling
were measured. The results are shown in Table 3.

[0110] '
[Comparative Example 6]

Alkyl-modified carboxyl group-containing polymer
particles (12 g) as white fine powders obtained in the same
manner as in Example 6 were thinly and uniformly spread on

a stainless steel dish with a diameter of 10 cm, and then

allowed to stand for 30 minutes in a separable flask in

which the temperature was controlled to 30°C in the
presence of ethanol vapor. The liguid content after the

standing was 4% by mass. The resulting product was dried

at 80°C for two hours and then ground using a pin mill type
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grinder (trade name: Fine Impact Mill, manufactured by
Hosockawa Micron Corporation) to produce granular alkyl-
modified carboxyl group-containing polymer particles. The
thus-obtained granular alkyl-modified carboxyl group-
containing polymer particles were classified using a sieve
with a mesh size of 1000 um to remove.coarse particles,
whereby 11.5 g of the granular alkyl-modified carboxyl
group-containing polymer particles having an adjusted
particle sl1ze were obtained.

10111]
For the thus-obtained granular alkyl-modified

carboxyl group-containing polymer particles, the median
particle size, bulk density and time required for swellling
were measured. The results are shown 1n Table 3.

[0112]

[Comparative Example 7]
Alkyl-modified carboxyl group-containing polymer

particles (12 g) as white fine powders obtained 1n the same

manner as 1in Example 6 were thinly and uniformly spread on
a stainless steel dish with a diameter of 10 cm, and then
allowed to stand for 360 minutes in a separable flask in
which the temperature was controlled to 30°C 1n the
presence of acetone vapor. The liquid content after the
standing was 30% by mass. The resulting product was dried
at 80°C for two hours and then ground using a pin mill type
grinder (trade name: Fine Impact Mill, manufactured by
Hosokawa Micron Corporatiocon) to produce granular alkyl-
modified carboxyl group-containing polymer particles. The
thus-obtained granular alkyl-modified carboxyl group-
contalning polymer particles were classified using a sieve

with a mesh size of 1000 um to remove coarse particles,

- whereby 11.4 g of the granular alkyl-modified carboxyl

group-containing polymer particles having an adjusted
particle size were obtained.
(0113]
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For the thus-obtained granular alkyl-modified
carboxyl group-containing polymer particles, the median
particle size, bulk density and time required for swelling
were measured. The results are shown 1n Table 3.

[0114] o .
[Comparative Example 8]

Alkyl-modified carboxyl group-containing polymer
particles (15 kg) as white fine powders obtained 1in the
same manner as in Example 6 were granulated by compression
molding granulation. The compression molding apparatus
used was Pharma Impactor (model: CS-25, manufactured by
Hosokawa Micron Corporation). The particles were
compression-molded between two rolls (roll diameter: 230 mm,
roll distance: 1.2 mm, number of roll revolutions: 5 rpm,
compression molding pressure: 0.15 T/cm®). The subsequent
grinding using Fine Impact Mill (trade name, manufactured
by Hosokawa Micron Corporation) and classification gave
13.3'kg of the compression-molded granular alkyl-modified
carboxyl group-containing polymer particle. ' '
[0115]

For the thus-obtained compression-molded granular
alkyl-modified carboxyl group-containing polymer particles,
the median particle size, bulk density and time required
for swelling were measured. The results are shown 1n Table
4,

[0116]

[Reference Example 2]

For alkyl-modified carboxyl-group containing polymer
particles in the form of a fine white powder as obtained in
the same manner as in Example 6, the bulk density and time
required for swelling were measured and the median particle
size was measured using a laser diffraction type particle
size distribution measuring apparatus (model: SALD-2000J,
manufactured by Shimadzu Corporation, disperse media:

normalhexane). The results are shown in Table 3.
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[0117]
[Table 3]

Time
Bulk density| required for

Liquid content |
after

Time standing in Median

Polar solvent |polar solvent vapor
(minute]

particle size
[ 1tm]

(g/ml] swelling

standing it
Ny

[% by mass]

8
30 | 12 | 520 | 0. 51
50 | 19 k:

20

N
©
-
O
8]
O

Methanol
Ethanol 30

O

Example 6

a1
-t
-

Ol
o
-

Example 7
Acetone
Ethyl methyl ketone
Ethyl acetate

Example 8

N
»
-
-
8]
7y

Example 9

Example 10

)

I
N
O
Ul
—
O

0. 15 |120ec0r longer

-

O
Wil
||

%i';‘nﬁlrg%ve Methanol 3 <106 _
Gomparatyve Ethanol _ 4 <106 120 or longer
Gomentye Acetone | 360 | 30 | 600 | 0.57 | 100
S T T5-10[ 012 [izowem
10118]

5 [Table 4]

Method of Median particle Bulk density Time required for

Bample 6| geusoadmio, | 490 | 0.50 | 15
Baraied” 120 or longer
[0119]

The results shown in Table 3 and Table 4 indicate
that the granular alkyl-modified carboxyl group-containing

10 polymer particles as obtained by the production method otf

the present invention have a high bulk density and also

swell 1n water 1n a short period of time.

INDUSTRIAL APPLICABILITY
15 [0120]

The production method of the present invention makes
1t possible to produce granular carboxyl group-containing
polymer particles which hardly form undissolved lumps, have
an excellent swelling property in water, hardly cause
20 dusting and are thus superior in handleability as compared
with carboxyl group-containing polymer particles in fine

powder form. By dissolving the granular carboxyl group-
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containing polymer particles obtained by the production
method of the present invention in water and then
neutralizing the solution with an alkali such as sodium
hydroxide and triethanolamine, it is possible to obtain a
neutralized viscous liquid excellent in surface smoothness,
thickening property and transparency in a short peribd of

time.
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CLAIMS

1. A method for producing granular carboxyl group-

containing polymer particles, comprising:

producing carboxyl group-containing polymer
particles;

preparing an aggregate of the carboxyl group-
containing polymer particles by allowing the carboxyl
group-contalining polymer particles to absorb a polar
organic solvent to a liquid content of 5 to 25% by mass;
and

drying the aggregate of the carboxyl group-
containing polymer particles and then grinding the dried
aggregate,

wherein, 1n preparing the aggregate of the carboxyl
group-containing polymer particles, the polar organic
solvent 1s at least one member selected from the group
consisting of alcohols containing 1 to 5 carbon atoms,
ketones containing 3 to 6 carbon atoms, esters containing

3 to 6 carbon atoms, and ethers containing 4 to 6 carbon

atoms.

2. The method for producing granular carboxyl
group-containing polymer particles according to Claim 1,

wherein, in producing the carboxyl group-containing
polymer particles, an «,f-unsaturated carboxylic acid-
type compound and a compound containing two or more
ethylenically unsaturated groups are polymerized in an
inert solvent 1in the presence of a radical polymerization
initiator to give crosslinked carboxyl group-containing

polymer particles.
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3. The method for producing granular carboxyl
group-containing polymer particles according to Claim 1,

wherein, in producing the carboxyl group-containing
polymer particles, an o, B-unsaturated carboxylic acid-
type compound and a (meth)acrylic acid alkyl ester
containing an alkyl group of 10 to 30 carbon atoms are
polymerized 1n an inert solvent in the presence of a
radical polymerization initiator to give alkyl-modified

carboxyl group-contalining polymer particles.

4. Granular carboxyl group-containing polymer
particles obtained by the production method according to
any one of Claims 1 to 3, the granular carboxyl group-
containing polymer particles having the following

characteristics 1) to 3):

1) a median particle size of 300 to 800 um;

2) a bulk density of not lower than 0.30 g/ml; and

3) a time of not longer than 30 minutes to be
required for all the granular carboxyl group-containing
polymer particles to swell when placed in standing water

at 25°C 1n a proportion of 0.5% by mass relative to the

water.
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