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EMULSION OF NITROGEN ATOM-CONTAINING POLYMER OR SALT THEREOF,
PRODUCTION METHOD THEREFOR, AND PRODUCTION METHOD FOR
PARTICLES

BACKGROUND OF THE INVENTION
1. Field of the Invention
[0001] The present invention relates to an emulsion of a nitrogen atom-containing polymer or
a salt thereof, and a production method therefor. More particularly, the invention relates to a
method for producing an emulsion of a nitrogen atom-containing polymer or a salt thereof, the
method including a step of mixing predetermined solutions and stirring the mixture, and to an
emulsion comprising predetermined spherical objects and a predetermined dispersing medium.
The invention also relates to a method for producing particles containing a crosslinked
nitrogen atom-containing polymer or a salt thereof.
2. Description of the Related Art
[0002] Nitrogen atom-containing polymers are used in a variety of fields as highly functional
materials. A nitrogen atom-containing polymer may be produced in the form of, for example,
particles emulsified in a medium. Regarding a method for emulsifying nitrogen
atom-containing polymer particles in a medium, a method of using emulsifiers is known. In
Patent Document 1, a method for producing a small spherical crosslinked monoallylamine
polymer is described, the method including emulsifying a water-based solution of a polymer of
monoallylamine in a liquid medium, and crosslinking some of amino groups in the polymer
with a predetermined compound while maintaining the emulsified state. In Patent Document
1, it is described that a nonionic or cationic surfactant or an alkyl ether of cellulose can be used
in order to emulsify an aqueous solution of polyallylamine in a liquid medium.
[0003] In Patent Document 2, it is described that particles are obtained from polymerization of
a predetermined monomer mixture by using an organic solvent that dissolves the monomers
but does not dissolve a polymer of the monomers as a solvent in the presence of a polymer
dispersant, and amino group-containing polymer particles are produced by reacting the thus
obtained particles with a compound having a nitrogen atom to which at least one hydrogen
atom is bonded.
[0004] In Patent Document 3, a method for producing crosslinked spheres of a polyvinylamine
is described, the method including performing the production of crosslinked spheres by

suspending an aqueous solution of a polyvinylamine in the presence of a water-insoluble
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dispersing medium, and reacting the suspension with a polyfunctional crosslinking agent.
Prior Art Documents
Patent Documents
[0005]
Patent Document 1: JP1988-045721B (JP-S63-045721B)
Patent Document 2: JP1992-008710A (JP-H04-008710A)
Patent Document 3: JP1986-051006A (JP-S61-051006A)

SUMMARY OF THE INVENTION

[0006] In the Examples of Patent Document 1, it is described that an aqueous solution of
polyallylamine is added to a mixed liquid of chlorobenzene and o-dichlorobenzene including
sorbitan sesquioleate as an emulsifier, and a polymer having a particle diameter of 20 to 500
pm is obtained. In Patent Document 1, sorbitan sesquioleate is used as an emulsifier;
however, with sorbitan sesquioleate, polyallylamine particles are not easily emulsified.

[0007] It is an object of the present invention to provide a method for producing an emulsion
of a nitrogen atom-containing polymer or a salt thereof, the emulsion having high emulsion
stability and having a low dispersity of the particle diameter (particle size) of emulsified
particles, and to provide an emulsion of a nitrogen atom-containing polymer or a salt thereof,
the emulsion having a low dispersity of the particle diameter of emulsified particles. It is
another object of the present invention to provide a method for producing particles containing
a crosslinked nitrogen atom-containing polymer or a salt thereof, using the above-described
emulsion.

[0008] The inventors of the present invention conducted a thorough investigation in order to
solve the problems described above, and as a result, the inventors found that an emulsion of a
nitrogen atom-containing polymer or a salt thereof, the emulsion having a low dispersity of the
particle diameter of emulsified particles, can be produced by mixing a first solution including
a nitrogen atom-containing polymer or a salt thereof and a hydrophilic solvent and having a
viscosity of 10 to 2,000 mPa-s, and a second solution including a hydrophobic solvent and
having a viscosity of 1 to 100 mPa's such that the ratio between the viscosity of the first
solution and the viscosity of the second solution is in the range of 0.1:1 to 300:1, and stirring
the mixture. Furthermore, the inventors of the present invention found that by subjecting an
emulsion produced as described above to a crosslinking reaction, particles containing a

crosslinked nitrogen atom-containing polymer or a salt thereof can be produced. The present



3
invention was completed based on these findings.
[0009] That is, according to the present invention, the following inventions are provided.

[1] A method for producing an emulsion of a nitrogen atom-containing polymer or a
salt thereof, the method comprising:

a step of mixing a first solution including a nitrogen atom-containing polymer ‘or a
salt thereof and a hydrophilic solvent and having a viscosity of 10 to 2,000 mPa-s, and a
second solution including a hydrophobic solvent and having a viscosity of 1 to 100 mPa-s,
stirring the mixture, and thus obtaining an emulsion of the nitrogen atom-containing polymer
or a salt thereof,

wherein the ratio between the viscosity of the first solution and the viscosity of the
second solution is in the range of 0.1:1 to 300:1.

[2] The method according to [1], wherein the viscosity of the first solution is 10 to
1,500 mPas.

[3] The method according to [1] or [2], wherein the ratio between the viscosity of the
first solution and the viscosity of the second solution is in the range of 0.2:1 to 100:1.

[4] The method according to any one of [1] to [3], wherein the amine value of the
nitrogen atom-containing polymer or a salt thereof is 10 mmol/g or more.

[S5] The method according to any one of [1] to [4], wherein the nitrogen
atom-containing polymer is at least one selected from the group consisting of polyallylamine,
a polyalkyleneimine, and polyvinylamine.

[6] The method according to any one of [1] to [4], wherein the nitrogen
atom-containing polymer includes polyallylamine.

[7] Thé method according to any one of [1] to [6], wherein the second solution
includes an emulsifier having a weight-average molecular weight or number-average
molecular weight of 2,000 or more.

[8] The method according to [7], wherein the emulsifier includes a sugar.

[9] The method according to [7] or [8], wherein the emulsifier includes a cellulose
ether.

[10] The method according to any one of [1] to [9], wherein the hydrophobic solvent
is at least one selected from the group consisting of an aromatic hydrocarbon-based solvent, an
ester-based solvent, and olive oil.

[11] The method according to any one of [1] to [10], wherein the emulsion of the

nitrogen atom-containing polymer or a salt thereof has an average particle diameter of



emulsified particles of 1 to 200 um.

[12] An emulsion comprising:

spherical objects formed from a first solution that includes a nitrogen atom-containing
polymer or a salt thereof and a hydrophilic solvent and has a viscosity of 10 to 2,000 mPa-s;
and

a dispersing medium including a second solution that includes a hydrophobic solvent
and has a viscosity of 1 to 100 mPas,

wherein the ratio between the viscosity of the first solution and the viscosity of the
second solution is in the range of 0.1:1 to 300:1.

[13] A method for producing particles containing a crosslinked nitrogen
atom-containing polymer or a salt thereof, the method comprising:

a step of mixing a first solution including a nitrogen atom-containing polymer or a
salt thereof and a hydrophilic solvent and having a viscosity of 10 to 2,000 mPas, and a
second solution including a hydrophobic solvent and having a viscosity of 1 to 100 mPa-s,
stirring the mixture, and obtaining an emulsion of the nitrogen atom-containing polymer or a
salt thereof; and

a step of adding a crosslinking agent to the emulsion obtained by emulsifying the
nitrogen atom-containing polymer or a salt thereof, and performing a crosslinking reaction,

wheréin the ratio between the viscosity of the first solution and the viscosity of the
second solution is in the range of 0.1:1 to 300:1.

[14] The method for producing particles according to [13], wherein the nitrogen
atom-containing polymer is a crosslinked polymer having a substituent containing an NRA!R#2
structure:

in Formula, R! and R*? each independently represent a hydrogen atom, an alkyl
group having 1 to 20 carbon atoms, an aminoalkyl group having 1 to 20 carbon atoms or a salt
thereof, an alkylaminoalkyl group having 2 to 20 carbon atoms or a salt thereof, a
dialkylaminoalkyl group having 3 to 20 carbon atoms or a salt thereof, a
trialkylammoniumalkyl group having 4 to 20 carbon atoms, an alkylcarbonyl group having 1
to 20 carbon atoms, a carboxyalkyl group having 1 to 20 carbon atoms, or a hydroxyalkyl
group having 1 to 20 carbon atoms.

[15] The method for producing particles according to [13] or [14], wherein the
particles have an average particle diameter of 20 to 150 pm and a swelling rate of 9 to 16 ml/g,

provided that the average particle diameter is determined by converting the areas of 1,000 or
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more particle images of optical microscopic photographs into diameters, and calculating the
average particle diameter as the volume average particle diameter using those diameters, and
the swelling rate is determined by swelling particles by repeating shaking and standing for one
hour or longer in an aqueous solution at pH 6.3 of 2.2% by mass of sodium
2-morpholinoethanesulfonate and 0.5% by mass of sodium chloride at 20°C twenty or more
times, and calculating the swelling rate by dividing the particle volume after swelling by the
particle mass before swelling.

[16] The method for producing particles according to any one of [13] to [15], wherein
each of the particles has an outer shell portion and a central portion having a lower degree of
crosslinking than the outer shell portion.

[0010] According to the present invention, an emulsion of a nitrogen atom-containing polymer
or a salt thereof, the emulsion having high emulsion stability and having a low dispersity of
the particle diameter of emulsified particles, can be produced. According to the present
invention, particles containing a crosslinked nitrogen atom-containing polymer or a salt
thereof can be produced by using the emulsion described above.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0011] In the following description, embodiments of the present invention will be described in
detail.

According to the present invention, unless particularly stated otherwise, the
percentage (%) is percent (%) by mass.

According to the present invention, unless particularly stated otherwise, the various
terms have the following meanings.

According to the present invention, unless particularly stated otherwise, a value range
expressed using the symbol "~" means a range including the values described before and after
the symbol "~" as the minimum value and the maximum value, respectively.

A halogen means fluorine, chlorine, bromine, or iodine.

An alkyl group having 1 to 20 carbon atoms (Ci-2o alkyl group) means a linear or
branched Ci.p0 alkyl group, such as a methyl, ethyl, propyl, isopropyl, butyl, sec-butyl,
isobutyl, tert-butyl, pentyl, isopentyl 2-methylbutyl, 2-pentyl, 3-pentyl, or hexyl group. A
preferred carbon number of the alkyl group is 1 to 10, more preferably 1 to 6, and even more
preferably 1 to 3.

[0012] An alkylene group means a linear or branched alkylene group, such as a methylene,

ethylene, propylene, butylene, or hexylene group. A preferred carbon number of the alkylene
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group is 1 to 19, more preferably 1 to 10, and even more preferably 1 to 6.

An alkylamino group having 1 to 20 carbon atoms (Ci2o alkylamino group) means a

linear or branched Ci.z0 alkylamino group, such as a methylamino, ethylamino, propylamino,
isopropylamino,  cyclopropylamino,  butylamino, sec-butylamino, tert-butylamino,
cyclobutylamino, pentylamino, cyclopentylamino, hexylamino, or cyclohexylamino group.
A preferred carbon number is 1 to 10, more preferably 1 to 6, and even more preferably 1 to 3.
[0013] A dialkylamino group having 2 to 20 carbon atoms (di(Ci20 alkyl)amino group) means
a linear or branched di(Ci.o alkyl)amino group, such as a dimethylamino, diethylamino,
dipropylamino, diisopropylamino, dibutylamino, di(tert-butyl)amino, dipentylamino,
dihexylamino, (ethyl)(methyl)amino, (methyl)(propyl)amino, (cyclopropyl)(methyl)amino,
(cyclobutyl)(methyl)amino, or (cyclohexyl)(methyl)amino group. A preferred carbon
number is 2 to 10, and more preferably 2 to 6. Those alkyl groups may be identical or
different.
[0014] An aminoalkyl group having 1 to 20 carbon atoms is a group in which at least one
hydrogen atom of the above-mentioned alkyl group having 1 to 20 carbon atoms has been
substituted by an amino group, and it is preferable that a hydrogen atom on the carbon atom at
an end of the alkyl group has been substituted by an amino group. A preferred carbon
number is 1 to 10, more preferably 1 to 6, and even more preferably 1 to 3.

An alkylaminoalkyl group having 2 to 20 carbon atoms is a group in which a
hydrogen atom of an amino group in an aminoalkyl group has been substituted by an alkyl,
and the sum of the numbers of carbon atoms of the two alkyls is in the range of 2 to 20. A
preferred carbon number is 2 to 10, and more preferably 2 to 6.

A dialkylaminoalkyl group having 3 to 20 carbon atoms is a group in which two
hydrogen atoms of an amino group in an aminoalkyl group have been respectively substituted
by an alkyl, and the sum total of the numbers of carbon atoms of the three alkyls is in the
range of 3 to 20. A preferred carbon number is 3 to 10, and more preferably 3 to 6. Those
alkyls may be identical or different. ‘
[0015] A salt of an aminoalkyl group having 1 to 20 carbon atoms, a salt of an alkylaminoalkyl
group having 2 to 20 carbon atoms, and a salt of a dialkylaminoalkyl group having 3 to 20
carbon atoms mean the case in which a nitrogen atom in an aminoalkyl group, an
alkylaminoalkyl group, or a dialkylaminoalkyl group has formed an ammonium salt. An
ammonium salt may be a salt with an organic acid or an inorganic acid, and examples of the

organic acid include formic acid, acetate, oxalic acid, succinic acid, and citric acid, while
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examples of the inorganic acid include hydrochloric acid, carbonic acid, sulfuric acid, nitric
acid, and phosphoric acid. A

A trialkylammoniumalkyl group having 4 to 20 carbon atoms is a group in which at

least one hydrogen atom of the above-mentioned alkyl group having 1 to 16 carbon atoms (a
preferred carbon number is 1 to 10, and more preferably 1 to 6) has been substituted by a
trialkylammonium group, and it is preferable that a hydrogen atom on the carbon atom at an
end of the alkyl group has been substituted. The alkyl group of the trialkylammonium group
is an alkyl group having 1 to 8 carbon atoms (a preferred carbon number is 1 to 6, and more
preferably 1 to 3). These alkyls may be identical or different.
[0016] The alkylcarbonyl group having 1 to 20 carbon atoms is a carbonyl group substituted
with an alkyl group having 1 to 20 carbon atoms. A preferred carbon number is 1 to 10, and
more preferably 1 to 6. Specific examples include acetyl, propionyl, butyryl, isobutyryl, and
pivaloyl groups.

A carboxyalkyl group having 1 to 20 carbon atoms is specifically -(CH2),-COOH,
wherein n represents an integer from 1 to 20. n is preferably 1 to 10, and more preferably 1
to 6.

A hydroxyalkyl group having 1 to 20 carbon atoms is specifically -(CH2).-OH,
wherein n represents an integer from 1 to 20. n is preferably 1 to 10, and more preferably 1
to 6.

An alkoxy group having 1 to 20 carbon atoms (Ci.20 alkoxy group) means a linear,

cyclic, or branched Ci.oo alkyloxy group, such as a methoxy, ethoxy, propoxy, isopropoxy, a
cyclopropoxy, butoxy, isobutoxy, sec-butoxy, tert-butoxy, cyclobutoxy, pentyloxy, or
hexyloxy group. A preferred carbon number of an alkoxy group is 1 to 10, and more
preferably 1 to 6.
[0017] The weight-average molecular weight or the number-average molecular weight of a
hydrophilic polymer (for example, an amine-containing polymer or a salt thereof) according to
the present invention is a value determined by gel permeation chromatography (GPC)
measurement based on conversion relative to polyethylene oxide standards. More
specifically, the measurement of the weight-average molecular weight or the number-average
molecular weight is carried out using GPC under the following conditions.

Apparatus: HLC-8320GPC manufactured by Tosoh Corporation

Column: TSK-GEL G5000PWXL manufactured by Tosoh Corporation

Column temperature: 40°C



Flow rate: 1.0 mL/min

Calibration curve: TOSOH TSKstandard POLY(ETHYLENE OXIDE)

Eluent: A solution obtained by diluting 42.5 g of sodium nitrate in 5,000 g of a
mixture of water/acetonitrile (9/1).
[0018] The weight-average molecular weight or the number-average molecular weight of a
hydrophobic polymer according to the present invention is a value determined by GPC
measurement based on conversion relative to polystyrene standards. More specifically, the
measurement of the weight-average molecular weight or the number-average molecular weight
is carried out using GPC under the following conditions.

Apparatus: HLC-8220GPC manufactured by Tosoh Corporation

Column: TSK-GEL GMHHR-N manufactured by Tosoh Corporation

Column temperature: 40°C

Flow rate: 1.0 mL/min

Calibration curve: TOSOH TSKstandard POLYSTYRENE

Eluent: Tetrahydrofuran
[0019] In the method for producing an emulsion of a nitrogen atom-containing polymer or a
salt thereof (preferably, an amino group-containing polymer or a salt thereof) of the
embodiment of the present invention, an emulsion of a nitrogen atom-containing polymer or a
salt thereof (preferably, an amino group-containing polymer or a salt thereof) is obtained by
mixing a first solution including a nitrogen atom-containing polymer or a salt thereof
(preferably, an amino group-containing polymer or a salt thereof) and a hydrophilic solvent
and having a viscosity of 10 to 2,000 mPas, and a second solution including a hydrophobic
solvent and having a viscosity of 1 to 100 mPas, and stirring the mixture. Here, the ratio
between the viscosity of the first solution and the viscosity of the second solution is in the
range of 0.1:1 to 300:1.
[0020] With sorbitan sesquioleate that is used as an emulsifier in the Examples of Patent
Document 1, polyallylamine particles are not easily emulsified. Therefore, an emulsification
operation involving high-speed rotation at a rate of 600 rotations/minute is needed. Patent
Document 2 discloses a predetermined monomer mixture is polymerized in the presence of a
polymer dispersant. Patent Document 3 discloses that the production of crosslinked spheres
is carried out by reacting a polyvinylamine with a polyfunctional crosslinking agent. As
described above, in Patent Documents 1 to 3, there is no description that an emulsion of a

nitrogen atom-containing polymer or a salt thereof, the emulsion having a low dispersity of the
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particle diameter of emulsified particles, can be produced by a configuration in which the
viscosity of the first solution is 10 to 2,000 mPa-s, the viscosity of the second solution is 1 to
100 mPa-s, and the ratio between the viscosity of the first solution and the viscosity of the
second solution is in the range of 0.1:1 to 300:1. More specifically, in Patent Document 1,
since sorbitan sesquioleate is used in the second solution, the viscosity of the second solution
is less than 1 mPas, and the ratio of viscosities will not be in the range according to the
present invention. In this present invention, there was found a remarkable effect that an
emulsion of a nitrogen atom-containing polymer or a salt thereof, the emulsion having a low
dispersity of the particle diameter of emulsified particles, can be produced by employing a
configuration in which the viscosity of the first solution is 10 to 2,000 mPa-s, the viscosity of
the second solution is 1 to 100 mPa-s, and the ratio between the viscosity of the first solution
and the viscosity of the second solution is in the range of 0.1:1 to 300:1.
[0021] An emulsion produced by the method for producing an emulsion of a nitrogen
atom-containing polymer or a salt thereof of the embodiment of the present invention has a
low dispersity of the particle diameter of emulsified particles and achieves a uniform
emulsified state. Such an emulsion of a nitrogen atom-containing polymer or a salt thereof,
the emulsion having a low dispersity of the particle diameter of emulsified particles, can be
utilized in a modification reaction for a nitrogen atom-containing polymer, or the like. Since
the emulsion of the embodiment of the present invention has a low dispersity of the particle
diameter of emulsified particles, the emulsion has an advantage that the reaction ratio of the
modification reaction is increased. The use application of a nitrogen atom-containing
polymer modified by the above-described reaction is not particularly limited; however, for
example, the polymer can be utilized for use applications such as an ink composition (see
JP5575594B and the like).
[0022] [As to first solution]

In the present invention, a first solution including a nitrogen atom-containing polymer
or a salt thereof and a hydrophilic solvent is used.

The nitrogen atom-containing polymer may contain a nitrogen atom in the main chain,
or may contain a nitrogen atom in a side chain.

The type of the nitrogen atom-containing polymer or a salt thereof is not particularly
limited. The amine value of the nitrogen atom-containing polymer or a salt thereof is
preferably 10 mmol/g or more, more preferably 12 mmol/g or more, even more preferably 15

mmol/g or more, and particularly preferably 17 mmol/g or more. The upper limit of the
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amine value of the nitrogen atom-containing polymer or a salt thereof is not particularly
limited; however, generally, the upper limit is 50 mmol/g or less.
[0023] The amine value of polyallylamine or a salt thereof is preferably 10 mmol/g or more,
and more preferably 15 mmol/g or more. The amine value of a polyalkyleneimine or a salt
thereof, and the amine value of polyvinylamine or a salt thereof are preferably 20 mmol/g or
more.

The amine value of a nitrogen atom-containing polymer or a salt thereof represents an

amine value per gram of the solid content, and the amine value refers to a value determined
~according to a potentiometric titration method using a 0.1 mol/L aqueous solution of
hydrochloric acid and then converted in terms of the equivalent of potassium hydroxide.
[0024] A preferred specific example of the nitrogen atom-containing polymer may be at least
one selected from the group consisting of polyallylamine, a polyalkyleneimine, and
polyvinylamine. The nitrogen atom-containing polymer is preferably an amino
group-containing polymer, and polyallylamine is particularly preferred.

Polyallylamine means a polymer containing an allylamine structure as a repeating
unit, and the allyl moiety and the amine moiety in the allylamine structure may be respectively
substituted.

Polyalkyleneimine means a polymer containing an alkyleneimine structure as a
repeating unit, and the alkylene moiety and the amine moiety in the alkyleneimine structure
may be respectively substituted.

Polyvinylamine means a polymer containing a vinylamine structure as a repeating
unit, and the vinyl moiety and the amine moiety in the vinylamine structure may be
respectively substituted.

[0025] The polyallylamine, polyalkyleneimine, and polyvinylamine described above may be
substituted compounds as described above, and the substituent is preferably an organic group.
Specific examples of the substituent include a halogen atom, an alkyl group having 1 to 20
carbon atoms, an aminoalkyl group having 1 to 20 carbon atoms or a salt thereof, an
alkylaminoalkyl group having 2 to 20 carbon atoms or a salt thereof, a dialkylaminoalkyl
group having 3 to 20 carbon atoms or a salt thereof, a trialkylammoniumalkyl group having 4
to 20 carbon atoms, an alkylcarbonyl group having 1 to 20 carbon atoms, a carboxyalkyl group
having 1 to 20 carbon atoms [specifically, -(CH2),-COOH, wherein n represents an integer
from 1 to 19], and a hydroxyalkyl group having 1 to 20 carbon atoms. These organic groups

can be introduced by reacting one of the polymers with a low-molecular weight compound
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such as a carboxylic acid chloride, an acid anhydride, or lactone. One kind of substituent
may be used, or two or more kinds of substituents may also be used.
[0026] Examples of the salt of the nitrogen atom-containing polymer include a halogenide salt
(for example, hydrochloride), a phosphate, a phosphite, a carbonate, a bicarbonate, a sulfate, a
hydrogensulfate, a hydroxide, a nitrate, a persulfate, a sulfite, an acetate, an ascorbate, a citrate,
an oxalate, a succinate, a tartrate, a taurocholate, and a cholate. =~ Among these, a
hydrochloride or a carbonate is preferred.

Regarding the salt of the nitrogen atom-containing polymer, it is preferable that more
than 0% and 50% or less of all amino groups in the polymer have been neutralized.

Regarding the nitrogen atom-containing polymer or a salt thereof, a non-salt
compound is preferable.
[0027] The polyalkyleneimine is preferably a poly(alkyleneimine) having an alkylene group
having 1 to 6 carbon atoms (hereinafter, also referred to as poly(lower alkyleneimine)), and the
polyalkyleneimine may be chain-like or may have a network-like structure.
[0028] The poly(lower alkyleneimine) is preferably a polymer compound including a
repeating unit represented by the following General Formula (I-1) or General Formula (I-2).

[0029]

Ry R‘I
/] |\ R
AT AR
a a
Ry I - Ry ’&)
Rs Rs

(1) (1)

[0030] In General Formulae (I-1) and (I-2), Ri and R» each independently represent a

hydrogen atom, a halogen atom, or an alkyl group having 1 to 20 carbon atoms (preferably, an
alkyl group having 1 to 6 carbon atoms).

R3 and R4 each independently represent a hydrogen atom, an alkyl group having 1 to
20 carbon atoms, an aminoalkyl group having 1 to 20 carbon atoms or a salt thereof, an
alkylaminoalkyl group having 2 to 20 carbon atoms or a salt thereof, a dialkylaminoalkyl
group having 3 to 20 carbon atoms or a salt thereof, a trialkylammoniumalkyl group having 4
to 20 carbon atoms, an alkylcarbonyl group having 1 to 20 carbon atoms, a carboxyalkyl group

having 1 to 20 carbon atoms [specifically, -(CH2),-COOH, wherein n represents an integer



12

from 1 to 19], or a hydroxyalkyl group having 1 to 20 carbon atoms.
[0031] X" represents a negatively charged counterion, and X" is preferably F-, CI', Br', I', PO4>",
POs*, COs*, HCOs, SO4%, HSOs, OH", NOs", S;05%, SO3>, CH3COy', or the like. X is
more preferably CI', COs*, or HCOs, and particularly preferably Cl,, COs*, or HCOs. A salt
of this is preferably a halogenide salt, a phosphate, a phosphite, a carbonate, a bicarbonate, a
sulfate, a hydrogensulfate, a hydroxide, a nitrate, a persulfate, a sulfite, an acetate, an
ascorbate, a citrate, an oxalate, a succinate, a tartrate, a taurocholate, or a cholate.

a represents an integer from 1 to 6.

The symbol * represents a linking portion between repeating units.
[0032] A polymer compound having a repeating unit represented by General Formula (I-1) or
General Formula (I-2) may include both a repeating unit represented by General Formula (I-1)
and a repeating unit represented by General Formula (I-2). '
[0033] In General Formula (I-1) and General Formula (I-2), it is preferable, from the
viewpoint of the availability of raw materials, that R; and R; are hydrogen atoms.
[0034] A polymer compound including a repeating unit represented by General Formula (I-1)
may further include another repeating unit as a copolymerization component. In addition to
the repeating units represented by General Formula (I-1) and General Formula (I-2), and
examples of such a repeating unit include a lower alkyleneimine repeating unit containing a
primary, secondary, or tertiary amino group. The nitrogen atom in the lower alkyleneimine
repeating unit may further have a substituent having the same meaning as Ri bonded thereto.
[0035] Specific examples of the poly(lower alkyleneimine) include polyethyleneimine and
polypropyleneimine. Furthermore, regarding the poly(lower alkyleneimine), a commercially
available product can also be used, and examples include SP-003, SP-006, SP-012, SP-018,
SP-200, and P-1000 (all manufactured by Nippon Shokubai Co., Ltd.).
[0036] The polyallylamine is preferably a polymer compound having a repeating unit
represented by the following General Formula (II-1) or the following General Formula (1I-2).
[0037]



Rs Rs
| Ry ! Ry
C * C *
‘ |\|; . ]\l
Rs cl; _Rs Re (l: /gg g
/ \N / \N/
Ry /‘\Rﬁ Rg /\R” 2
R-m R1{1

(I-1) (I-2)

[0038] In General Formula (II-1) and General Formula (II-2), Rs, Rs, R7, Rs, and Ro each
independently represent a hydrogen atom, a halogen atom, or an alkyl group having 1 to 20
carbon atoms (preferably, an alkyl group having 1 to 6 carbon atoms).

Rio, Ri1, and Ry each independently represent a hydrogen atom, an alkyl group
having 1 to 20 carbon atoms, an aminoalkyl group having 1 to 20 carbon atoms or a salt
thereof, an alkylaminoalkyl group having 2 to 20 carbon atoms or a salt thereof, a
dialkylaminoalkyl group having 3 to 20 carbon atoms, a trialkylammoniumalkyl group having
4 to 20 carbon atoms, an alkylcarbonyl group having 1 to 20 carbon atoms, a carboxyalkyl
group having 1 to 20 carbon atoms [specifically, -(CH2),-COOH, wherein in Formula, n
represents an integer from 1 to 19], or a hydroxyalkyl group having 1 to 20 carbon atoms.

The symbol * and X have the same meanings as the symbol * and X in General
Formula (1-2), respectively.

[0039] A polymer compound having a repeating unit represented by General Formula (II-1) or
General Formula (II-2) may include both a repeating unit represented by General Formula
(II-1) and a repeating unit represented by General Formula (II-2). |
[0040] In General Formulae (II-1) and (II-2), it is preferable, from the viewpoint of the
availability of raw materials, that Rs, R¢, R7, Rs, and Ro are hydrogen atoms.

[0041] A polymer compound having a repeating unit represented by General Formula (II-1) or
General formula (II-2) may further include another repeating unit as a copolymerization
component, in addition to the repeating units represented by General Formula (II-1) and
General Formula (1I-2).

[0042] Regarding the polyallylamine, a commercially available product can also be used.
Examples include PAA-01, PAA-03, PAA-05, PAA-08, PAA-15, PAA-15C, PAA-25,
PAA-H-10C, PAA-1112, and PAA-U5000 (all manufactured by Nittobo Medical Co., Ltd.).
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[0043] Regarding the polyvinylamine, a polymer compound having a repeating unit
represented by the following General Formula (III-1) or the following General Formula (III-2)

is preferable.

[0044]
R13 R13
/é R15 / - 13{
/ Rig
\ \
Rig Riz Ris o Riz
X

(m+) (m-2)

[0045] In General Formula (III-1) and General Formula (III-2), Ri3, R4, and Ris each
independently represent a hydrogen atom, a halogen atom, or an alkyl group (preferably, an
alkyl group having 1 to 6 carbon atoms).

Ri¢, Ri7, and Rig each independently represent a hydrogen atom, an alkyl group
having 1 to 20 carbon atoms, an aminoalkyl group having 1 to 20 carbon atoms or a salt
thereof, an alkylaminoalkyl group having 2 to 20 carbon atoms or a salt thereof, a
dialkylaminoalkyl group having 3 to 20 carbon atoms or a salt thereof, a
trialkylammoniumalkyl group having 4 to 20 carbon atoms, an alkylcarbonyl group having 1
to 20 carbon atoms, a carboxyalkyl group having 1 to 20 carbon atoms [specifically,
-(CH2),-COOH, wherein in Formula, n represents an integer from 1 to 19], or a hydroxyalkyl
group having 1 to 20 carbon atoms.

The symbol * and X have the same meanings as the symbol * and X in General
- Formula (I-1) and General Formula (I-2), respectively.

[0046] A polymer compound having a repeating unit represented by General Formula (III-1) or
General Formula (III-2) may include both a repeating unit represented by General Formula
(III-1) and a repeating unit represented by General Formula (I1I-2).

[0047] In General Formulae (III-1) and (III-2), it is preferable that Ri3, Ri4, and Rys are
hydrogen atoms, from the viewpoint of the availability of raw materials.

[0048] A polymer compound having a repeating unit represented by General Formula (III-1) or
General Formula (III-2) may further include another repeating unit as a copolymerization

component, in addition to the repeating units represented by General Formula (III-1) and
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General Formula (I11-2).
[0049] Generally, a polyvinylamine can be synthesized by a method of hydrolyzing the
entirety or a portion of a polymer or a copolymer of N-vinylcarboxylic acid amide in the
presence of an acid or an alkali, as described in JP1990-222404A (JP-H02-222404A), or a
method of performing polymerization of an aqueous monomer solution using an azo-based
initiator in an organic solvent or a water-based solvent, as described in JP1994-122712A
(JP-HO06-122712A).
[0050] Regarding the polyvinylamine, a commercially available product can be used. For
example, PVAM-0595B (manufactured by Mitsubishi Rayon Co., Ltd.) may be used.
[0051] The lower limit of the weight-average molecular weight of the nitrogen
atom-containing polymer or a salt thereof is not particularly limited; however, the lower limit
is generally 1,000 or more, preferably 2,000 or more, and more preferably 3,000 or more, may
be 5,000 or more, may be 10,000 or more, or may be 15,000 or more. The upper limit of the
weight-average molecular weight of the nitrogen atom-containing polymer or a salt thereof is
not particularly limited; however, the upper limit is generally 1,000,000 or less, preferably
500,000 or less, and more preferably 100,000 or less.
[0052] The hydrophilic solvent is not particularly limited as long as it is a solvent capable of
dissolving the nitrogen atom-containing polymer or a salt thereof, and any of water, an organic
solvent, or a mixture of water and an organic solvent may be used. As the organic solvent, a
lower alcohol (for example, methanol, ethanol, n-propanol, or isopropanol), acetone,
acetonitrile, or the like can be used. The hydrophilic solvent is preferably water.
[0053] The viscosity of the first solution is 10 to 2,000 mPa-s, preferably 10 to 1,500 mPa-s,
and more preferably 15 to 1,000 mPa-s.
[0054] Regarding the measurement of the viscosity of the first solution, the measurement is
carried out at 25°C. Regarding the measurement of viscosity, measurement can be made
according to a known technique. For example, measurement can be carried out using an
R215 type viscometer (RE-215L) manufactured by Toki Sangyo Co., Ltd. In a case in which
the viscosity is higher than 100 mPa-s, the viscosity is measured with a sample amount of 0.6
ml using a cone rotor for high viscosity (3° x R9.7). In a case in which the viscosity is lower
than 100 mPa-s, the ViSCOSit}‘f is measured with a sample amount of 0.2 ml using a con rotor for
low viscosity (0.8° x R24). The speed of rotation is set such that the torque index value (TQ)
will be stabilized in the range of 50% to 100%, and the viscosity is read out.

[0055] The content of the nitrogen atom-containing polymer of a salt thereof in the first
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solution is not particularly limited. The content is generally 1% to 80% by mass, preferably
2% to 70% by mass, more preferably 5% to 60% by mass, and particularly preferably 10% to
50% by mass.

The upper limit of the content of the nitrogen atom-containing polymer or a salt
thereof in the first solution is 80% by mass, preferably 60% by mass, more preferably 50% by
mass, and particularly preferably 40% by mass. The lower limit of the content is 1% by mass,
preferably 5% by mass, more preferably 10% by mass, and particularly preferably 15% by
mass. A more suitable range of the content is 1% to 80% by mass, preferably 5% to 60% by
mass, more preferably 10% to 50% by mass, and particularly preferably 15% to 40% by mass.
[0056] [Second solution]

In the present invention, a second solution including a hydrophobic solvent and
having a viscosity of 1 to 100 mPa's is used. The hydrophobic solvent is not particularly
limited; however, examples include an aromatic hydrocarbon-based solvent (for example,
benzene, toluene, Xylene, mesitylene, ethylebenzene, diethylbenzene, propylbenzene,
chlorobenzene, o-dichlorobenzene, or t-butylbenzene), an ester-based solvent (for example,
ethyl acetate, butyl acetate, or propylene glycol monomethyl ether acetate), a ketone-based
solvent (for example, cyclohexanone), a halogen-based solvent (for example, methylene
chloride, chloroform, bromoform, or carbon tetrachloride), a saturated hydrocarbon-based
solvent (for example, liquid paraffin, hexane, heptane, or cyclohexane), mineral oil, and olive
oil. These may be used singly, or two or more kinds thereof may be used as mixtures. The
hydrophobic solvent is preferably an aromatic hydrocarbon-based solvent, an ester-based
solvent, or olive oil; more preferably an aromatic hydrocarbon-based solvent; and particularly
preferably toluene or xylene.

The second solution may include a solvent other than a hydrophobic solvent, in
addition to the hydrophobic solvent. Regarding the solvent other than a hydrophobic solvent,
a hydrophilic solvent such as an alcohol (for example, methanol, ethanol, 2-propanol, hexanol,
ethylene  glycol  monopropyl ether, or  polyethylene glycol), an  ether
(bis[2-methoxyethoxyethyl], dibutyl ether, or the like), tetrahydrofuran, or acetonitrile may
also be used. The hydrophilic solvent is preferably an alcohol or an ether; more preferably an
alcohol; and most preferably ethanol.

In a case in which the second solution includes a solvent other than a hydrophobic
solvent, the content of the solvent other than a hydrophobic solvent is, by mass ratio, 50% or

less, preferably 30% or less, more preferably 20% or less, and even more preferably 15% or
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less, with respect to the content of the hydrophobic solvent. The lower limit of the content is
0.1%.

[0057] The viscosity of the second solution is 1 to 100 mPa's. By adjusting the viscosity of
the second solution to be in the above-described range, an emulsion of a nitrogen
atom-containing polymer or a salt thereof, the emulsion having a low dispersity of the particle
diameter of emulsified particles, can be produced. The viscosity of the second solution is
preferably 2 to 60 mPa's, and more preferably 3 to 30 mPa-s.

In a case in which the second solution includes a hydrophilic solvent, the viscosity of
the second solution is preferably 1 to 50 mPa's, more preferably 1 to 30 mPa's, and even more
preferably 1 to 20 mPa-s.

The measurement of the viscosity of the second solution can be carried out by a
method similar to that used for the measurement of the viscosity of the first solution.

[0058] The ratio between the viscosity of the first solution and the viscosity of the second
solution is in the range of 0.1:1 to 300:1, preferably in the range of 0.2:1 to 100:1, more
preferably in the range of 0.5:1 to 50:1, and particularly preferably in the range of 0.9:1 to
30:1.

[0059] In a case in which the hydrophobic solvent itself that is used in the second solution has
a viscosity of 1 to 100 mPa's, the second solution may be composed of the hydrophobic
solvent only; however, the second solution may include an emulsifier for achieving the
viscosity of 1 to 100 mPa-s.

[0060] Regarding the emulsifier, it is preferable to use an emulsifier having a weight-average
molecular weight or a number-average molecular weight of 2,000 or more. By using a
polymeric emulsifier having a weight-average molecular weight or a number-average
molecular weight of 2,000 or more, satisfactory emulsifiability can be achieved. The
weight-average molecular weight or number-average molecular weight is more preferably
10,000 or more, even more preferably 50,000 or more, and particularly preferably 100,000 or
more. The upper limit of the weight-average molecular weight or number-average molecular
weight of the emulsifier is not particularly limited; however, the upper limit is generally
1,000,000 or less. As the emulsifier, a hydrophobic polymer is preferable.

[0061] Specific examples of the emulsifier include the following compounds, and these can be
used singly or in combination of two or more kinds thereof.

A polystyrene  derivative such as  polystyrene, polyhydroxystyrene,

polystyrenesulfonic acid, a vinylphenol-(meth)acrylic acid ester copolymer, a
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styrene-(meth)acrylic acid ester copolymer, or a styrene-vinylphenol-(meth)acrylic acid ester
copolymer; |

a poly(meth)acrylic acid derivative such as a poly(meth)acrylic acid ester copolymer,
polymethyl (meth)acrylate, poly(meth)acrylamide, polyacrylonitrile, polyethyl (meth)acrylate,
or polybutyl (meth)acrylate;

a polyvinyl alkyl ether derivative such as polymethyl vinyl ether, polyethyl vinyl
ether, polybutyl vinyl ether, or polyisobutyl vinyl ether;

a polyalkylene glycol derivative such as polypropylene glycol;

a cellulose derivative (sugar) ‘such as cellulose, ethyl cellulose, cellulose propionate,
cellulose acetate propionate, cellulose acetate, cellulose butyrate, cellulose acetate butyrate,
cellulose phthalate, or cellulose nitrate;

a polyvinyl acetate derivative such as polyvinyl butyral, polyvinyl formal, or
polyvinyl acetate;

a  nitrogen-containing polymer derivative such as  polyvinylpyridine,
polyvinylpyrrolidone, or poly-2-methyl-2-oxazoline;

a polyvinyl halide derivative such as polyvinyl chloride or polyvinylidene chloride;

a polysiloxane derivative such as polydimethylsiloxane; and

various emulsifiers such as a carbodiimide resin, an epoxy resin, a phenolic resin, a
melamine resin, a urea resin, a urethane resin, polyethylene, polypropylene, polyamide,
polyimide, polycarbonate, a liquid crystal polymer, polyethylene terephthalate, and
polybutylene terephthalate.

[0062] Among those described above, the emulsifier is preferably a sugar such as a cellulose
derivative, more preferably a cellulose derivative, and particularly preferably a cellulose ether
such as ethyl cellulose.

[0063] The amount of use of the emulsifier in the case of using an emulsifier may be any
amount with which a desired viscosity can be achieved for the second solution. The content
of the emulsifier in the second solution is not particularly limited. The upper limit of the
content of the emulsifier in the second solution is preferably 30% by mass, more preferably 20%
by mass, even more preferably 10% by mass, and still more preferably 7% by mass. The
lower limit of the content of the emulsifier in the second solution is preferably 0.1% by mass,
more preferably 0.2% by mass, even more preferably 0.3% by mass, and still more preferably
0.5% by mass. The content is generally 0.1% to 30% by mass, preferably 0.2% to 20% by
mass, preferably 0.3% to 20% by mass, preferably 0.3% to 15% by mass, more preferably 0.5%
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to 15% by mass, even more preferably 0.7% to 12.5% by mass, and particularly preferably 1.0%
to 10% by mass.

The content of the emulsifier in the second solution is preferably 0.1% to 20% by
mass, more preferably 0.1% to 10% by mass, even more preferably 0.2% to 7% by mass, still
more preferably 0.3% to 5% by mass, and particularly preferably 0.4% to 3% by mass.

[0064] In the case of using an emulsifier, the second solution can be produced by dissolving an
emulsifier in the above-described hydrophobic solvent.
[0065] [Mixing and stirring of first solution and second solution]

According to the present invention, the above-mentioned first solution and the
above-mentioned second solution are mixed, and an emulsion of a nitrogen atom-containing
polymer or a salt thereof is obtained. It is preferable that the mixed solution is stirred at a
rate of 20 to 500 rotations/minute. According to the present invention, an emulsion of a
nitrogen atom-containing polymer or a salt thereof, the emulsion having high emulsion
stability and having a low dispersity of the particle diameter of emulsified particles, can be
produced even under rotation at such a low speed.

[0066] The mass ratio of the use amounts of the first solution and the second solution is not
particularly limited; however, the mass ratio of amount of use of the first solution:amount of
use of the second solution is generally in the range of 5:1 to 1:10, preferably in the range of
2:1 to 1:10, more preferably in the range of 1:1 to 1:10, even more preferably in the range of
1:1 to 1:5, and particularly preferably in the range of 1:1 to 1:3.

[0067] Mixing of the first solution and the second solution can be carried out in a vessel such
as a beaker. According to the present invention, it is preferable that the mixed solution
obtained as described above is stirred at a rate of 20 to 500 rotations/minute. The vessel in
which mixing and stirring are carried out may be the same vessel or may be different vessels.

The capacity of the vessel in which stirring is carried out is not particularly limited as
long as the effects of the present invention can be achieved; however, the capacity is generally
in the range of 100 mL to 100,000 L.

[0068] The temperature employed at the time of performing stirring is not particularly limited,
however, the temperature is generally 2°C to 98°C, preferably 5°C to 80°C, and more
preferably 10°C to 70°C.

[0069] The stirring rate is preferably 20 to 500 rotations/minute, more preferably 30 to 400
rotations/minute, even more preferably 40 to 300 rotations/minute, and particularly preferably

50 to 300 rotations/minute.
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[0070] Stirring can be carried out by a conventional method such as a method of using a
stirring blade and a motor. The size of the stirring blade can be set as appropriate in
accordance with the capacity of the vessel to be used. For instance, in a case in which
stirring of a mixed solution is carried out in a 500-mL flask, a stirring blade having a blade
diameter of about 40 mm to 100 mm can be used.

Regarding the ratio of the maximum internal diameter of the vessel and the length of
the stirring blade, it is preferable that the length of the stirring blade with respect to the
maximum internal diameter of the vessel (diameter in the case of a cylindrical vessel) is equal
to or more than 3/10 and less than the maximum internal diameter, and more preferably from
5/10 to 9/10.

Even in a case in which the capacity of the vessel is changed, the stirring conditions
can be adjusted by the speed of rotation. It is preferable that the stirring conditions are
optimized by adjusting the size or shape of the stirring blade and the speed of rotation. For
example, it is preferable that the speed of rotation is adjusted by means of the size and shape
of the stirring blade, such as that in a case in which the stirring blade is large, the speed of
rotation is set to a small value, and in a case in which the stirring blade is small, the speed of
rotation is set to a large value.

[0071] The stirring time is not particularly limited and can be set as appropriate in accordance
with the capacity of the vessel or the like; however, the stirring time is generally 1 minute to
10 hours, preferably 5 minutes to 5 hours, more preferably 10 minutes to 3 hours, and even
more preferably 15 minutes to 2 hours.

[0072] The average particle diameter of emulsified particles of the emulsion of a nitrogen
atom-containing polymer or a salt thereof obtainable by stirring described above is not
particularly limited; however, the average particle diameter is preferably 1 to 200 pm, and
more preferably 5 to 150 pm.

Regarding the measurement of the average particle diameter of the emulsified
particles, measurement can be made according to a known technique, and for example,
measurement can be carried out by the following method. An emulsion of a nitrogen
atom-containing polymer or a salt thereof obtained by stirring is added dropwise into dry
ice-methanol at -78°C within 5 minutes from the termination of stirring, and particles of the
nitrogen atom-containing polymer or a salt thereof are solidified. Optical microscopic
photographs of 1,000 or more frozen particles that had been randomly selected are imaged and

stored as electronic data, and the average particle diameter of the frozen particles is calculated
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using software ImageJ manufactured by the National Institutes of Health.

Alternatively, the average particle diameter can also be calculated by using an in-line
particle diameter distribution analyzer such as PARTICLETRACK manufactured by
Mettler-Toledo, Inc. Examples of PARTICLETRACK manufactured by Mettler-Toledo, Inc.
include ParticleTrack G400 or G600B. By inserting an in-line sensor into the vessel during
emulsification, a particle diameter distribution data is obtained on-time, and the average
particle diameter of the emulsified particles can be calculated.

[0073] [Emulsion]

The emulsion of the embodiment of the present invention is an emulsion comprising
spherical objects formed from a first solution that includes a nitrogen atom-containing
polymerb or a salt thereof and a hydrophilic solvent and has a viscosity of 10 to 2,000 mPa-s;
and a dispersing medium including a second solution that includes a hydrophobic solvent and
has a viscosity of 1 to 100 mPa-s, wherein the ratio between the viscosity of the first solution
and the viscosity of the second solution is in the range of 0.1:1 to 300:1. Meanwhile, the
emulsion may include, if necessary, a component other than the spherical objects or the
dispersing medium.

The "nitrogen atom-containing polymer or a salt thereof", the "hydrophilic solvent",
the "viscosity of the first solution", the "hydrophobic solvent", the "viscosity of the second
solution", and the "ratio between the viscosity of the first solution and the viscosity of the
second solution" are as described above in the present specification.

[0074] The spherical objects are formed from a first solution including a nitrogen
atom-containing polymer or a salt thereof and a hydrophilic solvent and having a viscosity of
10 to 2,000 mPa-s, and the spherical objects are preferably spherical liquid droplets.

The dispersing medium is a medium including a second solution that includes a
hydrophobic solvent and has a viscosity of 1 to 100 mPa's, and is a medium that constitutes a
continuous uniform phase in the emulsion.

An emulsion is a product in which the above-described spherical objects are dispersed
in the above-described dispersing medium.

[0075] The emulsion of the embodiment of the invention can be produced by, for example, the
method for producing an emulsion of a nitrogen atom-containing polymer or a salt thereof of
the embodiment of the present invention. That is, the emulsion of the embodiment of the
present invention can be produced by mixing a first solution that includes a nitrogen

atom-containing polymer or a salt thereof and a hydrophilic solvent and has a viscosity of 10
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to 2,000 mPa-s; and a second solution that includes a hydrophobic solvent and has a viscosity
of 1 to 100 mPa-s (herein, the ratio between the viscosity of the first solution and the viscosity
of the second solution is in the range of 0.1:1 to 300:1), and stirring the mixture. However,
the method for producing an emulsion of the embodiment of the present invention is not
particularly limited, and the emulsion of the embodiment of the present invention may be an
emulsion produced by a production method other than that described above.

[0076] [Use of emulsion]

The emulsion of a nitrogen atom-containing polymer or a salt thereof produced by the
method of the embodiment of the present invention, and the uses of the emulsion of the
embodiment of the present invention are not particularly limited; however, for example, the
emulsion can be utilized in the fields described below.

Field of paper manufacture or paper processing; a papermaking reagent, a neutral
sizing agent, and the like

Field of adhesion or pressure-sensitive adhesion; a pressure-sensitive adhesive, a
polyvinyl chloride (PVC) sol adhesive, a water-soluble adhesive, an anchor coating agent for
compression lamination, an anchor coating agent for gas barrier, a release agent, and the like

Field of coating material or ink; an alcohol-based ink for films, a water-based coating
ink, and the like

Field of fibers; a fixing agent, a functional fiber, a tire cord, a glass fiber sizing agent,
a flame retardant, and the like.

Field of water purification; a liquid purifying agent, a flocculant, a bacterial body
aggregating and separating agent, a chelating agent, and the like.

Field of gas purification; an air purifying agent and the like.

Field of dispersion; a dispersant and the like.

Field of plating or metal surface treatment; a plating bath agent, an electroless plating
agent, a corrosion inhibitor for acid washing, a primary rust inhibitor, and the like.

Field of petroleum; a petroleum emulsion disrupting agent, a fluid loss agent, and the
like.

Others; a foam fire extinguisher, a microencapsulating agent, an electronic conductive
material, an dthe like.

[0077] [Crosslinking]
A crosslinking reaction of the nitrogen atom-containing polymer or a salt thereof may

be carried out by subjecting the emulsion to a crosslinking step.
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In the crosslinking step, (1) a crosslinking reaction can be carried out by adding a
crosslinking agent to the emulsion, or (2) a crosslinking reaction can be carried out by mixing
a crosslinking agent with the second solution in advance, subsequently mixing the first
solution and the second solution, and emulsifying the mixture; however, there are no particular
limitations.

The reaction time for the crosslinking step is preferably 1 to 36 hours, more
preferably 3 to 24 hours, and particularly preferably 6 to 20 hours.

Regarding the crosslinking step, from the viewpoint of increasing the reaction ratio, it
is desired that the crosslinking reaction is carried out after water in the first solution is
removed. Therefore, it is preferable that the crosslinking reaction is carried out at a
temperature of 95°C or higher using a Dean-Stark trap or the like.

That is, it is preferable that after distillation of water is completed, the reaction is

carried out for 1 to 24 hours. The reaction time is more preferably 2 to 20 hours, and .
particularly preferably 3 to 16 hours.
[0078] A crosslinking agent is usually a compound having at least two functional groups. It
is preferable that the functional groups are selected from a halogen group, a carbonyl group, an
epoxy group, an ester group, an acid anhydride group, an acid halide group, an isocyanate
group, a vinyl group, and a chloroformate group.

Preferred examples of the crosslinking agent include diacrylates and dimethacrylates
(for example, ethylene glycol diacrylate, propylene glycol diacrylate, butylene glycol
diacrylate, ethylene glycol dimethacrylate, propylene glycol dimethacrylate, butylene glycol
dimethacrylate, polyethylene glycol dimethacrylate, polyethylene glycol diacrylate, bisphenol
A dimethacrylate, and bisphenol A diacrylate), acrylamides (methylenebisacrylamide,
methylenebismethacrylamide, ethylenebisacrylamide, ethylenebismethacrylamide, and
ethylidenebisacrylamide), divinylbenzene, halohydrins (epichlorohydrin, epibromohydrin, and
dichlorohydrin), epoxides (1,2,3,4-diepoxybutane, 1,4-butanediol diglycidyl ether,
1,2-ethanediol diglycidyl ether, polyglycidyl acrylate, trimethylolpropane triglycidyl ether,
glycerol polyglycidyl ether, pentaerythritol polyglycidyl ether, diglycerol polyglycidyl ether,
polyglycerol polyglicidyl ether, sorbitol polyglycidyl ether, and triglycidyl isocyanurate),
alkylene type crosslinking agents (1,2-dichloroethane, 1,2-dibromoethane,
1,3-dichloropropane, 1,3-dibromopropane, 1,4-dichlorobutane, 1,4-dibromobutane,
1,5-dichloropentane, 1,5-dibromopentane, 1,6-dichlorohexane, 1,6-dibromohexane,

1,6-bis(para-toluenesulfonyl)hexane, 1,7-dichloroheptane, 1,7-dibromoheptane,
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1,8-dichorooctane, 1,8-dibromooctane, 1,9-dichlorononane, 1,9-dibromononane,
1,10-dichlorodecane, and 1,10-dibromodecane), aromatic dihalides (o,0'-p-dichloroxylene),
isocyanates (toluene diisocyanate, hexamethylene diisocyanate, diphenylmethane diisocyanate,
and isophorone diisocyanate), acid chlorides (succinyl dichloride, phthalic acid dichloride,
isophthalic acid dichloride, terephthalic acid dichloride, trimellitic acid trichloride, acryloyl
chloride, and 1,3,5-benzenetricarboxylic acid trichloride), methyl esters (dimethyl succinate,
methyl 1,3,5-benzenetricarboxylate, and methyl acrylate), acid anhydrides (pyromellitic
anhydride, trimellitic anhydride, and trimellitic anhydride chloride), and triazine derivatives
(2,4,6-trichloro-1,3,5-triazine). Among these, alkylene type crosslinking agents are preferred;
an alkylene type crosslinking agent having 3 to 12 carbon atoms is more preferred; and an
alkylene type crosslinking agent having 5 to 7 carbon atoms is particularly preferred.
Regarding the alkylene type crosslinking agent, a dihaloalkane is preferred.
[0079] Among those described above, 1,2-dichloroethane, 1,3-dichloropropane,
1,6-dichlorohexane, 1,6-dibromohexane, 1,7-dichloroheptane, 1,8-dichlorooctane,
1,10-dichlorodecane, epichlorohydrin, trimethylolpropane triglycidyl ether,
1,2,3,4-diepoxybutane, 1,2-ethanediol diglycidyl ether, and o,a'-p-dichloroxylene are
particularly preferred, and 1,6-dichlorohexane and 1,6-dibromohexane are most preferred.
By using such hydrophobic crosslinking agents, a superior effect of decreasing the serum
phosphorus concentration tends to be exhibited. The amount of use of the crosslinking agent
is generally preferably 0.5 to 30 mol%, more preferably 1 to 20 mol%, even more preferably
1.5 to 15 mol%, and particularly preferably 2% to 10%, with respect to the amount of amino
groups in the crosslinked polymer. In the case of using 1,6-dichlorohexane and
1,6-dibromohexane, the amount of use is preferably 0.5 to 20 mol%, more preferably 1 to 10
mol%, even more preferably 1.25 to 8 mol%, and particularly preferably 1.5% to 6%, with
respect to the amount of amino groups in the crosslinked polymer.
[0080] In the case of using an alkylene type crosslinking agent having 3 to 12 carbon atoms,
the crosslinked polymer has a repeating unit B represented by the following Formula (4-1) or
(4-2).

In a case in which the crosslinked polymer has a repeating unit B, the percentage
content of the repeating unit B is preferably 1 to 10 mol%, more preferably 1.25 mol% to 8
mol%, and even more preferably 1.5 mol% to 6 mol%.
[0081] In the crosslinking step, the above-described crosslinking agent is diluted with a

predetermined solvent to obtain a solution, and this crosslinking agent solution is used.
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Regarding the solvent, a solvent similar to the hydrophobic solvent described above can be
used. Preferred is an aromatic hydrocarbon-based solvent, and toluene is particularly
preferred.

In the case of (1), a crosslinking agent solution is added dropwise to the emulsion for
0 to 240 minutes, and then the mixture is caused to react for 1 to 36 hours at 40°C to 140°C.
The reaction time is preferably 1 to 36 hours, more preferably 1 to 24 hours, and particularly
preferably 6 to 20 hours.

Subsequently, the particles are washed with a predetermined solution and then filtered,
and the particles thus obtained are dried. Thereby, crosslinked particles are obtained.
[0082] The crosslinked particles obtainable as described above are preferably
spherical(globule), and in a case in which the crosslinked particles are caused to swell, the
particles exhibit a core-shell structure. It is observed that the outer side of the core-shell
structure has a structure in which the polymer is compact with a high degree of crosslinking,
and the inner side has a structure in which the polymer is sparse with a low degree of
crosslinking. The shell layer on the outer side has an effect of enhancing the permeation
selectivity of phosphoric acid against competing adsorbates present in the body. Furthermore,
it is speculated that as the inner core layer has flexible mobility, the crosslinked particles can
adsorb phosphoric acid with high efficiency and have enhanced phosphoric acid adsorption
ability.
[0083] [Crosslinked particles]

Regarding the crosslinked particles, the upper limit of the average particle diameter in
a water-dispersed state is preferably 200 pm, more preferably 150 pm, and particularly
preferably 120 um. The lower limit of the average particle diameter is preferably 10 pm,
more preferably 20 um, even more preferably 30 pm, particularly preferably 40 pm, and most
preferably 50 pm. The average particle diameter is preferably 10 to 200 pm, more preferably
20 to 150 pm, even more preferably 30 to 120 pum, particularly preferably 40 to 120 pm, and
most preferably 50 to 120 pum. In a case in which this value range is satisfied, a superior
effect of decreasing the serum phosphorus concentration tends to be exhibited. Furthermore,
since the emulsion of the embodiment of the present invention has a low dispersity of the
particle diameter of emulsified particles, uniform spherical crosslinked particles can be
obtained even from crosslinked particles having such an average particle diameter.
[0084] Regarding the crosslinked particles, the upper limit of the swelling rate is preferably 20
mL/g, more preferably 16 mL/g, and even more preferably 14 mL/g. The lower limit of the
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swelling rate is preferably 8 ml/g, more preferably 9 mL/g, and even more preferably 10
mL/g. The swelling rate is preferably 8 to 20 mL/g, more preferably 9 to 16 mL/g, and even
more preferably 10 to 14 mL/g. As this value range is satisfied, a superior effect of
decreasing the serum phosphorus concentration tends to be exhibited.
[0085] Regarding the particles, the upper limit of the degree of circularity is 1. The lower
limit of the degree of circularity is preferably 0.80, and more preferably 0.90. As this value
range is satisfied, a superior effect of decreasing the serum phosphorus concentration tends to
be exhibited. Meanwhile, the degree of circularity can be calculated as an average value
from 50 or more particle images in a water-dispersed state of optical microscopic photographs.
From the results of identification with an optical microscope, it was considered for individual
particles that as the degree of circularity was closer to 1, the particles were closer to a true
spherical shape. Furthermore, it can be considered that as the average value from 50 or more
particle images in a water-dispersed state is closer to 1, the percentage content of
non-spherical particles is lower, and the percentage content of spherical particles is higher.
[0086] Regarding the measurement of physical properties such as the average particle diameter,
the swelling rate, and the degree of circularity, measurement can be made by methods similar
to the methods described in the Examples. Speciﬁéally, the average particle diameter is a
value obtained by converting diameters from the areas of 1,000 or more particle images in a
water-dispersed state of optical microscopic photographs, and calculating the average particle
diameter as the volume average particle diameter using the diameters. The swelling rate is a
value calculated by swelling particles by repeating shaking and standing for one hour or longer
in an aqueous solution at pH 6.3 of 2.2% by mass of sodium 2-morpholinoethanesulfonate and
0.5% by mass of sodium chloride at 20°C twenty or more times, and dividing the particle
volume after swelling by the particle mass before swelling. The degree of circularity is an
average value of the degree of circularity: 4w x (area) / (square of circumference), of 1,000 or
more particle images of optical microscopic photographs.
[0087] Preferably, the crosslinked particles have a sparse and dense structure in which each
particle has an outer shell portion and a central portion, and the amount of existence of
crosslinked polymer in the central portion is smaller than the amount of existence of
crosslinked polymer in the outer shell portion. Furthermore, preferably, the particles are such
that each particle has an outer shell portion and a central portion, and the degree of
crosslinking of the central portion is lower than the degree of crosslinking of the outer shell

portion. The degree of crosslinking refers to the content proportion of a repeating unit
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having a crosslinked structure in the crosslinked polymer. In the case of a crosslinked
polymer having at least a repeating unit A and a repeating unit B, the degree of crosslinking
refers to the content proportion of the repeating unit B. The sparse and dense structure of a
crosslinked polymer can be evaluated by freeze-drying a swollen particle and observing a
scanning electron microscopic image of a cross-section of the particle. In the scanning
electron microscopic image, the particle exhibits a two-layer structure. Since the outer shell
portion does not have pores, the outer shell portion appears in black, while the inner portion
appears in white because a large number of pores exist in the inner portion. The region
where pores do not exist is a region having a large amount of existence of crosslinked polymer,
and the region where a large number of pores exist is a region having a small amount of
existence of crosslinked polymer. Furthermore, the region where pores do not exist is a
region having a high degree of crosslinking, and the region where a large number of pores
exist is a region having a low degree of crosslinking.

It is speculated that the region where pores do not exist is not likely to swell because
the degree of crosslinking is high, and even swollen particles have a large amount of existence
of crosslinked polymer. Meanwhile, it is speculated that the region where a large number of
pores exist is likely to swell because the degree of crosslinking is low, and in a case in which
swollen particles are freeze-dried, a large number of pores are produced in the swollen region,
and the amount of existence of crosslinked polymer is decreased.

[0088] The crosslinked particles may partially include, in addition to the particles having the
predetermined shape, particles having a shape other than the predetermined shape and
containing a crosslinked polymer, and crushed particles containing a crosslinked polymer. It
is preferable that the crosslinked particles include the particles having the predetermined shape
at a proportion of 50% by mass or more, more preferably at a proportion of 70% by mass or
more, even more preferably at a proportion of 90% by mass or more, and particularly
preferably at a proportion of 95% by mass or more, based on the total amount of particles.

[0089] The crosslinked particles preferably contain a crosslinked polymer having a substituent
containing an NRA'RA? structure, or a salt thereof. Here, RA! and R*? each independently
represent a hydrogen atom, an alkyl group having 1 to 20 carbon atoms, an aminoalkyl group
having 1 to 20 carbon atoms or a salt thereof, an alkylaminoalkyl group having 2 to 20 carbon
atoms or a salt thereof, a dialkylaminoalkyl group having 3 to 20 carbon atoms or a salt
thereof, a trialkylammoniumalkyl group having 4 to 20 carbon atoms, an alkylcarbonyl group

having 1 to 20 carbon atoms, a carboxyalkyl group having 1 to 20 carbon atoms or a
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hydroxyalkyl group having 1 to 20 carbon atoms.
[0090] Preferably, the crosslinked particles are particles containing a crosslinked polymer
having at least a repeating unit A represented by the following Formula (3-1) or (3-2) and a
repeating unit B represented by the following Formula (4-1) or (4-2) (hereinafter, also referred

to as crosslinked polymer particles):

[0091]
R1 R1
¢ ¢
I\C/)/ | ~C
Rz R5 RZ R5 R
8
R4 N\ R4 N< g
| R7 ‘ RT
Rs
(3-1) (3-2)
R Ry
1 Ry | Rs
Cl C
0 LY
2 5 2 5
®_Rs o
R4 N\ R4 N\ X
/ Ry / Ry
(H2C), (H2C)n
\* \*

(4-1) (4-2)

[0092] wherein Ri, Rz, R3, R4, and Rs each independently represent a hydrogen atom, a
halogen atom, or an alkyl group having 1 to 20 carbon atoms;

Rs, R7, and Rg each independently represent a hydrogen atom, an alkyl group having
1 to 20 carbon atoms, an aminoalkyl group having 1 to 20 carbon atoms or a salt thereof, an
alkylaminoalkyl group having 2 to 20 carbon atoms or a salt thereof, a dialkylaminoalkyl
group having 3 to 20 carbon atoms or a salt thereof, a trialkylammoniumalkyl group having 4
to 20 carbon atoms, an alkylcarbonyl group having 1 to 20 carbon atoms, a carboxyalkyl group
having 1 to 20 carbon atoms, or a hydroxyalkyl group having 1 to 20 carbon atoms;

X represents a negatively charged counterion;

n represents an integer from 5 to 7; and

the symbol * means a linking bond to a nitrogen atom of a side chain of the repeating

unit A.
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[0093] X" is a negatively charged counterion and represents F-, CI', Br', I', POs*, POs*, COs%,
HCO5, SO+*, HSOs, OH-, NO5, S20s%, SOs>, CH3COy", or the like. X is particularly
preferably Cl, COs%, or HCO5".

n is particularly preferably 6.

Ri, Rz, R3, R4, and Rs are each independently preferably a hydrogen atom or an alkyl
group having 1 to 20 carbon atom, and particularly preferably a hydrogen atom.

Rs, R7, and Rg are each independently preferably a hydrogen atom or an alkyl group
having 1 to 20 carbon atoms, and particularly preferably a hydrogen atom.

It is preferable that in the crosslinked polymer, the content of the repeating unit A is
90 to 99 mol%, and the content of the repeating unit B is 1 to 10 mol%.

[0094] The crosslinked particles obtainable as described above preferably have a true spherical
shape, and since the uniformity of the shape is high, the crosslinked particles can be utilized in
the various use applications and fields described above. Furthermore, among those described
above, crosslinked spherical polyallylamine particles are particularly highly useful since the
particles have phosphorus-adsorbing action.

[0095] The present invention will be described more specifically by way of the following
Examples; however, the present invention is not intended to be limited to the Examples.
examples

[0096] [Example 1]

213 g of a 15.0 % by mass aqueous solution of polyallylamine (PAA-15C
manufactured by Nittobo Medical Co., Ltd., amine value 17.5 mmol/g) was treated such that
water was distilled off under reduced-pressure, and thereby 80.0 g of a 40.0 % by mass
aqueous solution of polyallylamine (first solution) was produced.

200 g of a second solution was produced by dissolving 10.0 g of ethyl cellulose
(ETHYL CELLULOSE (about 49% ethoxy) 10 manufactured by Wako Pure Chemical
Industries, Ltd., weight-average molecular weight is 72,000) in 190 g of toluene.

[0097] The first solution and the second solution were mixed in a 500-mL separable flask
(cylindrical flat-bottom type manufactured by Sibata Scientific Technology, Ltd., product No.
005820-500), and thus a mixture was obtained. The mixture was stirred for 30 minutes at
25°C at a speed of 150 rotations/minute using a flat type stirring blade made of stainless steel
(R1375 manufactured by IKA Works GmbH & Co. KG, blade diameter 70 mm) and a
THREE-ONE MOTOR (BL600) manufactured by Shinto Scientific Co., Ltd., and thereby a

polyallylamine emulsion was obtained.
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[0098] [Examples 2 to 4]

Polyallylamine emulsions were obtained in the same manner as in Example 1, except
that the speed of rotation of stirring was changed from 150 rotations/minute to 50
rotations/minute (Example 2), 300 rotations/minute (Example 3), or 500 rotations/minute
(Example 4).
[0099] [Examples 5 and 6]

Polyallylamine emulsions were obtained in the same manner as in Example 1, except
that 200 g of the second solution were produced by changing the amounts of use of ethyl
cellulose and toluene as follows.

[0100] [Table 1]

Amount of use of ethyl cellulose (g)

Amount of use of toluene (g)

Example 5

3.80g

196g

Example 6

12.4g

187¢g

[0101] [Examples 7 to 9]

Polyallylamine emulsions were obtained in the same manner as in Example 1, except
that 80.0 g of a 15.0 % by mass aqueous solution of polyallylamine (PAA-15C manufactured
by Nittobo Medical Co., Ltd.) was directly used as the first solution, and 200 g of the second

solution was produced by changing the amounts of use of ethyl cellulose and toluene as

follows.

[0102] [Table 2]

Amount of use of ethyl cellulose (g) | Amount of use of toluene (g)
Example 7 3.80g 196¢g
Example 8 6.00g 194g
Example 9 10.0g 190g

[0103] [Example 10]

A polyallylamine emulsion was obtained in the same manner as in Example 1, except
that 80.0 g of a 40.0 % by mass aqueous solution of polyallylamine produced by distilling off
water under reduced-pressure from 160 g of a 20.0 % by mass aqueous solution of
polyallylamine (PAA-03 manufactured by Nittobo Medical Co., Ltd., amine value 17.5
mmol/g) was used as the first solution, and 200 g of the second solution was produced using
6.00 g of ethyl cellulose and 194. g of toluene.

[0104] [Example 11]
A polyallylamine emulsion was obtained in the same manner as in Example 1, except

that 80.0 g of a 20.0 % by mass aqueous solution of polyallylamine (PAA-03 manufactured by
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Nittobo Medical Co., Ltd., amine value 17.5 mmol/g) was directly used as the first solution,
and 200 g of the second solution was produced using 6.00 g of ethyl cellulose and 194 g of
toluene.
[0105] [Example 12]

A polyvinylamine emulsion was obtained in the same manner as in Example 1, except
that a 10.0 % by mass aqueous solution of polyvinylamine (PVAM-0595B manufactured by
Mitsubishi Rayon Co., Ltd., amine value 22.7 mmol/g) was directly used as the first solution.
[0106] [Example 13]

A polyethyleneimine emulsion was obtained in the same manner as in Example 1,
except that a 30.0 % by mass aqueous solution of polyethyleneimine (P-1000 manufactured by
Nippon Shokubai Co., Ltd., amine value 22.7 mmol/g) was directly used as the first solution.
[0107] [Example 14]

A polyal}ylamine emulsion was obtained in the same manner as in Example 1, except
that 10.0 g of polystyrene (441147 manufactured by Sigma-Aldrich Corporation,
weight-average molecular weight 350,000) was used instead of 10.0 g of ethyl cellulose.
[0108] [Example 15]

A polyallylamine emulsion was obtained in the same manner as in Example 1, except
that 10.0 g of polymethyl methacrylate (445746 manufactured by Sigma-Aldrich Corporation,
weight-average molecular weight 350,000) was used instead of 10.0 g of ethyl cellulose.
[0109] [Example 16]

A polyallylamine emulsion was obtained in the same manner as in Example 1, except
that 200 g of the second solution was produced by dissolving 12.0 g of cellulose propionate
(330183 manufactured by Sigma-Aldrich Corporation, number-average molecular weight
75,000) in 188 g of butyl acetate.

[0110] [Example 17]

A polyallylamine emulsion was obtained in the same manner as in Example 1, except
that 200 g of the second solution was produced by dissolving 24.0 g of cellulose propionate
(330183 manufactured by Sigma-Aldrich Corporation, number-average molecular weight
75,000) in 176 g of ethyl acetate.

[0111] [Example 18]

A polyallylamine emulsion was obtained in the same manner as in Example 1, except

that 200 g of the second solution was produced by dissolving 10.0 g of ethyl cellulose in 190 g

of xylene.
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[0112] [Example 19]

A polyallylamine emulsion was obtained in the same manner as in Example 1, except
that 200 g of the second solution was produced by dissolving 10.0 g of ethyl cellulose in 190 g
of butyl acetate.

[0113] [Example 20]

A polyallylamine emulsion was obtained in the same manner as in Example 1, except
that 200 g of olive oil was used as the second solution.
[0114] [Example 21]

A polyallylamine emulsion was obtained in the same manner as in Example 1, except
that a mixture of the first solution and the second solution was stirred at 60°C.
[0115] [Example 22]

An emulsion of polyallylamine hydrochloride was obtained in the same manner as in
Example 1, except that 105 g of a 40.0 % by mass aqueous solution of polyallylamine
hydrochloride (first solution, amine value 13.3 mmol/g) was produced by adding 140 ml of 2
M hydrochloric acid to 213 g of a 15.0 % by mass aqueous solution of polyallylamine
(PAA-15C manufactured by Nittobo Medical Co., Ltd.) with stirring, and distilling off water
under reduced-pressure.

[0116] [Comparative Example 1]

Production of a polyallylamine emulsion was attempted in the same manner as in
Example 2 of JP1988-045721B (JP-S63-045721B).

An aqueous solution of polyallylamine (solution A) was produced by dissolving 196 g

(2 mol) of polyallylamine hydrochloride (PAA-HCI) produced by the method described in
Reference Example of JP1988-045721B (JP-S63-045721B) in 160 g of a 25 % by mass
aqueous solution of sodium hydroxide.
[0117] Next, into a 500-mL separable flask (cylindrical flat bottom type manufactured by
Sibata Scientific Technology, Ltd., product No. 005820-500), 200 mL of chlorobenzene, 100
mL of o-dichlorobenzene, and 2 g of sorbitan sesquioleate (manufactured by Matsumoto
Yushi-Seiyaku Co., Ltd., trade name SYLVAN S-83) were introduced.

Next, a mixture obtained by adding 1.58 g of epichlorohydrin into 50 g of the solution
A was stirred and mixed for about 2 minutes, and then the mixture was added to the 500-mL
separable flask described above. The mixture was emulsified by stirring the mixture for 30
minutes at 25°C at a speed of 600 rotations/minute using a flat type stirring blade made of

stainless steel (R1375 manufactured by IKA GmbH & Co. KG, blade diameter 70 mm) and
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THREE-ONE MOTOR (BL600) manufactured by Shinto Scientific Co., Ltd.
[0118] [Comparative Example 2]

A polyallylamine emulsion was obtained in the same manner as in Example 1, except
that 10.0 g of sorbitan sesquioleate (manufactured by Matsumoto Yushi-Seiyaku Co., Ltd.,
trade name SYLVAN S-83) was used instead of 10.0 g of ethyl cellulose, and the speed of
rotation of stirring was changed from 150 rotations/minute to 600 rotations/minute.

[0119] [Comparative Example 3]

A polyallylamine emulsion was obtained in the same manner as in Example 1, except
that 200 g of the second solution was produced using 2.20 g of ethyl cellulose and 198 g of
toluene.

[0120] [Comparative Example 4]

A polyallylamine emulsion was obtained in the same manner as in Example 1, except
that 80.0 g of a 15.0 % by mass aqueous solution of polyallylamine (PAA-15C manufactured
by Nittobo Medical Co., Ltd.) was directly used as the first solution, and 200 g of the second
solution was produced using 16.4 g of ethyl cellulose and 184 g of toluene.

[0121] [Comparative Example 5]

A polyallylamine emulsion was obtained in the same manner as in Example 1, except
that 80.0 g of a 15.0 % by mass aqueous solution of polyallylamine (PAA-15C manufactured
by Nittobo Medical Co., Ltd.) was directly used as the first solution, and the second solution
was produced with 200 g of toluene only without using an emulsifier.

[0122] [Measurement of viscosity]

Viscosity at 25°C was measured using an R215 type viscometer (RE-215L)
manufactured by Toki Sangyo Co., Ltd. In a case in which the viscosity was higher than 100
mPa-s, the viscosity was measured with a sample amount of 0.6 ml using a cone rotor for high
viscosity (3° x R9.7). In a case in which the viscosity was lower than 100 mPas, the
viscosity was measured with a sample amount of 0.2 ml using a cone rotor for low viscosity
(0.8° x R24). The speed of rotation was set such that the torque index value (TQ) would be
stabilized in the range of 50% to 100%, and the viscosity was read out.

[0123] [Emulsion stability]

The emulsified state immediately after the completion of stirring and the emulsified
state after standing for one hour of each of the emulsions obtained in various Examples and
various Comparative Examples were compared by visual inspection.

A: No change is seen, and an emulsified state is maintained.
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B: An emulsified state is maintained in the majority; however, coagulation proceeds
in a portion, and generation of emulsion droplets having a size of 1 mm or more, which are
visually recognizable, is confirmed.
C: An emulsified state was lost, and the system is separated into two layers.
[0124] [Results of evaluation]
The results of the evaluation as described above are shown in the following table.

The molecular weight in the table is weight-average molecular weight.
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[0128] Example 2-1: Reaction of polymer amine

280 g of the polyallylamine emulsion obtained in Example 8 was cooled to 5°C while
being continuously stirred, and 5.90 g of benzoyl chloride (Wako Pure Chemical Industries,
Ltd.) corresponding to 20% equivalent of the total amount of amino groups was added
dropwise thereto for one hour. Subsequently, the mixture was caused to react for one hour,
subsequently the temperature was raised to 25°C, and the mixture was further caused to react
for one hour. The reaction mixture thus obtained was centrifuged, and a toluene layer was
removed by decantation and concentrated. Subsequently, 120 mL of methanol was added to
the resultant, and the mixture was mixed until the mixture became uniform. The mixture was
added dropwise into a vessel holding 5 L of ethyl acetate and was subjected to reprecipitation.
Subsequently, the resultant was filtered and dried, and thus a polymer was obtained. The
polymer was analyzed by '"H NMR, and it was confirmed that 100% of benzoyl chloride used
reacted with polyallylamine.
[0129] Comparative Example 2-1

The polyallylamine emulsion obtained in Comparative Example 5 was reacted with
benzoyl chloride in the same manner as in Example 2-1, and in the benzoyl chloride used, the
portion that reacted with polyallylamine was 39% only.
[0130] [Summary of Examples 1 to 22, Comparative Examples 1 to 5, and Example 2-1]

In Examples 1 to 22, which satisfy the condition that a mixed solution obtained by
mixing a first solution including a nitrogen atom-containing polymer or a salt thereof and a
hydrophilic solvent and having a viscosity of 10 to 2,000 mPa's, with a second solution
including a hydrophobic solvent and having a viscosity of 1 to 2,000 mPa-s, where the ratio of
first solution viscosity / second solution viscosity is 0.1 to 300, is stirred, the evaluation of
emulsion stability was satisfactory (rating was A or B), and the average particle diameter of
emulsified particles was suspected to be 1 to 200 pm. The dispersity of the average particle s
diameter of emulsified particles was also low and satisfactory.
[0131] On the other hand, in Comparative Examples 1 and 2 in which the viscosity of the
second solution was 0.6 mPa's and the ratio of first solution viscosity / second solution
viscosity was larger than 300, the emulsion stability was rated as C. It is speculated that the
dispersity was poor, and the average particle diameter of emulsified particles was larger than
the desired value. In Comparative Example 3 in which the viscosity of the second solution
was 1.8 mPa-s, the emulsion stability was poor (rating was C), and the system was separated

into two layers. In Comparative example 3 in which the ratio of first solution viscosity /
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second solution viscosity was 765, the emulsion stability was rated as C. Furthermore, it is
speculated that the average particle diameter of emulsified particles was large, and the
dispersity was poor. In Comparative Example 4 in which the ratio of first solution viscosity /
second solution viscosity was 0.07, the emulsion stability was rated as C. It is speculated that
the average particle diameter of emulsified particles was small, and the dispersity was poor.
In Comparative Example 5, the viscosity of the second solution was 0.6, and the emulsion
stability was poor (rating was C).
[0132] While the reaction ratio of benzoyl chloride was 100% in Example 2-1, the reaction
ratio of benzoyl chloride in Comparative Example 2-1 was 39%. It is understood that in the
case of performing a modification reaction using the emulsion of the embodiment of the
present invention, the reaction ratio of an amino group and benzoyl chloride is higher than in
the case in which a modification reaction is carried out using the emulsion of the Comparative
Example.
[0133] Example 31: Production of crosslinked particles

To each of the emulsions obtained in Examples 1 to 22, a solution obtained by
diluting 7.93 g of 1,3-dichloropropane (manufactured by Tokyo Chemical Industry Co., Ltd.)
with 10 mL of toluene is added dropwise for 5 minutes. After completion of the dropwise
addition, the bath temperature is raised to 120°C, and the mixture is heated to reflux for 4
hours. Thereby, 74 mL of water is removed. The flask temperature is cooled to room
temperature, and the supernatant is eliminated by decantation. The particles thus obtained
are purified using ethanol (500 mL, three times), a 1 N aqueous solution of NaOH:water (60
mL:440 mL, one time), water (500 mL, two times), and ethanol (500 mL, one time), by
repeating re-slurrifying and filtration for each of the solvents. The particles thus obtainable
are dried in a blast dryer for 48 hours at 50°C and in a vacuum dryer for 12 hours at 70°C.
As the result, a crosslinking reaction proceeds, and crosslinked spherical polymer particles are
obtained.
[0134] Example 32: Production of crosslinked particles

Crosslinked polymer particles are obtained in the same manner as in Example 31,
except that 1,2-dichloroethane, 1,6-dichlorohexane, and 1,6-dibromohexane are used instead
of 1,3-dichloropropane used in Example 31.
[0135] Example 41 to Example 54

Hereinafter, Examples of crosslinked particles will be described in more detail.

[Swelling rate of particles]
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The swelling rate is calculated by repeating shaking and standing for one hour or
longer in an aqueous solution at pH 6.3 of 2.2% by mass of sodium
2-morpholinoethanesulfonate and 0.5% by mass of sodium chloride at 20°C twenty or more
times, and dividing the particle volume after swelling by the particle mass before swelling.

Regarding the number of times of repeating shaking and standing for one hour or
longer, the processes may be carried out until there is no detectable change in the volume of
swollen particles.

More specifically, in a 1-L graduated flask, 21.7 g of sodium
2-morpholinoethanesulfonate (manufactured by Sigma-Aldrich, Inc.) and 4.7 g of sodium
chloride (manufactured by Wako Pure Chemical Industries, Ltd.) were weighed, and water was
added thereto to make up 1 L. After the compounds were completely dissolved, the buffer
was produced by adding 30 % by mass hydrochloric acid until the pH reached 6.3.

0.30 g of the particles obtained in each of the Examples were weighed in a 10-mL
graduated cylinder, and the particles were mixed with 10 mL of the buffer. The particles
were evenly suspended by stirring the mixture for one minute using a spatula, and then the
mixture was left to stand. After 24 hours, the volume of the settled swollen particles was
read from the scales of the graduated cylinder, and then the mixture was subjected to weak
shaking for one minute and then was left to stand for another 24 hours. The above-described
processes of shaking and standing were repeatedly carried out until no change in the volume of
the swollen particles was detected. The swelling rate (mL/g) was calculated by dividing the
volume of the swollen particles at the time when no change was detected, by the particle mass
(0.30 g).

[0136] [Shape of particles]

The shape of the particles was determined from optical microscopic photographs.
More specifically, the particles obtained in each of the Examples were dispersed in water, and
then optical microscopic (ECLIPSE E600POL manufactured by Nikon Corporation)
photographs of 500 or more particles that had been randomly selected were imaged. In a
case in which the projected area of approximately circular particles was 60% or more of the
total projected area of particles in the photographs, those particles were considered spherical.
The projected area of approximately circular particles is preferably 80% or more, more
preferably 90% or more, and even more preferably 95% or more. It is more preferable as the
projected area of approximately circular particles is larger.

Regarding the dispersing in water, an aqueous dispersion liquid was produced by
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weighing 0.1 g of dried particles in a sample bottle, adding 10 mL of pure water thereto,
mixing the mixture by shaking, and then leaving the mixture to stand for 10 minutes at 25°C.
[0137] [Average particle diameter of particles]

The average particle diameter is determined by converting diameters from the areas
of 1,000 or more particle images in a water-dispersed state of optical microscopic photographs,
and calculating the average particle diameter as the volume average particle diameter using the
diameters.

More specifically, the particles obtained in each of the Examples were dispersed in
water, subsequently optical microscopic (ECLIPSE E600POL manufactured by Nikon
Corporation) photographs of randomly selected 1,000 or more particles were imaged and
stored as electronic data, and the average particle diameter of the particles was calculated
using the software Image] manufactured by the National Institutes of Health.

[0138] Meanwhile, regarding the dispersing in water, an aqueous dispersion liquid was
produced by weighing 0.1 g of dried particles in a sample bottle, adding 10 mL of pure water,
mixing the mixture by shaking, and then standing the mixture for 10 minutes at 25°C.

Regarding the imaging with an optical microscope, reflected light was observed at a
magnification ratio of 50 times (ocular lens 10 times, object lens 5 times). In a case in which
the number of particles per sheet was less than 1,000, a plurality of sheets of photographs was
analyzed, and the numbers were summed.

In regard to the particle analysis with Imagel,

(a) a photograph imaged with an optical microscope is scanned using ImageJ;

(b) the photograph is subjected to a smoothing treatment, a conversion treatment into
an 8-bit image, bichromatization on the grayscale, a makeup treatment, and a splitting
treatment of bound particles; and

(¢) in order to eliminate noises, the range of analysis was limited to a particle
diameter of 10 pm or more and a degree of circularity of 0.5 or greater, and the analysis
treatment was carried out.

[0139] The dispersity was evaluated by calculating the CV value of the particle diameter data
group used for the analysis of the average particle diameter.

The CV value represents a value obtained by dividing the standard deviation ¢ by the
average particle diameter .

CV=c/pn

Explanations for ¢ and p are as follows.
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A population of n pieces of data such as xi, X2, ..., and X, is considered. The

average of the population (or the population mean) is defined as follows.
[0140]

1 <&
o= Z;fcz

At this time, the amount o2 obtainable by the following formula using the population

mean p is defined as variance (or population variance).

[0141]

2 _ 1 vw_1~2 oo
R D DRI S
* =1 i=1

[0142] [Degree of circularity of particle]

The degree of circularity is an average value of the degree of circularity: 4n x (area) /
(square of circumference) of 50 or more particle images of an optical microscopic photograph.
In a case in which the degree of circularity is 1, it is implied that the shape is a perfect circle.

More specifically, the particles obtained in each of the Examples were dispersed in
water, subsequently optical microscopic (ECLIPSE E600POL manufactured by Nikon
Corporation) photographs of randomly selected 50 or more particles were imaged and stored
as electronic data, and the degree of circularity of the particles was calculated using the
software Image] manufactured by the National Institutes of Health.

[0143] Regarding the dispersing in water, an aqueous dispersion liquid was produced by
weighing 0.1 g of dried particles in a sample bottle, adding 10 mL of pure water, mixing the
mixture by shaking, and then leaving the mixture to stand for 10 minutes at 25°C.

Regarding the imaging with an optical microscope, reflected light was observed at a
magnification ratio of 50 times (ocular lens 10 times, object lens 5 times). In a case in which
the number of particles per sheet was less than 50, a plurality of sheets of photographs was
analyzed, and the numbers were summed.

In regard to the particle analysis with ImageJ,

(a) a photograph imaged with an optical microscope is scanned using ImageJ;

(b) the photograph is subjected to a smoothing treatment, a conversion treatment into

an §-bit image, bichromatization on the grayscale, and a makeup treatment;
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(c) regarding particles that were overlapping and particles that were cut from the edge
of the photograph, since the particles affect the calculation of the degree of circularity, the
particles were manually excluded; and

(d) in order to eliminate noises, the range of analysis was limited to a particle
diameter of 10 um or more, and the analysis treatment was carried out.

[0144] [ Viscosity measurement]

The viscosity at 25°C was measured using an R215 type viscometer (RE-215L)
manufactured by Toki Sangyo Co., Ltd. In a case in which the viscosity was higher than 100
mPas, the viscosity was measured with a sample amount of 0.6 mL using a cone rotor for high
viscosity (3° x R9.7). In a case in which the viscosity was 100 mPa-s or lower, the viscosity
was measured with a sample amount of 0.2 mL using a cone rotor for low viscosity (0.8° x
R24). The speed of rotation was set such that the torque index value (TQ) would be
stabilized in the range of 50% to 100%, and the viscosity was read out.

[0145] [Scanning electron microscopic image of particle cross-section]

For the observation of the particle structure in a swollen state, freeze-dried particles
were used. In a freeze-drying step, an aqueous dispersion liquid was produced by mixing 0.2
g of the particles produced in an Example with 20 mL of ultrapure water, mixing the mixture
by shaking, and then leaving the mixture to stand for 1 hour. Next, a solvent substitution step
of centrifuging the mixture for 10 minutes at 3,000 G, removing the supernatant by
decantation, and then adding 20 mL of ethanol was repeated three times, and ethanol-dispersed
particles were obtained. Subsequently, a step of removing ethanol by centrifugation and then
substituting the solvent with 20 mL of t-butanol was repeated three times, and thus
t-butanol-dispersed particles were obtained. Those t-butanol-dispersed particles were frozen
at -18°C or lower, and freeze-drying was carried out by a conventional method. This step
was manipulated such that the particle diameter at the time of water dispersion would be
almost the same as the particle diameter at the time of t-butanol dispersion.

[0146] The freeze-dried particles thus obtained were embedded, and the particles were cut
with a microtome. Thereby, cross-sections were exposed. The cross-sections were
subjected to a vapor deposition treatment using osmium, and the cross-sections of the vapor
deposition-treated freeze-dried particles were measured with a scanning electron microscope
equipped with an FE (Field Emission) gun at an operation distance of 8 mm and an
accelerating voltage of 2 kV.  Thus, images were obtained. On the occasion of obtaining the

images, images were selected such that a particle having the cross-section pass through near
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the center of the particle would be selected. Specifically, images were obtained for particles
for which their cross-section diameters were within £30% of the average particle diameter.
Even in a case in which the particles have a core-shell structure, since the core-shell structure
is not observable in a case in which edges of the particles are cut. Therefore, it is necessary
to select particles appropriately.
[0147] [Example 41-1]

150 g of a 40.0 % by mass aqueous solution of polyallylamine (first solution) was
produced by distilling off water under reduced-pressure from 400 g of a 15.0 % by mass
aqueous solution of polyallylamine (PAA-15C manufactured by Nittobo Medical Co., Ltd.,,
amine value 17.5 mmol/g).

318 g of a second solution was produced by dissolving 15.0 g of ethyl cellulose

(ETHYL CELLULOSE (about 49% ethoxy) 45 manufactured by Wako Pure Chemical
Industries, Ltd., weight-average molecular weight is 125,000) in 303 g of toluene.
[0148] The first solution and the second solution were mixed in a 500-mL separable flask
equipped with a Dean-Stark Apparatus, and thus a mixture was obtained. The mixture was
stirred for 60 minutes at 60°C at a speed of 120 rotations/minute using a flat type stirring blade
made of stainless steel (R1375 manufactured by IKA GmbH & Co., KG, blade diameter 70
mm) and THREE-ONE MOTOR (BL600) manufactured by Shinto Scientific Co., Ltd., and
thus a polyallylamine emulsion was obtained.

To the emulsion thus obtained, a solution obtained by diluting 4.08 g of
1,6-dichlorohexane (manufactured by Tokyo Chemical Industry Co., Ltd.) with 10 mL of
toluene was added dropwise for 5 minutes. After completion of the dropwise addition, the
bath temperature was raised to 120°C, and the mixture was heated to reflux for 4 hours. Thus,
74 mL of water was removed. The flask temperature was cooled to room temperature, and
the supernatant was removed by decantation. The particles thus obtained were purified using
ethanol (500 mL, three times), a 1 mol/L aqueous solution of NaOH:water (60 mL:440 mL,
one time), water (500 mL, two times), and ethanol (500 mL, one time), by repeating
re-slurrifying and filtration for each of the solvents. The particles thus obtained were dried in
a blast dryer for 48 hours at 50°C and in a vacuum dryer for 12 hours at 70°C, and crosslinked

spherical polyallylamine particles were obtained. See the following for the reaction scheme.
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[0149] [Example 42]

180 g of a 40.0 % by mass aqueous solution of polyallylamine (first solution) was
produced by distilling off water under reduced-pressure from 480 g of a 15.0 % by mass
aqueous solution of polyallylamine (PAA-15C manufactured by Nittobo Medical Co., Ltd.,
amine value: 17.5 mmol/g).

382 g of a second solution was produced by dissolving 18.0 g of ethyl cellulose
(ETHYL CELLULOSE (about 49% ethoxy) 45 manufactured by Wako Pure Chemical
Industries, Ltd., weight-average molecular weight is 125,000) in 364 g of toluene.

The first solution and the second solution were mixed in a 500-mL separable flask
equipped with a Dean-Stark apparatus, and thereby a mixture was obtained. The mixture was
stirred for 60 minutes at 50°C at a speed of 120 rotations/minute using a flat type stirring blade
made of stainless steel (R1375 manufactured by IKA GmbH & Co., KG, blade diameter 70
mm) and THREE-ONE MOTOR (BL600) manufactured by Shinto Scientific Co., Ltd., and
thereby a polyallylamine emulsion was obtained.

To the emulsion thus obtained, a solution obtained by diluting 4.90 g of
1,6-dichlorohexane (manufactured by Tokyo Chemical Industry Co., Ltd.) with 12 mL of
toluene was added dropwise for 10 minutes. After completion of the dropwise addition, the
mixture was stirred for 2.5 hours, the bath temperature was raised to 120°C, and the mixture
was heated to reflux for 4 hours. Thus, 88 mL of water was removed. Subsequently,
crosslinked spherical polyallylamine particles were obtained in the same manner as in
Example 41-1.

[0150] [Example 43]

Crosslinked spherical polyallylamine particles were obtained in the same manner as
in Example .42, except that the temperature at the time of stirring was changed from 50°C to
80°C.

[0151] [Example 44]
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Crosslinked spherical polyallylamine particles were obtained in the same manner as
in Example 42, except that the temperature at the time of stirring was changed from 50°C to
60°C, the mass of 1,6-dichlorohexane was changed from 4.90 g to 9.79 g, and the reflux time
was changed from 4 hours to 5.5 hours.

[0152] [Example 41-2]

5 L of water was added to 248 g of the crosslinked spherical polyallylamine particles
of Example 41-1, and the mixture was stirred for 30 minutes at room temperature at a speed of
100 rotations/minute. 173 mL of 30 % by mass hydrochloric acid (manufactured by Wako
Pure Chemical Industries, Ltd.) was added to the suspension thus obtained, and the mixture
was stirred for one hour at room temperature at a speed of 100 rotations/minute. The reaction
liquid was filtered, and purification was performed by repeating re-slurrifying with water (5 L,
two times) and filtration. The particles thus obtained were dried in a blast dryer for 48 hours
at 50°C and in a vacuum dryer for 12 hours at 70°C. Thus, crosslinked spherical
polyallylamine particles were obtained.

[0153] [Example 41-3]

3 L of water was added to 150 g of the crosslinked spherical polyallylamine particles
of Example 41-1, and the mixture was stirred for 30 minutes at room temperature at a speed of
100 rotations/minute. 105 mL of 30 % by mass hydrochloric acid (manufactured by Wako
Pure Chemical Industries, Ltd.) was added to the suspension thus obtained, and the mixture
was stirred for one hour at room temperature at a speed of 100 rotations/minute. The reaction
liquid was filtered, and purification was performed by repeating re-slurrifying with water (3 L,
two times) and filtration.

3 L of water and 215 g of sodium carbonate (manufactured by Wako Pure Chemical
Industries, Ltd.) were added to the particles thus obtained, and the mixture was stirred for 2
hours at room temperature at a speed of 100 rotations/minute. The reaction liquid was
filtered, and purification was performed by repeating re-slurrifying with water (3 L, four times)
and filtration. The particles were dried in a blast dryer for 48 hours at 50°C and in a vacuum
dryer for 12 hours at 70°C. Thus, crosslinked spherical polyallylamine particles were
obtained.

[0154] [Example 45]

To the emulsion obtained in the same manner as in Example 41-1, a solution obtained
by diluting 2.97 g of 1,3-dichloropropane (manufactured by Tokyo Chemical Industry Co.,
Ltd.) with 10 mL of toluene was added dropwise for 2 hours. After completion of the
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dropwise addition, the mixture was stirred for 2.5 hours, the bath temperature was raised to
120°C, and the mixture was heated to reflux for 4 hours. Thus, 74 mL of water was removed.
Subsequently, crosslinked spherical polyallylamine particles were obtained in the same
manner as in Example 41-1.
[0155] [Example 46]

Crosslinked spherical polyallylamine particles were obtained in the same manner as
in Example 45, except that the mass of 1,3-dichloropropane was changed from 2.97 g of 2.68
g.

[0156] [Example 47]

Crosslinked spherical polyallylamine particles were obtained in the same manner as
in Example 45, except that the mass of 1,3-dichloropropane was changed from 2.97 g to 1.78
g.

[0157] [Example 48]

Crosslinked spherical polyallylamine particles were obtained in the same manner as
in Example 45, except that the crosslinking agent was changed from 1,3-dichloropropane to
1,2-dichloroethane, and the mass of the crosslinking agent was changed from 2.97 g to 2.61 g.
[0158] [Example 49]

Crosslinked spherical poiyallylamine particles were obtained in the same manner as
in Example 45, except that the crosslinking agent was changed from 1,3-dichloropropane to
epichlorohydrin, and the mass of the crosslinking agent was changed from 2.97 g to 3.90 g.
[0159] [Example 50]

Crosslinked spherical polyallylamine particles were obtained in the same manner as
in Example 49, except that the mass of epichlorohydrin was changed from 3.90 g to 3.17 g.
[0160] [Example 51]

Crosslinked spherical polyallylamine particles were obtained in the same manner as
in Example 49, except that the mass of epichlorohydrin was changed from 3.90 g to 2.44 g.
[0161] [Example 52]

75 g of a 40.0 % by mass aqueous solution of polyallylamine (first solution) was
produced by distilling off water under reduced-pressure from 200 g of a 15.0 % by mass
aqueous solution of polyallylamine (PAA-15C manufactured by Nittobo Medical Co., Ltd.,
amine value 17.5 mmol/g).

160 g of a second solution was produced by dissolving 7.50 g of ethyl cellulose
(ETHYL CELLULOSE (about 49% ethoxy) 45 manufactured by Wako Pure Chemical
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Industries, Ltd., weight-average molecular weight is 125,000) in 152 g of toluene.

[0162] The first solution and the second solution were mixed in a 500-mL separable flask
equipped with a Dean-Stark apparatus, and thus a mixture was obtained. The mixture was
stirred for 60 minutes at 60°C at a speed of 120 rotations/minute using a flat type stirring blade
made of stainless steel (R1375 manufactured by IKA GmbH & Co., KG, blade diameter 70
mm) and THREE-ONE MOTOR (BL600) manufactured by Shinto Scientific Co., Ltd., and a
polyallylamine emulsion was obtained.

To the emulsion thus obtained, a solution obtained by diluting 1.59 g of
trimethylolpropane triglycidyl ether with 10 mL of toluene was added dropwise for 2 hours.
Subsequently, crosslinked spherical polyallylamine particles were obtained in the same
manner as in Example 41-1.

[0163] [Example 53]

Crosslinked spherical polyallylamine particles were obtained in the same manner as
in Example 45, except that the crosslinking agent was changed from 1,3-dichloropropane to
ethylene glycol diglycidyl ether, and the mass of the crosslinking agent was changed from 2.97
gto7.33 ¢g.

[0164] [Example 54]

Crosslinked spherical polyallylamine particles were obtained in the same manner as
in Example 45, except that the crosslinking agent was changed from 1,3-dichloropropane to
1,2,3,4-diepoxybutane, and the mass of the crosslinking agent was changed from 2.97 g to
453 g.

[0165] The production conditions and evaluation results of Examples 41 to 54 are shown in
the following tables. The molecular weights in the tables are weight-average molecular

weights.
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In the tables, the amount of use of the crosslinking agent (% by mass) is a value
obtained by calculating the proportion occupied by the mass of crosslinking sites excluding the
leaving group in the crosslinking agent, in the total mass of the crosslinking agent.

[0168] [Example 55]

Into a 1-L separable flask (cylinder type, inner diameter 120 mm, product No.
6-741-10, manufactured by As One Corporation) equipped with a Dean-Stark apparatus and
equipped with a PTFE all-coated stirring rod (twister type, manufactured by Flonchemical Co.,
Ltd., blade diameter 80 mm) as a stirring blade and THREE-ONE MOTOR (BL600)
manufactured by Shinto Scientific Co., Ltd., 8.00 g of ethyl cellulose (ETHYL CELLULOSE
45 (about 49% ethoxy) manufactured by Wako Pure Chemical Industries, Ltd., weight-average
molecular weight is 125,000), 1.24 g of 1,6-dichlorohexane (manufactured by Tokyo Chemical
Industry Co., Ltd.), 425.9 g of toluene, and 47.3 g of ethanol were introduced, and the mixture
was stirred for one hour at 40°C at a speed of 230 rotations/minute. Thus, ethyl cellulose was
completely dissolved. Subsequently, 162 g of a 15.0 % by mass aqueous solution of
polyallylamine (PAA-15C manufactured by Nittobo Medical Co., Ltd., amine value 17.5
mmol/g) Was added dropwise thereto for one hour. The mixture was stirred for 60 minutes at
40°C at a speed of 200 rotations/minute, and thereby a polyallylamine emulsion was obtained.
Subsequently, the bath temperature was raised to 120°C, and the mixture was heated to reflux
for 20 hours. Thereby, 180 mL of water was removed.

The flask temperature was cooled to room temperature, and the mixture was filtered
and then washed with ethanol. Particles thus obtained were introduced into a beaker, and the
particles were stirred with 300 ml of water and 3 ml of a 2 N aqueous solution of NaOH for
one hour. Subsequently, the particles were washed five times with 300 ml of water, and then
washed with ethanol (300 mL, one time). The particles thus obtained were dried in a vacuum
dryer at 70°C for 20 hours, and thus crosslinked spherical polymer particles were obtained.
[0169] [Example 56]

Into a 500-ml separable flask (cylindrical flat-bottom type manufactured by Sibata
Scientific Technology, Ltd., product No. 005820-500) equipped with a Dean-Stark apparatus
and equipped with a flat stirring blade made of stainless steel (R1375 manufactured by IKA
GmbH & Co., KG, blade diameter 70 mm) as a stirring blade and THREE-ONE MOTOR
(BL600) manufactured by Shinto Scientific Co., Ltd., 3.32 g of ethyl cellulose (ETHYL
CELLULOSE 45 (about 49% ethoxy) manufactured by Wako Pure Chemical Industries, Ltd.,
weight-average molecular weight is 125,000), 0.92 g of 1,6-dichlorohexane (manufactured by
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Tokyo Chemical Industry Co., Ltd.), 237 g of toluene, and 26.3 g of ethanol were introduced,
and the mixture was stirred for one hour at 40°C at a speed of 200 rotations/minute. Thus,
ethyl cellulose was completely dissolved. Subsequently, 90 g of a 15.0 % by mass aqueous
solution of polyallylamine (PAA-15C manufactured by Nittobo Medical Co., Ltd., amine
value 17.5 mmol/g) was added dropwise thereto for one hour. The mixture was stirred for 60
minutes at 40°C at a speed of 200 rotations/minute, and thereby a polyallylamine emulsion
was obtained. Subsequently, the bath temperature was raised to 120°C, and the mixture was
heated to reflux for 20 hours. Thereby, 88 mL of water was removed. The flask
temperature was cooled to room temperature, and the mixture was filtered and then washed
with ethanol. Particles thus obtained were introduced into a beaker, and the particles were
stirred with 200 ml of water and 2 ml of a 2 N aqueous solution of NaOH for one hour.
Subsequently, the particles were washed five times with 200 ml of water, and then washed
with ethanol (200 mL, one time). The particles thus obtained were dried in a vacuum dryer at
70°C for 20 hours, and thus crosslinked spherical polymer particles were obtained.

[0170] [Example 57]

Crosslinked spherical polyallylamine particles were obtained in the same manner as
in Example 56, except that the speed of stirring was changed from 200 rotations/minute to 250
rotations/minute, and the mass of ethyl cellulose was changed from 3.32 g to 5.59 g.

[0171] [Example 58]

Crosslinked spherical polyallylamine particles were obtained in the same manner as
in Example 55, except that the emulsification temperature was changed from 40°C to 22°C,
the speed of stirring was changed from 200 rotations/minute to 350 rotations/minute, and the
mass of ethyl cellulose was changed from 3.32 g to 5.59 g.

[0172] [Example 59]

Crosslinked spherical polyallylamine particles were obtained in the same manner as
in Example 55, except that the speed of stirring was changed from 230 rotations/minute to 170
rotations/minute.

[0173] [Example 60]

Crosslinked spherical polyallylamine particles were obtained in the same manner as
in Example 55, except that the speed of stirring was changed from 230 rotations/minute to 290
rotations/minute.

[0174] [Example 61]

Crosslinked spherical polyallylamine particles were obtained in the same manner as
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in Example 56, except that 90 g of a 15.0 % by mass aqueous solution of polyallylamine was
changed to 90 g of a 22.0 % by mass aqueous solution of polyallylamine (PAA-15C
manufactured by Nittobo Medical Co., Ltd., amine value 17.5 mmol/g, concentrated from 15
wt%), and the mass of dichlorohexane was changed to 1.01 g, and the mass of ethyl cellulose
was changed from 3.32 g to 6.57 g.
[0175] [Example 62]

Crosslinked spherical polyallylamine particles were obtained in the same manner as
in Example 56, except that 90 g of a 15.0 % by mass aqueous solution of polyallylamine
(PAA-15C manufactured by Nittobo Medical Co., Ltd., average molecular weight 15,000) was
changed to 90 g of a 15.0 % by mass aqueous solution of polyallylamine (PAA-8
manufactured by Nittobo Medical Co., Ltd., average molecular weight 8,000), the mass of
dichlorohexane was changed from 0.92 g to 1.00 g, and the mass of ethyl cellulose was
changed from 3.32 gto 4.45 g.

[Comparative Example 6]

The emulsion obtained in Comparative Example 1 was heated to 50°C and was
subjected to a crosslinking reaction for 2 hours. Subsequently, the emulsion was cooled to
room temperature and filtered, and then the emulsion was washed sequentially with methanol,
water, and a 1 N aqueous solution of NaOH. Subsequently, the emulsion was washed five
times with 200 ml of water, and then was dried iﬁ a vacuum dryer at 50°C for 20 hours. Thus,
crosslinked spherical polymer particles were obtained.

[0176] The production conditions and evaluation results of the Examples described above are
shown in the following tables. The molecular weights in the tables are weight-average

molecular weights.



(ssewr £q % 69'1

(000°8 WS1om re[nosjour) aurue[AjjeAjod

79 orduwex|

00 v9'¢ vy aso[n[[29 [Aypg| 01/06 = [ouee/auenIoL 81l Jo uonnjos snoanbe sseur Aq ¢, G|
007 86'L L59 AWM%_J\_MM\M g 01/06 = [oueuan[0] v O0EEL Mwwm»:m_msmmmwm%w_ﬂw_MMNM_MM 19 ojdurexq
067 8%°9 ¥T'g Ammwwh_mw“w qum 01/06 = [ouey}2/QUSN|O] 17 (000st Mww:ﬁ%hw_m:mowﬂwwﬂm%HW%MMNM_Mw 09 ordurexd|
oLt 879 A amww_m__w wwm 01/06 = [oueye/aueNo]] 1g (0001 Muwwm,sm_msmm%%wmwmﬁ_w_\m_mw 6 ordurexy
054 o1 | %0106 oumpopuano 1 (0001 B IR0 LA g
05 14y €LY AmeH_MM__M\M wmémm 01/06 = [ouBy)3/QUN[O]) &4 (000'sT MMM_MW:.”MW:MMMMWN%MMMMﬁm__m\MMw 16 ojdurexs
007 001 17 Ammow“%wn”\w WANEW 01/06 = [oueya/auan|o]| 1Y (000'sT MMMMWSMMM:MMMMMN%MMMMMﬁMMNMMW 96 ojdwex|
0€7 849 b’ amwwh__w wmuw 01/06 = [oueYIRPUAN|O]] 1 (000's] MMMMWLM:MMM%MMMMﬂmmﬁmw 5 ojdurexg]
(eInuruy/suone;on)(UoN[os puodIS;uoHN[os (s-eJur) uonnjos| uonn[os  (s-egui) uonn[os sopnyos 155y g0 nopsoduon)

uonejol Jo peadg

38113) o1jex AJISOOSIA|

Pu0d3s JO AJISOISIA|

Joyisynug|

PU0OaS JO JUSA[OS

1511J JO AJISOOSIA|

12

[8arqer] [LL10]



9 ordurexyg

8€T 99 (4 Le 190 unipAyoofyordy | surwe[A[[eA[oq

oAneredwo))
€9 L9 011 0t 60 auexayoIo[ydIJ suture[A[[eA[od 79 o[durexy
LL 6L It LT 60 auexayoIoNydId surwe[A[[eA[od 19 ojduwrexg
L9 8Y €1 LT 60 QUBXYOIOTYII( surure[£]eA[od 09 odurexg
0s 1§ 4! £E 760 ouexdyoIo[yaLq | ourweld[eAlod | 66 odwexg
43 0¢ STl LT 760 auexsyoIoTII( surwejA[[eA[od 8¢ ojdwexy
67 V4 301 L€ 60 QueXayoIoTydIJ sure[A[[eA[od LS ordwexg
oL L L01 L€ €60 ouexayolo[yolq | ouwrwelA[eAlod | 9¢ ddwexy
S¢ Ly o€l LT 60 ouexayolo[yolq | ourwel[eAlogd | gg ddurexy

(i) (ssewr
anea AD (8/Twr) oyex Surems | £q %) JueSe Sun[UI[SSOId | AJLIB[NOIIO JO 93139(] [Juade Suryullssor) IowAjod
Iojaurerp oronted ageioAy
JO 9sn Jo junoury

g¢

[6 =19eL] [8LT10]



56

In the tables, the amount of use of the crosslinking agent (% by mass) is a value
obtained by calculating the proportion occupied by the mass of crosslinking sites excluding the
leaving group in the crosslinking agent, in the total mass of the crosslinking agent.
[0179] The CV values of the average particle diameter of the crosslinked particles in Examples
55 to 62 were lower than the CV value of the average particle diameter of the crosslinked
particles in Comparative Example 1. Since the dispersity (CV value) of the average particle
diameter of the crosslinked particles was low, it is understood that for an emulsion of a
nitrogen atom-containing polymer or a salt thereof obtainable by the method of the
embodiment of the present invention, the dispersity of the particle diameter of emulsified

particles is also low.
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WHAT IS CLAIMED IS:

1. A method for producing an emulsion of a nitrogen atom-containing polymer or a salt
thereof, the method comprising:

a step of mixing a first solution that includes a nitrogen atom-containing polymer or a
salt thereof and a hydrophilic solvent and has a viscosity of 10 to 2,000 mPa-s, and a second
solution that includes a hydrophobic solvent and has a viscosity of 1 to 100 mPa-s, stirring the
mixture, and thus obtaining an emulsion of the nitrogen atom-containing polymer or a salt
thereof,

wherein a ratio between the viscosity of the first solution and the viscosity of the

second solution is in a range of 0.1:1 to 300:1.

2. The method according to claim 1, wherein the viscosity of the first solution is 10 to 1,500

mPa-s.

3. The method according to claim 1 or 2, wherein the ratio between the viscosity of the first

solution and the viscosity of the second solution is in a range of 0.2:1 to 100:1.

4. The method according to any one of claims 1 to 3, wherein an amine value of the nitrogen

atom-containing polymer or a salt thereof is 10 mmol/g or more.

5. The method according to any one of claims 1 to 4, wherein the nitrogen atom-containing
polymer is at least one selected from the group consisting of polyallylamine, a

polyalkyleneimine, and polyvinylamine.

6. The method according to any one of claims 1 to 4, wherein the nitrogen atom-containing

polymer includes polyallylamine.
7. The method according to any one of claims 1 to 6, wherein the second solution includes
an emulsifier having a weight-average molecular weight or a number-average molecular

weight of 2,000 or more.

8. The method according to claim 7, wherein the emulsifier includes a sugar.
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9. The method according to claim 7 or 8, wherein the emulsifier includes cellulose ether.

10. The method according to any one of claims 1 to 9, wherein the hydrophobic solvent is at
least one selected from the group consisting of an aromatic hydrocarbon-based solvent, an

ester-based solvent, and olive oil.

11. The method according to any one of claims 1 to 10, wherein an average particle diameter
of emulsified particles of the emulsion of a nitrogen atom-containing polymer or a salt thereof

is 1 to 200 um.

12.  An emulsion, comprising:

spherical objects formed from a first solution including a nitrogen atom-containing
polymer or a salt thereof and a hydrophilic solvent and having a viscosity of 10 to 2,000 mPas;
and

a dispersing medium including a second solution including a hydrophobic solvent and
having a viscosity of 1 to 100 mPa-s,

wherein a ratio between the viscosity of the first solution and the viscosity of the

second solution is in a range of 0.1:1 to 300:1.

13. A method for producing particles containing a crosslinked nitrogen atom-containing
polymer or a salt thereof, the method comprising:

a step of mixing a first solution that includes a nitrogen atom-containing polymer or a
salt thereof and a hydrophilic solvent and has a viscosity of 10 to 2,000 mPas, and a second
solution that includes a hydrophobic solvent and has a viscosity of 1 to 100 mPas, stirring the
mixture, and thus obtaining an emulsion of the nitrogen atom-containing polymer or a salt
thereof; and

a step of adding a crosslinking agent to the emulsion in which the nitrogen
atom-containing polymer or a salt thereof is emulsified, and performing a crosslinking
reaction,

wherein a ratio between the viscosity of the first solution and the viscosity of the

second solution is in a range of 0.1:1 to 300:1.
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14. The method for producing particles according to claim 13, wherein the nitrogen
atom-containing polymer is a crosslinked polymer having a substituent containing an NRA!RA2
structure: in Formula, R*! and R*? each independently represent a hydrogen atom, an alkyl
group having 1 to 20 carbon atoms, an aminoalkyl group having 1 to 20 carbon atoms or a salt
thereof, an alkylaminoalkyl group having 2 to 20 carbon atoms or a salt thereof, a
dialkylaminoalkyl group having 3 to 20 carbon atoms or a salt thereof, a
trialkylammoniumalkyl group having 4 to 20 carbon atoms, an alkylcarbonyl group having 1
to 20 carbon atoms, a carboxyalkyl group having 1 to 20 carbon atoms, or a hydroxyalkyl

group having 1 to 20 carbon atoms.

15. The method for producing particles according to claim 13 or 14, wherein the particles
have an average particle diameter of 20 to 150 um and a swelling rate of 9 to 16 ml/g,
provided that the average particle diameter is determined by converting areas of 1,000 or more
particle images of optical microscopic photographs into diameters, and calculating the average
particle diameter as the volume average particle diameter using those diameters, and the
swelling rate is determined by swelling particles by repeating shaking and standing for one
hour or longer in an aqueous solution at pH 6.3 of 2.2% by mass of sodium
2-morpholinoethanesulfonate and 0.5% by mass of sodium chloride at 20°C twenty or more
times, and calculating the swelling rate by dividing the particle volume after swelling by the

particle mass before swelling.

16. The method for producing particles according to any one of claims 13 to 15, wherein
each of the particles has an outer shell portion and a central portion having a lower degree of

crosslinking than the outer shell portion.



