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ABSTRACT

Tt is an object of the present invention to provide a
nanodispersion liquid of 1ron oxyhydroxide that 1s stable and
does not contain components derived from auxiliary components.
The nanodispersion 1liquid of iron oxyhydroxide according to
the present invention 1is a nanodispersion liquid 1n which
particles comprising iron oxyhydroxide as a maln component and
having an average particle diameter d50 of 0.2 yum or less and
a d90 of 1 um or less are dispersed in a solvent. The iron
oxyhydroxide 18 preferably F-iron  oxyvhydroxide. The
nanodispersion ligquid of 1ron oxyhydroxide according to the
present 1nvention preferably contains no other components than
a substance derived from at least either of an 1ron compound

and a base, a pH adjusting agent, and a solvent.
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DESCRIPTION
TITLE OF THE INVENTION

IRON OXYHYDROXIDE NANODISPERSION LIQUID

Technical Field
[0001]
The present 1invention relates to a nanodispersion liquid
comprising ilron oxyhydroxide as a main component.
This application <c¢laims priority to Japanese Patent
Application No. 2015-200775 filed on October 9, 2015, the

contents of which are i1ncorporated herein.

Background Art
[0002]

Iron oxyhydroxide includes an o type, a B type, a vy type,
or an amorphous type according to the difference in crystal
structure. Iron oxyhydroxide has wide applications such as a
pigment, a magnetic material, a catalyst, an adsorbent, or
their raw material and 1is also required to be 1in a stable
dispersion for magnetic material and catalyst applications.

But, 1t 1s considered difficult to form a stable
nanodispersion liquid with iron oxyhydroxide. For example, in
Patent Document 1, an agqueous suspension comprising "iron
oxyhydroxide having a particle size of 500 nm or less" is
described, but this specifically consists of particles in
which a plurality of needle-shaped primary particles of o-iron
oxyhydroxide having a width represented by the above particle

size aggregate, and a nanodispersion liquid cannot be formed.
1
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A production method for preventing such aggregation 1s also
studied, and, for example, 1in Patent Document 2, 1t 1s stated
that 1ron(II) i1ons are supported on a c¢lay mineral and changed
to supported iron oxyvhydroxide by hydrolysis and oxidation for
use as a photocatalyst.

On the other hand, 1n Patent Document 3, a production
method for a metal hydroxide sol produced 1in the presence of a
compound having buffer action 1s described, and specifically a
B-iron oxyhydroxide sol having an average particle diameter of
about 8 nm and comprising a small amount of an aluminum
compound 1s described. In Patent Document 4, an 1ron
oxyhydroxide sol having a median diameter of around 10 nm
stabilized with a hydroxycarboxylic acid 1s described. Also
1n Patent Document 5, an 1ron hydroxide sol produced in the
presence of citric acid 1s described. For the production of
these sols, auxiliary components other than i1ron oxyhydroxide
and a solvent are required, the steps are also complicated,
and the remaining of a hydroxide of a metal other than iron, a
carboxylic acid, and the like that are components derived from
the auxiliary components 1s unavoidable. In addition, these
are stable when nearly neutral, but are not necessarily stable

when acidic.

In Patent Documents 6 and 7/, the use o0of {(-1iron
oxyhydroxide sols as raw materials of magnetic materials 1is
described, but these sols are commercial products and
correspond to the sols described i1in Patent Documents 3 to 5.
[0003]

In Patent Documents 8, 9, and 10, methods for producing
2
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1ron oxyhydroxide that can be used as an anion adsorbent are

described, but further forming a nanodispersion liquid with

the iron oxyhydroxide 1s unknown.

Prior Art Documents

Patent Documents

[0004]

Patent Document 1: Japanese

Publication (Translation of PCT Application) No.

(WO2002/026633)

Patent Document 2: Japanese
Publication No. 2013-226548
Patent Document 3: Japanese
Publication No. 9-77503

Patent Document 4: Japanese
Publication No. 2011-51836
Patent Document 5: Japanese
Publication No. 2006-182604
Patent Document 6: Japanese

Publication No. 2014-224027

unexamined

unexamined

unexamined

unexamined

unexamined

unexamined

Patent Document 7: W02016/047559

Patent Document 8: Japanese

Publication No. 2006-124239

unexamined

Patent Document 9: W02006/088083

Patent Document 10: Japanese unexamined Patent

Publication No. 2011-235222

Patent

Patent

Patent

Patent

Patent

Patent

Patent

Application

2004-509753

Application

Application

Application

Application

Application

Application

Application
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Summary of the Invention
Object to be Solved by the Invention
[0005]

In order to form a gstable nanodispersion liquid with
1ron oxyhydroxide, conventionally, a special production method
performed using auxiliary components in a solution of an iron
compound that 1s a raw material has been required. In
addition, the obtained dispersion 1liquid also commonly
contains components derived from the auxiliary components, and
a dispersion liquid containing these components as little as

possible has been reguired.

Means to Solve the Object
[0006]

The present i1inventors have found that a nanodispersion
liquid can  be easily  produced from particular 1ron
oxyhydroxide without using auxiliary components. For this, it
has been clarified that properties different from those of the
raw material are exhibited for the crystal structure and the

like. The present 1invention has been completed based on the
above findings.

[0007]

Specifically, the present invention relates to the

following i1nventions.

(1) A nanodispersion liquid in which particles comprising iron
oxyhydroxide as a main component and having an average
particle diameter d50 of 0.2 um or less and a d90 of 1 um or

less are dispersed 1in a solvent, the nanodispersion liquid
4
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comprising no other components than a substance derived from
at least either of an 1ron compound and a base, and a pH
adjusting agent. (2) The nanodispersion ligquid according to (1),
whereln an average crystallite diameter of the particles 1s 5
nm or less.

(3) The nanodispersion liquid according to (1) or (2), wherein
the i1ron oxyhydroxide is B-iron oxyhydroxide.

(4) The nanodispersion liquid according to (3), wherein a

'

shape of a crystal of the pP-iron oxyhydroxide is granular.

(5) The nanodispersion liquid according to (3) or (4), wherein
a part of hydroxyl groups of the p-iron oxyhydroxide are
replaced by chlorine ions, and a content of the chlorine is
0.5% by mass or more.

(6) The nanodispersion liquid according to any one of (1) to
(5), having a pH of 2.0 to 5.5.

(7) The nanodispersion liquid according to any one of (1) to
(6), wherein the solvent 1s water.

(8) The nanodispersion liquid according to any one of (1) to
(7), having an isoelectric point of pH 6.0 to 8.0.

(9) The nanodispersion liquid according to any one of (1) to
(8), wherein a solid content concentration of the dispersion
liquid 1s 5% by mass or more.

(10) The nanodispersion liquid according to any one of (1) to
(9), having a viscosity of 20 mPaes or less.

(11) A method for producing a nanodispersion liquid according
to any one of (1) to (10), comprising a step of wet-grinding a

solid comprising iron oxyhydroxide as a main component.
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Effect of the Invention

[0008]
By using the 1ron oxyhydroxide nanodispersion liquid of
the present invention, a nanodilspersion ligquid can be easily

produced without using auxiliary components.

Brief Description of Drawings

[0009]

[Figure 1] Figure 1 1is a diagram showing a TEM image of
1ron oxyhydroxide crystals obtained in Reference Example 1.

[Figure 2] Figure 2 1s a diagram showing the particle
size distribution of a nanodispersion liguid obtained in
Example 1.

[Figure 3] Figure 3 1s a diagram showing the zeta
potential of the nanodispersion liquid obtained in Example 1.

[Figure 4] Figure 4 1is a diagram showing a TEM image of
nanodispersed particles obtained in Example 1.

[Figure 5] Figure 5 1is a diagram showing the FFT

analysis results of the nanodispersed particles obtained in

Example 1.

Mode of Carrying Out the Invention

[0010]
(Nanodispersion liguid)

The nanodispersion liquid of the present invention is a
nanodispersion liquid in which particles comprising iron
oxyhydroxide as a main component and having an average

particle diameter d50 of 0.2 pm or less and a d90 of 1 um or

6



CA 03000938 2018-04-04

less are dispersed 1n a solvent.
[0011]

A nanodispersion liquid refers to a dispersion liquid in
which the so-called nanoparticles having a particle diameter
of 1 pym or less are dispersed 1n a liquid phase, and in which
the particles do not settle by standing or usual centrifugal
operation.

The particle diameter of the nanoparticles contained in
the nanodispersion liquid of the present invention 1is
preferably 0.01 to 1 um. The average particle diameter 1s
preferably 0.02 to 0.2 pm, more preferably 0.05 to 0.15 um.
[0012]

Iron oxyhydroxide includes an o type, a B type, a v type,
and an amorphous type according to the difference in crystal
structure. Among these, [-1ron oxyhydroxide 1is suitable as a
raw material of the nanodispersion 1liquid of the present
invention 1in terms of easily forming a nanodispersion liquid.
3-Iron oxyhydroxide 1s suitable for an adsorbent and excellent

particularly as an anion adsorbent.

In p-iron oxyhydroxide, generally, a part of the

hydroxyl groups are replaced by chlorine ions. When (-1ron
oxyhydroxide comes into contact with water in the process of
production or use, these chlorine ions are removed, and small
vacancles remain. It 1s considered that these vacancies are
involved in the adsorption of anions of fluorine and the like.
The property of easily forming a stable nanodispersion liquid

may also be related to these.
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The iron oxyhydroxide 1in the nanodispersion 1liquid of

the present invention 1s preferably [(-iron oxyhydroxide.

Further, the amount of chlorine i1ons contained 1n the (-
1ron oxyhydroxide crystal structure 1in the present invention
1s preferably 0.5 wt% or more. The amount of chlorine 1ions
contained 1n the B-i1ron oxyhydroxide crystal structure is more
preferably 1.5 wt% or more, further preferably 2 wt% or more,
and particularly preferably 3 wt% or more. The upper limit of
the amount of chlorine 1ons c¢ontained in the f-iron
oxyhydroxide crystal structure 1s not particularly limited but
1s usually 10 wt% or less.

[0013]

The nanodispersion liquid of the present invention
preferably contains no other components than a substance
derived from at 1least either of an iron compound that is
essential as a raw material and a base, a pH adjusting agent,
and a solvent. The pH adjusting agent in the present
invention means a strong acid or a strong base having no
buffer action. Specifically, examples of the acid include
hydrochloric acid, sulfuric acid, and nitric acid, and
examples of the base 1nclude sodium hydroxide and potassium

hydroxide. The pH adjusting agent more preferably contains no

other components than hydrochloric acid.

The nanodispersion 1liquid of the present invention
preferably does not contain an organic acid or a salt thereof,
an 1norganic weak acid or a salt thereof, a metal oxide or a
metal hydroxide (excluding iron oxide, iron hydroxide, and

1ron oxyhydroxide), or a dispersing agent.
8
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Conventionally, these components are commonly contained
in a dispersion of iron oxyhydroxide as auxilliary components
for dispersion stabilization, but 1in the present invention,
these auxiliary components need not be used 1n the production
process.

For the solids (referring to, of dispersoids and solutes,
components that are solids at ordinary temperature) 1in the
nanodispersion liquid of the present 1invention, it 1s
preferred that the content of an iron compound comprising main
component B-iron oxyhydroxlde is 99% by mass or more, and the
content of substances other than an iron compound 1% by mass
or less. The content of i1ron oxyhydroxide is more preferably
99% by mass, most preferably substantially 100% by mass.

The solid content concentration of the nanodispersion
liquid 1is preferably 5% by mass or more.

[0014]

In the 1ron oxyhydroxide used in the present invention,
the BET specific surface area is preferably 200 m2/g or more,
and the area distribution of pore volume (dV/dR) calculated by
the BJH method is preferably 100 to 300 mm3/g/nm.

[0015]

The 1liquid phase other than the nanoparticles in the
nanodispersion liquid of the present invention can be used
without problems as long as it 1s a uniform liquid phase. For
example, water, an organic solvent, a mixture consisting of a
plurality of water or organic solvent, or solutions comprising
these as maln components can be used, but water or an agueous

solution 1s preferably used. The solution preferably does not
9
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contaln an organic acid or a salt thereof, an i1inorganic weak
acid or a salt thereof, or a dispersing agent.

[0016]

The nanodispersion liquid of the present invention is

easlly produced as an aqueous dispersion liquid, and from the

aqueous dispersion liquid, a dispersion 1liquid in another
solvent such as an organic solvent can also be formed by
solvent displacement. For example, by performing solvent
exchange while mixing a solvent into the aqueous dispersion
liquid in an ultrafiltration membrane, a dispersion liquid in
the solvent can be obtained. By mixing a solvent having a
higher boiling point than water into the aqueous dispersion
ligquilid and removing water by a rotary evaporator or the 1like,
a dispersion liquid in the solvent can be obtained.

[0017]

The shape of the crystals of the nanodispersion liquid
of the present invention 1s preferably granular. Here,
granular means being not a needle shape or a plate shape, and
more specifically, the longitudinal length/latitudinal length
ratio of the crystal is 3 or less.

[0018]

The nanodispersion 1liquid of the present invention
preferably has an average crystallite diameter of 5 nm or less,
more preferably 3 nm or less, and most preferably 1 to 2 nm.

The nanodispersion liquid of the present invention is
characterized in that a primary particle consists of a large
number of crystallites. Specifically, the ratio of the

average particle diameter to the average crystallite diameter

10
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1s preferably 5 or more, more preferably in the range of 10 to
100.

The average crystallite diameter D 1s calculated £from

the diffraction line around 2 6 = 35° characteristic of B-iron
oxyvhydroxide 1in X-ray diffraction using the following Scherrer
equation:

D = KA/PB cos 6

wherein [ represents the half width of the true
diffraction peak obtained by correcting machine width due to
the apparatus, K represents the Scherrer constant, and A
represents the wavelength of X rays.

The nanodispersion liquid of the present invention can
be obtained by wet-grinding solid f-iron oxyhydroxide as
described later. Here, when solid B-iron oxyhydroxide having
an average crystallite diameter of about 5 to 6 nm is used as
the solid P-iron oxyhydroxide that 1s a raw material, the
average crystallite diameter of the obtained nanoparticles is
about 1 to 2 nm. The minimum particle diameter of these
nanoparticles 1s about 10 nm, which 1is larger than the
original average crystallite diameter, and therefore it 1is
consldered that a decrease 1in crystallite diameter occurs as
the physical effect of the grinding step, rather than the
crystallites being simply broken with a decrease in particle
diameter.

[0019]

The nanodispersion liquid of the present invention has

high stability on the acidic side of the isoelectric point.

This 1isocelectric point 1is preferably pH 5.5 to 8.0, more
11
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preferably pH 6.0 to 8.0, and further preferably pH 6.0 to 7.5.
The nanodispersion liquid has high stability at pH 1.5 to 4.0,
particularly pH 2.0 to 3.5.

The nanodispersion 1ligquid of the present invention 1is
stable when the solid content concentration of the dispersion
1s 5% by mass or more. The so0lid content concentration 1is
particularly preferably 5 to 10% by mass.

The nanodispersion ligquid of the present invention
preferably has a pH of 2.0 to 5.5, more preferably a pH of 2.5
to 5.5, and further preferably a pH of 3.0 to 4.5.

The nanodispersion liquid of the present invention has
relatively low viscoslity under  the above conditions.
Specifically, the viscosity 1s 5 to 20 mPaes, more preferably
10 to 15 mPaes. The viscosity can be measured by a B-type
viscometer.

The factor of the stability as described above that the
nanodispersion liquid of the present invention exhibits is not
necessarily clear, but 1t 1s presumed that the above-described
average crystalllite dlameter or a structural factor described

below 1s related.
[0020]

The nanodispersion liquid of the present invention is
characterized 1n that the pH increases significantly when
anions are adsorbed 1in an aqueous solution. This 1is
specifically shown by the following method.

150 mL of a potassium dihydrogen phosphate aqueous
solution having a concentration of 400 mg/L in terms of

phosphorus whose pH 1s adjusted at a certain value with

12
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hydrochloric acid is prepared. The nanodispersion liquild of

the present invention containing 1 g of nanoparticles is added
thereinto, and the mixture 1is stirred at room temperature.
After a certaln time, the aqueous phase 1s sampled, and the pH
1s measured. In this sampling method, the liquid phase can be
recovered by ultrafiltration, or centrifugation can Dbe
performed 1f necessary to recover the supernatant, because the
nanoparticles 1in the nanodispersion 1liquid of the present
invention aggregate or precipilitate naturally when adsorbing
anions.

In the nanodispersion liquid of the present invention,
the pH of the aqueous solution after 1 hour increases by 0.5
or more with respect to the higher value of either 3.5 or the
pH o©of the added nanodispersion 1liquid when the pH of the
agqueous solution 1s adjusted at 3.5 in this method.

In contrast to this, p-1iron oxyhydroxide that can be
used as a material of the nanodispersion liquid of the present
invention hardly brings about a change 1in the pH of the
aqueous solution in a state of not having been subjected to
Lreatment such as grinding, even if anions are adsorbed by the
same method.

[0021]

The cause o0f these 1s presumed as follows. In B-1iron
oxyhydroxide not subjected to treatment such as grinding, the
hydroxyl groups are 1n pores large anions such as phosphate
1ons cannot easily reach. Such pores are formed particularly
by the elimination of the chlorine ions. On the other hand,

1n the nanodispersion 1liquid of the present invention, such
13
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pore structures are broken, and therefore anions easily reach

the vicinity of the hydroxyl groups.

Even [(-1iron oxyhydroxide not subjected to treatment such

as grinding can adsorb phosphate ions though the adsorption
rate 1s slow, because i1t has large vacancies.

In the nanodispersion liquid of the present invention,
following this, the adsorbed anions are exchanged for the
hydroxyl groups, and the adsorbent changes into a form in
which the anions are directly bonded to the adsorbent, and at
the same time the hydroxyl groups are released into water as
hydroxyl ions. Therefore, the pH of the aqueous solution
lncreases. But, it 1s presumed that in PB-iron oxyhydroxide
not subjected to treatment such as grinding, such replacement
does not occur, and therefore an increase in pH also does not
occur.

From the above, 1t 1S considered that 1n the
nanodispersed adsorbent, anions are not only simply adsorbed
but subsequently bonded to the adsorbent and are in a state of
not dissociating easily, and therefore a significant
adsorption effect in which the adsorption rate and the final
amount adsorbed are both very high is exhibited.

10022]

The method for producing the adsorbent particle of the
present 1nvention 1s not necessarily limited, but a production
method comprlising the step of wet-grinding a solid comprising
B-1ron oxyhydroxide as the main component is particularly
preferred.

[0023]
14
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As the above solid comprising [(-iron oxyhydroxide as the
mailn component, a dry gel obtained by a method comprising the
step of reacting an 1ron compound-containing solution with a
base to form a precipitate at pH 9 or less 1s preferred. This
production method 1is described, for example, in Patent
Documents 8, 9, and 10.

As the above 1ron compound, an 1ron salt, particularly a
trivalent 1ron salt, 1s preferred. Specific examples can
include ferric chloride, ferric sulfate, and ferric nitrate.
Among these, particularly ferric chloride is preferred.

The above base 1s used for neutralizing an acidic iron
compound agqueous solution to form a precipitation comprising
1ron oxyhydroxide. Specific examples can include an inorganic
base such as sodium hydroxide, potassium hydroxide, calcium
hydroxide, ammonia, sodium carbonate, potassium carbonate, or
calcium carbonate. Among these, particularly sodium hydroxide
1s preferred.

The pH 1n the formation of a precipitate 1is more
preferably adjusted 1n the range of pH 3.3 to 6. A pH
adjusting agent may be used if necessary in order to adjust
this pH. As the pH adjusting agent, a substance having buffer
action 1s excluded because of difficult removal. Specific
examples 1nclude the base as described above and an inorganic
strong acid such as hydrochloric acid, sulfuric acid, or
nitric acid.

The precipitate comprising iron oxyhydroxide as the main
component obtained by the above method can be recovered by

filtration, and when the precipitate is dried, a dry gel forms.

15
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(0024]

Further, after the above step, the step of drying the
precipitate, and the step of bringing the dried material 1into
contact with water followed by drying are preferably carried
out.

The above two drying steps are preferably performed at
140°C or less, more preferably 100 to 140°C. For the drying
temperature, at low temperature, time is required, which 1is
not suitable for efficient production. At high temperature,
1ron oxyhydroxide changes to 1ron oxide, which 1s not
preferred. The drying can be performed in air, in a vacuum,
OY 1in an 1inert gas.

It 1s considered that 1in the step of bringing the dried
material 1nto contact with water, 1mpurities such as sodium
chloride dissolve and leave pores behind, and the specific
surface area 1increases.

After the dried material 1s brought into contact with
water, the water 1s removed followed by drying again. This
drying step 1s also preferably performed under the same

conditions as the above.

The dry gel obtained by the above method comprises (-
iron oxyhydroxide as the main component.

[0025]

The nanodispersion liquid of the present invention can
be used as a pigment, a magnetic material, a catalyst, an
adsorbent, or a raw material for producing them. When the
nanodispersion liquid of the present invention is dried, it

can pbe molded 1nto wvarious shapes and can also allow an

16
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inorganic material to adhere firmly, and therefore 1t 1is

suitable for a binder application.

Example
[0026]

The present invention will be explained more
specifically below referring to Examples, but the present
invention 1s not intended to be limited to the following
Examples.

[0027]
Measurement Methods
(Powder X-Ray Diffraction)

The X-ray diffraction (XRD) pattern was measured usling
an X-ray diffraction apparatus, Ultima IV (manufactured Dby
Rigaku Corporation). For the measurement, a CuKua tube was
used. The average crystallite diameter was calculated from
the XRD according to the Scherrer equation.

(Specific Surface Area)

The specific surface area was measured by a gas
adsorption method using a specific surface area measuring
apparatus, MacsorbHM 1210 (manufactured by Mountech Co., Ltd.).
(TEM Observation and FFT Analysis)

The TEM (transmission electron microscope) observation
of a sample was performed using a transmission electron
microscope, JEM 2010F (manufactured by JEOL Ltd., acceleration
voltage of 200 kV). FFT (fast Fourier transform) analysis
according to this was performed using Digital Micrograph

manufactured by Gatan, Inc.
17
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(Content of Chlorine Ions in Iron Oxyhydroxide)

An 1ron oxyhydroxide sample was dissolved 1in 3 M
sulfuric acid, and then the solution was diluted with an
alkall solution to precipitate iron. The solution was
filtered through a filter, and the filtrate was recovered.
Determination of the quantity of chlorine ions was performed
by 1on chromatography (DX-500 model manufactured by Nippon
Dionex K.K.).

(Viscosity of Dispersion Ligquid)

Measurement was performed at 20°C by a tuning fork vibro
viscometer, SV-10 (manufactured by A&D Company, Limited).
(Particle Size Distribution of Dispersion Liquid)

Regarding the particle diameter of micron order of a
dispersion liquid, the volume-based cumulative 50% particle
diameter (D50) and the volume-based cumulative 90% particle
dliameter (D90) were measured using a laser
diffraction/scattering particle size distribution measuring

apparatus, LA-920 (manufactured by HORIBA, Ltd.).

The particle diameter, particle size distribution,
cumulative 50% particle diameter (D50), and cumulative 90%
particle diameter (D90) of a nanodispersion 1liquid were

measured using a dynamic 1light scattering particle size
distribution measuring apparatus, Zetasilizer Nano S
(manufactured by Spectris Co., Ltd.).
(Zeta Potentilal of Dispersed Particles)

The zeta potential was measured using Nanotrac (Nanotrac

Wave U4152, manufactured by NIKKISO CO., LTD.).

18
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[0028]
Reference Example 1 (Production of Iron Oxyhydroxide)

A sodium hydroxide (NaOH) aqueous solution was dropped
into a ferric chloride (FeCl;) aqueous solution at room
temperature while the pH was adjusted at 6 or less, to cause a
reaction with the final amount of NaOH added set at NaOH/FeCl;
(molar ratio) = 2.75, thereby obtaining a particle suspension
of 1ron oxyhydroxide. The average particle diameter d50 of
Che particles in the obtained suspension was 17 um.

The suspension was filtered, and then the residue was
dried 1n alr at 120°C, washed with ion-exchanged water, and
further dried in air at 120°C to obtain a powder of iron
oxyhydroxide (powder A).

The particle diameter of the iron oxyhydroxide powder
(powder A) obtained by the above was 0.25 mm to 5 mm. It was

confirmed by X-ray diffraction that the crystal structure was

that of {-iron oxyhydroxide, and the average crystallite
diameter was 5 nm.

The state 1n transmission electron microscope (TEM)
observation 1is shown in Figure 1. The crystal shape was
granular. The crystallite diameter according to TEM
observation was 5 to 10 nm, the individual crystals were
granular, and these coagulated to form particles.

The specific surface area was 280 m?2/g, and the chlorine
ion content was 5.8 wt¥%.

[0029]

The above 1iron oxyhydroxide powder was dry-ground to a

particle diameter of about 300 pum or less in a pin mill to
19
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obtain a powder. The powder was used for the following.

[0030]

Example 1 (Production of Iron Oxyvhydroxide Nanodispersion
Liquid)

The above iron oxyhydroxide ground material was mixed
into i1on-exchanged water to a solid content concentration of
10% by mass and then coarsely ground in a bead mill (zirconia
beads, bead diameter of 1 mm) for 30 minutes (dispersion
liguid B). The coarsely ground material was further ground 1n
a bead mill (zlirconila beads, bead diameter of 0.1 mm) for 60
minutes. By this grinding, the brown suspension liquid
(dispersion 1liquid B) changed to a black and substantially
transparent nanodispersion ligquid (nanodispersion liquid C).

When the nanodispersion liquid C was thinly spread and
dried, a film was obtained. When the nanodispersion ligquid C
was thickly spread and dried, hard particles similar to the
powder A were obtalined. The nanodispersion ligquid C also had
the binder function of adhering firmly when dried on a support,
and was molded into various shapes though inorganic material.

Further, everl when 1 year elapsed with the
nanodispersion liquid C Dbeing at zroom temperature, the
nanodispersion liquid C did not gel and was stable though the
particles settled slightly, and a dispersion state was easily
recovered when the nanodispersion liguid C was stirred.

[0031]

The pH of the obtained nanodispersion liquid C was 3.1.

The viscosity (20°C) was 10.9 mPaes.

The specific surface area of the nanodispersed particles
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was 285 m?/g.

The particle size distribution is shown 1in Figure 2.
The average particle diameter d50 was 0.05 pm, and the d90 was
0.19 um.

The zeta potential measurement results are shown 1n
Figure 3. The 1soelectric point was pH 7.1, and at pH 3.1,
the particles were positively charged.

[0032]

The nanodispersion liquid C was dried at 50°C. This
dried material was subjected to X-ray diffraction, TEM
observation, and the fast Fourier transform (FFT) analysis of
a TEM 1mage. The TEM image 1s shown in Figure 4, and the FFT
analysis results are shown i1in Figure 5. The average particle
diameter was about 3 nm, the shape of the crystals according
to the TEM observation was granular, and most particles were

crystal particles 1in which crystal stripes were observed.

These were 1dentified as (-iron oxyhydroxide crystals from

lattice spacing obtained by the FFT analysis.
[0033]

From the above, it was seen that the obtained
nanodlispersion liquid had high stability, and the

nanodispersed particles contained in the nanodispersion liquid

were formed Dby the coagulation of microcrystals of f-iron

oxyhydroxide having high crystallinity.
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CLAIMS

1. A nanodispersion liquid in which particles comprising 1ron
oxyhydroxide as a maln component and having an average
particle diameter 450 of 0.2 um or less and a d90 of 1 um or
less are dispersed in a solvent, the nanodispersion 1liquid
comprising no other components than a substance derived from

at least either of an 1ron compound and a base, and a pH

adjusting agent.

2. The nanodispersion liquid according to claim 1, whereln an
average crystallite diameter of the particles is 5 nm or less.
3. The nanodispersion 1liquid according to c¢laim 1 or 2,

wherein the i1ron oxyhydroxide 1s [(-iron oxyhydroxide.

4., The nanodispersion liquid according to c¢laim 3, wherelin a

shape of a crystal of the B-iron oxyhydroxide 1s granular.

5. The nanodispersion ligquid according to c¢laim 3 or 4,
whereln a part of hydroxyl groups of the [(-iron oxyhydroxide
1s replaced by chlorine 1ons, and a content of the chlorine 1is

0.5% by mass or more.

6. The nanodispersion liqulid according to any one of claims 1

to 5, having a pH of 2.0 to 5.5.

7. The nanodispersion liquid according to any one of claims 1

to 6, wherein the solvent i1s water.
22
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8. The nanodispersion liquid according to any one of claims 1

to 7, having an 1i1isoelectric point of pH 6.0 to 8.0.

9. The nanodispersion liquid according to any one of claims 1
to 8, wherein a solid content concentration of the dispersion

ligquid 1s 5% by mass or more.

10. The nanodispersion liquid according to any one of claims 1

to 9, having a viscosity of 20 mPaes or less.

11. A method for producing a nanodispersion liquild according
to any one of c¢laims 1 to 10, comprising a step of wet-
grinding a solid comprising 1ron oxyhydroxide as a main

component.
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[Figure 3]
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[Figure 4]
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