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(57) Abréegée/Abstract:

Provided Is a method of producing an electrode material precursor having a core-shell structure in which the particle size Is
extremely small and the particle diameter is uniform, and a method of efficiently producing an electrode material using the obtained
precursor. The method Is for producing an electrode material precursor having a core-shell structure in which an active material
core Is coated with polyaniline, wherein an oxidizing agent is added to a solution containing aniline and an active raw material to
generate fine active material particles, and aniline is polymerized at the surface of the fine particles. An electrode material having a
core-shell structure In which an active material core Is coated with carbon Is produced by subjecting the electrode material
precursor obtained in the foregoing production method to heat treatment in a reduction atmosphere at 300 to 900°C.
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ABSTRACT

Provided is a method of producing an electrode material precursor having a
core-shell structure in which the particle size is extremely small and the particle
diameter is uniform, and a method of efficiently producing an electrode material using
the obtained precursor. The method is for producing an electrode material precursor
having a core-shell structure in which an active material core is coated with
polyaniline, wherein an oxidizing agent is added to a solution containing aniline and
an active raw material to generate fine active material particles, and aniline is
polymerized at the surface of the fine particles. An electrode material having a
core-shell structure in which an active material core is coated with carbon Is
produced by subjecting the electrode matenal precursor obtained in the foregoing
production method to heat treatment in a reduction atmosphere at 300 to 900°C.
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DESCRIPTION

METHOD OF PRODUCING ELECTRODE MATERIAL PRECURSOR AND
ELECTRODE MATERIAL USING THE ELECTRODE MATERIAL PRECURSOR

TECHNICAL FIELD

The present invention relates to a method of producing an electrode
material precursor having a core-shell structure for use in a lithium secondary battery
and the like, and to a method of producing an electrode material using the obtained

electrode material precursor.

BACKGROUND ARTS

Conventionally, as an electrode material for use in various secondary
batteries such as a lithium secondary battery, various electrode materials having a
core-shell structure in which coating made of a conductive substance is formed on
the surface of an active material core made of oxides of metals such as lithium,
manganese have been proposed. Moreover, as coating made of a conductive
substance, the production of an electrode material coated with polymer such as
polyaniline by polymerizing a polymeric compound at the surface of active material

core particles is also known (for example, refer to Patent Documents 1 to 3).

[Patent Document 1] Japanese Unexamined Patent Application Publication No. 2001-118570
[Patent Document 2] Japanese Unexamined Patent Application Publication No. 2002-358959
[Patent Document 3] Japanese Examined Patent Application Publication No. 2007-522619

DISCLOSURE OF THE INVENTION

Nevertheless,. the technologies described In the foregoing Patent
Documents oxidize and polymerize the polymeric compound in a liquid with active
material core particles, which were prepared in advance, dispersed therein. Thus, if
the active material core particle size becomes small it is difficult to disperse the active
material core particles in the liquid uniformly, and, since the size of the particles will

iIncrease due to flocculation and growth, it was extremely difficult to obtain an
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electrode material or its precursor having a core-shell structure in which the particle
size is extremely small and the particle diameter is uniform.

[0005] Accordingly, an object of this invention is to resolve the problems of the
foregoing conventional technologies and provide a method for producing an
electrode material precursor having a core-shell structure in which the particle size is
extremely small and the particle diameter is uniform, and a method for efficiently
producing an electrode material using the obtained precursor.

[0oo6] (Means for Solving the Problems)

As a result of intense study, the present inventors discovered that the
foregoing problems can be resolved by adding an oxidizing agent to a solution
containing aniline and an active raw material to generate fine active material particles,
and by polymerizing aniline at the surface of the fine particles, and thereby completed
this invention.

Specifically, the present invention adopts the configuration of 1 to 11 below.
1. A method of producing an electrode material precursor having a core-shell
structure in which an active material core I1s coated with polyaniline, wherein an
oxidizing agent is added to a solution containing aniline and an active raw material to
generate fine active material particles, and aniline is polymerized at the surface of the
fine particles.

2. The method of producing an electrode material p.recursor according to
paragraph 1 above, wherein the average particle diameter of the electrode material
precursoris 5 to 1,000 nm.

3. The method of producing an electrode material precursor according to

paragraph 1 or paragraph 2 above, wherein phosphate is used as the active raw
material and salt of trivalent iron is used as the oxidizing agent in order to obtain an
electrode material precursor having a core of FePQOy, iron (lll) phosphate.

4. The method of producing an electrode material precursor according to
paragraph 1 or paragraph 2 above, wherein Ti(OC,H2n+1)s is used as the active raw
material (wherein n represents an integer of 1 to 5 in the formula), and (NH4).S,0g or
salt of trivalent iron is used as the oxidizing agent in order to obtain an electrode
material precursor having a core of TiO..

D. The method of producing an electrode material precursor according to

paragraph 1 or paragraph 2 above, wherein an aqueous solution of permanganate is

added to an organic solvent solution containing aniline in order to obtain an electrode
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material precursor having an active material core of MnQO..

6. A method of producing an electrode material having a core-shell structure

in which an active material core is coated with carbon, wherein the electrode material
precursor obtained in the method according to any one of paragraphs 1 to 5 above is
subject to heat treatment in a reduction atmosphere at 300 to 900°C.

7. The method of producing an electrode material according to paragraph 6
above, wherein the heat treatment is performed in a reduction atmosphere containing
0.1 to 10% (volume %) of hydrogen.

8. The method of producing an electrode material according to paragraph 6 or
paragraph 7 above, wherein the electrode material obtained in the method according
to paragraph 3 above is subject to the heat treatment in the reduction atmosphere In
the presence of lithium salt and sugar in order to obtain an electrode material having
an active material core of LIFePOQs.

9. The method of producing an electrode material according to paragraph 6 or
paragraph 7 above, wherein the electrode material obtained in the method of
paragraph 4 above is subject to the heat treatment in the reduction atmosphere in the
presence of lithium salt in order to obtain an electrode material having an active
material core of LigTi5013.

10. The method of producing an electrode material according to paragraph 6 or
paragraph 7 above, wherein the electrode material obtained in the method of
paragraph 5 above is subject to the heat treatment in the reduction atmosphere In
order to obtain an electrode material having an active material core of Mn3;04.

11. The method of producing an electrode maternal according to any one of

paragraphs 6 to 10 above, wherein the average particle diameter of the electrode

material is 5 to 1,000 nm.

[0007)(Effect of the Invention)

The present invention yields the following prominent effects as a result of
adopting the foregoing configuration.
(1) Since the polyaniline coating is formed by using a solution with a raw
material substance of an active material core dissolved therein, and not a liquid with
an active material core dispersed therein, and polymerizing aniline at the surface of
fine particles that are obtained simultaneously with generating active material core
fine particles in the solution, it is possible to inhibit the growth and flocculation of the

active material core fine particles, and efficiently obtain an electrode material
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precursor having a core-shell structure in which the particle size Is extremely small
and the particle diameter is uniform.

(2) As a result of subjecting the obtained electrode material precursor having a
core-shell structure coated with polyaniline to heat treatment in a reduction
atmosphere at 300 to 900°C, it is possible to efficiently produce an electrode material
with superior characteristics having a core-shell structure in which its active materal
core Is coated with carbon, the particle size Is extremely small, and the particle

diameter is uniform.

BRIEF DESCRIPTION OF DRAWINGS

[Fig. 1] Fig. 1 I1s a diagram explaining the reaction process for producing the
electrode material precursor and the electrode material in the first embodiment of the
present invention.

(Fig. 2] Fig. 2 I1s an image of the electrode material precursor obtained in Example
1 taken with a transmission electrode microscope.

[FIg. 3] Fig. 3 Is an image of the electrode material obtained in Example 2 taken
with an electron microscope, and an X-ray diffraction diagram thereof.

[Fig. 4] FIg. 4 is a diagram showing the electrode characteristics of the electrode
material obtained in Example 2.

[Fig. 5] Fig. 5 is an image of the electrode material obtained in Exampie 4 taken
with a transmission electron microscope.

[Fig. 6] Fig. 6 is an image of the electrode material obtained in Example 6 taken

with a transmission electron microscope.
BEST MODE FOR CARRYING OUT THE INVENTION

The present invention produces an electrode material precursor having a
core-shell structure in which an active material core is coated with polyaniline by
adding an oxidizing agent to a solution containing aniline and an active raw material
to generate fine active material particles, and by polymerizing aniline at the surface of
the fine particles.

Subsequently, the obtained electrode material precursor is subject to heat
treatment in a reduction atmosphere at 300 to 900°C in order to carbonize the

polyaniline coating, and obtain an electrode material having a core-shell structure in

-4 -
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which an active material core is coated with carbon.

Embodiments of the present invention are now explained in order, but the
present invention shall not be limited to the specific examples.
(First embodiment)

In the first embodiment of the present invention, phosphate I1s used as the
active raw material and salt of trivalent iron is used as the oxidizing agent in order to
obtain an electrode material precursor having a thin polyaniline coating (shell) and In
which the active material core is FePOg4 iron (lil) phosphate.

As the phosphate to be used as the active raw material, for example,
monoammonium phosphate (NH4H>PO4), diammonium phosphate ((NH4).HPQO.,),
triammonium phosphate ((NH4)3PO4) may be used. And, as examples of the salt of
trivalent iron to be used as the oxidizing agent, FeCl;, Fe(NO)3, Fe(CH3;COOQ)3, may
be used.

As the specific procedures of this embodiment, for example, an agueous
solution containing phosphate and aniline Is agitated, and an aqueous solution
containing salt of trivalent iron is delivered therein in drops. The reaction will
advance according to the following Chemical Formulae (1) and (2). However, since
the rate of reaction of Formula (1) is faster than the rate of reaction of Formula (2),
FePQO, foremost becomes precipitated as fine particles, and the oxidation and
polymerization of aniline at the surface of the generated fine FePO, particles
subsequently take place. Here, the salt of trivalent iron functions as a precipitant in
Formula (1) and as an oxidizing agent in Formula (2).

Fe**+P0,> — FePO, (precipitates as fine particles) (1)

FePO4 (corey FE3™+ (aniline), — FEPOy4 (core) POlyaniline (spen (2)

Since the polyaniline coating formed on the surface of the fine FePO,
particles effectively inhibit the growth and flocculation of the size of the fine particles,
it Is possible to efficiently obtain an electrode material precursor having a core-shell
structure In which the particle size is extremely small and the particle diameter is
uniform.

By subjecting the obtained electrode material precursor having a core-shell
structure in which the polyaniline coating is formed on the surface of the fine FePQ,
particles to heat treatment, for example, in a reduction atmosphere containing 0.1 to
10% (volume %) of hydrogen at a temperature of 300 to 900°C in the presence of

lithium salt and sugar, it is possible to obtain an electrode material having a

_5...
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core-shell structure coated with carbon and having an active material core of
LIFePQg4. Since this electrode material has a core-shell structure in which the particle
size Is extremely small and the particle diameter is uniform, it exhibits extremely
superior properties as an electrode material for configuring a lithium secondary
battery.

The reaction process for producing the foregoing electrode material
precursor and electrode material is shown in Fig. 1. Moreover, the specific
procedures are described in the following Examples.

(Example 1)

While agitating an aqueous solution in which 2.62 g of NH4H,PO4 and 1 ml
of aniline were dissolved in 200 ml of distilled water, an aqueous solution in which 3.7
g of FeCl; were dissolved in 100 ml of distilled water was gradually added to the
foregoing aqueous solution, and this was agitated for 5 hours at room temperature.
Composite particles having a core-shell structure in which polyaniline (PANI) coating
was formed on the surface of the obtained fine FePO, particles were filtered and
washed 7 times with distilled water to obtain an electrode material precursor having
an average particle diameter of 20 to 40 nm. The image of the obtained FePQO,
(core)/PANI (shell) electrode material precursor taken with a transmission electron

microscope is shown in Fig. 2.

[0014] (Example 2)

[0015]

The FePO,4 (core)/PANI (shell) electrode material precursor obtained in
Example 1 was mixed with CH3COOLi of an equivalent molar amount as FePQ, and
approximately 25 wt% of sugar relative to the foregoing raw materials, and
homogenized by performing milling for 1 hour. Subsequently, moisture was
eliminated by heating the foregoing electrode material precursor in an Ar atmosphere
containing 5 volume % of hydrogen at 400°C for 4 hours, and additionally performing
heat treatment thereto in an Ar atmosphere containing 5 volume % of hydrogen at
700°C for 15 hours in order to obtain an electrode material having a core-shell
structure coated with carbon in which the average particle diameter is 20 to 40 nm
and the active material core is LiFePO,.

The image of the obtained electrode material taken with an electron
microscope and an X-ray diffraction diagram thereof are shown in Fig. 3.

Fig. 3a Is the image of the scanning electron microscope (SEM), Figs. 3b to
3d are the images of the transmission electron microscope (TEM), and Fig. 3e is the

...6_
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X-ray diffraction diagram.

Fig. 3a shows the structure where numerous primary particles have
flocculated. According to Figs. 3b and 3c, the particle diameter of these primary
particles is 20 to 40 nm, and it was confirmed that the respective primary particles
are completely coated with carbon coating that was formed based on the
carbonization of polyaniline.

Moreover, upon comparing Fig. 2 and Fig. 3, it is evident that the growth of
LiFePOQ, is effectively inhibited with the electrode material of Example 2 having a
core-shell structure coated with carbon and an active material core of LiIFePQ,4 which
was obtained by performing heat treatment to the electrode material precursor
obtained in Example 1.

[0016] (Electrode characteristics of electrode material)

The electrode characteristics of the electrode material obtained in Example
2 were measured as follows.

The electrode material having a core-shell structure coated with carbon and
with a core of LiIFePO4 obtained in Example 2 was mixed with 12% of conductive
additive (Acetylene Black) and 5% of binder (PTFE = Polytetrafluoroethylene), and a
lithium 1on battery was prepared with the EC/DMC (1/1 volume ratio) as the positive
electrode of the lithium ion battery and an electrolytic solution, and metallic lithium as
the negative electrode. The results upon evaluating the performance of the
obtained battery are shown in Fig. 4.

As shown in Fig. 4, if current of 0.1 A/g (corresponds to 0.6 C) is
discharged, a capacity of the approximate logical capacity value of 168 mAh/g was
obtained. Also, owing to coated carbon shell, a capacity of 90 mAh/g was obtained
even If a large current of 10 A/g (corresponds to 60 C) is discharged. This is
currently the world's highest rate characteristics of LiFePO,4. In addition, hardly any
deterioration in the capacity was observed even after 1100 charge/discharge cycles
at approximately 100% of SOC and DOD (State of Charge and Depth of Discharge).

[0017] (Second embodiment)

In the second embodiment of the present invention, Ti(OC,H2,+1)s Was
used as the active raw material (wherein n represents an integer of 1 to 5 in the
formula), and (NH4)2S20s or salt of trivalent iron was used as the oxidizing agent in
order to obtain an electrode material precursor having an active material core of TiO,.

As a preferred active raw material, for example, Ti(OC3H;)4 may be used.
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Moreover, as a preferred oxidizing agent, (NH4).S2,0g may be used, but the salt of
trivalent iron used in the foregoing first embodiment may also be used.

An example of the procedures for producing the electrode material
precursor and electrode material according to the second embodiment Is now
explained based on the following Examples.

(Example 3)

While agitating an aqueous solution in which 2.0 g of Ti(OC3sH7)4 and 1 ml
of aniline were dissolved in 200 ml of distilled water, an aqueous solution in which 2.3
g of (NH4)2.S.05 were dissolved in 100 ml of distilled water was gradually added to
the foregoing aqueous solution, and this was agitated for 6 hours at 60°C.
Composite particles having a core-shell structure in which polyaniline (PANI) coating
was formed on the surface of the obtained fine TiO, particles were filtered and
washed several times with distilled water to obtain an electrode material precursor

having an average particle diameter of 20 to 80 nm.

[0019] (Example 4)

The TiO, (core)/PANI (shell) electrode material precursor obtained in
Example 3 was mixed with CH3;COOLI of an equivalent molar amount as TiO, and
homogenized by performing milling for 1 hour. Subsequently, moisture was
eliminated by heating the foregoing electrode material precursor in an Ar atmosphere
containing 5 volume % of hydrogen at 400°C for 4 hours, and additionally performing
heat treatment thereto in an Ar atmosphere containing 5 volume % of hydrogen at
850°C for 24 hours in order to obtain an electrode material having a core-shell
structure coated with carbon in which the average particle diameter is 20 to 40 nm
and the active material core is LisTisO12. The image of the obtained LisTisOq2
(core)/PANI (shell) electrode material taken with a transmission electron microscope
IS shown in Fig. 5.

[0020] (Third embodiment)

[0021]

In the third embodiment of the present invention, an aqueous solution of
permanganate is added to a CCls organic solvent solution containing aniline in order
to obtain an electrode material precursor having an active material core of MnO,.

An example of the procedures for producing the electrode material
precursor and electrode material according to the third embodiment is now explained
based on the following Examples.

(Example 5)
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By adding an aqueous solution in which 0.1 g of KMnO4 were dissolved in
100 ml of distilled water while agitating a solution in which 2 ml of aniline was
dissolved in 100 ml of distilled water, fine MnO, particles were generated at the
interface of CCls and water, and composite particles having a core-shell structure in
which polyaniline coating was formed on the surface of the fine particles were
obtained. The composite particles were filtered and washed with distilled water to
obtain an electrode material precursor having an average particle diameter of 20 to
40 nm.

(Example 6)

By heating the MnO, (core)/PANI (shell) electrode material precursor
obtained In Example 5 in an Ar atmosphere at 400°C for 1 hour, an electrode
material having a core-shell structure coated with carbon with an average particle
diameter of 20 to 40 nm and having an active material core of Mn3;O,4 was obtained.

The image of the obtained Mn3;O4 (core)/C (shell) electrode material taken

with a transmission electron microscope is shown in Fig. 6.
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CLAIMS

1. A method of producing an electrode material precursor having a core-shell
structure in which an active material core is coated with polyaniline, wherein an
oxidizing agent is added to a solution containing aniline and an active raw material to
generate fine active material particles, and aniline is polymerized at the surface of the
fine particles.

2. The method of producing an electrode material precursor according to
claim 1, wherein the average particle diameter of the electrode material precursor is
5 to 1,000 nm.

3. The method of producing an electrode material precursor according to
claim 1 or claim 2, wherein phosphate is used as the active raw material and salt of
trivalent iron Is used as the oxidizing agent in order to obtain an electrode material
precursor having a core of FePOQy4 iron (lll) phosphate.

4 The method of producing an electrode material precursor according to
claim 1 or claim 2, wherein Ti(OC,H2n+1)4 IS Used as the active raw material (wherein
n represents an integer of 1 to 5 in the formula), and (NH4)>,S20g or salt of trivalent
Iron Is used as the oxidizing agent in order to obtain an electrode material precursor
having a core of TiOx.

5. The method of producing an electrode material precursor according to
claim 1 or claim 2, wherein an aqueous solution of permanganate is added to an
organic solvent solution containing aniline in order to obtain an electrode material
precursor having an active material core of MnO..

6. A method of producing an electrode material having a core-shell structure
In which an active material core is coated with carbon, wherein the electrode material
precursor obtained in the method according to any one of claims 1 to 5 is subject to
heat treatment in a reduction atmosphere at 300 to 900°C.

7. The method of producing an electrode material according to claim 6,
wherein the heat treatment is performed in a reduction atmosphere containing 0.1 to
10% (volume %) of hydrogen.

8. The method of producing an electrode material according to claim 6 or
claim 7, wherein the electrode material obtained in the method of claim 3 is subject to
the heat treatment in the reduction atmosphere in the presence of lithium salt and

sugar in order to obtain an electrode material having an active material core of

- 10-
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LiFePOQOys.

9. The method of producing an electrode materiai according to claim 6 or
claim 7, wherein the electrode material obtained in the method of claim 4 is subject to
the heat treatment in the reduction atmosphere in the presence of lithium salt in order
to obtain an electrode material having an active material core of LisTisOq2.

10. The method of producing an electrode material according to claim 6 or
claim 7, wherein the electrode material obtained in the method of claim 5 is subject to
the heat treatment in the reduction atmosphere in order to obtain an electrode
material having an active material core of Mn304,.

11. The method of producing an electrode material according to any one of
claims 6 to 10, wherein the average particle diameter of the electrode material is 5 to
1,000 nm.

-11_
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