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(57) ABSTRACT

A method for producing a carbon material including an
oxidation step of oxidizing an ashless coal, a forming step of
mixing an oxidized ashless coal obtained in the oxidation
step and an unoxidized ashless coal and forming a mixture
thereof, and a carbonization step of carbonizing a formed
body obtained in the formation step. Percentage of increase
in oxygen of the oxidized ashless coal obtained in the
oxidation step is from 2.0 to 10.0%. A mixing ratio of the
oxidized ashless coal in the forming step is from 60 to 95
parts by mass per 100 parts by mass of a total of the oxidized
ashless coal and the unoxidized ashless coal.

8 Claims, 1 Drawing Sheet
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1
CARBON MATERIAL PRODUCTION
METHOD AND CARBON MATERIAL

TECHNICAL FIELD

The present invention relates to a method for producing a
carbon material, more specifically, a method for producing
a carbon material having a high purity and a high density and
being used as a structural member, an electrical or electronic
material, a metal reducing agent, etc., and a carbon material.

BACKGROUND ART

A high-density carbon material is excellent in the heat
resistance and chemical stability, and electrically conductive
and therefore, is widely used as a structural member or an
electrical or electronic material. In addition, since carbon
exhibits a capability of reducing many metal oxides at a high
temperature, the carbon material is also used as a metal
reducing agent for refining titanium or the like.

As the method for producing a high-density carbon mate-
rial, there is known a method where an aggregate component
having a high carbon content and undergoing carbonization
without melting, such as coke, and a binder component
having thermoplastic properties and capable of binding
aggregates with each other and moreover, being carbonized,
such as coal tar pitch, are mixed and the mixture is formed,
followed by subjecting to a heating (carbonization) treat-
ment at a high temperature, thereby achieving the carbon-
ization thereof. This method has a problem that the actual
carbon ratio of the binder component is low, and one
carbonization treatment allows for the presence of a void,
leading to a carbon material having a small density. Accord-
ingly, the carbon material after the carbonization treatment
is impregnated with the binder component and again treated
for carbonization and is necessary to be densified by repeat-
ing such a process many times. In turn, the production
process of a high-density carbon material becomes cumber-
some, and the production also takes a long period of time, as
a result, the productivity is low and the high-density carbon
material is expensive.

As the method for producing a high-density carbon mate-
rial without use of a binder, a high-density carbon material
using a carbon raw material having self-sinterability has
been proposed. The self-sinterability is such a property that
the material can be formed without addition of a binder
component and when it is heat-treated, it is carbonized while
maintaining the shape.

As a representative example of the carbon material having
self-sinterability, a mesocarbon microbead is known.

Recently, from the standpoint of enhancing the quality in
various applications, the content of impurities (so-called
ash) other than carbon in the carbon material is required to
be small, but since conventional carbon raw materials have
a large impurity content, it has been difficult to provide a
high-purity carbon material.

As regards a carbon raw material having a small impurity
content, use of ashless coal containing substantially free of
ash is being studied (for example, Patent Document 1).
However, ashless coal has high thermal fluidity and has a
property of melting at 200 to 300° C. irrespective of the
grade of the raw material coal. In addition, ashless coal has
a property of expanding when it is heated at around 400° C.
Therefore, when a formed body obtained using ashless coal
is carbonized, vigorous foaming occurs due to high-tem-
perature heating to involve expansion, giving rise to a
problem that cracking or chipping is produced in the carbon
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material, powdering is caused to fail in maintaining the
shape of the formed body, or the carbon material becomes
porous and is decreased in the density.

To solve such a problem, the present inventors have
proposed a technique for modification of ashless coal (Patent
Document 2). In this technique, the volatile matter content
is adjusted to fall in a predetermined range by heating the
ashless coal, thereby making it possible to provide a high-
purity carbon material that is enhanced in the self-sinter-
ability, kept from expansion even when treated for carbon-
ization, free of cracking, chipping or powdering, and capable
of maintaining the shape formed.

PRIOR ART DOCUMENTS
Patent Documents

Patent Document 1: JP-A-2001-26791
Patent Document 2: JP-A-2009-144130

SUMMARY OF THE INVENTION
Problems that the Invention is to Solve

Thanks to the technique described in Patent Document 2,
ashless coal can be used as a carbon raw material having
self-sinterability and an increase in the purity of a carbon
material can be achieved, but there is room for improvement
as to the density. That is, when ashless coal after decreasing
the volatile matter content is used, deformability following
carbonization shrinkage caused due to transpiration of mois-
ture, etc. during carbonization (high-temperature heating) is
low, giving rise to a problem that a void is formed in the
carbon material to make the density low.

The present invention has been made by focusing on the
matters described above, and an object of the present inven-
tion is to provide a method for producing a carbon material
having a high purity and a high density, and a carbon
material having a high purity and a high density.

Means for Solving the Problems

The method for producing a carbon material in the present
invention which can solve the problems includes: an oxida-
tion step of oxidizing an ashless coal; a forming step of
mixing an oxidized ashless coal obtained in the oxidation
step and an unoxidized ashless coal and forming a mixture
thereof; and a carbonization step of carbonizing a formed
body obtained in the forming step, in which percentage of
increase in oxygen of the oxidized ashless coal obtained in
the oxidation step is from 2.0 to 10.0%, and a mixing ratio
of the oxidized ashless coal in the forming step is from 60
to 95 parts by mass per 100 parts by mass of a total of the
oxidized ashless coal and the unoxidized ashless coal.

In the present invention, preferable embodiments includes
the case where the oxidation is an air oxidation, and the case
where the oxidation is performed at a temperature of 150° C.
or more and less than an ignition point of the ashless coal.

In addition, embodiments of the present invention
includes the carbon material obtained by mixing an oxidized
ashless coal and an unoxidized ashless coal, forming a
mixture thereof to form a formed body and carbonizing the
formed body, in which percentage of increase in oxygen of
the oxidized ashless coal is from 2.0 to 10.0%, and a ratio
of the oxidized ashless coal in the formed body is from 60
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to 95 parts by mass per 100 parts by mass of a total of the
oxidized ashless coal and the unoxidized ashless coal.

Advantageous Effects of the Invention

According to the production method in the present inven-
tion, a carbon material having a high purity and a high
density can be produced at a low cost. In particular, a carbon
material where oxidized ashless coal obtained by applying
an oxidation treatment to ashless coal is blended under
predetermined conditions, is used, whereby a carbon mate-
rial having a high purity and a high density can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a flow chart for explaining an example of the
production process of ashless coal.

FIG. 2 is a flow chart for explaining an example of the
production process of the carbon material according to the
present invention.

MODE FOR CARRYING OUT THE INVENTION

The present inventors have made many intensive studies
in order to provide a high-purity, high-density carbon mate-
rial by using ashless coal as a carbon raw material. First, in
view of increasing the purity, it is preferable to use ashless
coal for a carbon raw material, but since the thermoplasticity
or expansibility of ashless coal is high as described above,
a high-purity and high-density carbon material cannot be
produced only by use of ashless coal. In addition, when the
volatile matter content of ashless coal is adjusted as in Patent
Document 2, the thermoplasticity or expansibility may be
improved, but a void is formed during carbonization treat-
ment, giving rise to a problem that a sufficient increase in the
density cannot be achieved.

Then, the present inventors had studied on a carbon raw
material ensuring that void formation during a carbonization
treatment is suppressed while reducing the thermoplasticity
and expansibility of ashless coal and an increase in the
density of a carbon material can be achieved.

As a result, it was found to be effective to use a mixed
carbon raw material where the main component (aggregate
component) is oxidized ashless coal obtained by applying an
oxidation treatment to ashless coal and ashless coal not
subjected to an oxidation treatment (unoxidized ashless
coal) is further blended as a binder component. More
specifically, it was found that the thermoplasticity and
expansibility can be improved by oxidizing ashless coat.
However, since the oxidized ashless coal exhibits poor
self-sinterability, the formed body formed using only oxi-
dized ashless coal is very fragile and has a problem that
when it is carbonized, cracking develops to cause partial
disintegration and eventually powdering.

Then, studies were made on an additive material working
out to a binder for enhancing the binding of oxidized ashless
coal particles with each other. In the case where an additive
material conventionally employed as a binder, such as pitch,
is blended, the above-described problem such as cracking or
powdering may be improved, but since the carbonization
shrinkage factor is higher than that of the oxidized ashless
coal and in addition, the actual carbon ratio is low, there is
a problem that a void remains in the carbon material or an
ash derived from the binder component is mixed to decrease
the purity.

The present inventors further made studies on an additive
material, and as a result, it has been found that when the
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produced ashless coal not subjected to a modification treat-
ment such as oxidation treatment (hereinafter, sometimes
referred to as “unmodified ashless coal”) is directly blended
as a binder component, the unmodified ashless coal is
thermoplasticized and functions as a binder for binding
oxidized ashless coal particles, thereby improving the
above-described problem such as cracking or powdering,
and the shape of the formed body can be maintained. In
particular, the carbonization shrinkage factor of the unmodi-
fied ashless coal is substantially the same as that of the
oxidized ashless coal, so that void formation due to carbon-
ization shrinkage can be suppressed and a high density can
be achieved.

On the basis of this knowledge, it has been found that a
high-purity and high-density carbon material can be pro-
vided by using a mixed raw material coal where oxidized
ashless coal as a carbon raw material is the main component
and unmodified ashless coal is blended as a binder compo-
nent. The present invention has been accomplished based on
this finding.

The production method of a carbon material according to
the present invention is described below by referring to the
process charts illustrated in FIGS. 1 and 2.

First, a carbon raw material as the raw material of the
carbon material in the present invention is described. In the
present invention, a mixed carbon raw material where oxi-
dized ashless coal obtained by applying an oxidation treat-
ment to ashless coal and unoxidized ashless coal (unmodi-
fied ashless coal) are blended, is used as the carbon raw
material. Ashless coal indicates coal where when the coal is
heated and ashed at 815° C., the ash concentration of the
residual inorganic material (e.g., silicic acid, alumina, iron
oxide, lime, magnesia, alkali metal) is very low. Specifically,
the ashless coal indicates coal having an ash concentration
of 5,000 ppm or less (on the mass basis), preferably 2,000
ppm or less. In addition, the ashless coal is absolutely
water-free and exhibits higher thermal fluidity than raw
material coal.

In the present invention, existing ashless coal having such
aproperty can be used. The production method thereof'is not
particularly limited, and various conventional production
methods can be employed. For example, the ashless coal can
be produced through the steps S1 to S3 below (see, FIG. 1),
and the following process for producing ashless coal (S1 to
S3) may be appropriately changed, and various treatment
steps may be added, if desired.

For example, in the production of ashless coal, as long as
each of the above-described steps is not adversely affected,
other steps, e.g., a coal pulverization step of pulverizing the
raw material coal, a removal step of removing an unwanted
material such as refuse, or a drying step of drying the
obtained ashless coal, may be provided between respective
steps above or before or after each step.
<Slurry Heating Step: S1>

The slurry heating step (S1) is a treatment of mixing coal
and an aromatic solvent to prepare a slurry and heat-treating
the slurry to extract the coal component in the aromatic
solvent.

The kind of the coal as a raw material (hereinafter,
sometimes referred to as “raw material coal”) is not par-
ticularly limited. In view of profitability, it is more prefer-
able to use low rank coal, for example, non- or slightly-
caking coal substantially free of thermoplasticity, steam
coal, or low-grade coal, i.e., brown coal, lignite or subbitu-
minous coal, than to use high-grade coal such as bituminous
coal.
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The aromatic solvent is not particularly limited as long as
it is a solvent having a property of dissolving coal. Examples
of the aromatic solvent having such a property include a
monocyclic aromatic compound such as benzene, toluene
and xylene, and a bicyclic aromatic compound such as
naphthalene, methylnaphthalene, dimethylnaphthalene and
trimethylnaphthalene. In addition, examples of the bicyclic
aromatic compound include aliphatic side chain-containing
naphthalenes, biphenyl, and a long-chain aliphatic side
chain-containing alkylbenzene. In the present invention, a
bicyclic aromatic compound that is a non-hydrogen-donat-
ing solvent, is preferred.

The non-hydrogen-donating solvent is a coal derivative
that is a solvent primarily purified from a carbonization
product of coal and mainly composed of a bicyclic aromatic
compound. The reason why a non-hydrogen-donating sol-
vent is preferred is that the non-hydrogen-donating solvent
is stable even in a heated state and excellent in the affinity
for coal and therefore, the ratio of a coal component in the
solvent (hereinafter, sometimes referred to as “extraction
percentage’) is high and in addition, because the solvent can
be easily recovered by distillation or other methods and
furthermore, the solvent recovered can be cyclically used.

If the boiling point of the aromatic solvent is too low, the
pressure required during heating extraction or in the later-
described separation step (S2) would be high, and the loss
due to volatilization in the step of recovering the aromatic
solvent is increased, leading to a decrease in the recovery
ratio of the aromatic solvent. Furthermore, a decrease in the
extraction percentage during heating extraction is caused.
On the other hand, if the boiling point of the aromatic
solvent is too high, separation of the aromatic solvent from
a liquid component or a solid component in the separation
step (S2) is difficult, and the recovery ratio of the solvent
lowers. The boiling point of the aromatic solvent is prefer-
ably from 180 to 330° C.

The coal concentration relative to the aromatic solvent is
not particularly limited. Although it may vary depending on
the kind of the raw material coal, if the coal concentration
relative to the aromatic solvent is low, the ratio of the coal
component extracted in the aromatic solvent to the amount
of the aromatic solvent would be small, and this is not
profitable. On the other hand, a higher coal concentration is
better, but if the coal concentration is excessively high, the
slurry viscosity would be increased, and transfer of the
slurry or separation between a liquid component and a solid
component in the separation step (S2) is likely to become
difficult. The coal concentration is preferably from 10 to 50
mass %, more preferably from 20 to 35 mass %, on the dry
coal basis.

If the heat treatment (heating extraction) temperature of
the slurry is too low, the bonding between molecules con-
stituting the coal cannot be sufficiently weakened, and in the
case of using low rank coal as the raw material coal, the
resolidification temperature of the ashless coal obtained in
the later-described ashless coal obtaining step (S3) cannot be
elevated. On the other hand, if the heat treatment tempera-
ture is too high, the pyrolytic reaction of the coal would be
very active to cause recombination of pyrolytic radicals
produced, leading to a decrease in the extraction rate. The
slurry heating temperature is preferably 350° C. or more,
more preferably 380° C. or more, and preferably 420° C. or
less.

The heating time (extraction time) is not particularly
limited, but if the extraction time is long, the pyrolysis
reaction proceeds excessively, allowing for the progress of
a radical polymerization reaction, and the extraction ratio
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lowers. For example, at the above heating temperature, the
heating time is preferably 120 minutes or less, more pref-
erably 60 minutes or less, still more preferably 30 minutes
or less, and preferably more than 0 minute, more preferably
10 minutes or more.

After the heating extraction, the extract is preferably
cooled to 370° C. or less so as to suppress a pyrolysis
reaction. The lower limit of the temperature when cooling is
preferably 300° C. or more. If cooled to less than 300° C.,
the dissolving power of the aromatic solvent is reduced, and
reprecipitation of the once extracted coal component occurs,
leading to a decrease in the yield of ashless coal.

The heating extraction is preferably performed in a non-
oxidizing atmosphere. Specifically, the heating extraction is
preferably performed in the presence of an inert gas such as
nitrogen. This is because contact with oxygen during heating
extraction is risky due to a fear of ignition and when
hydrogen is used, the cost rises.

The pressure in the heating extraction may vary depend-
ing on the temperature during heating extraction or the vapor
pressure of the aromatic solvent to be used, but if the
pressure is lower than the vapor pressure of the aromatic
solvent, the aromatic solvent is vaporized and not confined
in a liquid phase, and extraction cannot be achieved. On the
other hand, if the pressure is too high, the equipment cost
and operation cost are increased, and this is not profitable.
The preferable pressure is generally from 1.0 to 2.0 MPa.
<Separation Step (S2)>

The separation step (S2) is a step of separating the slurry
heat-treated in the slurry heating step (S1) into a liquid
component and a solid component. The liquid component is
a solution containing the coal component extracted in the
aromatic solvent. The solid component is a slurry containing
ash insoluble in the aromatic solvent and insoluble coal.

The method for separating the slurry into a liquid com-
ponent and a solid component in the separation step (S2) is
not particularly limited, and a conventional separation
method such as filtration method, centrifugal separation
method and gravity settling method, may be employed. In
the present invention, it is preferable to use a gravity settling
method enabling continuous operation of a fluid and being
low-costly and suitable for treatment of a large amount. In
the case of employing a gravity settling method, a liquid
component (hereinafter, sometimes referred to as “superna-
tant liquid”) that is a solution containing a coal component
extracted in the aromatic solvent can be obtained from the
upper part of a gravity settling tank, and a solid component
(hereinafter, sometimes referred to as “solid content con-
centrate”) that is a slurry containing solvent-insoluble ash
and coal can be obtained from the lower part of the gravity
settling tank.

Subsequently, as described below, the aromatic solvent is
separated and recovered from the supernatant liquid and the
solid content concentrate by using a distillation method, etc.,
and as a result, ashless coal having a very low ash concen-
tration can be obtained from the supernatant liquid (ashless
coal obtaining step (S3)).
<Ashless Coal Obtaining Step (S3)>

The ashless coal obtaining step (S3) is a step of separating
the aromatic solvent from the supernatant liquid to obtain
ashless coal having a very low ash concentration.

The method for separating the aromatic solvent from the
supernatant liquid is not particularly limited, and a general
distillation method, evaporation method (e.g., spray drying
method), etc. can be used. The aromatic solvent recovered
by separation can be repeatedly used. By the separation and
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recovery of the aromatic solvent, ashless coal can be
obtained from the supernatant liquid.
<Other Steps>

If desired, a byproduct coal in which the ash is concen-
trated may be produced by separating the aromatic solvent
from the solid content concentrate (byproduct coal obtaining
step). As the method for separating the aromatic solvent
from the solid content concentrate, a general distillation or
evaporation method can be used, similarly to the above-
described ashless coal obtaining step (S3) of obtaining
ashless coal from a liquid component.

The method for producing a carbon material in the present
invention is described below by referring to FIG. 2. In the
production of a carbon material, as long as each step is not
adversely affected, other steps, e.g., a pulverization step of
pulverizing various raw materials, etc., a removal step of
removing an unwanted material such as refuse, or a step of
applying various treatments to the obtained carbon material,
may be provided between respective steps or before or after
each step.
<Oxidation Step: C1>

The oxidation step (C1) is a step of oxidizing ashless coal,
and in this step, oxidized ashless coal is obtained. In the
present invention, as described later, unmodified ashless
coal and oxidized ashless coal obtained in the oxidation step
are mixed, and the mixture is used as the carbon raw material
(hereinafter, sometimes referred to as “mixed carbon raw
material”). Therefore, while a part of the prepared ashless
coal is oxidized in the oxidation step (C1) to produce
oxidized ashless coal, the remaining unmodified ashless coal
may be mixed with the oxidized ashless coal.

By applying oxidation treatment to ashless coal, the
later-described melting or expansion can be suppressed,
which contributes to a high density of the carbon material.
In order to obtain such an effect, it is necessary to adjust the
percentage of increase in oxygen of the oxidized ashless coal
(oxygen content percentage of the oxidized ashless coal-
oxygen content percentage of the ashless coal before oxi-
dation) to 2.0% or more and 10.0% or less by measuring the
oxygen content percentage of ashless coal before and after
oxidation treatment according to JIS M 8813 (Calculation
Method of Oxygen Content Percentage).

If the percentage of increase in oxygen of the oxidized
ashless coal is less than 2.0%, the ashless coal is not
sufficiently modified, and melting or expansion occurs dur-
ing carbonization to deform the shape or make the carbon
material porous, leading to a decrease in the density. On the
other hand, if the percentage of increase in oxygen of the
oxidized ashless coal exceeds 10.0%, the carbonization
shrinkage factor when carbonized is reduced to cause a
difference in the carbonization shrinkage factor between
oxidized ashless coal and unmodified ashless coal and allow
void formation, and as a result, the desired high density
cannot be achieved. The percentage of increase in oxygen of
the oxidized ashless coal is preferably 4.0% or more, more
preferably 6.0% or more, and preferably 9.0% or less, more
preferably 8.5% or less.

The method for oxidizing ashless coal is not particularly
limited, and the ashless coal may be oxidized such that the
percentage of increase in oxygen falls in a predetermined
range. Examples of the method for oxidation include oxi-
dation under an oxidizing atmosphere such as oxygen,
ozone, nitrogen dioxide and air, and preferable examples
thereof include air oxidation using oxygen in air as an
oxidizer. In view of the cost, oxidation under an air atmo-
sphere is more preferred.
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The oxidation temperature (temperature kept during oxi-
dation) may be appropriately adjusted so that the desired
percentage of increase in oxygen can be obtained. If the
oxidation temperature is low, the ashless coal may be
insufficiently oxidized, and the above-described modifica-
tion effect may not be fully exerted. In addition, if the
oxidation temperature is low, a long time is required to
achieve the desired percentage of increase in oxygen, and
the productivity is reduced. On the other hand, if the
oxidation temperature is too high, the oxidation rate is
excessively increased, and the oxidation degree of ashless
coal can be hardly controlled. The oxidation temperature is
preferably 150° C. or more, more preferably 200° C. or
more, and preferably less than the ignition point of ashless
coal, more preferably 350° C. or less.

The oxidation time (holding time at a predetermined
temperature) may be appropriately adjusted so that the
desired percentage of increase in oxygen can be obtained. If
the oxidation time is short, the ashless coal may be insuf-
ficiently oxidized. On the other hand, if the oxidation time
is long, the ashless coal may be excessively oxidized,
allowing void formation to cause a decrease in the density.
For example, the oxidation time in the above-described
temperature range is preferably 0.5 hours or more, more
preferably 1 hour or more, and preferably 6 hours or less,
more preferably 3 hours or less. After the oxidation, the
oxidized ashless coal may be left standing to cool to room
temperature.

The particle diameter (equivalent-circle diameter; herein-
after, the same applies to the particle diameter) is not
particularly limited. If the particle diameter of ashless coal
is too large, the inside of the ashless coal may not be
sufficiently oxidized, leaving a fear of occurrence of melt-
ing, etc. when carbonized. On the other hand, if the particle
diameter of ashless coal is too small, the handling property
is deteriorated. The average particle diameter of the ashless
coal is preferably 3 mm or less, more preferably 1 mm or
less, and preferably 0.2 mm or more, more preferably 0.3
mm or more. From the standpoint of accelerating the oxi-
dation, the maximum particle diameter of ashless coal to be
oxidized is also preferably 3 mm or less, more preferably 1
mm or less, still more preferably 0.5 mm or less.

Next, the ashless coal obtained in the oxidation step and
unmodified ashless coal (i.e., unoxidized ashless coal) are
mixed, and the mixture is formed in a desired shape to obtain
a formed body. In the following, mixing of ashless coals
(carbon raw material mixing step: C2) and forming (forming
step: C3) are individually described as separate steps, but
these may also be performed by regarding them as a con-
tinuous one step.
<Carbon Raw Material Mixing Step: C2>

The carbon raw material mixing step is a step of mixing
the oxidized ashless coal obtained in the oxidation step (C1)
and unmodified ashless coal to obtain a carbon material
(mixed carbon raw material). As described above, by blend-
ing oxidized ashless coal and unmodified ashless coal, not
only melting or expansion during carbonization can be
suppressed but also void formation in the carbon material
can be suppressed and therefore, the blending contributes to
a high density of the carbon material.

In order to obtain such an effect, the ratio of the oxidized
ashless coal in the mixed carbon raw material must be from
60 to 95 parts by mass per 100 parts by mass of the total of
oxidized ashless coal and unmodified ashless coal. If the
mixing ratio of oxidized ashless coal is high and in turn, the
ratio of unmodified ashless coal is low, the binder effect of
the unmodified ashless coal is not sufficiently exerted, and
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the raw material becomes fragile and is partially disinte-
grated into powder due to cracking, etc. developed when
carbonized, resulting in poor shape retentivity. On the other
hand, if the mixing ratio of unmodified ashless coal is high
and in turn, the mixing ratio of oxidized ashless coal is low,
the unmodified ashless coal is expanded when carbonized,
and a carbon material having a desired shape cannot be
obtained. The mixing ratio of the oxidized ashless coal is
preferably from 80 to 90 parts by mass.

The average particle diameter of the unmodified ashless
coal to be mixed with the oxidized ashless coal is not
particularly limited, but if the average particle diameter is
too large, a non-uniformity may be produced in the mixed
state in a formed body, making it impossible to sufficiently
exert the effect in some cases. On the other hand, if the
average particle diameter is too small, the handling property
may be deteriorated. The average particle diameter of the
unmodified ashless coal is preferably 1.0 mm or less, more
preferably 0.5 mm or less, and preferably 0.1 mm or more,
more preferably 0.2 mm or more. If the maximum particle
diameter of the unmodified ashless coal is too large, a
non-uniformity may be produced in the mixed state in a
formed body, and for this reason, the maximum diameter is
preferably 1.0 mm or less, more preferably 0.5 mm or less.

In addition, the average particle diameter of the unmodi-
fied ashless coal is preferably smaller than the average
particle diameter of the oxidized ashless coal, because the
above-described effects of the present invention are more
enhanced.

The method for mixing the oxidized ashless coal and the
unmodified ashless coal is not particularly limited, and a
conventional method of ensuring uniform mixing may be
employed. For example, a mixer, a kneader, a single-shaft
mixer, or a double-screw mixer may be used.
<Forming Step: C3>

The forming step is a step of forming the mixed carbon
raw material obtained in the carbon raw material mixing step
(C2) into a desired shape to obtain a formed body. The
method for obtaining a formed body is not particularly
limited and examples thereof include a method using a
double roll (twin roll)-type forming machine by means of
flat roll or a double roll-type forming machine having an
almond-shaped pocket, a method using a single-shaft press-
or roller-type forming machine or an extrusion forming
machine, and press forming by means of a mold, and any of
these methods can be employed.

Forming of the mixed carbon raw material may be cold
forming that is performed at around room temperature, but
is preferably hot forming that is performed under heating.
When the mixed carbon raw material of oxidized ashless
coal and unmodified ashless coal is formed under pressure at
a high temperature, the unmodified ashless coal is plastically
deformed to fill a void between oxidized ashless coal
particles, so that a more highly densified formed body can be
obtained. In turn, a carbon material having a higher density
can be obtained by carbonizing the highly densified formed
body. On the other hand, if the forming temperature is too
high, the unmodified ashless coal may be softened and
expanded, failing in achieving a high density. The hot
forming temperature (mold temperature) is preferably 100°
C. or more, more preferably 200° C. or more, and preferably
450° C. or less, more preferably 300° C. or less. The forming
pressure is not particularly limited, and conventional con-
ditions may be employed. For example, the forming pressure
is approximately from 0.5 to 3 ton/cm?.
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10
<Carbonization Step: C4>

The carbonization step is a step of carbonizing the formed
body obtained in the forming step to obtain a carbon
material.

Carbonization of the formed body is performed by heating
the formed body in a non-oxidizing atmosphere. Specifi-
cally, the formed body is charged into an arbitrary heating
device such as electric furnace and after replacing the inside
with a non-oxidizing gas, heating is performed while blow-
ing a non-oxidizing gas into the device. With the heating, the
unmodified ashless coal is softened, melted and resolidified
and is thereby carbonized together with the oxidized ashless
coal.

The heating conditions may be appropriately set accord-
ing to the properties required of a product and are not
particularly limited, but the heating is preferably performed
at a temperature of preferably 500° C. or more, more
preferably 700° C. or more, for approximately from 0.5 to 10
hours. The temperature rise rate to the heating temperature
is not particularly limited and usually, the temperature may
be raised at a rate of approximately from 0.01 to 1° C./min.
The upper limit of the heating temperature is not particularly
limited and may be appropriately determined according to
the equipment, etc., and, for example, as the upper limit, it
may be preferably 3,000° C. or less, more preferably 2,600°
C. or less.

The carbonization atmosphere is preferably a non-oxidiz-
ing gas atmosphere so as to prevent deterioration of the coal
due to oxidation. Since carbonization is allowed to proceed
in a state where oxidation of the carbon material is sup-
pressed, the kind of the non-oxidizing gas is not particularly
limited as long as the gas does not contain an oxidizing gas,
but the gas is preferably an inert gas, more preferably a
nitrogen gas.

The thus-obtained carbon material has a higher purity and
a higher density than conventionally known carbon materi-
als. Specifically, the carbon material is of high purity with an
ash content of preferably 5,000 ppm or less, more preferably
3,000 ppm or less, and high density with a density of
preferably 1.50 g/ml or more, more preferably 1.60 g/ml or
more, still more preferably 1.70 g/ml or more. In addition,
the carbon material in the present invention is free of crazing
or cracking and maintains the shape of a formed body before
carbonization, without undergoing expansion, deformation
or powdering.

The carbon material in the present invention after car-
bonization of a formed body obtained by performing form-
ing of a mixture where oxidized ashless coal oxidized to the
above-described predetermined percentage of increase in
oxygen (in the range of 2.0 to 10.0%) and unoxidized ashless
coal are mixed in the above-described predetermined ratio
(from 60 to 95 parts by mass of oxidized ashless coal per 100
parts by mass of the total of oxidized ashless coal and
unoxidized ashless coal), has a high purity and a high
density, as compared with conventional carbon materials.

EXAMPLES

The present invention is described more specifically
below by referring to Examples, but the present invention is,
of course, not limited to the following Examples and may be
carried out by appropriately making changes as long as they
are in conformity to the gist described hereinabove and
hereinafter, all of which are included in the technical scope
of the present invention.
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(Production of Ashless Coal)
(Slurry Heating Step: S1)

With 5 kg of raw material coal (bituminous coal), an
aromatic solvent (1-methylnaphthalene (produced by Nip-
pon Steel Chemical Co., Ltd.)) in an amount (20 kg) four
times that of the raw material coal was mixed to prepare a
slurry. This slurry was pressurized with nitrogen of 1.2 MPa
and subjected to a heat treatment (heating extraction) in an
autoclave having an internal volume of 30 liter under the
conditions of 370° C. and 1 hour.

(Separation Step: S2)

The obtained slurry was separated into a supernatant
liquid and a solid content concentrate in a gravity settling
tank maintained at the same temperature and pressure.
(Ashless Coal Obtaining Step: S3)

The obtained supernatant liquid was further filtered (stain-
less mesh filter with an opening size of 1 um) to obtain an
ashless coal solution. The aromatic solvent was separated
and recovered from the ashless coal solution to produce
ashless coal (Carbon Raw Material Al).

(Measurement of Ash Concentration)

This ashless coal (Carbon Raw Material A1) was mea-
sured for the ash concentration by the method specified in
JIS M 8812. As a result, the ash concentration of the ashless
coal was 0.07 mass % (700 ppm).

(Production of Carbon Material)

Carbon materials of sample Nos. 1 to 11 were produced
using the ashless coal
(Carbon Raw Material Al).

(Oxidation Step: C1)

A part of the ashless coal (Carbon Raw Material Al)
produced above was pulverized so as to pass through a sieve
having an opening size of 0.5 mm. The pulverized ashless
coal was heated in an air atmosphere to a predetermined
temperature shown in Table 1 and held at the same tem-
perature for a predetermined time, thereby performing an
oxidation treatment of the ashless coal (in Table 1, “Oxida-
tion Conditions™). After the oxidation treatment, the ashless
coal was cooled to room temperature to produce oxidized
ashless coal (Carbon Raw Material B). Here, the oxygen
concentration of the ashless coal (at room temperature)
before and after the oxidation treatment was measured
according to JIS M 8813, and the percentage of increase in
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oxygen of the oxidized ashless coal was calculated. The
results are shown in Table 1 (in Table 1, “Percentage of
Increase in Oxygen”).

(Carbon Raw Material Mixing Step: C2)

Ashless coal (Carbon Raw material A2) obtained by
pulverizing the above-described ashless coal (Carbon Raw
Material A1) so as to pass a sieve having an opening size of
0.5 mm and the oxidized ashless coal (Carbon Raw Material
B) produced above were mixed in a predetermined ratio
shown in Table 1 (in Table 1, “Blending Ratio of Oxidized
Ashless Coal”) to obtain a mixed carbon raw material
(Carbon Raw Material C). Here, as for sample No. 6, a
formed body was produced in the same manner as other
samples except for using only the pulverized ashless coal
(Carbon Raw Material A2) and carbonized to produce a
carbon material.

(Forming Step: C3)

A mold (cylindrical cavity of 30 mm in diameter) held at
a temperature shown in Table 1 (in Table 1, “Forming
Temperature”) was filled with 5 g of the mixed carbon raw
material obtained above, followed by press forming at a
pressure of 3 ton/cm? (holding time: 1 minute) to produce a
formed body having a thickness of 7.1 mm.
(Carbonization Step: C4)

The formed body obtained above was heated to 1,000° C.
at a rate of 0.5° C./min in a nitrogen atmosphere and held at
that temperature for 5 hours to perform carbonization,
thereby obtaining carbon materials (sample Nos. 1 to 11).
(Evaluation Method)

(Observation of Outer Appearance of Carbon Material)

With respect to each of the carbon materials produced
above, the outer appearance was observed with an eye and
evaluated. Specifically, occurrence of expansion, cracking,
chipping or powdering in the carbon material was observed.
In addition, whether the shape of the carbon material main-
tained the shape of the formed body was observed.
(Density of Formed Body and Carbon Material)

The formed body and the carbon material were measured
for the apparent specific gravity (density). The results
obtained are shown in Table 1. In this Example, the increase
in density was judged as passed (fair) when the density is
higher than the case of the conventional example (sample
No. 6), judged as good (A) when the density of the carbon
material is preferably 1.50 g/ml or more, and judged as
excellent (AA) when the density is more preferably 1.60
g/ml or more.

TABLE 1
Blending Density of
Percentage of Ratio of Forming Formed Carbon Material
Sample Oxidation Conditions Increase in Oxidized Temperature Body Density
No. (temperature, time) Oxygen (%)  Ashless Coal (*1) °C) (g/ml) (g/ml) Outer Appearance
1 200° C, 1 hr 6.1 90 200 1.25 1.65 good
2 200° C, 1 hr 6.1 95 200 1.22 1.62  good
3 200° C.,, 1 hr 6.1 96 200 1.21 —  powdering
4 200° C, 1 hr 6.1 60 200 1.26 1.65 good
5 200° C., 1 hr 6.1 55 200 1.26 1.32  expansion, deformation
6 — — — 200 1.25 0.55 expansion, deformation
7 150° C,, 1 hr 1.8 95 200 1.24 0.59  expansion, deformation
8 200° C., 5 hr 10.6 95 200 1.22 1.43  void was observed
9 200° C, 1 hr 6.1 90 100 1.21 1.52  low density
10 200° C., 3 hr 8.2 95 200 1.24 1.61 good
11 200° C, 1 hr 6.1 85 200 1.25 1.66  good

(*1): The blending ratio of oxidized ashless coal is a ratio (parts by mass) per 100 parts by mass of the total of oxidized ashless coal and unmodified ashless

coal.
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As shown in Table 1, in sample Nos. 1, 2, 4 and 9 to 11
satisfying the predetermined requirements of the present
invention, the outer appearance of the carbon material was
free of cracking, chipping or powdering and the shape of the
formed body was maintained. The obtained carbon material
was of high purity with an ash concentration of 5,000 ppm
or less, and the density thereof was higher than the case of
the conventional example. In sample Nos. 1, 2, 4, 10 and 11
where the forming temperature was higher than the case of
the sample No. 9, the density was higher (1.60 g/ml or
more).

Sample No. 3 is a case where the blending ratio of the
oxidized ashless coal was high. In this case, the density of
the formed body was low, and not only cracking was
developed when carbonized but also partial disintegration
into powder occurred, and as a result, the shape of the
formed body could not be maintained. In sample No. 3, the
shape of the carbon material collapsed and therefore, the
density was not measured.

Sample No. 5 is a case where the blending ratio of the
unmodified ashless coal was high. In this case, the formed
body was foamed and expanded during the carbonization of
the formed body, and the shape was deformed. In addition,
the carbon material was porous, and the density was low.

Sample No. 6 is a case where the oxidized ashless coal
was not blended (a case where only the unmodified ashless
coal was used). In this case, the formed body was vigorously
foamed and expanded during the carbonization of the
formed body, and the shape was deformed. In addition, the
carbon material was porous, and the density was low.

Sample No. 7 is a case where the oxidation time for the
oxidation temperature was short and therefore, the percent-
age of increase in oxygen was low. In this case, the formed
body was foamed and expanded during the carbonization of
the formed body, and the shape was deformed. In addition,
the carbon material was porous, and the density was low.

Sample No. 8 is a case where the percentage of increase
in oxygen was high. In this case, voids were produced due
to carbonization shrinkage during the carbonization, and as
a result, the carbon material was porous and the density was
low.

While the present invention has been described in detail
and with reference to specific embodiments thereof, it will
be apparent to one skilled in the art that various changes and
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modifications can be made therein without departing from
the spirit and scope of the invention.

This application is based on Japanese Patent Application
No. 2013-188208 filed on Sep. 11, 2013, the entire of which
is incorporated herein by way of reference.

The invention claimed is:

1. A method for producing a carbon material, the method
comprising

oxidizing an ashless coal to obtain an oxidized ashless
coal;

mixing the oxidized ashless coal and an unoxidized
ashless coal and forming a mixture thereof, to obtain a
formed body; and

carbonizing the formed body to obtain a carbon material,

wherein:

a percentage of increase in oxygen of the oxidized ashless
coal obtained in the oxidizing step is from 2.0 to 10.0%;
and

the oxidized ashless coal is mixed with the unoxidized
ashless coal in an amount of from 60 to 95 parts by
mass per 100 parts by mass of a total of the oxidized
ashless coal and the unoxidized ashless coal.

2. The method according to claim 1, wherein the oxidation

is an air oxidation.

3. The method according to claim 2, wherein the oxidation
is performed at a temperature of 150° C. or more and less
than an ignition point of the ashless coal.

4. The method according to claim 1, wherein the oxidation
is performed at a temperature of 150° C. or more and less
than an ignition point of the ashless coal.

5. The method according to claim 1, wherein the oxidized
ashless coal is mixed with the unoxidized ashless coal in an
amount of from 80 to 90 parts by mass per 100 parts by mass
of a total of the oxidized ashless coal and the unoxidized
ashless coal.

6. The method according to claim 1, wherein the percent-
age of increase in oxygen of the oxidized ashless coal
obtained in the oxidizing step is from 4.0 to 9.0%.

7. The method according to claim 1, percentage of
increase in oxygen of the oxidized ashless coal obtained in
the oxidizing step is from 6.0 to 8.5%.

8. The method according to claim 1, wherein the oxidizing
is conducted at a temperature of from 150° C. to 350° C.
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