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Abstract:

A biomass-derived carbon material is provided, the carbon material having a carbon content of 60 to
75 % by weight and an integrated heat of oxidation reaction of 5 k] /kg or less when maintained in air
at 107°C for 20 minutes. A method for producing a carbon material is provided, the method
including: a carbonization step of obtaining biomass chars having a carbon content of 61 to 75 % by
weight from biomass; and an oxidation step of heating the biomass chars to 200°C or higher in an
atmosphere having an oxygen concentration of 2 to 13 % by volume.
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DESCRIPTION
Title of Invention
CARBON MATERIAL AND PRODUCTION METHOD THEREFOR
Technical Field
[0001] The present disclosure relates to a carbon material and a method
for producing the same.
Background Art
[0002] As a means for reducing CO, in order to cope with global
warming, technology using biomass instead of existing fossil fuels has
been developed. Biomass can be utilized as a carbon-neutral fuel by
carbonization to increase the heating value. In addition, the biomass
can prevent decomposition by organisms by carbonization and fix
carbon dioxide for a long period of time by being buried in the ground.
[0003] Patent Document 1 proposes a technique for producing a molded
fuel by molding a mixture containing a torrefied biomass and a
carbonized coal of coal containing at least one of lignite and
subbituminous coal. According to this technique, since the molded
fuel contains torrefied biomass, the fuel ratio (fuel ratio = fixed carbon
(FC) / volatile matter (VM)) can be made smaller than that of the
carbonized coal. When the fuel ratio decreases as described above, the
volatile matter increases, and therefore, the ignitability is improved.
Such a molded fuel becomes porous due to removal of volatile matter
immediately after the start of combustion, and has a large specific
surface area. As a result, combustion is facilitated and excellent

combustibility can be exhibited.
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Citation List

Patent Literature

[0004]

[Patent Document 1] PCT International Publication No.
W02020/067384

Summary of Invention

Technical Problem

[0005] When the biomass is carbonized to increase the carbon content,
the heating value is improved, but the oxidation reaction by air easily
proceeds due to a change in chemical structure caused by thermal
decomposition. As a result, spontaneous heat generation is likely to
occur and spontaneous ignition may occur. Therefore, in order to
prevent heat generation and ignition during storage and transportation,
measures more than before are required. Accordingly, the present
disclosure provides a carbon material having a high carbon content and
sufficiently excellent safety, and a method for producing the same.
Solution to Problem

[0006] A method for producing a carbon material according to one
aspect of the present disclosure includes: a carbonization step of
obtaining biomass chars having a carbon content of 61% by weight or
more from biomass; and an oxidation step of heating the biomass chars
to 200°C or higher in an atmosphere having an oxygen concentration of
2 to 13% by volume.

[0007] The above-described production method includes the
carbonization step of obtaining biomass chars from biomass. By such

a carbonization step, it is possible to obtain biomass chars that are less
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susceptible to decomposition by organisms and have a higher heating
value. However, when the carbon content of the biomass chars is high,
the biomass chars easily generate heat spontancously due to an
oxidation reaction caused by air. It was found that the spontaneous
heat generation phenomenon was particularly significant when the
carbon content of the biomass chars was 61% by weight or more.
Accordingly, the production method of the present disclosure includes
an oxidation step of heating such biomass chars to 200°C or higher in an
atmosphere having an oxygen concentration of 2 to 13% by volume.
By including such an oxidation step, active functional groups and the
like present on the surface of the biomass chars are oxidized at an
appropriate rate, and spontaneous heat generation in the atmosphere
becomes less likely to occur. Thus, a carbon material having
sufficiently excellent safety can be obtained.

[0008] The carbon content of the biomass chars obtained in the
carbonization step may be 61 to 75% by weight. Accordingly, the
productivity of the carbon material may be improved.

[0009] An integrated heat of oxidation reaction when the carbon
material obtained in the oxidation step is maintained in air at 107°C for
20 minutes may be 5 kJ/kg or less. Such a carbon material can
sufficiently prevent spontaneous heat generation in the atmosphere.
Accordingly, a carbon material having more excellent safety can be
obtained.

[0010] In the oxidation step, the biomass chars may be heated to a
temperature range of 200°C or higher and lower than 300°C. By

heating in such a temperature range, a carbon material having excellent
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safety can be produced from biomass in a high yield.

[0011] In the oxidation step, the time for heating the biomass chars to
200°C or higher may be 60 minutes or less. Thus, the carbon material
can be produced with high productivity. The carbon content of the
carbon material may be 60% by weight or more. Accordingly, a
carbon material having a sufficiently high heating value can be
produced.

[0012] In the carbonization step, the biomass may be heated to 320°C
or higher. Accordingly, biomass chars having a carbon content of 61%
by weight or more can be produced regardiess of the type of biomass.
Therefore, the yield of the carbon material may be stably increased.
[0013] In the carbonization step, biomass may be carbonized and then
fractionated into first biomass chars and second biomass chars having a
carbon content lower than that of the first biomass chars. In the
oxidation step, the first biomass chars may be heated. Accordingly,
only the first biomass that is likely to spontaneously generate heat can
be oxidized in the oxidation step. Therefore, the carbon material can
be produced with high productivity. The second biomass chars may be
mixed with the carbon material obtained in the oxidation step, or may
be heated again in the carbonization step.

[0014] A carbon material according to an aspect of the present
disclosure is a biomass-derived carbon material having a carbon content
of 60% by weight or more and an integrated heat of oxidation reaction
when maintained in air at 107°C for 20 minutes is 5 kJ/kg or less. This
carbon material has a high carbon content and thus has a high heating

value. In addition, since the integrated heat of oxidation reaction when



10

15

20

25

CA 03224149 2023-12-22

heated in air at 107°C for 20 minutes is equal to or less than a
predetermined value, spontaneous heat generation is prevented.
Therefore, the carbon material has a high carbon content and is
sufficiently excellent in safety.

[0015] The carbon content of the carbon material may be 60 to 75% by
weight. Accordingly, the productivity of the carbon material may be
improved.

[0016] The higher heating value of the carbon material may be 5,500
kcal/kg or more. Such a carbon material can be suitably used as fuel.
Advantageous Effects of Invention

[0017] According to the present disclosure, it is possible to provide a
carbon material having a high carbon content and sufficiently excellent
safety, and a method for producing the same.

Brief Description of Drawings

[0018] FIG. 1 is a graph showing an evaluation result of spontancous
ignition properties of biomass chars.

[0019] FIG. 2 is a graph showing a measurement result of heat
(integrated value) of oxidation reaction of biomass chars.

[0020] FIG. 3 is a graph showing a relationship between a time of an
oxidation step (1) and heat (integrated value) of oxidation reaction.
[0021] FIG. 4 is a graph showing an evaluation result of the
spontaneous ignition property of a carbon material.

[0022] FIG. 5 is a graph showing a relationship between time of an
oxidation step (3) and heat (integrated value) of oxidation reaction.
[0023] FIG. 6 is a graph showing changes in weight over time in
oxidation step (4).
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[0024] FIG. 7 is a graph showing the relationship between the
carbonization temperature and the carbon content of biomass chars in a
carbonization step (2).

Description of Embodiments

[0025] Hereinafter, example embodiments of the present disclosure will
be described with reference to the accompanying drawings in some
cases. The following embodiments are examples for describing the
present disclosure, and are not intended to limit the present disclosure to
the following contents.

[0026] The method for producing a carbon material includes: a
carbonization step of obtaining biomass chars from biomass; and an
oxidation step of obtaining the carbon material by heating the biomass
chars to 200°C or higher in an oxygen-containing atmosphere.

[0027] Biomass in the present specification refers to resources derived
from organisms other than fossil fuels. Examples of the biomass
include thinned wood, pruned branches, waste materials, bark chips,
other woods, bamboo, grass, coconut husk, palm oil residue, vegetables,
fruits, food residue, sludge, and the like. The biomass may be
wood-based biomass, such as thinned wood, pruned branches, waste
materials, bark chips, or other woods. The carbon content of the
biomass may be 50% by weight or less. The oxygen content of the
biomass may be 40% by weight or more.

[0028] The carbon content and oxygen content of biomass, biomass
chars and carbon material may be measured using a commercially
available analyzer. Specifically, the carbon content can be measured in

accordance with JIS M 8819:1997 “Coal and coke-Mechanical methods
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for ultimate analysis”. The oxygen content can be obtained by the
following calculation formula (1) using the carbon content, the
hydrogen content, and the nitrogen content measured by the method for
ultimate analysis described above, the sulfur content measured by the
bomb combustion ion chromatography method, and the measured value
of the ash content measured in accordance with JIS M 8812:2006 “Coal
and coke-Methods for proximate analysis”. Each content value is on a
dry basis by weight.

[0029] Oxygen content (% by weight) = 100 - (carbon content +
hydrogen content + nitrogen content + sulfur content + ash content) (1)
[0030] The carbonization step may be preceded by a crushing step in
which the biomass is crushed. The size of crushing is not particularly
limited, but from the viewpoint of improving handling properties in
subsequent steps, the mean value of the particle size may be, for
example, more than 7 mm, or may be 10 mm or more. On the other
hand, from the viewpoint of sufficiently progressing the carbonization
in the carbonization step, the mean value of the particle size may be less
than 50 mm, or may be less than 40 mm. The average value of the
particle sizes is a particle size at which an integrated weight ratio is 50%
when crushed pieces of biomass are sieved to measure a particle size
distribution. The bulk density of the biomass may be, for example,
0.05 to 0.6 g/cm®>. The water content of the biomass may be, for
example, 10 to 60% by weight, or may be 30 to 60% by weight.

[0031] After the crushing step, a drying step of drying the biomass may
be performed. In the drying step, the biomass is dried in air at a
temperature range of, for example, 20 to 150°C. The drying step may
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be performed in an inert gas atmosphere. It may also be carried out in
the exhaust gas of a combustion furnace. The drying step may be
performed using an ordinary electric furnace or the like, or may be
performed using an indirect heater or an air fluidized bed dryer. In the
drying step, the water content of the biomass is reduced to, for example,
30% by weight or less. By performing the drying step, carbonization
of biomass in the carbonization step can be smoothly progressed. The
conditions of the drying step are not particularly limited, and can be
adjusted by the water content, size, and the like of the biomass.

[0032] In the carbonization step, biomass is carbonized by
carbonization to obtain biomass chars. The “biomass chars” in the
present disclosure refers to one in which at least a portion of the
biomass is carbonized by carbonization. The “biomass chars” may be
one in which the biomass is completely carbonized, or a torrefied
biomass in which the biomass is not completely carbonized and there is
still room for carbonization.

[0033] The carbonization step may be performed by heating the
biomass to a carbonization temperature of 200°C or higher in an
oxygen-free atmosphere. The ease with which carbonization of
biomass proceeds varies depending on the tree species, the site of the
tree, and the like. Carbonization may be performed by heating
biomass to 250°C or higher, or may be performed by heating biomass to
320°C or higher, from the viewpoint of stably and smoothly proceeding
carbonization regardless of the tree species of biomass, the site of the
tree, and the like. From the viewpoint of increasing the yield of the

carbon material, the carbonization step may be performed by heating the
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biomass to 800°C or lower, and may be performed by heating the
biomass to 500°C or lower. That is, an example of the carbonization
temperature is 200 to 800°C.

[0034] In the carbonization step, the time for heating to the
above-described temperature range may be 20 minutes or more, or may
be 1 hour or more from the viewpoint of sufficiently carbonizing
biomass. In the carbonization step, the time for heating to the
above-described temperature range may be 3 hours or less, or may be 2
hours or less from the viewpoint of improving the productivity of the
carbon material.

[0035] The spontaneous heat generation property of biomass chars in
the atmosphere depends on the carbon content. That is, when the
carbon content is 61% by weight or more, spontaneous heat generation
tends to occur in the atmosphere, and spontaneous ignition may occur.
Therefore, by oxidizing the biomass having a carbon content of 61% by
weight or more in the following oxidation step, the spontaneous heat
generation of the biomass-derived carbon material can be prevented.
[0036] From the viewpoint of sufficiently increasing the heating value
of the carbon material, the carbon content of the biomass chars may be
63% by weight or more, or may be 65% by weight or more. The
carbon content of the biomass chars may be 95% by weight or less, and
may be 75% by weight or less, from the viewpoint of shortening the
carbonization step and improving the productivity of the carbon
material. An example of the carbon content of the biomass chars is 61
to 95% by weight.

[0037] From the viewpoint of sufficiently increasing the heating value
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of the carbon material, the heat (integrated value) of oxidation reaction
of the biomass chars may be 6 kJ/kg or more, may be 7 kJ/kg or more,
or may be 8 kJ/kg or more. The heat (integrated value) of oxidation
reaction of the biomass chars may be 40 kJ/kg or less, or may be 30
kJ/kg or less, from the viewpoint of shortening each process and
improving the productivity of the carbon material.

[0038] The heat (integrated value) of oxidation reaction of the biomass
chars and the carbon material in the present specification is an
integrated value of the amount of heat generated (on a dry basis) when
maintained in air at 107°C for 20 minutes. The heat (integrated value)
of oxidation reaction can be measured using a commercially available
TG-DSC apparatus.

[0039] When first biomass chars having a high carbon content and
second biomass chars having a carbon content lower than that of the
first biomass chars are obtained by the carbonization step, the first
biomass chars and the second biomass chars may be fractionated, and
only the first biomass chars may be subjected to the next oxidation step.
Such fractionation may be carried out as part of the carbonization step
or as a fractionation step. As described above, it is possible to
efficiently manufacture a carbon material having high safety by
performing the oxidation step only on the biomass chars which are
likely to generate heat spontaneously.

[0040] The first biomass chars may have a carbon content of 61% by
weight or more, 63% by weight or more, or 65% by weight or more.
The second biomass chars may be used as a carbon material as it is, or

may be used as a raw material of the carbonization step. In this case,
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in the carbonization step, only the second biomass chars may be
subjected to carbonization, or a mixture of the biomass and the second
biomass chars may be subjected to carbonization.

[0041] Fractionation of biomass chars is not limited to fractionation
into two, but may be fractionation into three or more in accordance with
carbon content. In this case, only the biomass chars having the highest
carbon content among the fractionated biomass chars may be subjected
to the following oxidation step, or only the biomass chars having the
lowest carbon content may not be subjected to the following oxidation
step.

[0042] In the oxidation step, the biomass chars described above are
heated to 200°C or higher in an oxygen-containing atmosphere. As a
result, active functional groups and the like present on the surface of the
biomass chars can be oxidized, and spontaneous heat generation in the
atmosphere can be prevented. The oxygen concentration in the
oxygen-containing atmosphere may be 2 to 13% by volume, 3 to 10%
by volume, or 4 to 8% by volume from the viewpoint of safety and
efficiency of the oxidation treatment. By setting the oxygen
concentration in such a range, a carbon material having high safety can
be smoothly produced while preventing rapid oxidation of the biomass
chars. As the oxygen-containing atmosphere, exhaust gas of a
combustion furnace may be used. The term “% by volume” of the
oxygen concentration refers to a volume fraction under standard
conditions (25°C, 100 kPa).

[0043] The heating temperature in the oxidation step may be 220°C or
higher, or may be 240°C or higher, from the viewpoint of improving the

11
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productivity of the carbon material. However, if the heating
temperature is too high, oxidation of the carbon material proceeds too
much, and the yield of the carbon material decreases. In order to
obtain a carbon material having high safety in a high yield, the heating
temperature in the oxidation step may be lower than 300°C, may be
280°C or lower, or may be 270°C or lower. The oxidation step may be
performed using, for example, an electric furnace.

[0044] The heating time at the heating temperature in the oxidation step
may be 10 to 60 minutes or may be 15 to 50 minutes from the viewpoint
of producing a carbon material having sufficiently high safety with high
production efficiency. Through such an oxidation step, a carbon
material having high safety may be obtained.

[0045] The carbon material obtained in this way is produced using only
biomass and does not contain coal. Thus, since the carbon material is
derived from biomass, it can be suitably used for various applications as
a carbon-neutral material. Examples of uses of the carbon material
include fuels, soil conditioners (biochar), and iron-making PCI coal
(blast furnace pulverized coal injection).

[0046] The heat (integrated value) of oxidation reaction of the carbon
material may be equal to or less than 5 kJ/kg, equal to or less than 4
kJ/kg, or equal to or less than 3 kJ/kg from the viewpoint of sufficiently
increasing safety. The heat (integrated value) of oxidation reaction of
the carbon material may be 1 kJ/kg or more, or may be 2 kJ/kg or more,
from the viewpoint of improving usability as a fuel. When the heat
(integrated values) of oxidation reactions of the biomass chars and the

carbon material are HO and H1, respectively, H1/HO may be 0.1 to 0.5,
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or may be 0.2 to 0.4.

[0047] Since the carbon material is obtained through a carbonization
step, the carbon material has a high heating value. The heating value
may be, for example, 5,000 kcal’kg or more, or may be 5,500 kcal/kg or
more. Such a carbon material can be suitably used as fuel. The
heating value in the present disclosure is the higher heating value
measured on a dry basis.

[0048] The carbon material contains carbon as a main component.
From the viewpoint of sufficiently increasing the heating value, the
carbon content of the carbon material may be 60% by weight or more,
62% by weight or more, or 64% by weight or more. From the
viewpoint of improving productivity, the carbon content of the carbon
material may be 80% by weight or less, 75% by weight or less, or 71%
by weight or less. An example of the carbon content of the carbon
material is 60 to 80% by weight. The carbon material may contain
oxygen, nitrogen, hydrogen, and sulfur in addition to carbon. The
oxygen content of the carbon material may be, for example, 25% by
weight or more, or may be 30% by weight or more. From the
viewpoint of sufficiently increasing the heating value, the oxygen
content of the carbon material may be less than 40% by weight, less
than 38% by weight, or less than 36% by weight.

[0049] Although example embodiments of the present disclosure have
been described above, the present disclosure is not limited to the
above-described embodiments.

[Example]

[0050] The content of the present disclosure will be described in more

13



10

15

20

CA 03224149 2023-12-22

detail with reference to experimental results.

[0051] [Biomass Carbonization Step (1)]

[0052] Eucalyptus chips (particle size: 10 to 50 mm, water content:
20% by weight) were prepared as biomass. The biomass was heated in
an oxygen-free atmosphere in an electric furnace at a carbonization
temperature shown in Table 1 for 2 hours to obtain five kinds of
biomass chars having different carbon contents. The biomass before
carbonization and the biomass chars obtained by carbonization at each
carbonization temperature were subjected to proximate analysis and
ultimate analysis, and the higher heating value was measured. The
proximate analysis was performed in accordance with JIS M 8812:2006
“Coal and coke-Methods for proximate analysis”. The ultimate
analysis was performed in accordance with JIS M 8819:1997 “Coal and
coke-Mechanical methods for ultimate analysis”. The sulfur content
was measured by bomb combustion-ion chromatography. The oxygen
content was obtained by the above calculation formula (1). The results

are shown in Table 1. Each measurement result is a value on a dry

basis.
[Table 1]
Carbonization| Proximate analysis Ultimate analysis H:;ﬁzg
t l
emperatire I'ash [ w | Fc | ¢ [ H [ N [ o | s HHV
[°c] [wt%] | [wt%] | [wt%] || Dwt%] | [wt%] | [wt%] | [wt%] | [wt%] || [keal/kgl
- Before dry | 5 | 830 | 163 |496 | 59 | 00 | 438 | 00 | 4640
distillation
Comparative 300 10 | 704 | 286 | 569 | 50 | 00 | 371 | 0.1 5,200
Example 1
Example 1 320 11 | 631 | 357 | 61.0| 47 | 00 | 331 | 0.1 5,580
Example 2 330 13 | 576 | 411 | 642 | 45 | 00 | 299 | 0.1 5,920
Example 3 350 15 | 508 | 477 | 680 | 43 | 00 | 261 | 0.1 6,350
Example 4 360 17 | 457 | 526 | 704 | 41 | 01 | 237 | 0.1 6,630

14
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[0053] [Evaluation of Spontaneous Ignition Property of Biomass chars]
[0054] The heating properties of the biomass chars having carbon
contents of 56.9% by weight (Comparative Example 1), 61.0% by
weight (Example 1), 64.2% by weight (Example 2), and 68.0% by
weight (Example 3) shown in Table 1 were evaluated by a simulated
heat insulation test. The simulated thermal insulation test was
performed using a thermostatic bath. Biomass chars (2200 g) were
placed as a sample in a thermostatic chamber, and changes in
temperature over time were examined under air flow (25 L/min).

[0055] In this simulated heat insulation test, the heat insulation state
was simulated by raising the set temperature of the thermostatic
chamber so as to follow the temperature rise of the sample. That is,
the state of the central portion of a deposit when a large amount of
biomass chars was piled up and stored in a yard was simulated.
Specifically, when the temperature of the sample placed in the
thermostatic chamber increased from 40°C to 41°C, the set temperature
in the thermostatic chamber was changed from 40°C to 41°C.
Similarly, when the temperature of the sample increased from 41°C to
42°C, the set temperature in the thermostatic chamber was changed
from 41°C to 42°C. The change with time of the temperature of the
sample when such an operation was intermittently repeated was
examined. The results were as shown in FIG. 1. As shown in FIG. 1,
the biomass chars of Examples 1, 2, and 3 having a carbon content of
61.0% by weight or more generated heat to 120°C or higher within 96
hours. These were judged to have spontaneously ignited because the

temperature of the biomass chars rapidly increased.
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[0056] [Measurement of Heat (Integrated Value) of Oxidation reaction
of Biomass chars]

[0057] The heat of oxidation reactions (dry basis) of the biomass chars
of Comparative Example 1 and Examples 1, 2, and 3 among the
biomass chars in Table 1 were measured using a TG-DSC test apparatus
(manufactured by NETZSCH, STA449F3). In the measurement, each
of the biomass chars was crushed and the 10mg thereof was weighed.
The weighed sample was placed in the sample holder of the apparatus,
and the temperature was raised from 20°C to 107°C at a rate of 3°C/min
in a nitrogen-atmosphere (nitrogen-gas flow rate: 100 mL/min). After
reaching 107°C, the nitrogen gas was switched to air (flow rate: 100
mL/min). After the switching, the sample was maintained for 20
minutes (1200 seconds), and the heat of oxidation reaction during the
maintaining was measured. FIG. 2 shows a temporal change of the
integrated heat of oxidation reaction. The integrated heat of oxidation
reaction until 20 minutes elapsed from the start of the measurement was
as shown in Table 2. That is, Table 2 shows heat (integrated values) of
oxidation reactions when the biomass chars were maintained at 107°C
for 20 minutes.

[Table 2]

Heat (integrated value) of oxdation reaction [kJ/kg]

Comparative
Example 1 | Example 2 | Example 3
Example 1

4.0 8.4 12.5 20.5

[0058] As shown in FIGS. 1 and 2 and Table 2, it was confirmed that

when the carbon content was high, spontancous ignition and
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spontaneous heat generation were likely to occur.

[0059] [Oxidation Step (1)]

[0060] An oxidation step of oxidizing biomass chars having a carbon
content of 70.4% by weight (Example 4) shown in Table 1 at heating
temperatures of 180°C, 200°C, 250°C, and 260°C was performed. The
oxidation step was performed using an electric furnace under the
condition of an oxygen concentration of 5% by volume. Each heating
temperature was maintained for 25 to 90 minutes to prepare a carbon
material.

[0061] [Evaluation of Carbon Material (1)]

[0062] Heat (integrated value) of oxidation reaction of each carbon
material obtained in the oxidation step (1) was obtained. The heat
(integrated value) of oxidation reaction of the carbon material was
measured by the same method as the method of measuring the heat
(integrated value) of oxidation reaction of the biomass chars. The
relationship between the heating time of the oxidation step (1) and the
heat (integrated value) of oxidation reaction was as shown in FIG. 3.
Based on the measurement results of FIG. 3, the heating time in the
oxidation step necessary for making the heat (integrated value) of
oxidation reaction equal to or less than 5 kJ/kg was obtained. The
results are shown in Table 3. The remarks column in Table 3 shows
the types of Examples and Comparative Examples.

[Table 3]

17
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Oxidation step
Heating L
Heating time Remarks
temperature

[°C] [minute]

Comparative
180 90

Example 2

200 60 Example 4-1
250 40 Example 4-2
260 25 Example 4-3

[0063] As shown in Table 3, when the heating temperature in the
oxidation step was 180°C, it was necessary to set the heating time in the
oxidation step to 90 minutes or more in order to set the heat (integrated
value) of oxidation reaction to 5 kJ/kg or less (Comparative Example 2).
On the other hand, it was confirmed that the heating time in the
oxidation step can be set to 60 minutes or less by setting the heating
temperature in the oxidation step to 200°C or higher (Examples 4-1 to
4-3).

[0064] [Oxidation Step (2)]

[0065] An oxidation step (2) of oxidizing the biomass chars of Example
2 in Table 1 was performed. In this oxidation step (2), a fluidized bed
equipment was used. The biomass chars were oxidized while being
fluidized by an oxygen-containing gas (200 to 210°C, oxygen
concentration: 8% by volume). The residence time was 30 minutes.
[0066] [Evaluation of Carbon Material (2)]

[0067] The spontancous ignition property of the carbon material
obtained in the oxidation step (2) was evaluated. This evaluation was
carried out by the same procedure as in “Evaluation of Spontaneous

Ignition Property of Biomass chars” described above. The results are
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shown in FIG. 4. From the comparison between FIGS. 1 and 4, it was
confirmed that the spontaneous ignition property could be sufficiently
reduced by the oxidation step (2).

[0068] The carbon material was subjected to proximate analysis and
ultimate analysis, and the higher heating value was measured. The
analysis method was the same as the analysis method of biomass chars
in the “Biomass Carbonization Step (1)”. The results are shown in
Table 4. FEach measurement result is a value on a dry basis.
Comparing the results of Example 2 of Table 1 and Example 2-1 of
Table 4, it was confirmed that the oxygen content was increased by the
oxidation step (2). In addition, as the oxygen content increased, the
carbon content was relatively decreased.

[Table 4]

Heating

Proximate analysis Ultimate analysis
value

Ash VM FC C H N o) S HHV
[wt%] | [wt%] | [wth] | [wt%] | [wt%] | [wt%] | [wt%] | [wt%] || [keal/ke]
Example 2-1] 1.0 610 | 380 | 614 4.1 0.2 333 | 0.0 5,700

[0069] [Oxidation Step (3)]

[0070] Carbon materials were prepared by performing the oxidation

step (3) of oxidizing the biomass chars of Examples 1, 2, and 4 in Table
1. The oxidation step (3) was performed by heating at 250°C for 15 to
60 minutes in an atmosphere having an oxygen concentration of 5% by
volume using an electric furnace. The carbon materials obtained by
oxidizing the biomass chars of Examples 1, 2, 4 were designated as
Examples 1-1, 2-2, and 4-4, respectively.

[0071] [Evaluation of Carbon Material (3)]
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[0072] Heat (integrated value) of oxidation reaction of each carbon
material obtained in the oxidation step (3) was obtained. The heat of
oxidation reaction (dry basis) was measured by the same method as the
method for measuring the heat (integrated value) of oxidation reaction
of the biomass chars. The relationship between the heating time of the
oxidation step (3) and the heat (integrated value) of oxidation reaction
was as shown in FIG. 5. Based on the measurement results shown in
FIG. 5, the time required for oxidizing treatment to reduce the heat
(integrated value) of oxidation reaction to 5 kl/kg or less was

determined. The results are shown in Table 5.

[Table 5]
Carbon content of Heating time in
biomass chars oxidation step
[% by weight] [minute]
Example 1-1 61.0 23
Example 2-2 64.2 30
Example 4-4 70.4 40

[0073] As shown in Table 5, it was confirmed that the heating time of
the oxidation step needs to be increased as the carbon content of the
biomass chars increases in order to obtain a carbon material having a
reduced heat (integrated value) of oxidation reaction. For comparison,
Comparative Example 1 in which the carbon content of biomass chars
was 56.9% by volume is also plotted in FIG. 5. In Comparative
Example 1, since the heat (integrated value) of oxidation reaction is 5
kJ/kg or less even if the oxidizing treatment is not performed, the
oxidizing treatment is not necessary.

[0074] [Oxidation Step (4)]
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[0075] Carbon materials were prepared by performing an oxidation step
(4) of oxidizing the biomass chars of Example 4 of Table 1 at each
heating temperature of 250°C, 260°C, and 300°C. The oxidation step
(4) was performed using a TG-DSC test apparatus (manufactured by
NETZSCH, STA449F3) under the condition of an oxygen concentration
of 7.5% by volume. The oxidation step (4) was performed at each
temperature, and the change in weight over time was measured. The
results are shown in FIG. 6. As shown in FIG. 6, it was confirmed that
when the temperature of the oxidation step (4) was 300°C or higher, the
decomposition of the biomass chars proceeded and the yield of the
carbon material was lowered.

[0076] [Biomass Carbonization Step (2)]

[0077] Three types of biomasses A, B, and C were prepared as
biomasses (wood). White wood is wood obtained by peeling the bark.
[0078] Biomass A: pine (bark)

[0079] Biomass B: eucalyptus (white wood)

[0080] Biomass C: pine (white wood)

[0081] Each of the biomasses A, B, and C was heated for 2 hours in an
oxygen-free atmosphere using an electric oven to obtain a plurality of
types of biomass chars having different carbon contents. The
carbonization was performed at a temperature of 260 to 500°C
(carbonization temperature). Each of resulting biomass chars was
subjected to ultimate analysis to determine carbon content (% by
weight, dry basis). The results are shown in FIG. 7.

[0082] As shown in FIG. 7, the carbonization temperature at which the

carbon content was 61% by weight had a difference of about 70°C.
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Thus, it was confirmed that the degree of progress of carbonization
varies depending on the type of biomass. Therefore, it was confirmed
that in order to reduce the variation in the spontaneous ignition property
and the spontaneous heat generation property of the carbon material, it
is preferable to manage the carbon content of the biomass chars as an
index rather than the carbonization conditions such as the carbonization
temperature and the carbonization time.

Industrial Applicability

[0083] According to the present disclosure, a carbon material having a
high carbon content and sufficiently excellent safety and a method for

producing the same are provided.
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CLAIMS
[Claim 1]

A method for producing a carbon material, the method
comprising:

a carbonization step of obtaining biomass chars having a carbon
content of 61 to 75% by weight from biomass; and

an oxidation step of heating the biomass chars to 200°C or
higher in an atmosphere having an oxygen concentration of 2 to 13% by
volume.

[Claim 2]

The method for producing a carbon material according to claim
1, wherein an integrated heat of oxidation reaction when the carbon
material obtained in the oxidation step is maintained in air at 107°C for
20 minutes is 5 kJ/kg or less.

[Claim 3]

The method for producing a carbon material according to claim
1 or 2, wherein in the oxidation step, the biomass chars are heated to a
temperature range of 200°C or higher and lower than 300°C.

[Claim 4]

The method for producing a carbon material according to any
one of claims 1 to 3, wherein in the oxidation step, a time for heating
the biomass chars to 200°C or higher is 60 minutes or less, and the
carbon material having a carbon content of 60% by weight or more is
obtained.

[Claim 5]

The method for producing a carbon material according to any
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one of claims 1 to 4, wherein in the carbonization step, the biomass is
heated to 320°C or higher.
[Claim 6]

The method for producing a carbon material according to any
one of claims 1 to 5, wherein in the carbonization step, the biomass is
carbonized and then fractionated into first biomass chars and second
biomass chars having a lower carbon content than that of the first
biomass chars, and

wherein in the oxidation step, the first biomass chars are heated.
[Claim 7]

A method for producing a carbon material, the method
comprising:

a carbonization step of obtaining biomass chars having a carbon
content of 61% by weight or more from biomass; and

an oxidation step of heating the biomass chars to 200°C or
higher in an atmosphere having an oxygen concentration of 2 to 13% by
volume

wherein in the carbonization step, the biomass is carbonized and
then fractionated into first biomass chars and second biomass chars
having a lower carbon content than the first biomass chars, and

wherein in the oxidation step, the first biomass chars are heated.
[Claim 8]

A carbon material derived from biomass, the carbon material
having:

a carbon content of 60 to 75% by weight,

wherein an integrated heat of oxidation reaction when

24



maintained in air at 107°C for 20 minutes is 5 kJ/kg or less.
[Claim 9]
The carbon material according to claim 8, having a higher

heating value of 5,500 kcal’kg or more.
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Fig.6
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