DESCRIPTION

COMBUSTIBLE GAS

[TECHNICAL FIELD]
[0001]

The present invention relates to a combustible gas.

[BACKGROUND ART]
[0002]

A gas cutting method of cutting an object with a combustible gas is well known. In
the gas cutting method, a mixed gas in which the combustible gas is mixed with an oxygen
gas is burnt, thereby preheating the object with the resulting heat. Then, at a stage in which
the object has been sufficiently preheated, an oxygen gas for cutting is further supplied, and
the object is cut while being oxidized.

[0003]

As the combustible gas, the Applicant proposed a combustible gas containing 38%
by volume or more and 45% by volume or less of ethylene, with the remainder being
hydrogen and unavoidable impurities (see Japanese Patent No. 4848060). This combustible
gas can be easily stored, transported, etc. and enables contributing to an increase in quality of
a finished state after gas cutting.

[PRIOR ART DOCUMENTS]
[PATENT DOCUMENTS]
[0004]

Patent Document 1: Japanese Patent No. 4848060
[SUMMARY OF THE INVENTION]

[PROBLEMS TO BE SOLVED BY THE INVENTION]
[0005]

A hydrocarbon gas contained in the combustible gas serves as a calorie source, i.e.,
contributes to thermal power, and increases burning intensity. Thus, as shown in FIG. 1, an
ethylene concentration in the conventional combustible gas is set in the vicinity of a point at
which the burning intensity shows a maximum. In this manner, a hydrocarbon gas
concentration is typically set such that the burning intensity becomes high.

[0006]

Meanwhile, owing to current environmental problems, for example, SDGs
(sustainable development goals) were adopted by United Nations in 2015, and phrases such as
low CO., decarbonization, carbon neutrality, etc. have been more and more highly publicized,
raising a strong demand for a reduction of a COz gas. Also in the combustible gas, an
amount of the hydrocarbon gas, which may serve as a CO- source, is desirably as small as



possible. However, as shown in FIG. 1, the burning intensity is abruptly decreased when the
ethylene concentration is lowered.
[0007]

The present invention was made in view of the foregoing circumstances, as a result
of dedicated research and development aiming, as a company which provides combustible
gases, to develop a combustible gas that enables lower CO2 emission, and an object of the
invention is to provide a combustible gas that enables reducing an amount of CO: generated
at a time of cutting an object.

[MEANS FOR SOLVING THE PROBLEMS]
[0008]

Conventionally, it has been considered that a decrease in the burning intensity leads
to a decrease in a cutting rate and more time is required for cutting, thereby increasing CO-
gas emissions; however, as a result of intensive study of the reduction of the CO- gas, the
inventors of the present invention have found that, as shown in FIG. 2, the decrease in the
cutting rate is small in a combustible gas containing ethylene and hydrogen. In other words,
when the ethylene concentration is reduced, the burning intensity decreases (FIG. 1), but the
decrease in the cutting rate is limited (FIG. 2), and the increase in the cutting time is also
limited. The inventors have discovered that, since a generation amount of the COz gas is
determined by (hydrocarbon gas content in combustible gas x cutting time), with regard to the
combustible gas, a reduction in ethylene concentration brings an effect of reducing the
hydrocarbon gas content much more strongly than an influence of prolongation of the cutting
time, enabling largely reducing the generation amount of the CO- gas, and have completed the
present invention.

[0009]

That is to say, an aspect of the present invention is a combustible gas for use as a
combustion gas for gas cutting of an object, the combustible gas containing ethylene at a
concentration of greater than 0% by volume and less than 18% by volume, with the remainder
being hydrogen and unavoidable impurities.

[0010]

In the combustible gas, a decrease in the cutting rate is small, while the concentration
of ethylene, which is a hydrocarbon gas, is suppressed to be lower than an ethylene
concentration at which the burning intensity is maximized; accordingly, the generation amount
of the CO: gas can be effectively reduced.

[0011]

Although the reason for the decrease in the cutting rate being small has not been
identified, the inventors of the present invention have focused on the fact that the hydrogen
concentration increases proportionally with a decrease in the ethylene concentration.  As the
hydrogen concentration increases, straightness of a flame increases and flow velocity becomes
higher. It is surmised that the straightness of the flame and the high flow velocity compensate

2



for the decrease in the burning intensity, thereby inhibiting the decrease in the cutting rate.
[0012]

The combustible gas is preferably encapsulated in a container, and a pressure in the
container at 35 °C is preferably 1 MPa or more and 50 MPa or less. By thus encapsulating the
combustible gas in the container, handleability can be improved. Furthermore, by setting the
pressure in the container at that time to fall within the above range, the combustible gas can be
efficiently transported, while inhibiting liquefaction of ethylene.

[0013]

A concentration of the unavoidable impurities is preferably 1.0% by volume or less.
By thus setting the concentration of the unavoidable impurities to be less than or equal to the
upper limit, characteristics of the combustible gas can be easily stabilized, and effects of the
present invention can be more surely exhibited.

[0014]

The object is preferably steel. The combustible gas can be particularly suitably used
to cut steel.

[EFFECTS OF THE INVENTION]
[0015]

The combustible gas of the present invention enables reducing the amount of CO>
generated at the time of cutting an object.
[BRIEF DESCRIPTION OF THE DRAWINGS]
[0016]

FIG. 1 is a graph showing a relationship between the ethylene concentration and the
burning intensity.

FIG. 2 is a graph showing a relationship between the ethylene concentration and the
cutting rate.

FIG. 3 is a schematic view illustrating an example of production equipment of the
combustible gas of the present invention.

FIG. 4 is a graph showing a relationship between the ethylene concentration and the
CO:2 generation amount in Examples.

[DESCRIPTION OF EMBODIMENTS]
[0017]

Hereafter, a combustible gas according to one embodiment of the present invention is
described.
[0018]

An aspect of the present invention is a combustible gas for use as a combustion gas
for gas cutting of an object.
[0019]

The object is a material that can be cut with a flame, namely, a metal material that is
oxidized by being exposed to oxygen at high temperatures. Examples of the object include
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steel, titanium materials, and the like.
[0020]

The object is preferably steel, and more preferably rolled steel for general structure.
The combustible gas can be particularly suitably used to cut steel.

[0021]
Combustible Gas

The combustible gas contains ethylene at a concentration of greater than 0% by volume
and less than 38% by volume, with the remainder being hydrogen and unavoidable impurities.
[0022]

The lower limit of the ethylene concentration is preferably 1% by volume and more
preferably 5% by volume. On the other hand, the ethylene concentration is preferably less
than 18% by volume and more preferably less than 15% by volume. When the combustible
gas is burnt, a whitish colored part (white core) is generated in a central portion of the flame.
This white core enables an operator to confirm that the flame is generated, to adjust a position
of the flame relative to an object to be cut, and/or the like. By setting the ethylene
concentration to be greater than or equal to the lower limit, visibility of the white core can be
improved, thereby improving working efficiency of the operator. Furthermore, by setting the
ethylene concentration to be less than the upper limit, the generation amount of the CO> gas can
be further reduced.

[0023]

It is to be noted that the hydrogen concentration proportionally increases with a
decrease in the ethylene concentration. As the hydrogen concentration increases, the
straightness of the flame increases and the flow velocity becomes higher. The straightness of
the flame and the high flow velocity lead to a high-quality cutting face (with little edge sagging
or slag attachment). Since the hydrogen concentration in the combustible gas is relatively
high, there is a strong tendency that a clean cutting face is obtained.

[0024]

The upper limit of a content of the unavoidable impurities is preferably 1.0% by
volume, more preferably 0.5% by volume, and still more preferably 0.1% by volume. By
setting the content of the unavoidable impurities to be less than or equal to the upper limit, the
characteristics of the combustible gas can be easily stabilized. On the other hand, the lower
limit of the content of the unavoidable impurities is not particularly limited and may be 0% by
volume.  As referred to herein, the “unavoidable impurities” include, in addition to
unintentionally contained impurities, impurities that are intentionally added within a range in
which performance of the combustible gas can be maintained. Examples of such impurities
that are intentionally added include nitrogen, oxygen, moisture, and the like.

[0025]



The combustible gas is pressurized to be stored in a container or a tank.  Of these,
the combustible gas is preferably encapsulated in the container. By thus encapsulating the
combustible gas in the container, the handleability can be improved.

[0026]

A pressure in the container is preferably less than or equal to a pressure at which a
gas to be encapsulated in the container is not liquefied, and in light of transport efficiency, the
pressure is preferably as high as possible.  Specifically, the lower limit of the pressure in the
container at 35 °C is preferably 1 MPa, more preferably 6 MPa, and still more preferably 15
MPa. On the other hand, the upper limit of the pressure is preferably 50 MPa and more
preferably 20 MPa. When the pressure is less than the lower limit, it may be difficult to
efficiently transport the combustible gas. Conversely, when the pressure is greater than the
upper limit, ethylene may be liquefied and the handleability may be degraded. Since the
ethylene concentration in the combustible gas is relatively low, liquefaction is less likely to
occur even when the pressure in the container is relatively high. Thus, by raising the
pressure to increase a fill volume of the container, the transport efficiency can be improved.
[0027]

Method for Producing Combustible Gas

The combustible gas can be encapsulated in a container 1 by using, for example, the
production equipment illustrated in FIG. 3. The production equipment includes: a hydrogen
gas storage portion 2; an ethylene gas storage portion 3; a gas discharge portion 4; a
decompression device 5; a pressure gauge 6; and a pipe 7 which connects the hydrogen gas
storage portion 2, the ethylene gas storage portion 3, the gas discharge portion 4, the
decompression device 5, and the pressure gauge 6 to the container 1.

[0028]

The container 1 includes: a main body portion 10 for storing the combustible gas;
and a container valve 11 attached to the main body portion 10. The pipe 7 is connected to
the container valve 11.

[0029]

As illustrated in FIG. 3, a hydrogen gas is stored in the hydrogen gas storage portion
2, and the hydrogen gas storage portion 2 is connected to the pipe 7 through a hydrogen valve
2a and a hydrogen check valve 2b. An ethylene gas is stored in the ethylene gas storage
portion 3, and the ethylene gas storage portion 3 is connected to the pipe 7 through an
ethylene valve 3a and an ethylene check valve 3b. The hydrogen check valve 2b and the
ethylene check valve 3b inhibit backflow of the hydrogen gas and the ethylene gas into the
hydrogen gas storage portion 2 and the ethylene gas storage portion 3, respectively.
Furthermore, to efficiently fill the container 1 with the hydrogen gas and the ethylene gas, a
hydrogen compressor 2¢ for compressing and pressurizing the hydrogen gas in the hydrogen
gas storage portion 2 and an ethylene compressor 3c for compressing and pressurizing the



ethylene gas in the ethylene gas storage portion 3 may be provided at outlets of the hydrogen
gas storage portion 2 and the ethylene gas storage portion 3, respectively.
[0030]

The gas discharge portion 4 enables safely discharging the gases in the pipe 7 to the
outside. The gas discharge portion 4 is connected to the pipe 7 through a gas discharge valve
4a.

[0031]

The decompression device 5 includes, for example, a vacuum pump and can control
the pressure in the pipe 7. The decompression device 5 is connected to the pipe 7 through a
decompression valve 5a.

[0032]

A method for producing the combustible gas by using the above production
equipment (filling method) is described. The method for producing the combustible gas
includes an exhausting step, an ethylene gas-filling step, a hydrogen gas-filling step, and a
container-removing step.

[0033]

Exhausting Step

In the exhausting step, a gas remaining in the main body portion 10 of the container 1
is discharged.

[0034]

Specifically, in a state in which the hydrogen valve 2a, the ethylene valve 3a, the
discharge valve 4a, and the decompression valve 5a are closed, the container valve 11 is
opened, and it is checked with the pressure gauge 6 whether the combustible gas remains in
the main body portion 10 at a pressure of greater than or equal to a specified pressure. In the
case in which the combustible gas remains at a pressure of greater than or equal to the
specified pressure, the discharge valve 4a is opened to discharge the combustible gas from the
gas discharge portion 4. Then, the discharge valve 4a is closed.

[0035]

Next, the decompression valve 5a is opened to decompress the inside of the main
body portion 10 and the pipe 7. When the pressure is reduced to a desired pressure, the
decompression valve 5a is closed. It is to be noted that this operation is conducted even in a
case in which the discharge valve 4a has not been opened. That is to say, after the
exhausting step, the main body portion 10 has a reduced pressure.

[0036]

Ethylene Gas-Filling Step

In the ethylene gas-filling step, the main body portion 10 which has been
decompressed in the exhausting step is filled with the ethylene gas.

[0037]



Specifically, the ethylene valve 3a is opened to fill the main body portion 10 with the
ethylene gas in the ethylene gas storage portion 3. The ethylene valve 3a is closed at a point
of time when the pressure in the main body portion 10, i.e., a pressure of the pressure gauge 6
reaches a pressure (partial pressure) required for the combustible gas after production to have
the ethylene concentration of greater than 0% by volume and less than 38% by volume.

More specifically, it is preferable that when a pressure of the combustible gas after production
is denoted by P and a partial pressure of the ethylene gas is denoted by p, the partial pressure
p is determined such that p/P is a desired ethylene concentration, and that the ethylene valve
3ais closed at a point of time when the partial pressure p is obtained.

[0038]

Hydrogen Gas-Filling Step

In the hydrogen gas-filling step, the main body portion 10 after the ethylene gas-
filling step is filled with the hydrogen gas.

[0039]

Specifically, the hydrogen valve 2a is opened to fill the main body portion 10 with
the hydrogen gas in the hydrogen gas storage portion 2. The hydrogen valve 2a is closed at
a point of time when the pressure in the main body portion 10, i.e., the pressure of the
pressure gauge 6 reaches a pressure required for the combustible gas after production to have
the ethylene concentration of greater than 0% by volume and less than 38% by volume.

More specifically, the hydrogen valve 2a is preferably closed at a point of time when the
pressure of the combustible gas reaches P.
[0040]

Container-Removing Step

In the container-removing step, the container valve 11 of the container 1 which has
been filled with the ethylene gas and the hydrogen gas is closed, and the container 1 is
removed from the pipe 7. In this manner, the container 1 can be filled with the combustible
gas.

[0041]

It is to be noted that in a predetermined period of time after the filling, the ethylene
gas and the hydrogen gas with which the container 1 has been filled are brought into a
uniformly mixed state.

[0042]
Advantages

In the combustible gas, a decrease in the cutting rate is small, while the concentration
of ethylene, which is a hydrocarbon gas, is suppressed to be lower than the ethylene
concentration at which the burning intensity is maximized; accordingly, the generation amount
of the CO: gas can be effectively reduced.

[0043]
Other Embodiments



The above embodiment does not limit the configuration of the present invention.
Therefore, in the above embodiment, the components of each part of the above embodiment
can be omitted, replaced, or added based on the description in the present specification and
general technical knowledge, and such omission, replacement, or addition should be construed
as falling within the scope of the present invention.

[0044]

In the above embodiment, the case in which at the time of filling the container with the
combustible gas, the ethylene gas filling is performed first has been described; however, the
hydrogen gas filling may be performed first.

[0045]

In the above embodiment, the case in which at the time of filling the container with the
combustible gas, the pressure gauge is used to obtain the combustible gas having the desired
ethylene concentration has been described; however, a weight of the gas(es) for filling may be
adopted.

[0046]

Furthermore, in the above embodiment, at the time of filling the container with the
combustible gas, the container is filled with each gas such that the desired partial pressure is
obtained; however, the following procedure is also possible: the gases are mixed at a low
pressure such that the ethylene gas has the desired concentration, the pressure of the resulting
mixed gas is increased with a compressor, and the container is filled with the mixed gas.
[0047]

Moreover, in the above embodiment, the case in which the container is filled with the
combustible gas has been described; however, the combustible gas may be produced by mixing
the ethylene gas and the hydrogen gas at a place where cutting is to be implemented, and may
be used without filling the container.

EXAMPLES
[0048]

Hereinafter, the present invention is described further in detail by way of Examples;
however, the present invention is not limited to the Examples.
[0049]
CO2 Generation Amount

As the combustible gas containing ethylene, with the remainder being hydrogen and
unavoidable impurities, 6 types of combustible gases having ethylene concentrations of 5% by
volume, 10% by volume, 15% by volume, 20% by volume, 30% by volume, and 40% by
volume were prepared.
[0050]

Rolled steel for general structure with a plate thickness of 25 mm was prepared. Each
combustible gas was used to cut the rolled steel for general structure by 300 mm, and cutting
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time was measured. At the time of cutting the steel with the combustible gas, the cutting was
not started until the steel was heated, but the cutting time does not include this time period. In
other words, the cutting time refers to time from the start of the cutting until the steel was cut
by 300 mm. Itis to be noted that a flow rate of the combustible gas during the cutting was set
to 8 L/min.

[0051]

Since the flow rate of the combustible gas was fixed to 8 L/min, the CO2 generation
amount in the case of using each combustible gas is proportional to (ethylene concentration x
cutting time).  FIG. 4 shows the relationship between the ethylene concentration and the CO2
generation amount (ethylene concentration x cutting time). It is to be noted that FIG. 4 shows
normalized data in which (ethylene concentration x cutting time) in the case of using the
combustible gas having the ethylene concentration of 40% by volume is 100.

[0052]

It is found from the graph in FIG. 4 that in a region of the ethylene concentration of
less than 38% by volume, a reduction in the ethylene concentration brings an effect of reducing
the hydrocarbon gas content much more strongly than an influence of prolongation of the
cutting time, enabling largely reducing the generation amount of the CO> gas.

[0053]
Visibility of White Core

As the combustible gas containing ethylene, with the remainder being hydrogen and
unavoidable impurities, 7 types of combustible gases having ethylene concentrations shown in
Table 1 were prepared.

[0054]

A flame was generated using each of the 7 types of combustible gases, and visibility
of a white core was visually evaluated. Evaluation criteria are as follows.

Evaluation criteria

A: Favorable, with the white core being clearly visible

B: No problem in practical use, with the white core being visible

C: Impractical, with the white core being faintly visible but difficult to perceive

D: No visible white core

[0055]
Table 1
Ethylene concentration 0% 1% 5% 10% 20% 30% 40%
Visibility of white core D B B B B A A
[0056]

The results in Table 1 indicate that with regard to the combustible gas having the
ethylene concentration of 1% by volume or more, the visibility of the white core does not



involve any practical problem.
[INDUSTRIAL APPLICABILITY]
[0057]
As described above, the combustible gas of the present invention enables reducing the
amount of CO: generated at the time of cutting an object.
[Explanation of the Reference Symbols]

[0058]

1 Container

10 Main body portion

11 Container valve

2 Hydrogen gas storage portion

2a Hydrogen valve

2b Hydrogen check valve

2¢C Hydrogen compressor

3 Ethylene gas storage portion

3a Ethylene valve

3b Ethylene check valve

3c Ethylene compressor

4 Gas discharge portion

4a Discharge valve

5 Decompression device

5a Decompression valve
Pressure gauge

7 Pipe
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CLAIMS
1. A combustible gas for use as a combustion gas for gas cutting of an object, the
combustible gas comprising ethylene at a concentration of greater than 0% by volume and less
than 18% by volume, with a remainder being hydrogen and unavoidable impurities.
2. The combustible gas according to claim 1, wherein
the combustible gas is encapsulated in a container, and

a pressure in the container at 35 °C is 1 MPa or more and 50 MPa or less.

3. The combustible gas according to claim 1 or 2, wherein a concentration of the
unavoidable impurities is 1.0% by volume or less.

4. The combustible gas according to claim 1 or 2, wherein the object is steel.
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