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(54) HYDROGEN GAS DISSOLVING DEVICE

(57) A hydrogen gas dissolving apparatus 1 has a
hydrogen supply unit 2 capable of supplying hydrogen
gas, and a hydrogen gas dissolution module 6 for bringing
the hydrogen gas supplied from the hydrogen supply unit
2 in contact with and dissolved in water. The hydrogen
gas dissolution module 6 has a supply port 62 to which
the hydrogen gas is supplied, a hydrogen chamber 63

communicating with the supply port 62 and filled with the
hydrogen gas supplied from the supply port 62, and an
exhaust port 64 communicating with the hydrogen cham-
ber 63 and discharging the air in the hydrogen chamber
63. The exhaust port 64 is located in a lower part of the
hydrogen chamber 63.
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Description
Background technology

[0001] The presentinvention relates to a hydrogen gas
dissolving apparatus for making hydrogen gas dissolved
in water.

[0002] In recent years, a hydrogen gas dissolving ap-
paratus has been proposed in which hydrogen gas is
dissolved in tap water to produce hydrogen water. For
example, Patent Document 1 discloses an apparatus for
producing hydrogen water by supplying hydrogen gas
and tap water through a gas separation hollow fiber mem-
brane. The above-mentioned Patent Document 1 de-
scribes thatit is possible to supply hydrogen water having
a concentration higher than a predetermined concentra-
tion by adjusting the pressure of the hydrogen gas in
accordance with the water temperature and by making
the pressure of the hydrogen gas and the pressure of the
tap water the same pressure.

[0003] By the way, inthe above-said hydrogen gas dis-
solving apparatus, the inside of the hydrogen gas dis-
solving means (outside of the gas separation hollow fiber
membrane) before the hydrogen gas is supplied from the
hydrogen gas supplying means, is filled with air. This air
remains in the hydrogen gas dissolving means even after
the supply of hydrogen gas is started, and prevents the
hydrogen molecules from coming into contact with the
gas separation hollow fiber membrane. Therefore, it be-
comes difficult to rapidly and sufficiently increase the dis-
solved hydrogen concentration in the hydrogen water,
and further improvement is desired.

Prior art document
Patent document

[0004] Patent Document 1: Patent Application Publi-
cation No. 2016-77987

Summary of the Invention
Problems to be solved by the Invention

[0005] The presentinvention has been devised in view
of the above circumstances, and a primary objective is
to provide a hydrogen gas dissolving apparatus capable
of rapidly and sufficiently increasing the dissolved hydro-
gen concentration in the hydrogen water.

Means for solving the problems

[0006] The present invention is a hydrogen gas dis-
solving apparatus which has

a hydrogen supply unit capable of supplying hydrogen
gas, and

a hydrogen gas dissolution module for making the hy-
drogen gas supplied from the hydrogen supply unit being
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contact with and dissolved in water,

wherein

the hydrogen gas dissolution module has

a supply port to which the hydrogen gas is supplied,

a hydrogen chamber filled with the hydrogen gas sup-
plied from the supply port, and

an exhaust port communicating with the hydrogen cham-
ber and discharging air in the hydrogen chamber, and
the exhaust portis located in a lower part of the hydrogen
chamber.

[0007] In the hydrogen gas dissolving apparatus, it is
preferable that

an open/close valve is provided below the exhaust port.
[0008] Itis desirable that the hydrogen gas dissolving
apparatus further comprises

a control unit for controlling the open/close valve accord-
ing to the supply amount of the hydrogen gas.

[0009] In the hydrogen gas dissolving apparatus, it is
preferable that

the hydrogen supply unit pressurizes the hydrogen
chamber by continuing to supply the hydrogen gas after
the open/close valve is closed.

[0010] In the hydrogen gas dissolving apparatus, it is
preferable that

the supply port is located above the exhaust port.
[0011] In the hydrogen gas dissolving apparatus, it is
preferable that

the hydrogen gas dissolution module has a plurality of
tube bodies for passing the water, and the tube bodies
are composed of a porous membrane which allows the
hydrogen gas to permeate.

[0012] In the hydrogen gas dissolving apparatus, it is
preferable that

the tube bodies are arranged in a direction intersecting
the traveling direction of the hydrogen gas supplied from
the supply port to the hydrogen chamber.

[0013] In the hydrogen gas dissolving apparatus, it is
preferable that

the porous membrane is a hollow fiber membrane.

Effect of the Invention

[0014] As already described, the hydrogen chamber is
filled with air before the hydrogen gas is supplied.

In the hydrogen chamber, with the supply of the hydrogen
gas, the hydrogen gas having a density lower than that
of air is distributed upward, and the air is pushed down
by the hydrogen gas and moves downward.

In the present invention, since the exhaust port is provid-
ed in the lower part of the hydrogen chamber, the air
pushed down by the hydrogen gas is smoothly dis-
charged through the exhaust port. As a result, the air in
the hydrogen chamber is quickly discharged, and the dis-
solved hydrogen concentration can be raised quickly and
sufficiently.
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Brief description of the Drawings
[0015]

[Fig. 1] a diagram showing a schematic configuration
of an embodiment of the hydrogen gas dissolving
apparatus of the present invention.

[Fig. 2] a block diagram showing an electrical con-
figuration of the hydrogen gas dissolving apparatus.
[Fig. 3] a flowchart showing the operation of the hy-
drogen gas dissolving apparatus.

[Fig. 4] a diagram showing a modified example of
the hydrogen gas dissolution module of the hydrogen
gas dissolving apparatus.

[Fig. 5]a diagram showing another modified example
of the hydrogen gas dissolution module of the hy-
drogen gas dissolving apparatus.

[Fig. 6] a diagram showing still another modified ex-
ample of the hydrogen gas dissolution module of the
hydrogen gas dissolving apparatus.

[Fig. 7] a diagram showing still another modified ex-
ample of the hydrogen gas dissolution module of the
hydrogen gas dissolving apparatus.

[Fig. 8] a diagram showing still another modified ex-
ample of the hydrogen gas dissolution module of the
hydrogen gas dissolving apparatus.

Mode for carrying out the Invention

[0016] Hereinafter, an embodiment of the present in-
vention will be described with reference to the drawings.
[0017] Fig. 1 shows a schematic configuration of the
hydrogen gas dissolving apparatus 1 of the present em-
bodiment. In the figure, the hatched area is an area filled
with water (hereinafter, the same applies to Figs. 4 to 6).
The hydrogen gas dissolving apparatus 1 is equipped
with a hydrogen supply unit 2 and a hydrogen gas dis-
solution module 6.

[0018] The hydrogen supply unit 2 is configured to be
able to supply hydrogen gas to the hydrogen gas disso-
lution module 6. The hydrogen supply unit2 of the present
embodiment includes an electrolysis tank 4.

[0019] In the electrolysis tank 4, hydrogen gas is gen-
erated by electrolysis.

The hydrogen gas dissolution module 6 dissolves the
hydrogen gas supplied from the electrolysis tank 4 by
bringing it into contact with water.

Thereby, with a simple structure, it becomes possible to
produce hydrogen dissolved water which is available in
hemodialysis and as drinking water,

[0020] In the inside of the electrolysis tank 4, an elec-
trolysis chamber 40 is formed.

In the electrolysis chamber 40, there are disposed an
anode feed body 41, a cathode feed body 42, and a di-
aphragm 43. By the diaphragm 43, the electrolysis cham-
ber40is divided into an anode chamber40a on the anode
feed body 41 side, and a cathode chamber 40b on the
cathode feed body 42 side.
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[0021] For the diaphragm 43, for example, a solid pol-
ymer material made of a fluororesin having a sulfonic
acid group or the like is appropriately used.

In order to make the electrolysis efficiently in the inside
of the electrolysis tank 4, it is preferred that the electrol-
ysis chamber 40 is separated by the diaphragm 43 into
the anode chamber 40a and the cathode chamber 40b.
[0022] Water for electrolysis is supplied to the anode
chamber 40a and the cathode chamber 40b.

when a direct current voltage for electrolysis is applied
between the anode feed body 41 and the cathode feed
body 42, the water is electrolyzed in the anode chamber
40a and the cathode chamber 40b, generating oxygen
gas in the anode chamber 40a and hydrogen gas in the
cathode chamber 40b.

[0023] Fig. 2 shows an electrical configuration of the
hydrogen gas dissolving apparatus 1.

The hydrogen gas dissolving apparatus 1 is equipped
with a control unit 10 which controls each of the anode
feed body 41, the cathode feed body 42 and other parts.
[0024] The control unit 10 has, for example, a CPU
(Central Processing Unit) for executing various arithme-
tic processes, information processing, and the like, and
a memory for storing programs and various information
for controlling the operation of the CPU.

A current supply line between the anode feed body 41
and the control unit 10 is provided with a current sensing
means 44. The current sensing means 44 may be pro-
vided in a current supply line between the cathode feed
body 42 and the control unit 10. The current sensing
means 44 detects the electrolysis current supplied to the
anode feed body 41 and the cathode feed body 42, and
outputs an electrical signal corresponding to the value of
the electrolysis current, to the control unit 10.

[0025] The control unit 10 feedback-controls the DC
voltage applied to the anode feed body 41 and the cath-
ode feed body 42, for example, based on the electric
signal output from the current sensing means 44.

For example, when the electrolysis current is excessive,
the control unit 10 reduces the voltage, and when the
electrolysis current is too small, the control unit 10 in-
creases the voltage. Thereby, the electrolysis current
supplied to the anode feed body 41 and the cathode feed
body 42 is appropriately controlled. Further, the control
unit 10 time-integrates the electrolysis current and there-
by calculates the amount of hydrogen gas generated.
[0026] As shownin Fig. 1, in the present embodiment,
the water supply pipe 3 for supplying water for electrolysis
to the anode chamber 40a and the cathode chamber 40b
is further provided. The water supply pipe 3 is branched
into the water supply pipe 31 and the water supply pipe
32 at a bifurcation portion 3a. The water supply pipe 31
is connected to the anode chamber 40a, and the water
supply pipe 32 is connected to the cathode chamber 40b.
The water supply pipe 3 upstream of the bifurcation por-
tion 3a may be appropriately provided with an open/close
valve.

[0027] The hydrogen gas dissolving apparatus 1 is fur-
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ther provided with a water supply means for supplying
water to the hydrogen gas dissolution module 6.

The water supply means comprises a water supply pipe
5.

In the present embodiment, the water supply pipe 3 is
branched from the water supply pipe 5.

Accordingly, the water supply pipe 3 and the water supply
pipe 5 are supplied with water from a water source of the
same system. Thereby, the structure of the hydrogen gas
dissolving apparatus 1 is simplified.

It may be also possible that the water source of the water
supply pipe 3 and the water source of the water supply
pipe 5 are separate systems.

[0028] The hydrogen supply unit 2 is not limited to the
above described electrolysis tank 4, and it may be any
one that is at least capable of supplying hydrogen gas.
For example, it may be a hydrogen cylinder or the like
filled with hydrogen gas in advance.

[0029] The hydrogen gas dissolution module 6 brings
the hydrogen gas supplied from the hydrogen supply unit
2 into contact with the water supplied from the water sup-
ply pipe 5 and dissolves the hydrogen gas in the water.
[0030] when the hydrogen dissolved water produced
by the hydrogen gas dissolving apparatus 1 is used for
hemodialysis, reverse osmosis water treated by a re-
verse osmosis membrane treatment device (not shown)
is supplied to the water supply pipe 5. Then, by the hy-
drogen gas dissolution module 6, hydrogen gas is dis-
solved in the reverse osmosis water, and dialysate prep-
aration water is produced and supplied to a dialysate
supply device.

[0031] The hydrogen gas dissolution module 6 has a
tube body 61 for passing water supplied from the water
supply pipe 5. In this embodiment, a plurality of the tube
bodies 61 are disposed inside the hydrogen gas disso-
lution module 6. The tube bodies 61 extend in a horizontal
direction. That is, the hydrogen gas dissolution module
6 has a horizontal-mount type structure.

[0032] The tube body 61 is composed of a porous
membrane which is hydrogen gas permeable.

In the present embodiment, a hollow fiber membrane is
used as the porous membrane constituting the tube body
61.

The hollow fiber membrane has innumerable micropores
which allow hydrogen gas to pass through.

Thereby, the hydrogen gas supplied from the hydrogen
supply unit 2 permeates the tube body 61, and comes
into contact with and dissolved in the water existing in
the tube body 61, and hydrogen water in which hydrogen
is dissolved is produced.

[0033] The hydrogen gas dissolution module 6 has

a supply port 62 to which hydrogen gas is supplied,

a hydrogen chamber 63 filled with hydrogen gas supplied
from the supply port 62, and

an exhaust port 64 for discharging air in the hydrogen
chamber 63.

The hydrogen supply unit 2 and the supply port 62 are
connected to each other via a hydrogen supply pipe 8.
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The supply port 62 and the exhaust port 64 communicate
with the hydrogen chamber 63.

Inthe hydrogen gas dissolution module 6, the supply port
62 and the exhaust port 64 are located at the same height.
[0034] The hydrogen chamber 63 before the hydrogen
gas is supplied from the supply port 62 is filled with air.
In the present embodiment, since the hydrogen gas dis-
solution module 6 is provided with the exhaust port 64,
the air in the hydrogen chamber 63 is discharged through
the exhaust port 64, and only the hydrogen gas can be
filled inthe hydrogen chamber 63. Therefore, itis possible
to quickly and sufficiently increase the dissolved hydro-
gen concentration of the hydrogen water produced by
the hydrogen gas dissolution module 6.

[0035] Inthe hydrogen gas dissolution module 6 of the
hydrogen gas dissolving apparatus 1, the exhaust port
64 is provided in alower part of the hydrogen chamber 63.
Being provided at a lower part of the hydrogen chamber
63 means that it is located at least below the center of
the hydrogen chamber 63 in the height direction.

It is desirable that the exhaust port 64 is located below
the tube body 61. Inthe presentembodiment, the exhaust
port 64 is located at the lowermost part of the hydrogen
chamber 63.

[0036] By the way, under the same pressure, the den-
sity (molecular weight) of hydrogen gas is smaller than
the density of air. Therefore, with the supply of hydrogen
gas, hydrogen gas having the density lower than that of
air is distributed upward in the hydrogen chamber 63,
and the air is pushed down by the hydrogen gas and
moves downward.

In the present invention, since the exhaust port 64 is pro-
vided in the lower part of the hydrogen chamber 63, the
air pushed down by the hydrogen gas is smoothly dis-
charged through the exhaust port 64. As a result, the air
in the hydrogen chamber 63 is quickly discharged, and
the dissolved hydrogen concentration can be quickly in-
creased.

[0037] The tube bodies 61 are arranged so as to inter-
sect the traveling direction D of the hydrogen gas sup-
plied from the supply port 62 to the hydrogen chamber 63.
Inthe hydrogen gas dissolution module 6, the tube bodies
61 are arranged in a direction orthogonal to the traveling
direction D of the hydrogen gas supplied from the supply
port 62 to the hydrogen chamber 63.

By setting the positional relationship between the supply
port 62 and the tube bodies 61 as described above, it
becomes easier for hydrogen molecules to enter the in-
side of the tube bodies 61 through the above-said micro-
pores when the hydrogen gas flowing into the hydrogen
chamber 63 from the supply port 62 collides with the tube
bodies 61, and the permeation of the hydrogen gas is
promoted.

[0038] An open/close valve 65 is provided below the
exhaust port 64.

The air in the hydrogen chamber 63 is discharged to the
outside of the hydrogen gas dissolution module 6 from
the exhaust port 64 through the open/close valve 65.
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Atfter the air is discharged from the hydrogen chamber
63, the open/close valve 65 is closed in order to prevent
the hydrogen gas from flowing out through the exhaust
port 64.

As a result, the pressure of the hydrogen gas in the hy-
drogen chamber 63 rises, and the dissolved hydrogen
concentration of the hydrogen water is increased.
[0039] As the open/close valve 65, for example, a so-
lenoid valve which opens and closes using an electro-
magnetic force as a driving force is employed.

The open/close valve 65 is controlled by the control unit
10.

[0040] The control unit 10 controls the open/close
valve 65 according to the amount of hydrogen gas sup-
plied to the hydrogen chamber 63.

The control unit 10 acquires the amount of the supplied
hydrogen gas based on, for example, the amount of sup-
ply time of the hydrogen gas by the hydrogen supply unit
2.

when the hydrogen supply unit 2 is constituted by the
electrolysis tank 4, the amount of hydrogen gas supplied
is calculated based on the time integral value of the elec-
trolysis current supplied to the anode feed body 41 and
the cathode feed body 42.

Further, the control unit 10 may be configured to acquire
the amount of the hydrogen gas supplied to the hydrogen
chamber 63 by controlling a mass flow controller (not
shown) provided in the hydrogen supply pipe 8, and to
control the open/close valve 65 according to the acquired
amount.

[0041] Fig. 3 shows the operation of the hydrogen gas
dissolving apparatus 1 at the start of operation.

In the initial state before the start of operation of the hy-
drogen gas dissolving apparatus 1, the open/close valve
65 is open.

[0042] when the hydrogen supply unit 2 starts supply-
ing hydrogen gas (S1), the hydrogen gas dissolution
module 6 starts producing hydrogen water. In addition,
the discharge of air from the hydrogen chamber 63 is
started.

Then, the control unit 10 acquires the amount of the sup-
plied hydrogen (S2).

If the air is completely discharged from the hydrogen
chamber 63 (Y in S3), the control unit 10 closes the
open/close valve 65 (S4). Thereby, the outflow of hydro-
gen gas from the hydrogen chamber 63 is suppressed.
In S3, the control unit 10 calculates the remaining amount
of the air in the hydrogen chamber 63 based on the
amount of the supplied hydrogen. For example, when
the amount of the supplied hydrogen exceeds the internal
volume of the hydrogen chamber 63, the control unit 10
determines that the air is completely discharged from the
hydrogen chamber 63, and shifts to S4.

[0043] Afterthat, the hydrogen supply unit 2 continues
to supply hydrogen gas (S5). Thereby, the inside of the
hydrogen chamber 63 is pressurized, and the permeation
of hydrogen gas into the tube bodies 61 is promoted, and
the dissolved hydrogen concentration in the hydrogen
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water is increased.

[0044] Fig. 4 shows a schematic structure of a hydro-
gen gas dissolution module 6A which is a modification
of the hydrogen gas dissolution module 6 shownin Fig. 1.
As to portions of the hydrogen gas dissolution module
6A which are not described below, the structure of the
hydrogen gas dissolution module 6 described above can
be adopted therefor.

[0045] Regarding that the supply port 62 is located
above the exhaust port 64, the hydrogen gas dissolution
module 6A is different from the hydrogen gas dissolution
module 6 in which the supply port 62 and the exhaust
port 64 are located at the same height. More specifically,
the supply port 62 is positioned in an upper part of the
hydrogen chamber 63, and the exhaust port 64 is posi-
tioned in a lower part of the hydrogen chamber 63. By
providing the supply port 62 above the exhaust port 64,
the hydrogen gas supplied from the supply port 62 be-
comes easy to stay in the upper part of the hydrogen
chamber 63, and the air having the density higher than
that of the hydrogen gas becomes easy to be discharged
through the exhaust port 64. Therefore, the air is easily
and quickly discharged through the exhaust port 64. In
addition, the outflow of the hydrogen gas from the ex-
haust port 64 can be suppressed.

[0046] Fig. 5 shows a schematic structure of a hydro-
gen gas dissolution module 6B which is a modification
of the hydrogen gas dissolution module 6 shown in Fig.
1. As to portions of the hydrogen gas dissolution module
6B which are not described below, the structures of the
hydrogen gas dissolution module 6 and the like described
above can be adopted therefor.

[0047] Regarding that the tube bodies 61 extend in the
vertical direction, the hydrogen gas dissolution module
6B is different from the hydrogen gas dissolution module
6 in which the tube bodies 61 extend in the horizontal
direction.

The hydrogen gas dissolution module 6B is mounted in
the hydrogen gas dissolving apparatus 1 in an upright
posture. That is, the hydrogen gas dissolution module
6B has a vertical-mount type structure.

[0048] Inthe hydrogen gas dissolution module 6B, the
tube bodies 61 are supplied with water from the under
side, and the produced hydrogen water is taken out from
the upper side.

[0049] Inthe hydrogen gas dissolution module 6B, the
supply port 62 and the exhaust port 64 are located at the
same height. Since the exhaust port 64 is provided in the
lower part of the hydrogen chamber 63, air having the
density higher than that of the hydrogen gas is smoothly
discharged through the exhaust port 64. Thereby, a re-
sult, the air in the hydrogen chamber 63 is quickly dis-
charged, and it becomes possible to quickly increase the
dissolved hydrogen concentration.

[0050] Fig. 6 shows a schematic structure of a hydro-
gen gas dissolution module 6¢ which is a modification of
the hydrogen gas dissolution module 6B shown in Fig.
5. As to portions of the hydrogen gas dissolution module
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6¢ which are not described below, the structures of the
hydrogen gas dissolution module 6B described above
can be adopted therefor.

[0051] Regarding that the supply port 62 is located
above the exhaust port 64, the hydrogen gas dissolution
module 6c¢ is different from the hydrogen gas dissolution
module 6B in which the supply port 62 and the exhaust
port 64 are located at the same height. More specifically,
the supply port 62 is disposed in an upper part of the
hydrogen chamber 63, and the exhaust port 64 is dis-
posed in a lower part of the hydrogen chamber 63. Since
the supply port 62 is located above the exhaust port 64,
the hydrogen gas supplied from the supply port 62 be-
comes easy to stay in the upper part of the hydrogen
chamber 63, and the air having the density higher than
that of the hydrogen gas becomes easy to be discharged
through the exhaust port 64. Therefore, the air is easily
and quickly discharged through the exhaust port 64. In
addition, the outflow of the hydrogen gas from the ex-
haust port 64 can be suppressed.

[0052] Further, it may be possible to adopt a hydrogen
gas dissolution module in which the features of the hy-
drogen gas dissolution modules 6, 6A, 6B and 6¢ are
combined.

[0053] Forinstance, Fig. 7 shows a hydrogen gas dis-
solution module 6D in which the configuration of the sup-
ply port 62 and the exhaust port 64 shown in Fig. 6 is
applied to the hydrogen gas dissolution module 6A of the
horizontal-mount type of Fig. 4. Further, Fig. 8 shows a
hydrogen gas dissolution module 6E in which the config-
uration of the supply port 62 and the exhaust port 64
shown in Fig. 4 is applied to the hydrogen gas dissolution
module 6¢ of the vertical-mount type of Fig. 6. Even in
the hydrogen gas dissolution module 6D and the hydro-
gen gas dissolution module 6E, since the exhaust port
64 is located in the lower part of the hydrogen chamber
63, the air in the hydrogen chamber 63 is quickly dis-
charged.

Further, as the supply port 62 is located above the ex-
haust port 64, the exhaust of the air is further promoted.
[0054] while the hydrogen gas dissolving apparatus 1
of the present invention has been described in detail
above, the presentinvention can be embodied in various
forms without being limited to the illustrated embodiment.
That is, it is enough that the hydrogen gas dissolving
apparatus 1 at least has the hydrogen supply unit 2 ca-
pable of supplying hydrogen gas, and the hydrogen gas
dissolution module 6 for bringing the hydrogen gas sup-
plied from the hydrogen supply unit 2 in contact with and
dissolved in water, wherein the hydrogen gas dissolution
module 6 has the supply port 62 to which the hydrogen
gas is supplied, the hydrogen chamber 63 communicat-
ing with the supply port 62, and filled with the hydrogen
gas supplied from the supply port 62, and the exhaust
port 64 communicating with the hydrogen chamber 63,
and discharging the air in the hydrogen chamber 63, and
wherein the exhaust port 64 is located in the lower part
of the hydrogen chamber 63.
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Description of Reference Signs
[0055]

1: hydrogen gas dissolving apparatus
2: hydrogen supply unit

6: hydrogen gas dissolution module
6A: hydrogen gas dissolution module
6B: hydrogen gas dissolution module
6¢: hydrogen gas dissolution module
6D: hydrogen gas dissolution module
6E: hydrogen gas dissolution module
10: control unit

61: tube body

62 : supply port

63: hydrogen chamber

64: exhaust port

65: open/close valve

Claims

1. A hydrogen gas dissolving apparatus which has a
hydrogen supply unit capable of supplying hydrogen
gas, and a hydrogen gas dissolution module for mak-
ing the hydrogen gas supplied from the hydrogen
supply unit being contact with and dissolved in water,
wherein
the hydrogen gas dissolution module has a supply
port to which the hydrogen gas is supplied, a hydro-
gen chamber communicating with the supply port
and filled with the hydrogen gas supplied from the
supply port, and an exhaust port communicating with
the hydrogen chamber and discharging air in the hy-
drogen chamber, and
the exhaust port is located in a lower part of the hy-
drogen chamber.

2. The hydrogen gas dissolving apparatus according
to claim 1, wherein an open/close valve is provided
below the exhaust port.

3. The hydrogen gas dissolving apparatus according
to claim 2, further comprising a control unit for con-
trolling the open/close valve according to the supply
amount of the hydrogen gas.

4. The hydrogen gas dissolving apparatus according
to claim 2 or 3, wherein the hydrogen supply unit
pressurizes the hydrogen chamber by continuing to
supply the hydrogen gas after the open/close valve
is closed.

5. The hydrogen gas dissolving apparatus according
to any one of claims 1 to 4, wherein the supply port

is located above the exhaust port.

6. The hydrogen gas dissolving apparatus according
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to any one of claims 1 to 5, wherein the hydrogen
gas dissolution module has a plurality of the tube
bodies for passing water, and the tube bodies are
composed of a porous membrane that allows the
hydrogen gas to permeate.

The hydrogen gas dissolving apparatus according
to claim 6, wherein the tube bodies are arranged in
a direction intersecting the traveling direction of the
hydrogen gas supplied from the supply port to the
hydrogen chamber.

The hydrogen gas dissolving apparatus according
to claim 6 or 7, wherein the porous membrane is a
hollow fiber membrane.
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