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(57) ABSTRACT

A hydrogen production system includes: a hydrogen com-
pound slurry in which a hydrogen compound member is
suspended in a solvent containing water; a first vessel; a
second vessel having an internal temperature higher than
that of the first vessel; a first passage connecting the first
vessel and the second vessel; and a second passage connect-
ing the first vessel and the second vessel and different from
the first passage. The hydrogen production system is con-
figured to allow the hydrogen compound slurry contained in
the first vessel to move into the second vessel through the
first passage, and the hydrogen compound slurry contained
in the second vessel to move into the first vessel through the
second passage.
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HYDROGEN PRODUCTION SYSTEM

TECHNICAL FIELD

[0001] The present disclosure relates to a hydrogen pro-
duction system. The present application claims priority
based on Japanese Patent Application No. 2022-51877 filed
on Mar. 28, 2022, the entire content of which is incorporated
herein by reference.

BACKGROUND ART

[0002] Patent Document 1 discloses a two-dimensional
borohydride sheet that releases hydrogen when heated to
150 to 200° C. Since hydrogen is highly reactive and
explosive, as a method to easily produce hydrogen even at
room temperature, Patent Document 1 describes irradiating
the two-dimensional borohydride sheet with light to produce
hydrogen.

CITATION LIST

[0003] Patent Literature

[0004] Patent Document 1: JP2019-218251A
SUMMARY

[0005] In either heating or light irradiation, in order to

properly collect hydrogen released from the two-dimen-
sional borohydride sheet, the hydrogen should be released
from the two-dimensional borohydride sheet contained in a
sealed vessel, and the released hydrogen has to be dis-
charged from the vessel. This means that when hydrogen is
released by heating, not only the two-dimensional borohy-
dride sheet but also the vessel is heated together, requiring
extra heat equivalent to the heat capacity of the vessel during
heating, which lowers the thermal efficiency and the manu-
facturing cost of hydrogen.

[0006] In view of the above, an object of at least one
embodiment of the present disclosure is to provide a hydro-
gen production system that can improve the manufacturing
cost of hydrogen.

[0007] To achieve the above object, a hydrogen produc-
tion system according to the present disclosure includes: a
hydrogen compound slurry in which a hydrogen compound
member is suspended in a solvent containing water; a first
vessel; a second vessel having an internal temperature
higher than that of the first vessel; a first passage connecting
the first vessel and the second vessel; and a second passage
connecting the first vessel and the second vessel and differ-
ent from the first passage. The hydrogen production system
is configured to allow the hydrogen compound slurry con-
tained in the first vessel to move into the second vessel
through the first passage, and the hydrogen compound slurry
contained in the second vessel to move into the first vessel
through the second passage.

[0008] With the hydrogen production system of the pres-
ent disclosure, hydrogen can be produced by moving the
hydrogen compound slurry containing the hydrogen com-
pound member that stores hydrogen in the first vessel into
the second vessel, which has a higher temperature than the
first vessel, releasing hydrogen from the hydrogen com-
pound member in the second vessel, and moving the hydro-
gen compound slurry containing the hydrogen compound
member that has released hydrogen back into the first vessel,
where the hydrogen compound member stores hydrogen
again. With such operations, it is only necessary to raise or
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lower the temperature of the hydrogen compound slurry, and
temperature changes in the first vessel and the second vessel
containing the hydrogen compound slurry can be suppressed
as much as possible. Thus, the thermal efficiency can be
improved, so that the manufacturing cost of hydrogen can be
improved.

BRIEF DESCRIPTION OF DRAWINGS

[0009] FIG. 1 is a schematic configuration diagram of a
hydrogen production system according to the first embodi-
ment of the present disclosure.

[0010] FIG. 2 is a schematic configuration diagram of a
hydrogen production system according to the second
embodiment of the present disclosure.

DETAILED DESCRIPTION

[0011] Hereinafter, a hydrogen production system accord-
ing to embodiments of the present disclosure will be
described with reference to the drawings. The embodiment
to be described below indicates one aspect of the present
disclosure, does not intend to limit the disclosure, and can
optionally be modified within a range of a technical idea of
the present disclosure.

First Embodiment

[0012] <Configuration of Hydrogen Production System
According to First Embodiment of Present Disclosure>
[0013] As shown in FIG. 1, a hydrogen production system
1 according to the first embodiment of the present disclosure
includes a first vessel 2 and a second vessel 3. Each of the
first vessel 2 and the second vessel 3 is configured to be able
to contain hydrogen compound slurry 4 in which a hydrogen
compound member is suspended in a solvent containing
water. The first vessel 2 and the second vessel 3 are
connected through two different passages, namely a first
passage 5 and a second passage 6. Here, the solvent con-
taining water is not limited to a solvent containing only
water, and may be a solvent in which water is mixed with an
organic solvent such as acetonitrile or acetone.

[0014] The hydrogen compound member has a configu-
ration in which a powder material having a two-dimensional
array of a hydrogen compound represented by chemical
formula X, H, where X is an element other than hydrogen
(H), is supported on a particulate carrier, for example, beads.
The stoichiometric ratio m:n is 1:1 to 3:4 (for example, XH,
XH,, XH;, XH,, X,H;, X;H,). The element X may be, but
is not limited to, boron (B), for example.

[0015] In the hydrogen production system 1, the tempera-
ture in the second vessel 3, that is, the temperature of the
hydrogen compound slurry 4 contained in the second vessel
3, is maintained higher than the temperature in the first
vessel 2, that is, the temperature of the hydrogen compound
slurry 4 contained in the first vessel 2. In order to maintain
such a temperature relationship, a first temperature adjust-
ment device 11 may be provided in the first vessel 2, and a
second temperature adjustment device 12 may be provided
in the second vessel 3. The configurations of the first
temperature adjustment device 11 and the second tempera-
ture adjustment device 12 are not particularly limited, and
may be, for example, coiled piping through which a heat
medium for heat exchange with the hydrogen compound
slurry 4 can flow. Specifically, the temperature range of the
former is preferably 20° C. to 150° C., and the temperature
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range of the latter is preferably 150° C. to 250° C. In order
to maintain water in the liquid state in such temperature
ranges, the internal pressure of each of the first vessel 2 and
the second vessel 3 is pressurized to at least atmospheric
pressure or higher (e.g., 4 MPaG).

[0016] As described in detail in the description of the
operation below, the hydrogen compound slurry 4 in the first
vessel 2 is transferred to the second vessel 3 through the first
passage 5, and the hydrogen compound slurry 4 in the
second vessel 3 is transferred to the first vessel 2 through the
second passage 6. To achieve this operation, as an example,
a first pump 13 and a second pump 14 may be provided on
the first passage 5 and the second passage 6, respectively.
The first pump 13 and the second pump 14 can force the
hydrogen compound slurry 4 to circulate between the first
vessel 2 and the second vessel 3.

[0017] A heat exchanger 15 may be provided to exchange
heat between the hydrogen compound slurry 4 flowing
through the first passage 5 and the hydrogen compound
slurry 4 flowing through the second passage 6 while the
hydrogen compound slurry 4 circulates between the first
vessel 2 and the second vessel 3.

[0018] The first vessel 2 and the second vessel 3 may be
provided with stirring devices 16 and 17, respectively, for
stirring the hydrogen compound slurry 4 contained therein.
If there is no stagnation in the flow of the hydrogen
compound slurry 4 when the hydrogen compound slurry 4
circulates between the first vessel 2 and the second vessel 3,
the hydrogen compound member would not precipitate from
the hydrogen compound slurry 4, but in practice, it is
difficult to completely prevent the precipitation of the hydro-
gen compound member. In contrast, if the hydrogen com-
pound slurry 4 in the first vessel 2 and the second vessel 3
are sufficiently stirred by the stirring devices 16 and 17
provided in the first vessel 2 and the second vessel 3,
respectively, the precipitation of the hydrogen compound
member from the hydrogen compound slurry 4 can be
suppressed. Stirring the hydrogen compound slurry 4 can
also improve the temperature adjustment efficiency of the
hydrogen compound slurry 4 by the first temperature adjust-
ment device 11 and the second temperature adjustment
device 12.

[0019] As described in detail in the description of the
operation below, oxygen is produced when hydrogen is held
by the hydrogen compound member in the first vessel 2. To
discharge the produced oxygen from the first vessel 2, the
first vessel 2 may be connected to one end of an outflow
passage 21. The outflow passage 21 may be provided with
a separation device 22 for separating fluid flowing through
the outflow passage 21 into water and oxygen. The separa-
tion device 22 may be a cooler or a separation membrane
device. If the separation device 22 is a cooler, a reflux tank
23 may be provided downstream of the separation device 22
in the outflow passage 21. To return the water separated by
the separation device 22 to the first vessel 2, a water return
passage 24 may be provided with one end connected to the
separation device 22 or the reflux tank 23 and the other end
connected to the first vessel 2.

[0020] As described in detail in the description of the
operation below, hydrogen is released from the hydrogen
compound member in the second vessel 3. To discharge the
released hydrogen from the second vessel 3, the second
vessel 3 may be connected to one end of an outflow passage
31. The outflow passage 31 may be provided with a sepa-
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ration device 32 for separating fluid flowing through the
outflow passage 31 into water and hydrogen. The separation
device 32 may be a cooler or a separation membrane device.
If the separation device 32 is a cooler, a reflux tank 33 may
be provided downstream of the separation device 32 in the
outflow passage 31. To return the water separated by the
separation device 32 to the second vessel 3, a water return
passage 34 may be provided with one end connected to the
separation device 32 or the reflux tank 33 and the other end
connected to the second vessel 3.

[0021] As described in detail in the description of the
operation below, while hydrogen is produced in the hydro-
gen production system 1, water of the hydrogen compound
slurry 4 is consumed. A water supply device 25 may be
provided to allow continuous production of hydrogen by
replenishing the consumed water to the hydrogen production
system 1. Water may be supplied into either the first vessel
2 or the second vessel 3, but it is preferable to supply water
into the first vessel 2, where the internal temperature is
lower, from the viewpoint of thermal efficiency. The specific
configuration of the water supply device 25 is not particu-
larly limited, but for example, the water supply device 25
may include a water supply passage 27 connected at one end
to a water supply source 26 such as a tap or a water storage
tank and connected at the other end to the first vessel 2, and
a pump 28 disposed on the water supply passage 27.

[0022] The hydrogen compound member is not perma-
nently usable and deteriorates in the course of hydrogen
production. For this reason, a hydrogen compound supply
device 41 for supplying the hydrogen compound member
into the first vessel 2, and a discharge device 51 for dis-
charging the hydrogen compound slurry 4 in the second
vessel 3 may be provided. Thereby, the deteriorated hydro-
gen compound member can be removed from the hydrogen
production system 1, and a new hydrogen compound mem-
ber can be supplied to the hydrogen production system 1,
allowing continuous production of hydrogen.

[0023] The specific configuration of the hydrogen com-
pound supply device 41 is not particularly limited, but it may
include, for example, a slurry tank 42, which is a storage for
storing hydrogen compound slurry 4' containing a new
hydrogen compound member, a slurry supply passage 43
connecting the slurry tank 42 and the first vessel 2, and a
supply pump 44 disposed on the slurry supply passage 43.
The slurry supply passage 43 may be directly connected to
the first vessel 2, or a merging passage 45, where the slurry
supply passage 43 and the water supply passage 27 join, may
be connected to the first vessel 2. In the latter, a three-way
valve 46 may be provided at the confluence between the
water supply passage 27 and the slurry supply passage 43 to
switch between the supply of water from the water supply
source 26 and the supply of hydrogen compound slurry 4'
from the slurry tank 42.

[0024] The hydrogen compound supply device 41 may be
configured to supply the new hydrogen compound member
in the form of particle into the first vessel 2 or the water
supply passage 27, rather than in the form of slurry. How-
ever, if the particulate hydrogen compound member is
directly supplied into the first vessel 2, the supplied hydro-
gen compound member may agglomerate. In contrast, if the
new hydrogen compound member is supplied in the form of
slurry, it is possible to reduce the possibility that the hydro-
gen compound member agglomerates.
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[0025] The specific configuration of the discharge device
51 is not particularly limited, but it may include, for
example, a discharge passage 52 connected at one end to the
second vessel 3, and a valve 53 disposed on the discharge
passage 52. Further, the discharge device may include a
solid-liquid separator 54 for separating the hydrogen com-
pound slurry 4 into solid and liquid phases. The specific
configuration of the solid-liquid separator 54 is not particu-
larly limited, but the solid-liquid separator 54 may be, for
example, a filter.

[0026] <Operation of Hydrogen Production System
According to First Embodiment of Present Disclosure>
[0027] Next, the operation of the hydrogen production
system 1 according to the first embodiment of the present
disclosure will be described. Each of the first vessel 2 and
the second vessel 3 contains the hydrogen compound slurry
4. For example, by the first temperature adjustment device
11 and the second temperature adjustment device 12, the
temperature of the hydrogen compound slurry 4 in the first
vessel 2 is maintained in the range of 100° C. to 150° C., and
the temperature of the hydrogen compound slurry 4 in the
second vessel 3 is maintained in the range of 200° C. to 250°
C. In the first vessel 2, when the temperature of the hydrogen
compound slurry 4 falls within the above range, water is
decomposed into hydrogen and oxygen in the presence of
the hydrogen compound member, and the hydrogen is
absorbed into the hydrogen compound member. As a result,
the hydrogen compound member stores hydrogen. The oxy-
gen flows out of the first vessel 2 to the outflow passage 21
and is separated into water and oxygen by the separation
device 22. The water is returned to the first vessel 2 through
the water return passage 24, and the oxygen is supplied to a
storage facility or an oxygen consumption facility (not
shown). In the first embodiment, the hydrogen compound
member is in the form of slurry suspended in water, so the
contact between water and the hydrogen compound member
is good. In contrast, in the configuration where water or
steam is supplied to the hydrogen compound member, the
flow path of the water or steam may be fixed, and a portion
of the hydrogen compound member may not be in contact
with the water or steam. Thus, the use of the hydrogen
compound slurry 4 allows hydrogen to be absorbed into the
hydrogen compound member more efficiently than in the
configuration where water or steam is supplied to the
hydrogen compound member.

[0028] When the hydrogen compound slurry 4 containing
the hydrogen compound member that stores hydrogen flows
into the second vessel 3 through the first passage 5 by the
first pump 13, for example, the temperature rises to the range
of 200° C. to 250° C. When the hydrogen compound
member that stores hydrogen falls within this temperature
range, hydrogen is released from the hydrogen compound
member. The hydrogen flows out of the second vessel 3 to
the outflow passage 31 and is separated into water and
hydrogen by the separation device 32. The water is returned
to the second vessel 3 through the water return passage 34,
and the hydrogen is supplied to a storage facility or a
hydrogen consumption facility (not shown).

[0029] When the hydrogen compound slurry 4 containing
the hydrogen compound member that has released hydrogen
flows into the first vessel 2 through the second passage 6 by
the second pump 14, for example, the temperature shifts to
the range of 100° C. to 150° C. When the hydrogen
compound member that has released hydrogen falls within
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this temperature range, through the above-described opera-
tion, hydrogen is absorbed into the hydrogen compound
member. As the hydrogen compound slurry 4 circulates
between the first vessel 2 and the second vessel 3 having
different temperatures, the hydrogen compound member
stores hydrogen in the first vessel 2, and the hydrogen
compound member releases hydrogen in the second vessel
3, whereby the hydrogen production system 1 produces
hydrogen.

[0030] With the hydrogen production system 1, hydrogen
can be produced by moving the hydrogen compound slurry
4 containing the hydrogen compound member that stores
hydrogen in the first vessel 2 into the second vessel 3, which
has a higher temperature than the first vessel 2, releasing
hydrogen from the hydrogen compound member in the
second vessel 3, and moving the hydrogen compound slurry
4 containing the hydrogen compound member that has
released hydrogen back into the first vessel 2, where the
hydrogen compound member stores hydrogen again. With
such operations, it is only necessary to raise or lower the
temperature of the hydrogen compound slurry 4, and tem-
perature changes in the first vessel 2 and the second vessel
3 containing the hydrogen compound slurry 4 can be sup-
pressed as much as possible. Thus, the thermal efficiency can
be improved, so that the manufacturing cost of hydrogen can
be improved.

[0031] When the hydrogen production system 1 is
equipped with the heat exchanger 15, the hydrogen com-
pound slurry 4 transferred from the first vessel 2 to the
second vessel 3 is heated while the hydrogen compound
slurry 4 transferred from the second vessel 3 to the first
vessel 2 is cooled, so the load on the first temperature
adjustment device 11 and the second temperature adjustment
device 12 can be reduced. As a result, the thermal efficiency
can be improved, and the manufacturing cost of hydrogen
can be improved.

[0032] When the hydrogen production system 1 is
equipped with the water supply device 25, water can be
supplied from the water supply device 25 into the first vessel
2 at a flow rate that compensates for water consumed in the
first vessel 2 during the hydrogen production operation. This
enables continuous production of hydrogen in the hydrogen
production system 1.

[0033] As previously described, the hydrogen compound
member deteriorates in the course of hydrogen production.
When the hydrogen production system 1 is equipped with
the hydrogen compound supply device 41 and the discharge
device 51, the deteriorated hydrogen compound member can
be discharged while replenishing a new hydrogen compound
member. This enables continuous production of hydrogen.
[0034] When the discharge device 51 includes the solid-
liquid separator 54, the hydrogen compound slurry dis-
charged from the second vessel 3 can be separated into solid
and liquid phases, and the separated solid, i.e., the deterio-
rated hydrogen compound member, can be recovered. If the
hydrogen compound member is recyclable, the recovered
hydrogen compound member can be regenerated and then
reused in the hydrogen production system 1.

Second Embodiment

[0035] Next, a hydrogen production system according to
the second embodiment of the present disclosure will be
described. The hydrogen production system according to the
second embodiment is obtained by modifying the means for
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circulating the hydrogen compound slurry 4 between the
first vessel 2 and the second vessel 3 according to the first
embodiment. In the second embodiment, the same constitu-
ent element as those in the first embodiment are associated
with the same reference numerals and not described again in
detail.

[0036] <Configuration of Hydrogen Production System
According to Second Embodiment of Present Disclosure>
[0037] As shown in FIG. 2, in the hydrogen production
system 1 according to the second embodiment of the present
disclosure, the second passage 6 is disposed vertically above
the first passage 5. The first temperature adjustment device
11 is disposed in the first vessel 2 so as to be located above
the position where the first passage 5 is connected to the first
vessel 2. The first temperature adjustment device 11 is
preferably disposed at a position as high as possible in the
vertical direction in the first vessel 2. Therefore, the first
temperature adjustment device 11 is preferably disposed
near the liquid level of the hydrogen compound slurry 4 in
the first vessel 2. If the hydrogen compound slurry 4 is full
in the first vessel 2, the first temperature adjustment device
11 is preferably disposed at the top of the first vessel 2. Since
the hydrogen compound slurry 4 in the first vessel 2 is
transferred to the second vessel 3 through the first passage
5, the liquid level of the hydrogen compound slurry 4 in the
first vessel 2 should be at least above the position where the
first passage 5 is connected to the first vessel 2. Therefore,
the first temperature adjustment device 11 is disposed in the
first vessel 2 at least above the position where the first
passage 5 is connected to the first vessel 2.

[0038] The second temperature adjustment device 12 is
disposed in the second vessel 3 so as to be located below the
position where the first passage 5 is connected to the second
vessel 3. The second temperature adjustment device 12 is
preferably disposed at a position as low as possible in the
vertical direction in the second vessel 3. Therefore, the
second temperature adjustment device 12 is preferably dis-
posed at the bottom of the second vessel 3. Other configu-
rations are the same as those in the first embodiment, except
that the stirring devices 16 and 17 (see FIG. 1), the first
pump 13 (see FIG. 1) and the second pump 14 (see FIG. 1)
are not provided.

[0039] <Operation of Hydrogen Production System
According to Second Embodiment of Present Disclosure>
[0040] Next, the operation of the hydrogen production
system 1 according to the second embodiment of the present
disclosure will be described. The second embodiment is
different from the first embodiment only in the operation of
circulating the hydrogen compound slurry 4 between the
first vessel 2 and the second vessel 3, and the other opera-
tions are the same as those in the first embodiment. There-
fore, only the circulation operation of the hydrogen com-
pound slurry 4 will be described below.

[0041] When the hydrogen compound slurry 4 is cooled
by the first temperature adjustment device 11 in the first
vessel 2, the cooled hydrogen compound slurry 4 moves
downward in the first vessel 2 by convection. The hydrogen
compound slurry 4 that moves downward in the first vessel
2 then flows through the first passage 5 into the second
vessel 3. When the hydrogen compound slurry 4 entering the
second vessel 3 is heated by the second temperature adjust-
ment device 12, the heated hydrogen compound slurry 4
moves upward in the second vessel 3 by convection. The
hydrogen compound slurry 4 that moves upward in the
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second vessel 3 then flows through the second passage 6 into
the first vessel 2. With such operations, the hydrogen com-
pound slurry 4 can circulate between the first vessel 2 and
the second vessel 3 by natural convection. Since the neces-
sity of the pump for circulating the hydrogen compound
slurry 4 is eliminated in the second embodiment, the manu-
facturing cost of hydrogen can be improved compared to the
first embodiment.

[0042] In order to facilitate circulation of the hydrogen
compound slurry 4 between the first vessel 2 and the second
vessel 3 by natural convection, each of the first vessel 2 and
the second vessel 3 preferably has a shape elongated in the
vertical direction.

[0043] The contents described in the above embodiments
would be understood as follows, for instance.

[0044] [1] Ahydrogen production system according to one
aspect includes: a hydrogen compound slurry (4) in which a
hydrogen compound member is suspended in a solvent
containing water; a first vessel (2); a second vessel (3)
having an internal temperature higher than that of the first
vessel (2); a first passage (5) connecting the first vessel (2)
and the second vessel (3); and a second passage (6) con-
necting the first vessel (2) and the second vessel (3) and
different from the first passage (5). The hydrogen production
system is configured to allow the hydrogen compound slurry
(4) contained in the first vessel (2) to move into the second
vessel (3) through the first passage (5), and the hydrogen
compound slurry (4) contained in the second vessel (3) to
move into the first vessel (2) through the second passage (6).
[0045] With the hydrogen production system of the pres-
ent disclosure, hydrogen can be produced by moving the
hydrogen compound slurry containing the hydrogen com-
pound member that stores hydrogen in the first vessel into
the second vessel, which has a higher temperature than the
first vessel, releasing hydrogen from the hydrogen com-
pound member in the second vessel, and moving the hydro-
gen compound slurry containing the hydrogen compound
member that has released hydrogen back into the first vessel,
where the hydrogen compound member stores hydrogen
again. With such operations, it is only necessary to raise or
lower the temperature of the hydrogen compound slurry, and
temperature changes in the first vessel and the second vessel
containing the hydrogen compound slurry can be suppressed
as much as possible. Thus, the thermal efficiency can be
improved, so that the manufacturing cost of hydrogen can be
improved.

[0046] [2] A hydrogen production system according to
another aspect is the hydrogen production system of [1],
including: a first temperature adjustment device (11) for
adjusting a temperature of the hydrogen compound slurry
(4) in the first vessel (2); and a second temperature adjust-
ment device (12) for adjusting a temperature of the hydrogen
compound slurry (4) in the second vessel (3).

[0047] With this configuration, it is possible to maintain
the temperature of the hydrogen compound slurry in the first
vessel in a temperature range that allows hydrogen to be
stored in the hydrogen compound, and the temperature of the
hydrogen compound slurry in the second vessel in a tem-
perature range that allows hydrogen to be released from the
hydrogen compound.

[0048] [3] Ahydrogen production system according to still
another aspect is the hydrogen production system of [1] or
[2], including: a first pump (13), disposed on the first
passage (5), for transferring the hydrogen compound slurry
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(4) in the first vessel (2) to the second vessel (3); and a
second pump (14), disposed on the second passage (6), for
transferring the hydrogen compound slurry (4) in the second
vessel (3) to the first vessel (2).

[0049] This configuration can force the hydrogen com-
pound slurry to circulate between the first vessel and the
second vessel.

[0050] [4] Ahydrogen production system according to still
another aspect is the hydrogen production system of [2], in
which the second passage (6) is disposed vertically above
the first passage (5), the first temperature adjustment device
(11) is disposed in the first vessel (2) so as to be located
above a position where the first passage (5) is connected to
the first vessel (2), and the second temperature adjustment
device (12) is disposed in the second vessel (3) so as to be
located below a position where the first passage (5) is
connected to the second vessel (3).

[0051] With this configuration, due to convection caused
by cooling the hydrogen compound slurry with the first
temperature adjustment device in the first vessel, the hydro-
gen compound slurry moves downward in the first vessel,
and then flows through the first passage into the second
vessel. The hydrogen compound slurry entering the second
vessel is heated by the second temperature adjustment
device, and due to convection caused by this heating, the
slurry moves upward in the second vessel, and then flows
through the second passage into the first vessel. With such
operations, the hydrogen compound slurry can circulate
between the first vessel and the second vessel by natural
convection. In this configuration, since the necessity of the
pump for circulating the hydrogen compound slurry between
the first vessel and the second vessel is eliminated, the
manufacturing cost of hydrogen can be improved compared
to the configuration [3].

[0052] [5] Ahydrogen production system according to still
another aspect is the hydrogen production system of any one
of [1] to [4], including a heat exchanger (15) for exchanging
heat between the hydrogen compound slurry (4) flowing
through the first passage (5) and the hydrogen compound
slurry (4) flowing through the second passage (6).

[0053] With this configuration, the hydrogen compound
slurry transferred from the first vessel to the second vessel
is heated while the hydrogen compound slurry transferred
from the second vessel to the first vessel is cooled, so the
load on the first temperature adjustment device and the
second temperature adjustment device can be reduced. As a
result, the thermal efficiency can be improved, and the
manufacturing cost of hydrogen can be improved.

[0054] [6] Ahydrogen production system according to still
another aspect is the hydrogen production system of any one
of [1] to [5], including a water supply device (25) for
supplying water to the first vessel (2).

[0055] With this configuration, water consumed by storing
hydrogen in the first vessel can be replenished, allowing
continuous production of hydrogen. [7] A hydrogen produc-
tion system according to still another aspect is the hydrogen
production system of any one of [1] to [6], including: a
discharge device (51) for discharging the hydrogen com-
pound slurry (4) in the second vessel (3); and a hydrogen
compound supply device (41) for supplying the hydrogen
compound member to the first vessel (2).

[0056] With this configuration, the deteriorated hydrogen
compound member can be discharged, and on the other
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hand, a new hydrogen compound member can be supplied,
allowing continuous production of hydrogen.

[0057] [8] Ahydrogen production system according to still
another aspect is the hydrogen production system of [7], in
which the discharge device (51) includes a solid-liquid
separator (54) for separating the hydrogen compound slurry
(4) into solid and liquid phases.

[0058] With this configuration, if the hydrogen compound
member is recyclable, the hydrogen compound member can
be recovered by separating it from the discharged hydrogen
compound slurry, and the recovered hydrogen compound
member can be reused after regeneration.

[0059] [9] Ahydrogen production system according to still
another aspect is the hydrogen production system of [8], in
which the hydrogen compound supply device (41) includes:
a storage (slurry tank 42) for storing the hydrogen com-
pound slurry (4); a slurry supply passage (43) connecting the
storage (42) and the first vessel (2); and a supply pump (44),
disposed on the slurry supply passage (43), for supplying the
hydrogen compound slurry (4) in the storage (42) to the first
vessel (2).

[0060] If the particulate hydrogen compound member is
directly supplied into the first vessel, the supplied hydrogen
compound member may agglomerate. In contrast, if the new
hydrogen compound member is supplied in the form of
slurry, it is possible to reduce the possibility that the hydro-
gen compound member agglomerates.

1. A hydrogen production system, comprising:

a hydrogen compound slurry in which a hydrogen com-
pound member is suspended in a solvent containing
water;

a first vessel;

a second vessel having an internal temperature higher
than that of the first vessel;

a first passage connecting the first vessel and the second
vessel; and

a second passage connecting the first vessel and the
second vessel and different from the first passage,

wherein the hydrogen production system is configured to
allow the hydrogen compound slurry contained in the
first vessel to move into the second vessel through the
first passage, and the hydrogen compound slurry con-
tained in the second vessel to move into the first vessel
through the second passage.

2. The hydrogen production system according to claim 1,

comprising:

a first temperature adjustment device for adjusting a
temperature of the hydrogen compound slurry in the
first vessel; and

a second temperature adjustment device for adjusting a
temperature of the hydrogen compound slurry in the
second vessel.

3. The hydrogen production system according to claim 1,

comprising:

a first pump, disposed on the first passage, for transferring
the hydrogen compound slurry in the first vessel to the
second vessel; and

a second pump, disposed on the second passage, for
transferring the hydrogen compound slurry in the sec-
ond vessel to the first vessel.

4. The hydrogen production system according to claim 2,

wherein the second passage is disposed vertically above
the first passage,
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wherein the first temperature adjustment device is dis-
posed in the first vessel so as to be located above a
position where the first passage is connected to the first
vessel, and

wherein the second temperature adjustment device is

disposed in the second vessel so as to be located below
a position where the first passage is connected to the
second vessel.

5. The hydrogen production system according to claim 1,
comprising a heat exchanger for exchanging heat between
the hydrogen compound slurry flowing through the first
passage and the hydrogen compound slurry flowing through
the second passage.

6. The hydrogen production system according to claim 1,
comprising a water supply device for supplying water to the
first vessel.

7. The hydrogen production system according to claim 1,
comprising:
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a discharge device for discharging the hydrogen com-
pound slurry in the second vessel; and

a hydrogen compound supply device for supplying the
hydrogen compound member to the first vessel.

8. The hydrogen production system according to claim 7,

wherein the discharge device includes a solid-liquid sepa-
rator for separating the hydrogen compound slurry into
solid and liquid phases.

9. The hydrogen production system according to claim 8,

wherein the hydrogen compound supply device includes:

a storage for storing the hydrogen compound slurry;

a slurry supply passage connecting the storage and the
first vessel; and

a supply pump, disposed on the slurry supply passage, for
supplying the hydrogen compound slurry in the storage
to the first vessel.
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