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tion wall interposed between the hydrogen electrode and the
(86) PCT No.: PCT/JP2011/068653 oxygen electrode, and a tank containing the electrode pair, the
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HYDROGEN PRODUCTION SYSTEM

TECHNICAL FIELD

[0001] The present invention relates to a hydrogen produc-
tion system for producing hydrogen by electrolysis of water.

BACKGROUND ART

[0002] Since power generation stations utilizing renewable
energy such as wind power or sun light emit very little carbon
dioxide, they have been introduced over the world with a view
point of suppressing global warming.

[0003] However, the power derived from the renewable
energy fluctuates greatly and requires leveling 1n order to
introduce a great amount of the power to system lines. While
a leveling method of once charging the power 1n a battery has
been proposed, the battery involves problems, for example,
that the cost per capacitance 1s high and the power storage
capacitance 1s limited. Further, since the leveling method by
the battery 1s based on the premise of supplying energy by
way of system lines, additional provision of the system lines
1s necessary in remote places where the renewable energy 1s
obtainable 1n abundance. Further, distance to power consum-
ing areas 1s long and there may be a difficulty in maintaining
the balance between supply and demand of power.

[0004] In view of the above, as a method of storing the
power generated by the renewable energy, a method of storing,
the power by conversion into chemical energy of a material
such as hydrogen has been proposed. Conversion of the elec-
tric energy into the chemical energy of a material enables
long-time storage or long-range transportation and can pro-
mote utilization of the renewable energy abound 1n the remote
places. Particularly, hydrogen has an advantage of not emit-
ting carbon dioxide during use and easy production by elec-
trolysis of water.

[0005] While exastent electrolysis apparatuses have been
utilized generally at a constant output of system power, water
clectrolysis apparatuses that utilize the renewable energy
have also been studied.

[0006] For example, patent literature 1 discloses a power
generation system including a battery for accumulating
power of wind power generation or solar power generation, a
water electrolysis tank that electrolyzes water by using power
and a tuel cell, and also having heating means for heating the
water electrolysis tank and the fuel cell.

CITATION LIST

Patent Literature

[0007] Patent literature 1: Japanese Unexamined Patent
Application Publication 2006-236741

SUMMARY OF INVENTION

Problems to be resolved by the Invention

[0008] Wateris electrolyzed by applying a voltage between
two electrodes immersed 1 an aqueous solution. Accord-
ingly, improvement 1n the performance, increase in the work-
ing life and reduction in the cost of the electrode are indis-
pensable for the development of the water electrolysis
apparatus. For existent electrodes, 1t has been considered to
use them at a constant voltage and i1 they are used on fluctu-
ating power, they involve the subject 1n the response and the
working life.
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[0009] For theresponse, existent water electrolysis appara-
tuses require several hours for power tluctuation and cannot
cope with the mput of power generated by the renewable
energy that tluctuates on the order of several seconds to sev-
eral minutes. In such circumstance, there are problems such
as a back tflow of power which damages control equipment or
application of excess power to a portion of the electrodes
which deteriorates them. Further, for the working life, when
fluctuating power 1s inputted, the electrode potential rises and
lowers repetitively to result 1n a problem of worsening the
clectrode performance over time due to cracking by the volu-
minal change of the electrode accompanying the redox reac-
tion or leaching by dissolution. Accordingly, water electroly-
s1s apparatuses suitable to the use of the fluctuating power are
demanded for power generation stations of renewable energy.
[0010] The present invention intends to provide a hydrogen
production apparatus having excellent response to the fluc-
tuation of the input power by the renewable energy and hav-
ing high reliability.

Means of Solving the Problems

[0011] The present invention provides a hydrogen produc-
tion apparatus of generating hydrogen by electrolysis of
water by means of electrodes as a pair of a hydrogen electrode
and an oxygen electrode, in which the charge/discharge
capacitance ol an oxygen electrode 1s 10 to 10,000 times as
large as that of the hydrogen electrode.

Advantageous Ellect of the Invention

[0012] The present invention can provide a hydrogen pro-
duction apparatus having excellent response to fluctuation of
input power by renewable energy and having high reliability.

BRIEF DESCRIPTION OF DRAWINGS

[0013] FIG. 1 1s a schematic view 1llustrating a cell of a
hydrogen production apparatus according to an example.
[0014] FIG. 2A 1s a schematic view 1llustrating a hydrogen
production apparatus 1n which cells are connected 1n parallel.
[0015] FIG. 2B 1s a schematic view 1llustrating a hydrogen
production apparatus 1n which cells are connected in parallel.
[0016] FIG. 3 1s a schematic view 1llustrating a hydrogen
production apparatus of another example.

DESCRIPTION OF EMBODIMENTS

[0017] The configuration and the characteristics of the
apparatus are to be described in details.

[0018] The hydrogen production apparatus by electrolysis
of water according to the present invention 1s an apparatus for
producing hydrogen by the electrolysis of water by electric
power. The hydrogen production apparatus by the electrolysis
of water includes a hydrogen electrode, an oxygen electrode,
a partition wall preventing a short circuit between the elec-
trodes, and a tank containing them as essential constituent
clements. The constituent elements are referred as a cell.
Water 1s electrolyzed by mntroducing an aqueous electrolyte
solution 1nto the cell and mputting the electric power. The
hydrogen electrode and the oxygen electrode are disposed
being opposed to each other.

[0019] In the hydrogen production apparatus by electroly-
s1s of water according to the present invention, energy storage
by conversion of power generated by the renewable energy
into hydrogen and storing the same 1s a main purpose, and
oxygen generated at the oxygen electrode 1s not essential.
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[0020] Then, the present inventors have achieved the
present invention based on the technical idea of preferentially
performing charge/discharge reaction at the oxygen elec-
trode, which 1s utilized for attaining high speed response and
preventing an electrode deterioration by keeping an oxygen
clectrode potential constant.

[0021] The charge/discharge reaction means a reaction
including a phenomenon of forming an electric double layer
and a reaction in which a metal oxide 1s transformed to a metal
hydroxide.

[0022] A major aspect of the hydrogen production appara-
tus by electrolysis of water of the present invention resides in
that the charge/discharge capacitance of the oxygen electrode
1s 10 to 10,000 times as large as that of the hydrogen elec-
trode. In the hydrogen production apparatus by electrolysis of
water according to the present invention, generation of hydro-
gen due to reduction reaction of water proceeds at the hydro-
gen electrode and charge/discharge reaction proceeds at the
oxygen electrode since the charge/discharge capacitance of
the oxygen electrode reaches 10 to 10,000 times as larger as
that of the hydrogen electrode.

[0023] The charge/discharge capacitance means capaci-
tance including double layer capacitance by formation of the
clectric double layer and pseudo capacitance due to change of
valence number, such as the transformation of the metal oxide
to the metal hydroxide.

[0024] Inthe existent water electrolysis apparatus, bubbles
of hydrogen and oxygen are evolved at respective electrodes
along with progress of reaction. When the bubbles are depos-
ited to the surface of the electrodes, they result 1n reaction
resistance since the area of contact surface between the elec-
trode surface and the electrolyte 1s decreased. Particularly,
current concentrates locally to a portion 1n contact with the
clectrolyte to increase voltage at the oxygen electrode which
1s put 1n an mntense corrosive circumstance compared with the
hydrogen electrode when the electrode surface area 1s
decreased by the deposition of the bubbles. Correspondingly,
a reaction of dissolving the electrode proceeds concurrently
to cause deterioration of the electrode. Further, the input
voltage tluctuates, voltage increases and decreases violently
and the water electrolysis reaction proceeds and stops fre-
quently since the water electrolysis reaction proceeds at a
voltage at a certain level or higher. If the voltage increases
violently from the state where the water electrolysis reaction
1s stopped, a surface structure of the electrode 1s fractured by
the dissolution of the electrode due to concentration of the
voltage and by a pressure of the bubbles accompanying rapid
evolution of the bubbles. Since the surface of the oxygen
electrode includes a brittle metal oxide, the electrode 1s more
liable to be fractured compared with the hydrogen electrode.

[0025] At an interface between the metal oxide and the
clectrolyte, capacitance referred to as pseudo capacitance 1s
present due to the change of the valence number, such as the
transformation of the oxide to the hydroxide of the metal in
addition to the double layer capacitance where the charges are
stored. Since the double layer capacitance 1s formed by the
movement of 1ons and charges at the interface and the pseudo
capacitance 1s formed by the change of the valence number of
metal atoms and solid reaction of oxide/hydroxide, bubbles
are not evolved. Accordingly, the electrode 1s unlikely to be
deteriorated by decrease of the electrode surface area and
dissolution and fracture of the electrode described above.
Particularly, since the double layer capacitance 1s formed by
the movement of the charges or the 1ons, the reaction time 1s
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short compared with the water electrolysis reaction and can
cope with abrupt fluctuation of the input power. Further, since
the charge/discharge reaction proceeds at a voltage lower than
that of the water electrolysis reaction and can cope with a
wide region of the voltage, this serves to moderate abrupt
fluctuation of the voltage.

[0026] Asdescribed above, 1t can be considered that a reac-
tion 1s preferentially performed at the oxygen electrode based
on the charge/discharge reaction by utilizing the double layer
capacitance and the pseudo capacitance with a viewpoint of
improving the response, suppressing the degradation of the
clectrode, and reducing the reaction resistance 1n a situation
where there 1s less demand for oxygen.

[0027] The hydrogen production apparatus of the present
invention that utilizes the electrolysis of water can cope with
the iput of power generated by the renewable energy that
fluctuates on the order of several seconds to several minutes.

[0028] Inthe hydrogen production apparatus, generation of
hydrogen proceeds at the hydrogen electrode by water reduc-
tion reaction and an oxygen generating reaction proceeds at
the oxygen electrode. However, 1t 1s preferred that the charge/
discharge reaction 1s mainly taken place rather than the oxy-
gen generation reaction at the oxygen electrode 1n a situation
where the mput power fluctuates as described above. When
the charge/discharge reaction 1s mainly taken place, it can
cope with the power fluctuation 1n a short period on the order
ol several seconds to several minutes since the reaction rate
increases more compared with a usual oxygen generation
reaction and high response 1s possible. Further, fracture and
dissolution of the electrode can be suppressed since bubbles
are not evolved 1n the charge/discharge reaction. Further, 1n a
case ol using a plurality of electrolysis tanks, when an oxygen
clectrode having high charge/discharge capacitance 1s intro-
duced to some of them, the potential on other oxygen elec-
trodes can be kept predetermined level or higher, so that
deterioration of the electrodes accompanying the power fluc-
tuation can be suppressed. Then, a water electrolysis appara-
tus suitable to the fluctuating power can be provided. In the
present invention, the oxygen generation reaction at the oxy-
gen electrode 1s not prohibited but oxygen may be generated
from the oxygen electrode. In the present specification, the
oxygen electrode having charge/discharge capacitance from
10 to 10,000 times as large as that of the hydrogen electrode
1s referred to as a charge/discharge oxygen electrode.

[0029] The charge/discharge oxygen electrode has double
layer capacitance and pseudo capacitance.

[0030] Since the double layer capacitance 1s 1n proportion
to the electrode surface area, the capacitance becomes larger
as the specific surface area 1s larger. While refinement of the
structure 1s effective for increasing the specific surface area of
the electrode, care should be taken since excess refinement
may lower the strength of the electrode.

[0031] On the other hand, since the pseudo capacitance 1s
due to the solid reaction of an oxide or hydroxide of a metal,
the capacitance 1s 1n proportion to the total amount of the
oxide or the total amount of the hydroxide at the electrode.
Accordingly, while the capacitance can be made larger as the
amount of the metal oxide 1s increased, this involves a subject
such as increase 1n the cost of the electrode. Further, increase
in the thickness of the metal oxide at the surface of the
clectrode 1volves a subject that the reaction rate 1s lowered.

[0032] When storage of power 1s intended, it 1s more pre-
terred that the charge/discharge capacitance 1s larger. How-
ever, when the charge/discharge capacitance 1s increased, this
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results 1n a problem of increasing the cost and reducing the
strength as described above. The present invention intends to
provide a hydrogen production apparatus for producing
hydrogen by fluctuating power of the renewable energy, and 1t
may suifice that the charge/discharge oxygen electrode can
correspond to the mput of the power generated by the renew-
able energy that fluctuates on the order of several seconds to
several minutes.

[0033] Then, the charge/discharge oxygen electrode pret-
erably has charge/discharge capacitance 10 to 10,000 times as
large as the hydrogen eclectrode as the charge/discharge
capacitance necessary and suificient for a rapid response to
the power fluctuation for several seconds to several minutes
and leveling the fluctuation. The specific surface area of the
clectrode and the total amount of the metal oxide or hydroxide
are not specified but should be selected in consideration of the
cost and the necessary capacitance, application use, charac-
teristics of the mput power, etc. In a preferred example, a
specific surface area 1s 1 to 10 times as large as the hydrogen
clectrode and, more preferably, the specific surface areais 2 to
10 times as large as the hydrogen electrode. Further, a total
amount of the oxide or hydroxide of the metal preferably has
pseudo capacitance of about 10 to 1,000 times as large as that
of the hydrogen electrode.

[0034] As the charge/discharge oxygen electrode, an elec-
trode mncluding the oxide or hydroxide of the metal having a
large specific surface area 1s preferred. The specific surface
area ol the electrode and the total amount of the oxide or
hydroxide of the metal are not specified but should be selected
in consideration of the cost and the required capacitance,
application, and the characteristics of the input power. In a
preferred example, the specific surface area 1s 10 to 100 times
as large as that of the hydrogen electrode and 1t further has the
oxide or hydroxide of the metal having the pseudo capaci-
tance about 10 to 100 times as large as the hydrogen electrode.

[0035] The charge/discharge oxygen electrode includes the
oxide or hydroxide of the metal, and the metal includes one of
metals of N1, Ru, Ir, T1, Sn, Mo, Ta, Nb, V, Fe and Mn, or an
alloy containing a plurality of the metals. Since the conduc-
tivity of the metal oxide or the metal hydroxide i1s lower
compared with the metal, use of N1, Ru or Ir of higher con-
ductivity 1s preferred. However, since Ru and Ir as particu-
larly noble metal increase the cost, they are preferably used by

a combination of N1 and one of metals of T1, Sn, Mo, Ta, Nb,
V, Fe and Mn.

[0036] The shape of the charge/discharge oxygen electrode
1s not particularly restricted so long as 1t has a large specific
surface area, and a porous member, a net, or a fibrous non-
uneven fabric 1s used preferably. An electrode filled with fine
particles can also be used since the specific surface area 1s
increased. However, since the fine particles may possibly
increase resistance at the point of contacts, the porous mem-
ber, the net, or the fibrous non-woven fabric having low
resistance as the entire electrode 1s used preferably. Since the
resistance of the entire electrode 1s low, a high speed response
to the fluctuating power 1s possible.

[0037] The hydrogen electrode serves to promote a reduc-
tion reaction of water to generate hydrogen. The hydrogen
clectrode preferably has a large specific surface area and,
more preferably, 1t comprises a porous member, a net, or a
non-woven fabric. Further, a nano-structure, etc. may be pret-
erably formed on the surface of the hydrogen electrode. For
taking place the hydrogen generating reaction at lower power,
a platinum group metal such as Pt, Rh or Ir having a further
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lower hydrogen overvoltage 1s used preferably. Since the
platinum group metal 1s expensive, N1, Fe, etc. which are less
expensive may also be used and they may be alloyed with the
platinum group metal for use.

[0038] The aqueous electrolyte solution used 1n the hydro-
gen production apparatus of the present invention 1s not par-
ticularly restricted, but an alkaline aqueous solution 1s used
preferably in order to suppress corrosion of the electrode or
the tank. Also, there 1s no particular restriction on the material
of the partition wall, but a highly stable resin insoluble to the
aqueous solution 1s preferred. An example includes polyim-
ide, polyethylene, etc. In a case of using the resin, it should be
a porous member or a spongy structure so that 10ons can move
in the inside.

[0039] Further, an 10onically conductive resin having both
properties of the electrolyte and the partition wall may also be
used. Particularly, when a proton conductive resin 1s utilized,
there 1s no requirement for gas-liquid separation and power
generation 1s also facilitated since there 1s no requirement for
the aqueous solution on the side of the oxygen electrode and
water on the side of the hydrogen electrode, but only pure
hydrogen 1s present.

[0040] Thehydrogen production apparatus according to the
present invention can be utilized as a single cell but pairs of
the hydrogen electrode and the oxygen electrode 1n plurality
connected 1n parallel may be used. They can be used by
forming a bipolar type of plural cells connected 1n series.
Since the electrolysis voltage can be increased in the bipolar
type, this can be utilized when high voltage power 1s inputted.
In the parallel type, the operation state 1n each of the cells can
be changed 1n accordance with the change of the input power.
Each of the cells can be operated by operation power at high
elficiency by operating all of the cells when the input power 1s
large and by decreasing the number of operated cells when the
input power 1s lowered. Further, in the parallel type, while
charge/discharge oxygen electrode can be used for the all of
the cells, the charge/discharge oxygen electrode may be used
only for some of the cells.

[0041] The charge/discharge electrode has an advantage
that the deterioration of the electrode due to repetitive oxida-
tion and reduction reactions can be suppressed even when the
iput power 1s lowered since the potential of the oxygen
clectrode per se 1s unlikely to be lowered by the discharge of
the charged electric capacitance. Accordingly, although use
of the charge/discharge oxygen electrode for all of the cells 1s
intended 1n the present invention, the charge/discharge oxy-
gen electrode can be used only for some of the cells when the
oXygen gas 1s necessary or in a case where the mput power
fluctuates less, or the fluctuation time 1s short, so that only the
fluctuation of the mput power may be coped with by the
charge/discharge oxygen electrode. In this case, when the
iput power 1s lowered, lowering 1n the voltage of a usual
oxygen electrode can be suppressed by connecting a cell
having the charge/discharge oxygen electrode and a cell hav-
ing the usual oxygen electrode 1n parallel.

[0042] The hydrogen production apparatus of the present
invention includes a hydrogen storing device for storing
evolved hydrogen. Hydrogen containing water evolved at the
hydrogen electrode 1s separated by a gas-liquid separation
device mto hydrogen and water, and separated hydrogen 1s
stored 1n the hydrogen storing device. While a hydrogen
separation membrane 1s used preferably as the gas-liquid
separation device, gas-liquid separation by cold energy may
also be used. Hydrogen separated from water can be trans-
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ported to consumption areas in high pressure tanks, by way of
pipelines, or by conversion into organic hydrides.

[0043] The hydrogen production apparatus of the present
invention has a hydrogen storing unit and can accumulate and
release hydrogen. For the hydrogen storing unit, a gas tank
manufactured by SUS steel or a composite material including,
carbon fiber and aluminum may be used, or a hydrogen
occluding alloy may also be used. Further, they may be used
in combination.

[0044] Further, the hydrogen production apparatus of the
present invention mcludes a mechanism of releasing hydro-
gen gas from the hydrogen storing unit into a solution 1n
which the hydrogen electrode 1s immersed. In this case, since
a reaction of oxidizing hydrogen to release water, that 1s, a
reaction reverse to the electrolysis of water proceeds at the
hydrogen electrode, electric power can be generated by being,
combined with the discharge reaction at the charge/discharge
oxygen electrode. The hydrogen production apparatus of the
present invention having the mechanism of releasing hydro-
gen to the hydrogen electrode and the charge/discharge oxy-
gen electrode can also cope with the situation that requires not
only hydrogen but also electric power.

[0045] The best mode for practicing the present invention 1s
to be described with reference to specific examples but the
present mnvention 1s not restricted to the following examples.

Example 1

[0046] Example 1 1s an example of hydrogen production
apparatus of the present invention.

[0047] FIG. 1 1s a schematic cross sectional view 1llustrat-
ing an example of a cell of a hydrogen production apparatus
ol the present 1nvention.

[0048] A cell 101 includes a hydrogen electrode 102, a
charge/discharge oxygen electrode 103, a partition wall 104,
a tank 105, and an aqueous electrolyte solution 106. The
hydrogen electrode 102 and the charge/discharge oxygen
clectrode 103 are connected to a power generation unit 108.
The hydrogen electrode 102 and the charge/discharge oxygen
clectrode 103 are opposed to each other with the partition wall
104 interposed therebetween. They are inserted into the tank
105 1n which the aqueous electrolyte solution 106 1s filled. At
the hydrogen electrode 102, hydrogen bubbles 107 are
evolved upon electrolysis of water.

[0049] The charge/discharge capacitance of the charge/dis-
charge oxygen electrode 103 1s designed so as to be larger
than that of the hydrogen electrode 102.

[0050] The charge/discharge capacitance can be measured
by various methods and can be measured by a method such as
a linear sweep voltammetry that determines the amount of
charges based on the value of a current that flows when a
predetermined potential range 1s swept.

[0051] When hydrogen electrode 102 was formed of an Ni
mesh and a 10 wt % aqueous solution of potassium hydroxide
was used as an aqueous electrolyte solution 106, the charge/
discharge capacitance of the charge/discharge oxygen elec-
trode 103 was 13 times that of the hydrogen electrode when
using porous N1, 56 times when using N1 mesh formed by
plating an Ni nano-structure, and 126 times when using a Ti
mesh formed by sintering Ir and Ru. By increasing the num-
ber of sheets of the T1 mesh formed by sintering Ir and Ru,
capacitance as large as 1,000 times or more could also be
achieved.

[0052] Taking notice on the T1 mesh electrode formed by
sintering Ir and Ru, evolution of bubbles from the oxygen
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clectrode was scarcely observed visually. Further, 1n a test of
supplying a constant charging current by a constant current
method, the voltage reached a predetermined level at the
order of milliseconds upon starting current supply, there was
no subsequent tluctuation of the voltage, and the effect of
improving the response due to large capacitance double layer
capacitor could be confirmed. Also 1n the subsequent current
supply, voltage fluctuation was about 1%, the voltage increas-
ing effect due to deposition of bubbles could not be recog-
nized, and a predetermined voltage was maintained.

Comparative Example 1

[0053] InComparative Example 1, a N1 mesh was used for
both the oxygen electrode and the hydrogen electrode. The
charge/discharge capacitance ol the oxygen electrode was 1.6
times as large as that of the hydrogen electrode. When a
constant charging current was supplied by a constant current
method, a predetermined voltage at the order of milliseconds
was reached from the start up, but voltage fluctuated at the
order of seconds until the voltage was settled at a constant
level. Further, 1n the subsequent current supply, voltage fluc-
tuation of about 10% was present and 1t could be confirmed
that the electrode reaction was hindered by bubbles.

Example 2

[0054] In Example 2, a hydrogen production system 1n
which cells (hydrogen production apparatus) were connected
in parallel was manufactured.

[0055] FIGS. 2A and 2B are schematic configurational
views of the hydrogen production systems.

[0056] In the drawings, a cell 201 (by the number of 1)
having a charge/discharge oxygen electrode and cells 202a,
2026 and 202¢ (by the number of three) each having a usual
oxygen electrode are connected in parallel and adapted so that
power can be supplied from the power generation unit 204.
The cell 201 having the charge/discharge oxygen electrode 1s
connected at the terminal end of the parallel circuit. Switches
(2034, 2035, 203¢) are disposed between each of the cells, for
enabling ON/OFF control 1n the operation of the hydrogen
production apparatus by switching the switches 203a, 2035 or
203¢ 1 accordance with increase and decrease of the mput
POWET.

[0057] Asshownin FIG. 2A, after all of the switches 203a,
2035 and 203¢ were closed, a current was supplied to all of the
four cells, and the cell 201 at the terminal end having the
charge/discharge oxygen electrode was charged, the mput
power was decreased to one-half, the switch 2035 was dis-
connected and only the cells 2024 and 2025 (by the number of
two) each having the usual oxygen electrode were operated.
In this case, it could be confirmed that the potential on the
oxygen electrode of the cell 201 having the charge/discharge
oxygen electrode and the cell 202¢ (not 1n operation) having
a usual oxygen electrode was kept at a potential of a prede-
termined level or higher for a time 16 times as long as the case
of using only the usual oxygen electrode by the power
charged 1n the charge/discharge oxygen electrode.

Example 3

[0058] FIG. 3 1s a schematic cross sectional view 1llustrat-
ing an example of a hydrogen production apparatus that can
also generate power.

[0059] A hydrogen production apparatus 301 includes a
cell 302, a pipe 308 for flowing generated hydrogen, a hydro-
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gen storing unit 309 serving as both a gas liqud separation
device and atank, a regulator 312 for controlling the supply of
hydrogen from the pipe 308 to the hydrogen storing unit 309
and the pressure of supply, a pipe 310 for releasing hydrogen
stored in the hydrogen storing unit 309 to the tank 307, a valve
315 for controlling the release of hydrogen from the pipe 310
to the tank 307, and a pump 311. The cell 302 includes a
hydrogen electrode 303, a charge/discharge oxygen electrode
304, a partition wall 305 and an aqueous electrolyte solution
306 secaled 1n the tank 307. At the hydrogen electrode 303,
hydrogen bubbles 313 are evolved upon electrolysis of water.
[0060] Hydrogen supplied from the pipe 310 to the tank
307 1s supplied to the aqueous electrolyte solution 306 on the
side of the hydrogen electrode 303 partitioned by the partition
wall 305 and 1s 1n contact with the hydrogen electrode 303.
[0061] Generated hydrogen can also be supplied directly to
external equipment by providing a switching mechanism
such as a three-way valve to the pipe 308.

[0062] Adter performing the electrolysis reaction of water
and charging the charge/discharge oxygen electrode 304 for a
predetermined time, the hydrogen electrode 303 and the
charged oxygen electrode 304 were connected to a load 314.
When hydrogen was released to the tank 307 by using the
pump 311, 1t could be confirmed that a current was caused to
flow to the load 314 and the hydrogen production apparatus
301 had a power generation function.

LIST OF REFERENCE SIGNS

[0063] 101 cell

[0064] 102, 303 hydrogen electrode

[0065] 103, 304 charge/discharge oxygen electrode
[0066] 104, 305 partition wall

[0067] 105, 307 tank

[0068] 106, 306 aqueous electrolyte solution
[0069] 107, 313 hydrogen bubbles

[0070] 201 cell having a charge/discharge oxygen electrode
[0071] 202 cell having a usual oxygen electrode
[0072] 203 switch

[0073] 301 hydrogen production apparatus

[0074] 302 cell

[0075] 308 pipe

[0076] 309 hydrogen storing unit

[0077] 310 pipe

[0078] 311 pump

[0079] 312 regulator

1. A hydrogen production apparatus comprising:

an elect rode pair including a hydrogen electrode and an
oxygen electrode;

a partition wall interposed between the hydrogen electrode
and the oxygen electrode; and

a tank containing the electrode pair, the partition wall, and
an aqueous electrolyte solution,

the hydrogen production apparatus generating hydrogen

by electrolysis of the aqueous electrolyte solution by the
clectrode patrr,

wherein the charge/discharge capacitance of the oxygen
clectrode 1s 10 to 10,000 times as large as that of the
hydrogen electrode.
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2. A hydrogen production system comprising;:

a configuration having a plurality of the hydrogen produc-
tion apparatuses according to claim 1 connected 1n par-
allel; and

a power generation unit,

wherein charge/discharge capacitance of a part or all of the
oxygen electrodes of the hydrogen production appara-
tuses 1s the hydrogen production apparatus.

3. The hydrogen production apparatus according to claim

1,

wherein hydrogen 1s generated by electrolysis of water by
the electrode patrr,

the hydrogen production apparatus utilizing power which
fluctuates at input.

4. The hydrogen production system according to claim 2,

wherein the charge/discharge capacitance of the part of the
oxygen electrode 1s from 10 to 10,000 times as large as
that of the hydrogen electrode, and

wherein the voltage on the oxygen electrode 1s kept at a
predetermined level or higher when the iput voltage
from the power generation unit 1s lowered.

5. The hydrogen production apparatus according to claim

1

| having a hydrogen storing unit for storing generated hydro-
gen.

6. The hydrogen production apparatus according to claim
5

having a pipe for releasing hydrogen stored 1n the hydrogen
storing umit to the tank.
7. The hydrogen production apparatus according to claim

6,

being capable of generating power by a reduction reaction
at the oxygen electrode 1n the charged state and an oxi-
dation reaction of hydrogen in contact with the hydrogen
clectrode.

8. The hydrogen production apparatus according to claim

1,

wherein the oxygen electrode includes an oxide or a
hydroxide of a metal, and the metal includes one or more
clements selected from the group consisting of N1, Ru,
Ir, T1, Sn, Mo, Ta, Nb, V, Fe and Mn.

9. A hydrogen production apparatus comprising:

an electrode pair 1including a hydrogen electrode and an
oxygen electrode;

a partition wall interposed between the hydrogen electrode
and the oxygen electrode; and a tank containing the
clectrode pair, the partition wall, and an aqueous elec-
trolyte solution,

the hydrogen production apparatus generating hydrogen
by electrolysis of the aqueous electrolyte solution by the
clectrode parr,

wherein the oxygen eclectrode includes an oxide or a
hydroxide of a metal, and the specific surface area
thereof 1s 2 to 10 times as large as that of the hydrogen
clectrode.

10. The hydrogen production apparatus according to claim

9.

wherein the metal includes one or more elements selected
from the group consisting of N1, Ru, Ir, T1, Sn, Mo, Ta,
Nb, V, Fe and Mn.
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