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Description
Title of Invention
ELECTROLYTIC CELL AND ELECTROLYZER

Technical Field
[0001]
The present disclosure relates to an electrolytic cell and an electrolyzer.
This application claims priority based on JP 2022-26586 filed on

February 24, 2022, contents of which are incorporated herein by reference.

Background Art
[0002]

Patent Document 1 discloses an electrolytic separation method of
providing a hydrogen gas electrode in an anode chamber, bringing the hydrogen
gas electrode into close contact with an opposite surface to an ion exchange
membrane, and electrolyzing salt while supplying mixed gas containing
hydrogen and water to the hydrogen gas electrode. This electrolytic separation
method is intended to prevent drying of a central region of the ion exchange
membrane.

[0003]

Patent Document 2 discloses a water electrolytic cell including a solid
polymer electrolyte membrane which is provided between a pair of separators
and includes an anode and a cathode formed on both surfaces of the solid
polymer electrolyte membrane and a power feeder interposed between the solid
polymer electrolyte membrane and the separators. In the water electrolytic cell,
an electrode forming surface is formed except for a portion where a gas sump is
generated. This electrolytic cell is intended to improve a water electrolyzing
efficiency by eliminating gas retention at an end portion of the power feeder.
[0004]

Patent Document 3 discloses an operation shutdown method of a high-
pressure hydrogen production device. The method includes a step of opening an
on-off valve to depressurize a cathode-side pressure via a depressurizing line
and a step of performing water electrolyzing treatment at a normal pressure
while maintaining the on-off valve in an open state after the depressurization
on the cathode side is completed. This operation shutdown method is intended
to prevent drying of a solid polymer electrolyte membrane by keeping a
satisfactory amount of water on the cathode side by a step during operation

shutdown.
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[0005]

Patent Document 4 discloses an electrolyzer in which a separator is
provided with a sealing member that surrounds a hydrogen discharge
communication hole and a water passage portion that surrounds the sealing
member and flows water. This electrolyzer is intended to prevent drying of an
outer portion of the sealing member in the vicinity of the hydrogen discharge

communication hole.

Citation List
Patent Literature
[0006]
Patent Document 1: JP 3201854 B
Patent Document 2: JP 4611345 B
Patent Document 3: JP 2013-32572 A
Patent Document 4: JP 5364056 B

Summary of Invention
Technical Problem
[0007]

When an ion exchange membrane is provided between a pair of
separators and a sealing part for sealing an interior space of an electrolytic tank
is provided on an inner side from an outer edge portion of the ion exchange
membrane, the outer edge portion of the ion exchange membrane protruding to
an outer side from the sealing part may be likely to be dried. When the outer
edge portion of the ion exchange membrane is dried, the degradation of the ion
exchange membrane is likely to be accelerated.

[0008]

The present disclosure is made to solve the problem described above,

and an object of the present disclosure is to provide an electrolytic cell and an

electrolyzer that can suppress the degradation of an ion exchange membrane.

Solution to Problem
[0009]

To solve the above-described problem, an electrolytic cell according to
the present disclosure includes: a first separator; a second separator disposed
with a space between the first separator and the second separator; an ion
exchange membrane disposed between the first separator and the second

separator and configured to partition at least part of the space into a cathode
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chamber and an anode chamber; and a sealing part disposed between the first
separator and the second separator, located on an outer side from an outer edge
portion of the ion exchange membrane, and configured to seal the space.
[0010]

An electrolyzer according to the present disclosure includes an
electrolytic cell, an electrolyte supply unit configured to supply an electrolyte
to the electrolytic cell and a power supply unit configured to apply a voltage to
the electrolytic cell. The electrolytic cell includes: a first separator; a second
separator disposed with a space between the first separator and the second
separator; an ion exchange membrane disposed between the first separator and
the second separator and configured to partition at least part of the space into
an anode chamber and a cathode chamber; and a sealing part disposed between
the first separator and the second separator, located on an outer side from an
outer edge portion of the ion exchange membrane, and configured to seal the

space.

Advantageous Effects of Invention
[0011]
The electrolytic cell and the electrolyzer of the present disclosure allows

the degradation of the ion exchange membrane to be suppressed.

Brief Description of Drawings
[0012]

FIG. 1 is a schematic configuration diagram illustrating an overall
configuration of an electrolyzer according to a first embodiment of the present
disclosure.

FIG. 2 is a cross-sectional view schematically illustrating an electrolytic
cell according to the first embodiment of the present disclosure.

FIG. 3 is an exploded perspective view illustrating the electrolytic cell
according to the first embodiment of the present disclosure.

FIG. 4 is a cross-sectional view illustrating the electrolytic cell
according to the first embodiment of the present disclosure.

FIG. 5 is a cross-sectional view of the electrolytic cell illustrated in FIG.
4 taken along the F5-F5 line.

FIG. 6 is a cross-sectional view of the electrolytic cell illustrated in FIG.
4 taken along the F6-F6 line.
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FIG. 7 is a cross-sectional view illustrating an electrolytic cell according
to a first modification example of the first embodiment of the present
disclosure.

FIG. 8 is a cross-sectional view illustrating an electrolytic cell according
to a second modification example of the first embodiment of the present
disclosure.

FIG. 9 is a cross-sectional view illustrating an electrolytic cell according
to a third modification example of the first embodiment of the present
disclosure.

FIG. 10 is a cross-sectional view illustrating an electrolytic cell
according to a fourth modification example of the first embodiment of the
present disclosure.

FIG. 11 is a cross-sectional view illustrating an electrolytic cell
according to a second embodiment of the present disclosure.

FIG. 12 is a cross-sectional view of the electrolytic cell illustrated in
FIG. 11 taken along the F12-F12 line.

FIG. 13 is a cross-sectional view illustrating an electrolytic cell
according to a third embodiment of the present disclosure.

FIG. 14 is a cross-sectional view of the electrolytic cell illustrated in
FIG. 13 taken along the F14-F14 line.

FIG. 15 is a cross-sectional view illustrating an electrolytic cell
according to a modification example of the third embodiment of the present
disclosure.

FIG. 16A is a table showing the results of an evaluation test conducted
by holding a test sample produced as Example 1 of the first embodiment in a
state simulating before and after exposure to the operation environment of the
electrolyzer.

FIG. 16B is a table showing the results of an evaluation test conducted
by holding a test sample produced as Comparative Example 1 for evaluating
Example 1 in a state simulating before and after exposure to the operation
environment of the electrolyzer.

FIG. 16C is a table showing the results of an evaluation test conducted
by holding a test sample produced as Comparative Example 2 for evaluating
Example 1 in a state simulating before and after exposure to the operation
environment of the electrolyzer.

FIG. 17A is a scatter diagram in which dimensional change rates

obtained through the evaluation test conducted on the test sample of Example 1
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are separately plotted before and after the exposure to the operation
environment.

FIG. 17B is a scatter diagram in which dimensional change rates
obtained through the evaluation test conducted on the test sample of
Comparative Example 1 are separately plotted before and after the exposure to
the operation environment.

FIG. 17C is a scatter diagram in which dimensional change rates
obtained through the evaluation test conducted on the test sample of
Comparative Example 2 are separately plotted before and after the exposure to

the operation environment.

Description of Embodiments
[0013]

Electrolytic cells and electrolyzers according to embodiments of the
present disclosure will be described below with reference to the accompanying
drawings. In the following description, configurations having the same or
similar functions are denoted with the same reference signs.

[0014]

First, referring to FIG. 4, a Z direction, an X direction, and a Y direction
are defined. The Z direction is a direction from a first separator 41 toward a
second separator 42 to be described below. The X direction is a direction
intersecting (for example, orthogonal to) the Z direction and is a direction from
a central portion of an ion exchange membrane 43 to be described below
toward one end portion of the ion exchange membrane 43. The Y direction is a
direction intersecting (for example, orthogonal to) the Z direction and the X
direction and is, for example, the depth direction in FIG. 4.

[0015]
First Embodiment
1. Configuration of Electrolyzer

FIG. 1 is a schematic configuration diagram illustrating an overall
configuration of an electrolyzer 1 according to a first embodiment of the
present disclosure. The electrolyzer 1 is a device that generates hydrogen by
electrolyzing water contained in an electrolyte. The electrolyzer 1 is, for
example, an electrolyzer of an anion exchange membrane (AEM) type.
However, the electrolyzer 1 is not limited to the above-described example and
may be an electrolyzer of a different type such as a device that electrolytically
reduces carbon dioxide.

[0016]
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The electrolyzer 1 includes, for example, an electrolytic cell stack 10, an
electrolyte supply unit 20, and a power supply unit 30.

[0017]
Electrolytic Cell Stack

The electrolytic cell stack 10 is an aggregate of a plurality of electrolytic
cells 11. For example, the electrolytic cell stack 10 is formed by arranging the
plurality of electrolytic cells 11 in one direction. Each electrolytic cell 11
includes an anode chamber Sa and a cathode chamber Sb. The electrolytic cell
11 will be described in detail below.

[0018]
Electrolyte Supply Unit

The electrolyte supply unit 20 is a supply unit that supplies electrolyte
to each electrolytic cell 11. The electrolyte is, for example, an alkaline aqueous
solution. The electrolyte supply unit 20 includes an anode-side supply unit 20a
and a cathode-side supply unit 20b.

[0019]

The anode-side supply unit 20a is a supply unit that supplies the
electrolyte to the anode chamber Sa of each electrolytic cell 11. The anode-side
supply unit 20a includes, for example, a first electrolyte tank 21, a first pump
22, an oxygen recovery unit 23, a first electrolyte supply unit 24, and pipelines
L1 and L2.

[0020]

The first electrolyte tank 21 stores the electrolyte. A supply port of the
first electrolyte tank 21 is connected to the anode chamber Sa of the
electrolytic cell 11 via the pipeline L1. The first pump 22 is provided at the
middle of the pipeline L1 and feeds the electrolyte stored in the first electrolyte
tank 21 to the anode chamber Sa of the electrolytic cell 11.

[0021]

A return port of the first electrolyte tank 21 is connected to the anode
chamber Sa of the electrolytic cell 11 via the pipeline L2. The electrolyte
containing oxygen generated in the electrolytic cell 11 flows into the first
electrolyte tank 21 from the electrolytic cell 11. The first electrolyte tank 21
includes a gas-liquid separator that separates the oxygen contained in the
electrolyte. The oxygen separated from the electrolyte by the first electrolyte
tank 21 is recovered by the oxygen recovery unit 23. The first electrolyte tank
21 is replenished with the electrolyte from the first electrolyte supply unit 24.
[0022]
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On the other hand, the cathode-side supply unit 20b is a supply unit that
supplies the electrolyte to the cathode chamber Sb of each electrolytic cell 11.
The cathode-side supply unit 20b includes, for example, a second electrolyte
tank 26, a second pump 27, a hydrogen recovery unit 28, a second electrolyte
supply unit 29, and pipelines L3 and L4.

[0023]

The second electrolyte tank 26 stores the electrolyte. A supply port of
the second electrolyte tank 26 is connected to the cathode chamber Sb of the
electrolytic cell 11 via the pipeline L3. The second pump 27 is provided at the
middle of the pipeline L3 and feeds the electrolyte stored in the second
electrolyte tank 26 to the cathode chamber Sb of the electrolytic cell 11.
[0024]

A return port of the second electrolyte tank 26 is connected to the
cathode chamber Sb of the electrolytic cell 11 via the pipeline L4. The
electrolyte containing hydrogen generated in the electrolytic cell 11 flows into
the second electrolyte tank 26 from the electrolytic cell 11. The second
electrolyte tank 26 includes a gas-liquid separator that separates the hydrogen
contained in the electrolyte. The hydrogen separated from the electrolyte by the
second electrolyte tank 26 is recovered by the hydrogen recovery part 28. The
second electrolyte tank 26 is replenished with the electrolyte from the second
electrolyte supply unit 29.

[0025]
Power Supply Unit

The power supply unit 30 is a DC power supply apparatus that applies a
voltage to the electrolytic cell 11. The power supply unit 30 applies a DC
voltage required for electrolyzing the electrolyte between an anode and a
cathode of the electrolytic cell 11.

[0026]
2. Configuration of Electrolytic Cell
2.1 Basic Structure of Electrolytic Cell

Next, the electrolytic cell 11 will be described in detail.

FIG. 2 is a cross-sectional view schematically illustrating the
electrolytic cell 11. The electrolytic cell 11 includes, for example, the first
separator 41, the second separator 42, the ion exchange membrane 43, a first
catalyst layer 44, a first porous transport layer 45, a second catalyst layer 46,
and a second porous transport layer 47.

[0027]

First Separator
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The first separator 41 is a member that defines one surface of an interior
space S of the electrolytic cell 11. The interior space S is a space including the
anode chamber Sa and the cathode chamber Sb to be described below. The first
separator 41 has, for example, a rectangular plate shape and is formed of a
metal member. A positive voltage is applied to the first separator 41 from the
power supply unit 30 via a first current collector 51 (see FIG. 3) to be
described below.

[0028]

The first separator 41 includes a first end portion 41el (for example, a
lower end portion) and a second end portion 41e2 (for example, an upper end
portion) located opposite to the first end portion 41el. The pipeline L1
described above is connected to the first end portion 41el of the first separator
41. The pipeline L2 described above is connected to the second end portion
41e2 of the first separator 41. The first separator 41 includes a first inner
surface 41a facing the anode chamber Sa to be described below. The first inner
surface 41a is formed with a first flow path FP1 through which the electrolyte
supplied from the pipeline L1 flows. The first flow path FP1 is, for example, a
groove provided at the first inner surface 41a. The electrolyte flowing through
the first flow path FP1 is discharged to the outside of the electrolytic cell 11
through the pipeline L2. Each structure (for example, a flow path structure)
illustrated in FIG. 2 is merely an example and does not limit the contents of the
present embodiment. For example, as the flow path structure, various structures
can be used according to the size, purpose, and use environment of a device.
The same applies to each configuration illustrated in other drawings.

[0029]
Second Separator

The second separator 42 is a member that is disposed with the interior
space S between the first separator 41 and the second separator 42 and defines
another surface of the interior space S. The second separator 42 has, for
example, a rectangular plate shape and is formed of a metal member. A negative
voltage is applied to the second separator 42 from the power supply unit 30 via
a second current collector 52 (see FIG. 3) to be described below. The first
separator 41 and the second separator 42 included in the same electrolytic cell
11 form an electrolytic tank 40 of the electrolytic cell 11 as a pair of separators.
[0030]

The second separator 42 includes a first end portion 42¢l (for example,
a lower end portion) and a second end portion 42¢2 (for example, an upper end

portion) located opposite to the first end portion 42e1. The pipeline L3
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described above is connected to the first end portion 42¢l of the second
separator 42. The pipeline L4 described above is connected to the second end
portion 42¢2 of the second separator 42. The second separator 42 includes a
second inner surface 42a facing the cathode chamber Sb to be described below.
The second inner surface 42a is formed with a second flow path FP2 through
which the electrolyte supplied from the pipeline L3 flows. The second flow
path FP2 is, for example, a groove provided at the second inner surface 42a.
The electrolyte flowing through the second flow path FP2 is discharged to the
outside of the electrolytic cell 11 through the pipeline L4.

[0031]

Here, for convenience of description, a configuration in which the first
inner surface 41a of the first separator 41 includes a flow path groove and the
second inner surface 42a of the second separator 42 includes a flow path
groove is described. However, for example, the first separator 41 of the
electrolytic cell 11 included in the electrolytic cell stack 10 (see FIG. 1) may be
a bipolar plate including a similar flow path groove (indicated by a dash-
double-dot line in FIG. 2) at a surface opposite to the first inner surface 41a in
addition to the first inner surface 41a. The second separator 42 of the
electrolytic cell 11 included in the electrolytic cell stack 10 may be a bipolar
plate including a similar flow path groove (indicated by a dash-double-dot line
in FIG. 2) at a surface opposite to the second inner surface 42a in addition to
the second inner surface 42a. The flow path grooves provided at both surfaces
of the first separator 41 may be different in shape and arrangement from each
other. In addition, the flow path grooves provided at both surfaces of the
second separator 42 may be different in shape and arrangement from each
other.

[0032]
Ion Exchange Membrane

The ion exchange membrane 43 is a membrane that selectively allows
ions to pass therethrough. The ion exchange membrane 43 is, for example, a
solid polymer electrolyte membrane. The ion exchange membrane 43 is, for
example, anion exchange membrane (AEM). The ion exchange membrane 43 is,
for example, an anion exchange membrane having hydroxide ion conductivity.
However, the ion exchange membrane 43 is not limited to the example
described above and may be an ion exchange membrane of a type different
from the example described above. The ion exchange membrane 43 has, for
example, a rectangular sheet shape. The outer shape of the ion exchange

membrane 43 is smaller than the outer shape of the first separator 41 or the
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second separator 42. The ion exchange membrane 43 is disposed between the
first separator 41 and the second separator 42 and is located in the interior
space S described above. The ion exchange membrane 43 partitions at least part
of the interior space S into the anode chamber Sa and the cathode chamber Sb.
[0033]

The anode chamber Sa is formed between the first inner surface 41a of
the first separator 41 and the ion exchange membrane 43. In the anode chamber
Sa, when a voltage is applied to the electrolytic cell 11, the following chemical
reaction occurs, and oxygen is generated from the electrolyte.
20H" — 1/20; + H>O + 2¢7 ... (Chemical Reaction 1)

[0034]

On the other hand, the cathode chamber Sb is formed between the
second inner surface 42a of the second separator 42 and the ion exchange
membrane 43. In the cathode chamber Sb, when a voltage is applied to the
electrolytic cell 11, the following chemical reaction occurs, and hydrogen is
generated from the electrolyte. It should be noted that the expression "XX is
generated" in the present application may include a case where another
substance is generated simultaneously with the generation of XX. A hydroxyl
group generated in the cathode chamber Sb moves from the cathode chamber
Sb to the anode chamber Sa through the ion exchange membrane 43.
2H,0 + 2¢- — H» + 20H" ... (Chemical Reaction 2)

[0035]

As a result, the following chemical reaction occurs in the electrolytic
cell 11 in whole.

H>O — H> + 1/20; ... (Chemical Reaction 3)
[0036]
First Catalyst Layer

The first catalyst layer 44 is a layer that accelerates the above-described
chemical reaction in the anode chamber Sa. The first catalyst layer 44 has, for
example, a rectangular sheet shape. The first catalyst layer 44 is disposed in the
anode chamber Sa and is adjacent to the ion exchange membrane 43. In the
present application, "adjacent to" is not limited to a case where two members
are independently adjacent to each other and may include a case where at least
parts of two members overlap each other. For example, part of the first catalyst
layer 44 and part of the ion exchange membrane 43 may overlap each other.
The first catalyst layer 44 may be fixed to the ion exchange membrane 43 or
may be fixed to the first porous transport layer 45 to be described below. The

material of the first catalyst layer 44 may be a material that accelerates the
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above-described chemical reaction in the anode chamber Sa, and various known
materials can be used. The first catalyst layer 44 is applied with a positive
voltage from the power supply unit 30 via the first separator 41 and the first
porous transport layer 45 and functions as an anode of the electrolytic cell 11.
[0037]
First Porous Transport Layer

The first porous transport layer 45 is an electrical connection part that
transmits a voltage applied to the first separator 41 to the first catalyst layer 44.
The first porous transport layer 45 is disposed in the anode chamber Sa. The
first porous transport layer 45 is located between the first inner surface 41a of
the first separator 41 and the first catalyst layer 44 and is in contact with the
first inner surface 41a of the first separator 41 and the first catalyst layer 44. At
least part of the first porous transport layer 45 may overlap at least part of at
least one of the first separator 41 and the first catalyst layer 44. The first
porous transport layer 45 is formed of, for example, a metallic mesh structural
body, a sintered body, or a fiber. The first porous transport layer 45 has a
structure through which the electrolyte and gas can pass.
[0038]
Second Catalyst Layer

The second catalyst layer 46 is a layer that accelerates the above-
described chemical reaction in the cathode chamber Sb. The second catalyst
layer 46 has, for example, a rectangular sheet shape. The second catalyst layer
46 is disposed in the cathode chamber Sb and is adjacent to the ion exchange
membrane 43. For example, part of the second catalyst layer 46 and part of the
ion exchange membrane 43 may overlap each other. The second catalyst layer
46 may be fixed to the ion exchange membrane 43 or may be fixed to the
second porous transport layer 47 to be described below. The material of the
second catalyst layer 46 may be a material that accelerates the above-described
chemical reaction in the cathode chamber Sb, and various known materials can
be used. The second catalyst layer 46 is applied with a negative voltage from
the power supply unit 30 via the second separator 42 and the second porous
transport layer 47 and functions as a cathode of the electrolytic cell 11.
[0039]
Second Porous Transport Layer

The second porous transport layer 47 is an electrical connection part that
transmits a voltage applied to the second separator 42 to the second catalyst
layer 46. The second porous transport layer 47 is disposed in the cathode

chamber Sb. The second porous transport layer 47 is located between the
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second inner surface 42a of the second separator 42 and the second catalyst
layer 46 and is in contact with the second inner surface 42a of the second
separator 42 and the second catalyst layer 46. At least part of the second porous
transport layer 47 may overlap at least part of at least one of the second
separator 42 and the second catalyst layer 46. The second porous transport
layer 47 is formed of, for example, a metallic mesh structural body or a sintered
body. The second porous transport layer 47 has a structure through which the
electrolyte and gas can pass.
[0040]

FIG. 3 is an exploded perspective view illustrating the electrolytic cell
11. In addition to the above-described configuration, the electrolytic cell 11
includes, for example, the first current collector 51, the second current
collector 52, a first insulator 53, a second insulator 54, a first insulating
material 56A, a second insulating material 56B, a first endplate 57A, and a
second endplate 57B.
[0041]
First Current Collector

The first current collector 51 is an electrical connection part that
transmits a positive voltage applied from the power supply unit 30 to the first
separator 41. The first current collector 51 is a metallic plate member (for
example, a copper plate). The first current collector 51 is in contact with the
first separator 41 from a side opposite to the interior space S of the electrolytic
cell 11 and is electrically connected to the first separator 41. A positive voltage
required for the electrolyzation in the electrolytic cell 11 is applied to the first
current collector 51 from the power supply unit 30. The first current collector
51 may be shared by two adjacent electrolytic cells 11 in the electrolytic cell
stack 10.
[0042]
Second Current Collector

The second current collector 52 is an electrical connection part that
transmits a negative voltage applied from the power supply unit 30 to the
second separator 42. The second current collector 52 is a metallic plate member
(for example, a copper plate). The second current collector 52 is in contact with
the second separator 42 from a side opposite to the interior space S of the
electrolytic cell 11 and is electrically connected to the second separator 42. A
negative voltage required for the electrolyzation in the electrolytic cell 11 is

applied to the second current collector 52 from the power supply unit 30. The
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second current collector 52 may be shared by two adjacent electrolytic cells 11
in the electrolytic cell stack 10.
[0043]
First Insulator

The first insulator 53 is a member that insulates between an outer
peripheral portion of the first separator 41 and an outer peripheral portion of
the second separator 42. The first insulator 53 is a frame-shaped sheet member
that is slightly larger than the outer shape of the first catalyst layer 44. The first
insulator 53 is attached to the first inner surface 41a of the first separator 41.
The material of the first insulator 53 is not particularly limited as long as it is
an insulating material and is, for example, a synthetic resin such as rubber. The
shape of the first insulator 53 will be described in detail below.
[0044]
Second Insulator

Similar to the first insulator 53, the second insulator 54 is a member that
insulates between the outer peripheral portion of the first separator 41 and the
outer peripheral portion of the second separator 42. The second insulator 54 is a
frame-shaped sheet member that is slightly larger than the outer shape of the
second catalyst layer 46. The second insulator 54 is attached to the second
inner surface 42a of the second separator 42. The material of the second
insulator 54 is not particularly limited as long as it is an insulating material and
is, for example, a synthetic resin such as rubber. The shape of the second
insulator 54 will be described in detail below.
[0045]
First Insulating Material

The first insulating material 56A is located between the first current
collector 51 and the first endplate 57A. The first insulating material 56A has,
for example, the same outer shape as the first current collector 51 or an outer
shape larger than the outer shape of the first current collector 51.
[0046]
Second Insulating Material

The second insulating material 56B is located between the second
current collector 52 and the second endplate 57B. The second insulating
material 56B has, for example, the same outer shape as the second current
collector 52 or an outer shape larger than the outer shape of the second current
collector 52.
[0047]
First Endplate
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The first endplate 57A is located on a side opposite to the first insulating
material 56A with respect to the interior space S of the electrolytic cell 11. The
first endplate 57A has, for example, an outer shape larger than the outer shape
of the first insulating material 56A.

[0048]
Second Endplate

The second endplate 57B is located on a side opposite to the second
insulating material 56B with respect to the interior space S of the electrolytic
cell 11. The second endplate 57B has, for example, an outer shape larger than
the outer shape of the second insulating material 56B.

[0049]

The electrolytic cell 11 is not limited to the above-described
configuration. For example, when the plurality of electrolytic cells 11 is
arranged side by side in the electrolytic cell stack 10, two adjacent electrolytic
cells 11 out of the plurality of electrolytic cells 11 may share the first separator
41 or the second separator 42 which is a bipolar plate. In that case, the current
collector (the first current collector 51 or the second current collector 52), the
insulator (the first insulator 53 or the second insulator 54), the insulating
material (the first insulating material 56A or the second insulating material
56B), and the endplate (the first endplate 57A or the second endplate 57B) are
not necessarily present between the two adjacent electrolytic cells 11.

[0050]
2.2 Structure of Outer Peripheral Portion of Electrolytic Cell

Next, the structure of an outer peripheral portion of the electrolytic cell
11 will be described.

FIG. 4 is a cross-sectional view illustrating the outer peripheral portion
of the electrolytic cell 11. In addition to the configuration described above, the
electrolytic cell 11 includes, for example, a support part 60 and a sealing part
70.

[0051]
Support Part

The support part 60 is a part that supports the ion exchange membrane
43 inside the electrolytic cell 11. The support part 60 is disposed between the
first separator 41 and the second separator 42. The support part 60 is located on
an inner side (inner peripheral side) from an outer edge portion 43¢ of the ion
exchange membrane 43 and supports the ion exchange membrane 43. In the
present disclosure, "inner side" or "inner peripheral side" means an inner side

as viewed from a central portion C (see FIG. 5) of the ion exchange membrane
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43 (a side close to the central portion C). In the present embodiment, the
support part 60 includes a first support part 61 and a second support part 62.
[0052]

First Support Part

The first support part 61 is a support part on the anode side. The first
support part 61 is disposed between the first inner surface 41a of the first
separator 41 and the ion exchange membrane 43. The first support part 61 is
located on an inner side from the outer edge portion 43¢ of the ion exchange
membrane 43. The first support part 61 is sandwiched between the first inner
surface 41a of the first separator 41 and the ion exchange membrane 43 and
supports the ion exchange membrane 43 with respect to the first inner surface
41a of the first separator 41.

[0053]

FIG. 5 is a cross-sectional view of the electrolytic cell 11 illustrated in
FIG. 4 taken along the F5-F5 line. The first support part 61 is formed in an
annular shape (for example, a frame shape) along the outer edge portion 43¢ of
the ion exchange membrane 43 and the annular shape is slightly smaller than
the outer edge portion 43¢ of the ion exchange membrane 43. The first support
part 61 extends along the outer edge portion 43¢ of the ion exchange membrane
43 over the entire circumference of the ion exchange membrane 43. The first
support part 61 supports the ion exchange membrane 43 over the entire
circumference of the ion exchange membrane 43.

[0054]

From another viewpoint, the first support part 61 has a frame shape that
is slightly larger than a region of the first inner surface 41a of the first
separator 41 in which the first flow path FP1 is provided and is slightly larger
than the first porous transport layer 45. In other words, the first porous
transport layer 45 is disposed on an inner side (inner peripheral side) of the
first support part 61.

[0055]

Returning to FIG. 4, the description of the first support part 61 will be
continued. In the present embodiment, the first support part 61 has elasticity
and is compressed between the first inner surface 41a of the first separator 41
and the ion exchange membrane 43. By being compressed, the first support part
61 applies a pressing force to the ion exchange membrane 43. Accordingly, the
ion exchange membrane 43 is more firmly supported. For example, the elastic
modulus of the first support part 61 is higher than the elastic modulus of a first

sealing part 71 to be described below. When the elastic modulus of the first
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support part 61 is relatively high, damage to the ion exchange membrane 43 is
suppressed. The material of the first support part 61 is, for example, rubber, but
is not particularly limited thereto. For example, the first support part 61 formed
of a material having excellent chemical resistance is suitable in a case where a
potassium hydroxide electrolyte (KOH electrolyte) or the like is used as the
electrolyte. In the present embodiment, the first support part 61 may have
airtightness or liquid tightness and may function as a sealing part that seals
between the first inner surface 41a of the first separator 41 and the ion
exchange membrane 43.

[0056]

Second Support Part

The second support part 62 is a support part on the cathode side. The
second support part 62 is disposed between the second inner surface 42a of the
second separator 42 and the ion exchange membrane 43. The second support
part 62 is located on an inner side from the outer edge portion 43¢ of the ion
exchange membrane 43. The second support part 62 is sandwiched between the
second inner surface 42a of the second separator 42 and the ion exchange
membrane 43 and supports the ion exchange membrane 43 with respect to the
second inner surface 42a of the second separator 42.

[0057]

The shape of the second support part 62 is the same as the shape of the
first support part 61. That is, the second support part 62 is formed in an annular
shape (for example, a frame shape) along the outer edge portion 43¢ of the ion
exchange membrane 43 and the annular shape is slightly smaller than the outer
edge portion 43¢ of the ion exchange membrane 43. The second support part 62
extends along the outer edge portion 43¢ of the ion exchange membrane 43
over the entire circumference of the ion exchange membrane 43. The second
support part 62 supports the ion exchange membrane 43 over the entire
circumference of the ion exchange membrane 43.

[0058]

From another viewpoint, the second support part 62 has a frame shape
that is slightly larger than a region of the second inner surface 42a of the
second separator 42 in which the second flow path FP2 is provided and is
slightly larger than the second porous transport layer 47. In other words, the
second porous transport layer 47 is disposed on an inner side (inner peripheral
side) of the second support part 62.

[0059]
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In the present embodiment, the second support part 62 has elasticity and
is compressed between the second inner surface 42a of the second separator 42
and the ion exchange membrane 43. By being compressed, the second support
part 62 applies a pressing force to the ion exchange membrane 43. Accordingly,
the ion exchange membrane 43 is more firmly supported. For example, the
elastic modulus of the second support part 62 is higher than the elastic modulus
of a second sealing part 72 to be described below. When the elastic modulus of
the second support part 62 is relatively high, damage to the ion exchange
membrane 43 is suppressed. The material of the second support part 62 is, for
example, rubber, but is not particularly limited thereto. For example, the second
support part 62 formed of a material having excellent chemical resistance is
suitable in a case where a potassium hydroxide electrolyte or the like is used as
the electrolyte. In the present embodiment, the second support part 62 may
have airtightness or liquid tightness and may function as a sealing part that
seals between the second inner surface 42a of the second separator 42 and the
ion exchange membrane 43.

[0060]

In the present embodiment, the support part 60 is a separate body from
the sealing part 70 to be described below and is disposed separately from the
sealing part 70. In the present embodiment, a space Se (hereinafter referred to
as an "end portion space Se") which is part of the interior space S is present
between the support part 60 and the sealing part 70. The end portion space Se is
a space in which the outer edge portion 43¢ of the ion exchange membrane 43
is located and the electrolyte can be contained. The end portion space Se is a
space sealed against the outside by the sealing part 70 to be described below.
[0061]

On the other hand, a space Scl (hereinafter referred to as a "first central
space Scl1") is formed on an inner side from the first support part 61 in the
interior space S of the electrolytic cell 11. The first central space Scl is part of
the anode chamber Sa and accommodates the first catalyst layer 44 and the first
porous transport layer 45.

[0062]

Similarly, a space Sc2 (hereinafter referred to as a "second central space
Sc2") is formed on an inner side from the second support part 62 in the interior
space S of the electrolytic cell 11. The second central space Sc2 is part of the
cathode chamber Sb and accommodates the second catalyst layer 46 and the
second porous transport layer 47.

[0063]



10

15

20

25

30

35

18

Sealing Part

The sealing part 70 is a part that seals the interior space S of the
electrolytic cell 11. The sealing part 70 is disposed between the first separator
41 and the second separator 42. The sealing part 70 is located on an outer side
(outer peripheral side) from the outer edge portion 43¢ of the ion exchange
membrane 43 and seals the interior space S of the electrolytic cell 11. In the
present disclosure, "outer side" or "outer peripheral side" means an outer side
as viewed from the central portion C (see FIG. 5) of the ion exchange
membrane 43 (a side far from the central portion C). In the present
embodiment, the sealing part 70 includes the first sealing part 71 and the
second sealing part 72. However, the first sealing part 71 and the second
sealing part 72 may be integrally formed. That is, the first sealing part 71 and
the second sealing part 72 may be a single member.

[0064]
First Sealing Part

The first sealing part 71 is a sealing part on the anode side. The first
sealing part 71 is disposed between the first inner surface 41a of the first
separator 41 and the second inner surface 42a of the second separator 42. The
first sealing part 71 is located on an outer side from the outer edge portion 43¢
of the ion exchange membrane 43. The first sealing part 71 is sandwiched
between the first inner surface 41a of the first separator 41 and the second
sealing part 72 and seals part of an outer peripheral side of the end portion
space Se.

[0065]

As illustrated in FIG. 5, the first sealing part 71 is formed in an annular
shape (for example, a frame shape) along the outer edge portion 43¢ of the ion
exchange membrane 43 and the annular shape is slightly larger than the outer
edge portion 43¢ of the ion exchange membrane 43. The first sealing part 71
extends along the outer edge portion 43¢ of the ion exchange membrane 43
over the entire circumference of the ion exchange membrane 43. The first
sealing part 71 seals the outer peripheral side of the end portion space Se over
the entire circumference of the ion exchange membrane 43.

[0066]

Returning to FIG. 4, the description of the first sealing part 71 will be
continued. In the present embodiment, the first sealing part 71 has elasticity
and is compressed between the first inner surface 41a of the first separator 41
and the second sealing part 72. By being compressed, the first sealing part 71

more firmly seals between the first separator 41 and the second separator 42.
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The material of the first sealing part 71 is, for example, rubber, but is not
particularly limited thereto.

[0067]

Second Sealing Part

The second sealing part 72 is a sealing part on the cathode side. The
second sealing part 72 is disposed between the first inner surface 41a of the
first separator 41 and the second inner surface 42a of the second separator 42.
The second sealing part 72 is located on an outer side from the outer edge
portion 43¢ of the ion exchange membrane 43. The second sealing part 72 is
sandwiched between the second inner surface 42a of the second separator 42
and the first sealing part 71 and seals part of the outer peripheral side of the
end portion space Se.

[0068]

The shape of the second sealing part 72 is the same as the shape of the
first sealing part 71. That is, the second sealing part 72 is formed in an annular
shape (for example, a frame shape) along the outer edge portion 43¢ of the ion
exchange membrane 43 and the annular shape is slightly larger than the outer
edge portion 43¢ of the ion exchange membrane 43. The second sealing part 72
extends along the outer edge portion 43¢ of the ion exchange membrane 43
over the entire circumference of the ion exchange membrane 43. The second
sealing part 72 seals the outer peripheral side of the end portion space Se over
the entire circumference of the ion exchange membrane 43.

[0069]

In the present embodiment, the second sealing part 72 has elasticity and
is compressed between the second inner surface 42a of the second separator 42
and the first sealing part 71. By being compressed, the second sealing part 72
more firmly seals between the first separator 41 and the second separator 42.
The material of the second sealing part 72 is, for example, rubber, but is not
particularly limited thereto.

[0070]

For example, the sealing part 70 is formed of a material having higher
resistance to both air and the electrolyte than the support part 60. For example,
the sealing part 70 is formed of a material having higher heat resistance than
the support part 60.

[0071]
First Insulator
The first inner surface 41a of the first separator 41 includes an end

portion region 41h located on an outer side from the first support part 61. The
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first insulator 53 is attached to the first inner surface 41a of the first separator
41 and covers the end portion region 41h of the first inner surface 41a. In the
present embodiment, the first insulator 53 is provided over a position
overlapping the first support part 61 in the Z direction and an outer peripheral
edge 41p of the first separator 41.

[0072]

FIG. 6 is a cross-sectional view of the electrolytic cell 11 illustrated in
FIG. 4 taken along the F6-F6 line. In the present embodiment, the first
insulator 53 includes a portion located on an inner side from the outer edge
portion 43¢ of the ion exchange membrane 43 in addition to a portion located
on an outer side from the outer edge portion 43¢ of the ion exchange membrane
43. The first insulator 53 includes at least a portion located on an outer side
from the outer edge portion 43¢ of the ion exchange membrane 43. That is, the
first insulator 53 may be provided only in a region not overlapping the ion
exchange membrane 43 in the Z direction.

[0073]
Second Insulator

Returning to FIG. 4, the second insulator 54 will be described. The
second inner surface 42a of the second separator 42 includes an end portion
region 42h located on an outer side from the second support part 62. The
second insulator 54 is attached to the second inner surface 42a of the second
separator 42 and covers the end portion region 42h of the second inner surface
42a. In the present embodiment, the second insulator 54 is provided over a
position overlapping the second support part 62 in the Z direction and an outer
peripheral edge 42p of the second separator 42.

[0074]

In the present embodiment, the second insulator 54 includes a portion
located on an inner side from the outer edge portion 43¢ of the ion exchange
membrane 43 in addition to a portion located on an outer side from the outer
edge portion 43¢ of the ion exchange membrane 43. That the second insulator
54 includes at least a portion located on an outer side from the outer edge
portion 43¢ of the ion exchange membrane 43. That is, the second insulator 54
may be provided only in a region not overlapping the ion exchange membrane
43 in the Z direction.

[0075]

In the present embodiment, the first insulator 53 and the second

insulator 54 form an insulating part 55 that insulates between the outer

peripheral portion of the first separator 41 and the outer peripheral portion of
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the second separator 42. However, one of the first insulator 53 and the second
insulator 54 may be omitted.

[0076]

3. Operational Effects

As a comparative example, an electrolytic cell in which an ion exchange
membrane is provided between a pair of separators and a sealing part for
sealing an interior space of an electrolytic tank is provided on an inner side
from an outer edge portion of the ion exchange membrane will be considered.
In such an electrolytic cell, there is a possibility that the degradation of the ion
exchange membrane is likely to progress in two degradation modes described
below.

[0077]

As a first degradation mode, there may be a case where a dry state and a
wet state are repeated at or near the outer edge portion of the ion exchange
membrane depending on outside temperature, humidity, or water vapor amount.
When the dry state and the wet state of the ion exchange membrane are
repeated, the ion exchange membrane expands and contracts due to a difference
in water content. At this time, a stress is repeatedly applied to the ion exchange
membrane which is pressed by a sealing material, a packing, or the like, and the
degradation is accelerated. In this case, as the degradation progresses, the water
permeability or the gas permeability of the ion exchange membrane increases
or cracks occur, which causes leakage of water and gas.

[0078]

As a second degradation mode, when the temperature outside the
electrolytic cell is high or the vapor amount outside the electrolytic cell is
small, a completely dried state may be produced in which the outer edge
portion of the ion exchange membrane or a portion near the outer edge portion
is completely dried. When at least part of the ion exchange membrane is
brought into a swollen state and then into a completely dried state, the ion
exchange membrane becomes brittle, and voids or cracks occur inside the ion
exchange membrane. In this case, as the degradation progresses, the water
permeability or the gas permeability of the ion exchange membrane increases,
which causes leakage of water and gas.

[0079]

Therefore, in the present embodiment, the electrolytic cell 11 includes
the support part 60 that is located on an inner side from the outer edge portion
43¢ of the ion exchange membrane 43 and supports the ion exchange membrane

43, and the sealing part 70 that is located on an outer side from the outer edge
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portion 43¢ of the ion exchange membrane 43 and seals the interior space S.
Such a configuration allows the sealing part 70 to be disposed on an outer side
from the outer edge portion 43¢ of the ion exchange membrane 43, allowing for
suppressing drying of the outer edge portion 43¢ of the ion exchange membrane
43 due to exposure to the outside air. This can suppress a repetition of a dry
state and a wet state or a completely dried state of the outer edge portion 43¢ of
the ion exchange membrane 43 and a portion near the outer edge portion 43e.
This can suppress degradation of the ion exchange membrane 43.

[0080]

In the present embodiment, the support part 60 and the sealing part 70
are disposed separately from each other, and the outer edge portion 43¢ of the
ion exchange membrane 43 is located between the support part 60 and the
sealing part 70 and the end portion space Se capable of containing the
electrolyte is present between the support part 60 and the sealing part 70. Such
a configuration allows the outer edge portion 43¢ of the ion exchange
membrane 43 to be located in the end portion space Se that includes the
electrolyte or gas resulting from the evaporation of the electrolyte and is humid
allowing for being less likely to be dried. This can suppress degradation of the
ion exchange membrane 43 at a higher level.

[0081]
4. Modification Examples

Next, some modification examples of the first embodiment will be
described. Configurations other than those described below in each
modification example are the same as the configurations of the first
embodiment.

[0082]
First Modification Example

FIG. 7 is a cross-sectional view illustrating an outer peripheral portion
of the electrolytic cell 11 of a first modification example. In the present
modification example, at least one (for example, both) of the first support part
61 and the second support part 62 has a composition through which the
electrolyte can pass. For example, the first support part 61 and the second
support part 62 are formed of a porous body and include pores or voids through
which the electrolyte can pass. The material of the first support part 61 and the
second support part 62 is polyurethane foam, polyester, or the like, but is not
particularly limited thereto. The first support part 61 allows the electrolyte
supplied from the first flow path FP1 to the first central space Scl (the
electrolyte supplied to the anode chamber Sa) to pass through toward the end
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portion space Se. The second support part 62 allows the electrolyte supplied
from the second flow path FP2 to the second central space Sc2 (the electrolyte
supplied to the cathode chamber Sb) to pass through toward the end portion
space Se.

[0083]

Such a configuration allows the electrolyte to be supplied to the end
portion space Se, causing the end portion space Se to be more likely to become
humid. Thus, the outer edge portion 43¢ of the ion exchange membrane 43 is
less likely to be dried, and the degradation of the ion exchange membrane 43
can be suppressed at a still higher level.

[0084]
Second Modification Example

FIG. 8 is a cross-sectional view illustrating an outer peripheral portion
of the electrolytic cell 11 of a second modification example. In the present
modification example, at least one (for example, both) of the first support part
61 and the second support part 62 includes a through-hole 81 through which the
electrolyte can pass. For example, one end of the through-hole 81 of the first
support part 61 opens to the first central space Scl. The other end of the
through-hole 81 of the first support part 61 opens to the end portion space Se.
The through-hole 81 of the first support part 61 causes the electrolyte supplied
to the first central space Scl to pass through toward the end portion space Se.
Similarly, one end of the through-hole 81 of the second support part 62 opens
to the second central space Sc2. The other end of the through-hole 81 of the
second support part 62 opens to the end portion space Se. The through-hole 81
of the second support part 62 causes the electrolyte supplied to the second
central space Sc2 to pass through toward the end portion space Se.

[0085]

Such a configuration allows the electrolyte to be supplied to the end
portion space Se through the through-hole 81, causing the end portion space Se
to be more likely to become humid. Thus, the outer edge portion 43¢ of the ion
exchange membrane 43 is less likely to be dried, and the degradation of the ion
exchange membrane 43 can be suppressed at a still higher level.

[0086]
Third Modification Example

FIG. 9 is a cross-sectional view illustrating an outer peripheral portion
of the electrolytic cell 11 of a third modification example. In the present
modification example, at least one (for example, both) of the first support part

61 and the second support part 62 includes a groove 82 through which the
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electrolyte can pass. For example, one end of the groove 82 of the first support
part 61 opens to the first central space Scl. The other end of the groove 82 of
the first support part 61 opens to the end portion space Se. The groove 82 of the
first support part 61 causes the electrolyte supplied to the first central space
Scl to pass through toward the end portion space Se. Similarly, one end of the
groove 82 of the second support part 62 opens to the second central space Sc2.
The other end of the groove 82 of the second support part 62 opens to the end
portion space Se. The groove 82 of the second support part 62 causes the
electrolyte supplied to the second central space Sc2 to pass through toward the
end portion space Se.

[0087]

Such a configuration allows the electrolyte to be supplied to the end
portion space Se through the groove 82, causing the end portion space Se to be
more likely to become humid. Thus, the outer edge portion 43¢ of the ion
exchange membrane 43 is less likely to be dried, and the degradation of the ion
exchange membrane 43 can be suppressed at a still higher level.

[0088]
Fourth Modification Example

FIG. 10 is a cross-sectional view illustrating the electrolytic cell 11 of a
fourth modification example. In the present modification example, at least one
(for example, both) of the first support part 61 and the second support part 62 is
divided into a plurality of portions 60a in an extending direction, and cut
portions 60b through which the electrolyte can pass are formed between the
portions 60a. The cut portions 60b of the first support part 61 cause the
electrolyte supplied to the first central space Scl to pass through toward the
end portion space Se. The cut portions 60b of the second support part 62 cause
the electrolyte supplied to the second central space Sc2 to pass through toward
the end portion space Se.

[0089]

Such a configuration allows the electrolyte to be supplied to the end
portion space Se through the cut portions 60b, causing the end portion space Se
to be more likely to become humid. Thus, the outer edge portion 43¢ of the ion
exchange membrane 43 is less likely to be dried, and the degradation of the ion
exchange membrane 43 can be suppressed at a still higher level.

[0090]
Second Embodiment
Next, a second embodiment will be described. The second embodiment

is different from the first embodiment in that the support part 60 and the
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sealing part 70 are integrally formed. Configurations other than those described
below are the same as the configurations of the first embodiment.
[0091]

FIG. 11 is a cross-sectional view illustrating an outer peripheral portion
of the electrolytic cell 11 of a second embodiment. In the present embodiment,
the electrolytic cell 11 includes a first packing 91, a second packing 92, a first
stopper 93, and a second stopper 94.

[0092]
First Packing

The first packing 91 is an insulating member having airtightness. The
first packing 91 includes a first portion 91a and a second portion 91b.
[0093]

The first portion 91a is a portion facing the ion exchange membrane 43
in the Z direction. The first portion 91a is sandwiched between the first inner
surface 41a of the first separator 41 and the ion exchange membrane 43 and
supports the ion exchange membrane 43 with respect to the first inner surface
41a of the first separator 41. At least part of the first portion 91a functions as
the first support part 61 described above.

[0094]

The second portion 91b is a portion located on an outer side from the
outer edge portion 43¢ of the ion exchange membrane 43. The second portion
91b has a step with respect to the first portion 91a. The second portion 91b
protrudes closer to the second separator 42 than the first portion 91a. Part of
the second portion 91b faces the ion exchange membrane 43 in the X direction.
For example, part of the second portion 91b is in contact with the ion exchange
membrane 43 in the X direction. This restricts the displacement of the ion
exchange membrane 43 in the X direction.

[0095]

The second portion 91b is in contact with a second portion 92b of the
second packing 92 to be described below in the Z direction. The second portion
91b is sandwiched between the first inner surface 41a of the first separator 41
and the second packing 92 and seals part of the outer peripheral side of the end
portion space Se. The second portion 91b functions as the first sealing part 71
described above.

[0096]

FIG. 12 is a cross-sectional view of the electrolytic cell 11 illustrated in

FIG. 11 taken along the F12-F12 line. The first packing 91 has a frame shape

along the outer edge portion 43¢ of the ion exchange membrane 43. The first
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packing 91 extends along the outer edge portion 43¢ of the ion exchange
membrane 43 over the entire circumference of the ion exchange membrane 43.
The first packing 91 supports the ion exchange membrane 43 over the entire
circumference of the ion exchange membrane 43 and seals the outer peripheral
side of the interior space S over the entire circumference of the ion exchange
membrane 43.

[0097]

Second Packing

Returning to FIG. 11, the second packing 92 will be described. The
second packing 92 is an insulating member having airtightness. The second
packing 92 includes a first portion 92a and a second portion 92b.

[0098]

The first portion 92a is a portion facing the ion exchange membrane 43
in the Z direction. The first portion 92a is sandwiched between the second inner
surface 42a of the second separator 42 and the ion exchange membrane 43 and
supports the ion exchange membrane 43 with respect to the second inner
surface 42a of the second separator 42. At least part of the first portion 92a
functions as the second support part 62 described above. In the present
embodiment, the ion exchange membrane 43 is sandwiched and fixed between
the first portion 91a of the first packing 91 and the first portion 92a of the
second packing 92.

[0099]

The second portion 92b is a portion located on an outer side from the
outer edge portion 43¢ of the ion exchange membrane 43. The second portion
92b has a step with respect to the first portion 92a. The second portion 92b
protrudes closer to the first separator 41 than the first portion 92a. Part of the
second portion 92b faces the ion exchange membrane 43 in the X direction. For
example, part of the second portion 92b is in contact with the ion exchange
membrane 43 in the X direction. This restricts the displacement of the ion
exchange membrane 43 in the X direction.

[0100]

The second portion 92b is in contact with the second portion 91b of the
first packing 91 in the Z direction. The second portion 92b is sandwiched
between the second inner surface 42a of the second separator 42 and the first
packing 91 and seals part of the outer peripheral side of the end portion space
Se. The second portion 92b functions as the second sealing part 72 described
above. In the present embodiment, the first packing 91 and the second packing

92 form the insulating part 55 that insulates between the outer peripheral
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portion of the first separator 41 and the outer peripheral portion of the second
separator 42.
[0101]

Similar to the first packing 91, the second packing 92 has a frame shape
along the outer edge portion 43¢ of the ion exchange membrane 43. The second
packing 92 is disposed along the outer edge portion 43¢ of the ion exchange
membrane 43 over the entire circumference of the ion exchange membrane 43.
The second packing 92 supports the ion exchange membrane 43 over the entire
circumference of the ion exchange membrane 43 and seals the outer peripheral
side of the interior space S over the entire circumference of the ion exchange
membrane 43.

[0102]
First Stopper

The first stopper 93 is a fixing part that fixes the first packing 91 such
that the first packing 91 does not come off to the outside. The first stopper 93 is
fixed to the first separator 41. The first stopper 93 is in contact with the first
packing 91 from the outside. In manufacturing the electrolytic cell 11, the first
packing 91 is positioned by being brought into contact with the first stopper 93.
The first stopper 93 may be omitted when the first packing 91 is prevented
from coming off or is positioned by a different configuration in which the first
packing 91 is fixed to the first separator 41, for example.

[0103]
Second Stopper

The second stopper 94 is a fixing part that fixes the second packing 92
such that the second packing 92 does not come off to the outside. The second
stopper 94 is fixed to the second separator 42. The second stopper 94 is in
contact with the second packing 92 from the outside. In manufacturing the
electrolytic cell 11, the second packing 92 is positioned by being brought into
contact with the second stopper 94. The second stopper 94 may be omitted
when the second packing 92 is prevented from coming off or is positioned by a
different configuration in which the second packing 92 is fixed to the second
separator 42, for example.

[0104]

Such a configuration allows for supporting the ion exchange membrane
43 and suppressing drying of the outer edge portion 43¢ of the ion exchange
membrane 43 due to exposure to the outside air. This can suppress a repetition

of a dry state and a wet state or a completely dried state of the outer edge
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portion 43¢ of the ion exchange membrane 43 and a portion near the outer edge
portion 43e. This can suppress degradation of the ion exchange membrane 43.
[0105]

Third Embodiment

Next, a third embodiment will be described. The third embodiment is
different from the first embodiment in that end portion flow paths FP1le and
FP2e through which the electrolyte flows into the end portion space Se are
provided. Configurations other than those described below are the same as the
configurations of the first embodiment.

[0106]

FIG. 13 is a cross-sectional view illustrating an outer peripheral portion
of the electrolytic cell 11 of a third embodiment. In the present embodiment,
the first packing 91 includes only the second portion 91b and does not include
the first portion 91a. In addition, the second packing 92 includes only the
second portion 92b and does not include the first portion 92a.

[0107]
First Flow Path

In the present embodiment, the first flow path FP1 of the first separator
41 includes a first central flow path FP1c and a first end portion flow path
FPle.

[0108]
First Central Flow Path

The first central flow path FP1c corresponds to the first flow path FP1
described in the first embodiment. That is, the first central flow path FPlc is
provided on an inner side from the first support part 61 at the first inner surface
41a of the first separator 41.

[0109]
First End Portion Flow Path

The first end portion flow path FPle is a flow path that can supply the
electrolyte to the end portion space Se. The first end portion flow path FPle is
provided, for example, in the end portion region 41h of the first inner surface
41a of the first separator 41 (i.e., a region on an outer side from the first
support part 61). The first end portion flow path FPle is, for example, a groove
provided at the first inner surface 41a.

[0110]

FIG. 14 is a cross-sectional view of the electrolytic cell 11 illustrated in

FIG. 13 taken along the F14-F14 line. For convenience of description, FIG. 14

illustrates only one of a plurality of first end portion flow paths FP1e illustrated



10

15

20

25

30

35

29

in FIG. 13. The first flow path FP1 includes an inflow port FPa and an outflow
port FPb. The inflow port FPa communicates with the pipeline L1, and the
electrolyte flows from the pipeline L1 into the inflow port FPa. The outflow
port FPb communicates with the pipeline L2, and the electrolyte having passed
through the electrolytic cell 11 is discharged from the outflow port FPb to the
pipeline L2.

[0111]

In the present embodiment, the first end portion flow path FPle
branches off from the first central flow path FP1c at the inflow port FPa. The
first end portion flow path FP1le runs through the end portion region 41h of the
first separator 41 and merges with the first central flow path FP1c at the
outflow port FPb.

[0112]

Alternatively, the first end portion flow path FP1le may be continuous
with the first central flow path FP1c. That is, the electrolyte flowing in from
the inflow port FPa may flow through the first end portion flow path FP1le and
then flow into the first central flow path FP1c, or conversely the electrolyte
flowing in from the inflow port FPa may flow through the first central flow
path FP1c and then flow into the first end portion flow path FPle.

[0113]

In a configuration in which the electrolyte can flow through the first
central flow path FP1c and then flow into the first end portion flow path FPle,
a filter F that allows the electrolyte to pass therethrough but suppresses gas
(hydrogen or oxygen) from passing therethrough may be provided between the
first central flow path FP1c and the first end portion flow path FPle. As such a
filter F, a filter having fine mesh through which gas is less likely to pass can be
employed.

[0114]
Second Flow Path

Returning to FIG. 13, the second flow path FP2 will be described. In the
present embodiment, the second flow path FP2 of the second separator 42
includes a second central flow path FP2c and a second end portion flow path
FP2e.

[0115]
Second Central Flow Path
The second central flow path FP2c corresponds to the second flow path

FP2 described in the first embodiment. That is, the second central flow path
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FP2c is provided on an inner side from the second support part 62 at the second
inner surface 42a of the second separator 42.

[0116]

Second End Portion Flow Path

The second end portion flow path FP2e is a flow path that can supply the
electrolyte to the end portion space Se. The second end portion flow path FP2e
is provided, for example, in the end portion region 42h of the second inner
surface 42a of the second separator 42 (i.e., a region on an outer side from the
second support part 62). The second end portion flow path FP2e is, for
example, a groove provided at the second inner surface 42a. Similar to the
relationship between the first end portion flow path FP1e and the first central
flow path FPlc, the second end portion flow path FP2e may be a flow path
branched from the second central flow path FP2¢ or may be a flow path
continuous with the second central flow path FP2c.

[0117]

Such a configuration allows the electrolyte to be supplied to the end
portion space Se through the end portion flow paths FPle and FP2e, causing
the end portion space Se to be more likely to become humid. Thus, the outer
edge portion 43¢ of the ion exchange membrane 43 is less likely to be dried,
and the degradation of the ion exchange membrane 43 can be suppressed at a
still higher level.

[0118]

In the present embodiment, the first end portion flow path FPle
branches off from the first central flow path FP1c at a position closer to the
inflow port FPa than to the outflow port FPb. Such a configuration allows the
gas generated by electrolyzation to be less likely to flow into the first end
portion flow path FPle. As a result, the electrolyte is easily supplied to the end
portion space Se.

[0119]
Modification Example

FIG. 15 is a cross-sectional view illustrating an outer peripheral portion
of the electrolytic cell 11 of a modification example of the third embodiment.
In the present modification example, the first inner surface 41a of the first
separator 41 includes a groove 96 through which the electrolyte can pass. The
groove 96 is provided straddling the first support part 61 in the X direction and
causes the electrolyte supplied to the first central space Scl to pass through
toward the end portion space Se. The groove 96 is an example of a flow path

that can supply the electrolyte to the end portion space Se.
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[0120]

In the present modification example, the second inner surface 42a of the
second separator 42 includes a groove 97 through which the electrolyte can
pass. The groove 97 is provided straddling the second support part 62 in the X
direction and causes the electrolyte supplied to the second central space Sc2 to
pass through toward the end portion space Se. The groove 97 is an example of a
flow path that can supply the electrolyte to the end portion space Se.

[0121]

Such a flow path can also supply the electrolyte to the end portion space
Se. That is, the flow path that can supply the electrolyte to the end portion
space Se is not limited to flow paths having the same shape as the central flow
paths FP1c and FP2c.

[0122]
Other Embodiments

An embodiment according to the present disclosure has been described
in detail with reference to the drawings. However, the specific configuration of
the present disclosure is not limited to this embodiment. Design change without
departing from the main gist of the present disclosure or the like is also
included. For example, the above-described embodiments may be appropriately
combined and implemented. For example, a flow path similar to that of the
third embodiment may be provided in the configuration of the first
embodiment. For example, the stoppers 93 and 94 of the second embodiment
may be provided in the configuration of the third embodiment.

[0123]

As described above, the electrolytic cell 11, the electrolytic cell stack
10, and the electrolyzer 1 are not limited to devices that generate hydrogen and
can be used as devices that electrolytically reduce carbon dioxide. In this case,
a carbon dioxide-containing substance is supplied to the cathode chamber Sb,
and a carbon dioxide reducing substance is generated in the cathode chamber
Sb. The carbon dioxide reducing substance includes at least one of carbon
monoxide, formic acid, formate, alcohol, or hydrocarbon. The alcohol is, for
example, methanol or ethanol. The hydrocarbon is, for example, methane,
ethylene, or acetylene.

[0124]
Supplementary Notes

The electrolytic cell 11 and the electrolyzer 1 according to each of the
embodiments is understood as follows, for example.
[0125]
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(1) An electrolytic cell 11 according to a first aspect includes: a first
separator 41; a second separator 42 disposed with a space (interior space S)
between the first separator 41 and the second separator 42; an ion exchange
membrane 43 disposed between the first separator 41 and the second separator
42 and configured to partition at least part of the space into an anode chamber
Sa and a cathode chamber Sb; and a sealing part 70 disposed between the first
separator 41 and the second separator 42, located on an outer side from an outer
edge portion 43¢ of the ion exchange membrane 43, and configured to seal the
space.

[0126]

Such a configuration allows the sealing part 70 to be disposed on an
outer side from the outer edge portion 43¢ of the ion exchange membrane 43,
allowing for suppressing drying of the outer edge portion 43¢ of the ion
exchange membrane 43 due to exposure to the outside air. This can suppress a
repetition of a dry state and a wet state or a completely dried state of the outer
edge portion 43¢ of the ion exchange membrane 43 and a portion near the outer
edge portion 43e. This can suppress degradation of the ion exchange membrane
43.

[0127]

(2) An electrolytic cell 11 according to a second aspect is the electrolytic
cell 11 according to the first aspect and may further include an insulating part
55 disposed between the first separator 41 and the second separator 42 and
including a portion located on an outer side from the outer edge portion 43¢ of
the ion exchange membrane 43. Such a configuration allows for preventing a
short circuit between the first separator 41 and the second separator 42 even in
a portion without the ion exchange membrane 43 due to the outer shape of the
ion exchange membrane 43 being smaller than the outer shape of the first
separator 41 or the second separator 42.

[0128]

(3) An electrolytic cell 11 according to a third aspect is the electrolytic
cell 11 according to the first or second aspect and may further include a support
part 60 disposed between the first separator 41 and the second separator 42,
located on an inner side from the outer edge portion 43¢ of the ion exchange
membrane 43, and configured to support the ion exchange membrane 43.
[0129]

Such a configuration allows the ion exchange membrane 43 to be
supported by the support part 60 at a position on an inner side from the outer

edge portion 43¢ of the ion exchange membrane 43. This can stably support the
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ion exchange membrane 43 even when the outer shape of the ion exchange
membrane 43 is smaller than the outer shapes of the first separator 41 and the
second separator 42. Further, examples of a synergistic effect of providing the
support part 60 and the sealing part 70 include an effect that safety is further
enhanced by suppressing the mixing of the oxygen gas generated in the anode
chamber Sa and the hydrogen gas generated in the cathode chamber Sb and/or
that the mixing of the solution of the cathode chamber Sb and the solution of
the anode chamber Sa can easily be suppressed when the compositions of the
solutions are different between the cathode chamber Sb and the anode chamber
Sa.

[0130]

(4) An electrolytic cell 11 according to a fourth aspect is the electrolytic
cell 11 according to the third aspect. The support part 60 and the sealing part 70
may extend along the outer edge portion 43¢ of the ion exchange membrane 43.
Such a configuration allows for suppressing the degradation of the ion
exchange membrane 43 at a wider portion of the outer edge portion 43¢ of the
ion exchange membrane 43.

[0131]

(5) An electrolytic cell 11 according to a fifth aspect is the electrolytic
cell 11 according to the third or fourth aspect. The support part 60 and the
sealing part 70 may be disposed separately from each other. Between the
support part 60 and the sealing part 70, the outer edge portion 43¢ of the ion
exchange membrane 43 may be located, and an end portion space Se capable of
containing electrolyte may be present. Such a configuration allows the outer
edge portion 43¢ of the ion exchange membrane 43 to be located in the end
portion space Se that includes the electrolyte or gas resulting from the
evaporation of the electrolyte and is humid allowing for being less likely to be
dried. This can suppress degradation of the ion exchange membrane 43 at a
higher level.

[0132]

(6) An electrolytic cell 11 according to a sixth aspect is the electrolytic
cell 11 according to the fifth aspect. The support part 60 may be formed in an
annular shape along the outer edge portion 43¢ of the ion exchange membrane
43, and the annular shape may be smaller than the outer edge portion 43¢ of the
ion exchange membrane 43. The sealing part 70 may be formed in an annular
shape along the outer edge portion 43¢ of the ion exchange membrane 43, and
the annular shape may be larger than the outer edge portion 43¢ of the ion

exchange membrane 43. In the present disclosure, "annular shape" is not
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limited to a circular ring shape and may also include a rectangular ring shape.
In the present disclosure, an "annular shape" is not limited to a continuous
annular shape and may also include an annular shape including a break in the
middle. Such a configuration allows the support part 60 and the sealing part 70
to form the end portion space Se having an annular shape corresponding to the
entire circumference of the outer edge portion 43¢ of the ion exchange
membrane 43. This can suppress degradation of the ion exchange membrane 43
at a higher level.

[0133]

(7) An electrolytic cell 11 according to a seventh aspect is the
electrolytic cell 11 according to any one of the third to sixth aspects. The
support part 60 may have a composition or a structure through which
electrolyte supplied to the anode chamber Sa or the cathode chamber Sb can
pass toward the end portion space Se. Such a configuration allows the
electrolyte supplied to the anode chamber Sa or the cathode chamber Sb to flow
into the end portion space Se, allowing the end portion space Se to be filled
with a larger amount of the electrolyte. This allows the outer edge portion 43¢
of the ion exchange membrane 43 to be further less likely to be dried. As a
result, the degradation of the ion exchange membrane 43 can be suppressed at a
higher level.

[0134]

(8) An electrolytic cell 11 according to an eighth aspect is the
electrolytic cell 11 according to any one of the third to seventh aspects.
Between the support part 60 and the sealing part 70, the outer edge portion 43¢
of the ion exchange membrane 43 may be located, an end portion space Se
capable of containing electrolyte may be present. At least one of the first
separator 41 and the second separator 42 may include a flow path (end portion
flow path FPle, FP2e) capable of supplying the electrolyte to the end portion
space Se. Such a configuration allows the end portion space Se to be filled with
a larger amount of the electrolyte by the flow path. This allows the outer edge
portion 43¢ of the ion exchange membrane 43 to be further less likely to be
dried. As a result, the degradation of the ion exchange membrane 43 can be
suppressed at a higher level.

[0135]

(9) An electrolytic cell 11 according to a ninth aspect is the electrolytic
cell 11 according to the third or fourth aspect. The support part 60 and the
sealing part 70 may be integrally formed. Such a configuration can improve the

workability in attaching the support part 60 and the sealing part 70 as compared
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to a case where the support part 60 and the sealing part 70 are separately
provided. As a result, the productivity of the electrolytic cell 11 can be
enhanced.

[0136]

(10) An electrolytic cell 11 according to a tenth aspect is the electrolytic
cell 11 according to the ninth aspect and may further include: a first packing 91
including part of the support part 60 and part of the sealing part 70; and a
second packing 92 including another part of the support part 60 and another
part of the sealing part 70 and configured to sandwich the ion exchange
membrane 43 between the first packing 91 and the second packing 92. Such a
configuration allows the support part 60 that supports the ion exchange
membrane 43 and the sealing part 70 that seals an outer peripheral side of the
ion exchange membrane 43 to be formed by sandwiching the ion exchange
membrane 43 between the first packing 91 and the second packing 92. Thus,
the productivity of the electrolytic cell 11 can be further enhanced.

[0137]

(11) An electrolytic cell 11 according to an eleventh aspect is the
electrolytic cell 11 according to any one of the first to tenth aspects. The ion
exchange membrane 43 may be an anion exchange membrane having hydroxide
ion conductivity.

[0138]

(12) An electrolytic cell 11 according to a twelfth aspect is the
electrolytic cell 11 according to the eleventh aspect. Hydrogen may be
generated in the cathode chamber Sb.

[0139]

(13) An electrolytic cell 11 according to a thirteenth aspect is the
electrolytic cell 11 according to the eleventh aspect. A carbon dioxide-
containing substance may be supplied to the cathode chamber Sb, and a carbon
dioxide reducing substance may be generated in the cathode chamber Sb.
[0140]

(14) An electrolytic cell 11 according to a fourteenth aspect is the
electrolytic cell 11 according to the thirteenth aspect. The carbon dioxide
reducing substance may be at least one of carbon monoxide, formic acid,
formate, alcohol, or hydrocarbon.

[0141]

(15) An electrolyzer 1 according to a fifteenth aspect includes: the

electrolytic cell 11 according to any one of the first to fourteenth aspects; an

electrolyte supply unit 20 configured to supply electrolyte to the electrolytic
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cell 11; and a power supply unit 30 configured to apply a voltage to the
electrolytic cell 11. Such a configuration can suppress the degradation of the
ion exchange membrane 43 for the same reason as in the electrolytic cell 11
according to the first aspect.
[0142]

(16) An electrolyzer 1 according to a sixteenth aspect is the electrolyzer
1 according to the fifteenth aspect and may further include an electrolytic cell
stack 10 including a plurality of electrolytic cells 11 including the electrolytic
cell 11. Two adjacent electrolytic cells 11 out of the plurality of electrolytic
cells 11 may share the first separator 41 or the second separator 42 as a bipolar
plate. Such a configuration allows the electrolytic cell stack 10 to be easily

downsized and, as a result, the electrolyzer 1 to be easily downsized.

Examples
[0143]
Example 1

A test sample was made by employing an anion exchange membrane as
the ion exchange membrane 43 of the electrolytic cell 11 and employing a
rubber sheet made of ethylene propylene resin (EPDM) as the support part 60
and the sealing part 70 in the electrolyzer 1 according to the first embodiment.
The test sample was held in a state simulating before and after exposure to the
operation environment (environment temperature: 60°C) of the electrolyzer 1,
and an evaluation test was conducted to examine dimensional changes of the
ion exchange membrane 43 before and after the exposure to the operation
environment. In addition, test samples of Comparative Examples 1 and 2 were
made for evaluation of Example 1, and evaluation tests were conducted by
holding the test samples in the same state as in Example 1. The processes of the
evaluation test conducted on each of the test samples are as follows.

[0144]

(1) A new and unused ion exchange membrane 43 was prepared, and the
support part 60 and the sealing part 70 were attached to the ion exchange
membrane 43 to obtain a test sample A. Rectangular measurement regions A-1,
A-2, and A-3 having substantially the same size were set on one side surface of
the ion exchange membrane 43 of the test sample A, and the lengths of the
vertical sides and the lengths of the horizontal sides of the measurement
regions A-1, A-2, and A-3 were measured (initial state).

(2) The test sample A in which the support part 60 and the sealing part

70 were attached to the ion exchange membrane 43 was immersed in aqueous
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solution and left for a while (simulating a state before the exposure to the
operation environment). After a predetermined time has elapsed, the ion
exchange membrane 43 was taken out from the aqueous solution, and the
lengths of the vertical sides and the lengths of the horizontal sides of the
measurement regions A-1, A-2, and A-3 of the ion exchange membrane 43
swollen by the aqueous solution were measured.

(3) The ion exchange membrane 43 swollen by the aqueous solution was
left in a low-humidity space for a while in a state in which the support part 60
and the sealing part 70 were still attached (simulating a state after the exposure
to the operation environment). After a predetermined time has elapsed, the
lengths of the vertical sides and the lengths of the horizontal sides of the
measurement regions A-1, A-2, and A-3 of the dried ion exchange membrane 43
were recorded.

[0145]
Comparative Example 1

As Comparative Example 1 with respect to Example 1, the following test
sample was prepared, and an evaluation test similar to the evaluation test of
Example 1 was conducted to examine dimensional changes of the ion exchange
membrane 43 before and after the exposure to the operation environment.

(1) Separately from Example 1, a new and unused ion exchange
membrane 43 was prepared, and only the support part 60 was attached to the
ion exchange membrane 43 to obtain a test sample B. Rectangular measurement
regions B-1, B-2, and B-3 having substantially the same size were set on one
side surface of the ion exchange membrane 43 of the test sample B at the same
positions as the measurement regions A-1, A-2, and A-3 set in the test sample A
of Example 1, and the lengths of the vertical sides and the lengths of the
horizontal sides of the measurement regions B-1, B-2, and B-3 were measured
(initial state).

(2) The test sample B in which only the support part 60 was attached to
the ion exchange membrane 43 was immersed in aqueous solution and left for a
while (simulating a state before the exposure to the operation environment).
After a predetermined time has elapsed, the ion exchange membrane 43 was
taken out from the aqueous solution, and the lengths of the vertical sides and
the lengths of the horizontal sides of the measurement regions B-1, B-2, and B-
3 of the ion exchange membrane 43 swollen by the aqueous solution were
measured.

(3) The test sample B swollen by the aqueous solution was left in a low-

humidity space for a while in a state in which the support part 60 was still
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attached to the ion exchange membrane 43 (simulating a state after the
exposure to the operation environment). After a predetermined time has
elapsed, the lengths of the vertical sides and the lengths of the horizontal sides
of the measurement regions B-1, B-2, and B-3 of the dried ion exchange
membrane 43 were recorded.

[0146]

Comparative Example 2

Further, as Comparative Example 2 with respect to Example 1, the
following test sample was prepared, and an evaluation test similar to the
evaluation test of Example 1 was conducted to examine dimensional changes of
the ion exchange membrane 43 before and after the exposure to the operation
environment.

(1) Separately from Example 1 and Comparative Example 1, a new and
unused ion exchange membrane 43 was prepared, and the ion exchange
membrane 43 was regarded as a test sample C without being attached with the
support part 60 and the sealing part 70. Rectangular measurement regions C-1,
C-2, and C-3 having substantially the same size were set on one side surface of
the ion exchange membrane 43 of the test sample C at the same positions as the
measurement regions A-1, A-2, and A-3 set in the test sample A of Example 1,
and the lengths of the vertical sides and the lengths of the horizontal sides of
the measurement regions C-1, C-2, and C-3 were measured (initial state).

(2) The test sample C composed of only the ion exchange membrane 43
was immersed in aqueous solution and left for a while (simulating a state
before the exposure to the operation environment). After a predetermined time
has elapsed, the ion exchange membrane 43 was taken out from the aqueous
solution, and the lengths of the vertical sides and the lengths of the horizontal
sides of the measurement regions C-1, C-2, and C-3 of the ion exchange
membrane 43 swollen by the aqueous solution were measured.

(3) The test sample C swollen by the aqueous solution was left in a low-
humidity space for a while (simulating a state after the exposure to the
operation environment). After a predetermined time has elapsed, the lengths of
the vertical sides and the lengths of the horizontal sides of the measurement
regions C-1, C-2, and C-3 of the dried ion exchange membrane 43 were
recorded.

[0147]
(Results and Discussion)
For each of Example 1, Comparative Example 1, and Comparative

Example 2, the degrees of changes in the lengths of the vertical sides of the
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measurement regions of the ion exchange membrane 43 before and after the
exposure to the operation environment with respect to the lengths of the
vertical sides of the measurement regions in the initial state of the new and
unused ion exchange membrane 43 and the degrees of changes in the lengths of
the horizontal sides of the measurement regions before and after the exposure
to the operation environment with respect to the lengths of the horizontal sides
of the measurement regions in the initial state of the new and unused ion
exchange membrane 43 were evaluated in terms of dimensional change rate
(%).

[0148]

FIGS. 16A, 16B, and 16C, and FIGS. 17A, 17B, and 17C show the
measured values of the dimensional change rates of the ion exchange
membranes 43 before the exposure to the operation environment and after the
exposure to the operation environment.

Since the ion exchange membranes 43 were swollen by the aqueous
solution before the exposure to the operation environment, the dimensional
change rates in the measurement regions showed positive values with respect to
the initial state in all of Example 1 and Comparative Examples 1 and 2. Since
the ion exchange membranes 43 were dried and contracted after the exposure to
the operation environment, the dimensional change rates showed negative
values and the lengths of the vertical sides and the horizontal sides of the ion
exchange membranes 43 were shorter than those in the initial state in
Comparative Example 1 and Comparative Example 2. However, the
dimensional change rates in Example 1 were still positive values though
smaller than those before the exposure to the operation environment, and it was
clear that the wet state was maintained as compared with Comparative Example
I and Comparative Example 2. That is, the electrolyzer 1 of the first
embodiment can be expected to have an effect of preventing drying of the ion

exchange membrane 43.

Industrial Applicability
[0149]
The present disclosure relates to an electrolytic cell and an electrolyzer.
The present disclosure can suppress the degradation of an ion exchange

membrane included in an electrolytic cell.

Reference Signs List
[0150]
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1 ... Electrolyzer

10 ...
20 ...
30 ...
11 ...
41 ...
42 ...
43 ...
44 ...
45 ..
46 ...
47 ...
51...
52 ...
53 ..
54 ...
55...
60 ...
61 ...
62 ...
70 ...
71 ...
72 ...
81 ...
82 ...
91 ...
92 ...
96 ...
97 ...

S
Sa

Sb .

Se

Electrolytic cell stack
Electrolyte supply unit
Power supply unit
Electrolytic cell

First separator

Second separator

Ion exchange membrane
First catalyst layer

First porous transport layer
Second catalyst layer
Second porous transport layer
First current collector
Second current collector
First insulator

Second insulator
Insulating part

Support part

First support part
Second support part
Sealing part

First sealing part
Second sealing part
Through-hole

Groove

First packing

Second packing

Groove

Groove

... Interior space
. Anode chamber
.. Cathode chamber

. End portion space

Scl ... First central space

Sc2 ... Second central space
FPI1 ... First flow path
FPlc ... First central flow path

FPle ... First end portion flow path

40



FP2 ... Second flow path
FP2c ... Second central flow path
FP2e ... Second end portion flow path

41
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Claims

[Claim 1]

An electrolytic cell, comprising:

a first separator;

a second separator disposed with a space between the first separator and
the second separator;

an ion exchange membrane disposed between the first separator and the
second separator and configured to partition at least part of the space into an
anode chamber and a cathode chamber; and

a sealing part disposed between the first separator and the second
separator, located on an outer side from an outer edge portion of the ion

exchange membrane, and configured to seal the space.

[Claim 2]

The electrolytic cell according to claim 1, further comprising an
insulating part disposed between the first separator and the second separator
and including a portion located on an outer side from the outer edge portion of

the ion exchange membrane.

[Claim 3]

The electrolytic cell according to claim 1 or 2, further comprising a
support part disposed between the first separator and the second separator,
located on an inner side from the outer edge portion of the ion exchange

membrane, and configured to support the ion exchange membrane.

[Claim 4]
The electrolytic cell according to claim 3, wherein the support part and
the sealing part extend along the outer edge portion of the ion exchange

membrane.

[Claim 5]

The electrolytic cell according to claim 3, wherein

the support part and the sealing part are disposed separately from each
other, and

between the support part and the sealing part, the outer edge portion of
the ion exchange membrane is located, and an end portion space capable of

containing electrolyte is present.



43

[Claim 6]

The electrolytic cell according to claim 5, wherein

the support part is formed in an annular shape along the outer edge
portion of the ion exchange membrane, and the annular shape is smaller than
the outer edge portion of the ion exchange membrane, and

the sealing part is formed in an annular shape along the outer edge
portion of the ion exchange membrane, and the annular shape is larger than the

outer edge portion of the ion exchange membrane.

[Claim 7]
The electrolytic cell according to claim 3, wherein the support part has a
composition or a structure through which electrolyte supplied to the anode

chamber or the cathode chamber can pass.

[Claim 8]

The electrolytic cell according to claim 3, wherein

between the support part and the sealing part, the outer edge portion of
the ion exchange membrane is located, and an end portion space capable of
containing electrolyte is present, and

at least one of the first separator and the second separator includes a

flow path capable of supplying the electrolyte to the end portion space.

[Claim 9]
The electrolytic cell according to claim 3, wherein the support part and

the sealing part are integrally formed.

[Claim 10]

The electrolytic cell according to claim 9, further comprising:

a first packing including part of the support part and part of the sealing
part; and

a second packing including another part of the support part and another
part of the sealing part and configured to sandwich the ion exchange membrane

between the first packing and the second packing.

[Claim 11]
The electrolytic cell according to claim 1, wherein the ion exchange

membrane is an anion exchange membrane having hydroxide ion conductivity.
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[Claim 12]
The electrolytic cell according to claim 11, wherein hydrogen is

generated in the cathode chamber.

[Claim 13]

The electrolytic cell according to claim 11, wherein

a carbon dioxide-containing substance is supplied to the cathode
chamber, and

a carbon dioxide reducing substance is generated in the cathode

chamber.

[Claim 14]
The electrolytic cell according to claim 13, wherein the carbon dioxide
reducing substance is at least one of carbon monoxide, formic acid, formate,

alcohol, or hydrocarbon.

[Claim 15]

An electrolyzer, comprising:

an electrolytic cell described in any one of claims 1 to 14;

an electrolyte supply unit configured to supply electrolyte to the
electrolytic cell; and

a power supply unit configured to apply a voltage to the electrolytic cell.

[Claim 16]

The electrolyzer according to claim 15, further comprising

an electrolytic cell stack including a plurality of electrolytic cells
including the electrolytic cell, wherein

two adjacent electrolytic cells out of the plurality of electrolytic cells

share the first separator or the second separator as a bipolar plate.



1/21

02
‘\ﬁom " SN,/,
AN P
| > O OH > x
e1 ¢ A 17
11y 1l 1]
( ONY Y
D ]
L .
_ N L 5 i i
P as| | [-as
nnsidans - ET . 0l Sux0uoTs [ i
627 9z” | 1 1274 A

[ OZH+%H OPH+%0 [

A A —
>mw\_/203umm - | AHIN0DTH
NIOOMAAH | CH LINN ATddNS O | N39AXO
\_ ¥3IMOd \

82 ] €2
0¢

!



2/21

/11

H2+H20

46 47

15 44 43

0,+H,0

L3

L1

FIG. 2



3/21

€ Ol

L

A

‘9LS 995 ¢S

]

44

v 9 € ¥ Gv

Iy 1S

V9S

LINN A1lddNS

d43IMOd

/

0€

VLS




4/21

11 4j%h

7 ’ A
170 54 42a 43e g 42500 g
! L) VN L e/ T T Ep




FP1--

Scl L1

44,457

5/21

S

-y

.....................

.............................................................

_________________________________

..................................

—43

~43e
— 71 (70)

161 60)




6/21

___________________________________________________

\\\\\\\\\\\\\\\\ N

N N
AR

FIG. 6

NS-43

—-43e



7121

11

\‘ 60 42
10 5;4 422 4?8 )6{2/ Sc2 Sb FP2

\\\x\t\h\-=.g.z,. ]

L M/

55 53 Se 4la 61 | o)iSa FPI
1

FIG. 7




8/21

11

™

60

79 53 42a 4§e )6,2

42
81
[ '/802 Sb FP2
| ) VA

FIG. 8




9/21

™ 42

7

—— 7 —
55 ) Se 4la 61 8 ggSa FP

FIG. 9



10/21

60a

| ."

41e2 41a
Se 4122 60b 412 600 4

ezzzrzzdozzoooozzzoor ossbosszzzsoorroosoofmooorzoooooooorsorwtuzsoozzrzsooooizozos

..................

..............................................................

.................

WIIIIZISIZIIIIIZIIZCR ©IIIZIIIISIIIIIISIZ IIIIZIIIZIIIIINIIE 4IZIIpIIIiiIiiziiziy

H-

. -

—43
—43e
— 71 (70)

60a

FIG. 10

60b 4151 60b



11/21

11
92
Z N

194 92b(72) 92a (62) 4 42

X‘_LY 420 10 / Sb FP2
?//\/ \///// / 7

94—

F12r
93/

41h
4 91b(71) 91a(61)

91

FIG. 11




12/21

........

..................................

.................

__________________________________

. ;
| ;

H LR

. y

1 A

1 Ty
93— -

3 , et ee et et e et esen s e ;
I ! ! .

.

.

|

|

|

43
1—93

T—43e
T—91b
~-91a

1—93

=
93 93



13/21

11 FP2
/\
\ - \
49 FP2e FP2¢

7
! 70 42h 42,6\ 43e / 62 60 Sc2 Sb /
X | ) £/
Y

92b (92) -

F14l
91b (91) |

55

7 7 7 1 ] i
41h  41a Se {61 Scl gq \
Ay \FP1e y FP1c,
FP1

FIG. 13




14/21

43

Scl-i- —43e

FP1G .l M- FPle

FP1- | 61 60)

FPa -




15/21

11

VA \\\ 42

42h 422 43e 62 E}O / FP2
X Y ya |

92b(92)“~

91b (91) |
551

4ih 412 Se .61 | Sa FPI

FIG. 15



16/21

V9l Ol4

( )
o't |s96 |6Ss'T |656 |ty |696 |oeT |s86 |ve's [s8'6 |98T |096 Wauomg
uoijesado o) ainsodxa Jayy
(z ss@001d)
e |sce |ovs |se6 |e1s |26 |vez |100T [66'9 |000T |68°9 |86'6 ouionas
uonelado 0} ainsodxa al0peg
000 |ZS°6 000 |¥¥'6 000 |6C'6 000 |[PL'6 000 |S€6 00°0 |[€€°6 wywwm_omﬁ_“__m__v
(%) e1es  |opis jeyuozioy| (%) eies | episjeonsen | (%) eres  |opis [euozioy| (%) eles | epis|eoan | (3) slel _E%%N_wo; (o) @yes | opis [eomuen
sbueyy | Jouwbua obueyn 10 ybus abuey) Jo yibuan abueyp jopbuay | abueyy 10 yibuaT abuey) Jo bua
£E—-V -V T—-V

| 8/dwex3




17/21

d9l Ol

( )
e- |L1'6  |p9°0- /€6 |[s8'2- |66'8 |bET- [98'8 [00°€- |s6'8  |£T°T- |€0°6 el
uonesado o} ainsodxa Jayy
(z ssaooug)
T€¢C 196 |94°¢ |696 |LCC |9%'6 QL'E |CE6 |[cv'S |dL'6 IP'¢ |SE'6 JUBWUOJIAUB
uonesado 0) ainsodxa ai0jeg
000 |6€6 |000 (e¥'6 000 |SC6 00’0 |86'8 00°0 |[c¢'6 00°0 |ET'6 wmw_%ﬂw
(%) ares  |epis jeyuozuoy| (o) eyes 3pIS [BIIUBA (%) e1es  |apis [epuozuoy| (o) siel apis [eoan | (o) @jel _E_w%N__m_o: (%) e1es | apis [eoen
abueyn Jo yibua abueyn jo yybua abuey) jo yibua afueyn Jo yibusn abueyn Jo ybua abueyn 10 yibuen
£—4d ¢—4d I —4d

| adwexa sApesedwor)




18/21

Q91 9l

( )
16'9- |v6'8 |og9- |16'8 |bsz- |szs |esz- (b8 |svrz- |sze6  |8z9- [ses WoLOIAD
uonesado 0} ainsodxa Jayy
( )
98t [80°0T |82+ |[86'6 |ss€ |z86 |62+ |c10T |szv |0sO1 [/v'2 |lz01 omah
uonjesado 0} ainsodxa alojag
000 |19'6 |00°0 |[z5'6 000 |8v'6 |000 |06 |000 |co0T |00°0 |sS'6 b s
o apis 0 0 pIs 0, g epis 9 J] apIs
ioig | Ewezor | oy | ey | e | e | g | umer | s | Smor | dhag [ eue
£€-D ) 1-2

Z 9)dwexs aajeledwo)




19/21

10

2 é
DIMENSIONAL
CHANGE RATE (%) 0

I
|

INITIAL STATE BEFORE AFTER EXPOSURE
(PROCESS 1)  EXPOSURETO  TO OPERATION
OPERATION ENVIRONMENT
ENVIRONMENT  (PROCESS 3)
(PROCESS 2)

FIG. 17A



DIMENSIONAL
CHANGE RATE (%)

20/21

™~
Lai

LD

INITIAL STATE BEFORE EXPOSURE AFTER EXPOSURE
(PROCESS 1) TO OPERATION TO OPERATION
ENVIRONMENT ENVIRONMENT
(PROCESS 2) (PROCESS 3)

FIG. 17B




DIMENSIONAL
CHANGE RATE (%)

10

0

21/21

OLO——0

Y
S

INITIAL STATE BEFORE EXPOSURE AFTER EXPOSURE
(PROCESS 1) TO OPERATION TO OPERATION
ENVIRONMENT ENVIRONMENT
(PROCESS 2) (PROCESS 3)

FIG. 17C




	Abstract
	Description
	Claims
	Drawings

