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diffusion electrode and the back plate by making contact
with corrosion-resistant conductive layers formed on the
surfaces of a plurality of conductive members which are
joined to the back plate.
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Description
Technical Field

[0001] The presentinvention relates to a gas diffusion
electrode equipped ion exchange membrane electrolyz-
er for use in electrolysis of an alkali metal chloride aque-
ous solution such as brine and, more particularly, to a
gas diffusion electrode equipped ion exchange mem-
brane electrolyzer suitably applied to a two-chamber type
gas diffusion electrode equipped ion exchange mem-
brane electrolyzer.

Background Art

[0002] A gas diffusion electrode equipped ion ex-
change membrane electrolyzer provided with a gas dif-
fusion electrode is utilized as a means for reducing elec-
trolysis voltage by causing a reaction with a gas intro-
duced from outside at the gas diffusion electrode.

In a gas diffusion electrode equipped ion exchange mem-
brane electrolyzer for alkali metal chloride aqueous so-
lution wherein the gas diffusion electrode is used as a
cathode, an alkali chloride aqueous solution is supplied
to an anode chamber so as to generate a chlorine gas
at an anode. On the other hand, an oxygen-containing
gas is supplied to a cathode chamber, whereby at the
gas diffusion electrode, the oxygen is reduced, and fur-
ther, an alkali metal hydroxide aqueous solution is gen-
erated.

[0003] An electrolyte cannot be made to flow over the
entire surface of the gas diffusion electrode unless a state
where the gas diffusion electrode is brought into firm and
uniform contact to the ion exchange membrane is main-
tained. If not, a current cannot be made to flow uniformly
through the electrolytic surface of the gas diffusion elec-
trode.

To cope with this, there has been proposed an ion ex-
change membrane electrolyzer in which a gas-permea-
ble elastic member is disposed between a cathode cham-
ber at the back of the gas diffusion electrode and a back
plate so as to bring the gas diffusion electrode into firm
contact with the ion exchange membrane and to ensure
electrical conduction between the back plate of the cath-
ode chamber and gas diffusion electrode.

Since the alkali metal hydroxide aqueous solution and
oxygen exist in the cathode chamber, an oxidizing envi-
ronment is formed along the inner wall surface of the
cathode chamber. Therefore, the cathode chamber is
made of nickel, a nickel alloy, or the like. However, under
such an environment, a passivation film is formed on the
surface of the nickel or nickel alloy due to oxidation.
Although progression of metal corrosion can be re-
strained by the passivation film formed on the nickel or
nickel alloy, a large conduction resistance is generated
by the passivation film in a conducting circuit through
which a current is made to flow by the contact of the
elastic member with the back plate of the cathode cham-
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ber and the gas diffusion electrode.

To prevent a reduction in the conductivity due to the pas-
sivation film, there has been proposed a configuration in
which silver plating is applied to the back plate of the
cathode chamber and elastic member so as to prevent
an increase in the conduction resistance (refer to e.g.,
Patent Document 1).

Citation List
Patent Document

[0004] Patent Document 1: JP-A-2006-322018

Disclosure of the Invention
Problems to be Solved by the Invention

[0005] Although to prevent a reduction in the conduc-
tivity and prevent an increase in the conduction resist-
ance by applying silver plating to the back plate of the
cathode chamber and elastic member is an effective
means for preventing an increase in the voltage of the
gas diffusion electrode equipped ion exchange mem-
brane electrolyzer, it has not been possible to avoid the
increase in the voltage of the electrolyzer under a long
duration of electrolysis.

An object of the present invention is to provide a gas
diffusion electrode equipped ion exchange membrane
electrolyzer capable of preventing anincrease in the volt-
age of the electrolyzer due to an increase in the conduc-
tion resistance in the conducting circuit from the gas dif-
fusion electrode to the back plate of the cathode chamber
so as to perform a lower voltage operation which is one
of the features of the gas diffusion electrode equipped
ion exchange membrane electrolyzer for a long period
of time.

Means for Solving the Problems

[0006] According to the presentinvention, there is pro-
vided a gas diffusion electrode equipped ion exchange
membrane electrolyzer having an anode, an ion ex-
change membrane, and a cathode chamber in which a
gas diffusion electrode is disposed, characterized in
that in a cathode gas chamber formed between a back
plate of the cathode chamber and one side of the gas
diffusion electrode opposite to the electrolytic surface, a
gas-permeable elastic member is disposed between the
gas diffusion electrode and the back plate, and the elastic
member forms a conductive connection between the gas
diffusion electrode and the back plate by making contact
with corrosion-resistant conductive layers formed on the
surfaces of a plurality of conductive members which are
joined to the back plate.

The conductive member has a silver or platinum group
metal-containing corrosion-resistant conductive layer on
a foil or plate made of nickel or a nickel alloy.
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The conductive member is obtained by integrating the
silver or platinum group metal-containing corrosion-re-
sistant conductive layer by means of plating, cladding or
baking coating.

A part of or the entire conductive member is joined to the
back plate.

The elastic member forms a corrosion-resistant conduc-
tive layer on a conductive contacting surface or the entire
surface thereof.

Advantages of the Invention

[0007] The gas diffusion electrode equipped ion ex-
change membrane electrolyzer according to the present
invention has a configuration in which the plurality of con-
ductive members on the surface of each of which the
corrosion-resistant conductive layer is formed are dis-
posed on the surfaces contacting the elastic member and
back plate of the cathode chamber for electrical conduc-
tion to the gas diffusion electrode. As a result, there can
be provided a gas diffusion electrode equipped ion ex-
change membrane electrolyzer in which characteristics
of the contact portion with the elastic member for electri-
cal conduction to the gas diffusion electrode are stable,
and the voltage of the electrolyzer can stably be kept at
a lower level for a long period of time.

Brier Description of the Drawings
[0008]

FIG. 1 is a cross-sectional view for explaining an
embodiment of a gas diffusion electrode equipped
ion exchange membrane electrolyzer according to
the present invention.

FIG. 2is an exploded perspective view for explaining
the embodiment of the gas diffusion electrode
equipped ion exchange membrane electrolyzer ac-
cording to the present invention.

FIGS. 3A and 3B are views for explaining the em-
bodiment of the gas diffusion electrode equipped ion
exchange membrane electrolyzer according to the
present invention, which illustrate the conductive
member, and in which FIG. 3A illustrates an example
in which conductive members each having a com-
paratively large area are mounted to the back plate,
and FIG. 3B illustrates an example in which a large
number of conductive members each having a com-
paratively small area are mounted to the back plate.
FIG. 4 is a view for explaining Example and Com-
parative Example of the gas diffusion electrode
equipped ion exchange membrane electrolyzer ac-
cording to the present invention.

FIG. 5is a view for explaining the embodiment of the
gas diffusion electrode equipped ion exchange
membrane electrolyzer according to the present in-
vention.
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Best Mode for Carrying Out the Invention

[0009] It has been found that partial separation of a
coating layer of a material excellent in conductivity such
as silver formed on the conduction contacting surface of
a back plate of a cathode chamber of a gas diffusion
electrode equipped ion exchange membrane electrolyz-
er is caused by an occurrence of portions different in
electrochemical characteristics due to unevenness in the
film thickness occurring in the coating layer formed by
plating or the like.

That is, the back plate of the cathode chamber is sur-
rounded by a cathode chamber frame, so that it is not
possible to avoid an occurrence of a phenomenon in
which unevenness occurs in the flow of a plating solution
in a plating tank, causing formation of portions different
in characteristics such as film thickness. Thus, when
electrolysis is performed for a long period of time, a prob-
lem such as film separation from the back plate may oc-
cur.

[0010] In the present invention, a problem caused by
directly plating a conductive layer to the back plate is
solved as follows. That is, a plurality of conductive mem-
bers made of a planar metal foil or metal plate formed by
plating a corrosion-resistant conductive layer made of
silver or platinum-group metal to the surface thereof are
joined to the back plate so as to make the characteristics
of the contacting portion to an elastic member uniform,
thereby allowing prevention of a phenomenon such as
separation of the corrosion-resistant conductive layer
contacting the elastic member.

[0011] An embodiment of the present invention will be
described with reference to the accompanying drawings.
FIG. 1 is a cross-sectional view for explaining an embod-
iment of a gas diffusion electrode equipped ion exchange
membrane electrolyzer according to the present inven-
tion.

The following description is made taking a gas diffusion
electrode equipped ion exchange membrane electrolyz-
er for use in electrolysis of brine, in which a single anode
chamber and a single cathode chamber are stacked
through an ion exchange membrane.

FIG. 1 is a cross-sectional view obtained by cutting the
gas diffusion electrode equipped ion exchange mem-
brane electrolyzer along a plane orthogonal to an elec-
trode surface.

A gas diffusion electrode equipped ion exchange mem-
brane electrolyzer 1 has a configuration called a two-
chamber type gas diffusion electrode equipped ion ex-
change membrane electrolyzer, inwhich an anode cham-
ber 20 and a cathode chamber 30 provided therein are
separated by an ion exchange membrane 10.

The anode chamber 20 has an anode 211 and is filled
with brine as an anolyte 213. An anolyte inlet 215 is
formed at the lower portion of the anode chamber 20.
An outlet 217 for anolyte whose concentration has been
decreased by electrolysis and gas is formed at the upper
portion of the anode chamber, and an anode chamber
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frame 219 is stacked to the ion exchange membrane 10
through an anode chamber side gasket 221.

[0012] The cathode chamber 30 is provided on the op-
posite side to the anode chamber 20 with respect to the
ion exchange membrane 10, and a gas diffusion elec-
trode 313 is provided in the cathode chamber.

A liquid retaining member 311 is disposed between a
cathode chamber inner space 301 including the gas dif-
fusion electrode 313 and ion exchange membrane 10.
[0013] On one side of the gas diffusion electrode 313
opposite to the liquid retaining member 311 side, an elas-
tic member 330 which is made of a wire rod and which
has inside thereof a space through which a gas can be
passed is disposed.

The elastic member 330 brings the gas diffusion elec-
trode 313 and liquid retaining member 311 into firm con-
tact with the ion exchange membrane 10 side to form a
cathode gas chamber 317 within the cathode chamber
and makes contact with corrosion-resistant conductive
layers 341 formed on the surfaces of a plurality of con-
ductive members 340 which are joined to the back plate
327 of the cathode chamber 30 to form a conducting cir-
cuit between the gas diffusion electrode 313 and back
plate 327.

[0014] When an alkali metal chloride aqueous solution
is supplied to the anode chamber 20 of the gas diffusion
electrode equipped ion exchange membrane electrolyz-
er 1 according to the present invention and then current
is applied between the anode 211 and gas diffusion elec-
trode 313 while an oxygen-containing gas is supplied to
the cathode gas chamber 317 of the cathode chamber
30 through an oxygen inlet 319, the gas diffusion elec-
trode 313 is supplied with the fluid content of an alkali
metal hydroxide aqueous solution from the liquid retain-
ing member 311 as well as supplied with the oxygen-
containing gas from the cathode gas chamber 317 side,
resulting in progress of a generating reaction of the alkali
metal hydroxide aqueous solution in the gas diffusion
electrode 313.

The generated alkali metal hydroxide aqueous solution
is transferred to the liquid retaining member 311 accord-
ing to the concentration gradient and absorbed/retained
by the liquid retaining member 311, as well as flows down
along the inside of the liquid retaining member 311 and
gas chamber side of the gas diffusion electrode 313 to
be discharged from a cathode gas chamber outlet 321.
[0015] Since a high concentration oxygen, a water va-
por, and mist of the alkali metal hydroxide aqueous so-
lution exist in the cathode gas chamber 317, and tem-
perature of the cathode gas chamber 317 reaches about
90 °C, the cathode chamber is made of nickel, a nickel
alloy, or the like. Further, the elastic member is made of
a metal material having a high corrosion resistance and
a high conductivity, such as nickel or a high nickel alloy.
[0016] In a conventional gas diffusion electrode
equipped ion exchange membrane electrolyzer, a metal
having a satisfactory corrosion resistance, such as nickel
or a nickel alloy, used as a material of the cathode gas
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chamber 317 is oxidized at its surface in the presence of
a high concentration oxygen to form a passivation film,
impeding electrical conduction, which leads to an in-
crease in the voltage of the electrolyzer.

[0017] To cope with this, in the gas diffusion electrode
equipped ion exchange membrane electrolyzer accord-
ing to the present invention, a plurality of planar conduc-
tive members 340 each having a corrosion-resistant con-
ductive layer 341 on the surface thereof are disposed on
the back plate 327 of the cathode chamber 30.

Each planar conductive member 340 has the corrosion-
resistant conductive layer 341 whose surface character-
istics are made uniform by plating, cladding, or baking
coating, so that even if the area of the back plate 327 is
increased, a surface having uniform characteristics can
be obtained in any position.

As a result, in a long period operation, an increase in a
contact resistance does not occur at the contacting sur-
faces of the elastic member 330 forming the conducting
circuit between the gas diffusion electrode 313 and back
plate 327 due to existence of the corrosion-resistant con-
ductive layers 341, allowing prevention of an increase in
the voltage of the electrolyzer.

[0018] As the planar conductive member, it is prefer-
able to use the same material as that of the back plate
of the cathode chamber, i.e., a nickel material, the thick-
ness thereof preferably being 0.1 mm to 1.0 mm. The
corrosion-resistant conductive layer may be formed of a
metal such as silver or platinum group metal and it is
particularly preferable to use silver having a satisfactory
conductivity. The corrosion-resistant conductive layer
can be formed by plating, cladding, baking, or the like.
The thickness of the corrosion-resistant conductive layer
is preferably set to 0.5 pm or more. When the thickness
falls below 0.5 pm, sufficient characteristics cannot be
obtained. On the other hand, the larger the thickness,
the more excellent the corrosion resistance and the like
become; however, a thickness of about 5 wm will suffice.
It is preferable that the planar conductive member is
formed in a size of 60 mm X 56 mm to 1220 mm X 500
mm. When the size is smaller than 60 mm X 56 mm, the
number of the planar conductive members to be installed
is increased to increase the number of spot welding
points, which may result in a degradation of the uniform-
ity. On the other hand, when the size is larger than 1220
mm X 500 mm, nonuniformity is likely to occur unfavo-
rably when the corrosion-resistant conductive layer is
formed by plating or the like.

[0019] FIG. 2 is a view for explaining the embodiment
of the gas diffusion electrode equipped ion exchange
membrane electrolyzer according to the present inven-
tion and more specifically, an exploded perspective view
for explaining the elastic member and conductive mem-
ber.

The plurality of conductive members 340 are joined to
the back plate 327 of a cathode chamber frame 323. In
the illustrative example, 12 conductive members 340 are
disposed.
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The elastic member 330 is disposed such that one sur-
face thereof contacts the conductive members 340 and
the other surface thereof contacts one surface of the gas
diffusion electrode opposite to the electrolytic surface.
In the example of FIG. 2, the elastic member 330 has
eightunitelastic members 333a, 333b, 333c, 333d, 333e,
333f, 333g, and 333h mounted to an elastic member
frame 331, each of which is constituted by a hollow spring
coil forming a gas passage and is disposed so as to uni-
formly press the gas diffusion electrode and to allow uni-
form electrical conduction between the gas diffusion elec-
trode and back plate.

The use of the plurality of unit elastic members can allow
the pressure and current distribution uniformly applied to
the gas diffusion electrode even when the electrolysis
area of the gas diffusion electrode is increased. Further,
the number of the unit elastic members 333a to 333h
forming the elastic member 330 and the number of the
conductive members may appropriately be setin accord-
ance with the size of the electrolysis area or magnitude
of the application current density.

[0020] FIG. 3 is a view for explaining the embodiment
of the gas diffusion electrode equipped ion exchange
membrane electrolyzer according to the present inven-
tion, which illustrates the conductive member.

Inthe example of FIG. 3A, conductive members 340 each
having a comparatively large area are mounted to the
back plate by a method such as spot welding performed
at joining portions 343 and the corrosion-resistant con-
ductive layers 341 formed on the conductive members
340 are disposed on the gas diffusion electrode side.

In the example of FIG. 3B, a large number of conductive
members 340 each having a smaller area than the con-
ductive members of FIG. 3A are mounted to the back
plate 327 and joined thereto at the joining portions 343,
and corrosion-resistant conductive layers 341 are formed
respectively on the surface of the mounted conductive
members.

The mounting of a large number of the small-area con-
ductive members 340 allows stable electrical conduction
between the back plate and gas diffusion electrode for a
long period of time.

Hereinafter, the present invention will be described
based on Examples and Comparative Examples.

Example
Example 1

[0021] An ion exchange membrane (anode ion ex-
change membrane F-8020 made by Asahi Glass Co.,
Ltd) was disposed in an electrolyzer having an effective
electrolysis area of 56 mm (height) X 60 mm (width) so
as to contact an anode for brine electrolysis (JP202R
made by Permelec Electrode Ltd.). On the opposite side
of the anode of the ion exchange membrane, a carbon
fiber fabric (made by Zoltek) having a thickness of 0.4
mm that covers the electrolytic surface was stacked as
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a liquid retaining member, and further a liquid-permeable
gas diffusion electrode (Permelec Electrode Ltd.) was
stacked on the liquid retaining member.

A nickel wire coil obtained by winding a nickel wire having
a wire diameter of 0.17 mm in a coil shape having a wind-
ing diameter of 6 mm was disposed on one side of the
gas diffusion electrode opposite to the electrolytic sur-
face.

A conductive member made of a nickel foil (NW2201) of
56 mm (H)x 60 mm (W) X 0.2 mm (T) having one surface
that has been subjected to silver plating was joined to
the back plate of the cathode chamber of the cathode
chamber frame by spot welding at six points.

[0022] A voltage measurement terminal was attached
to the gas diffusion electrode, and the electrolyzer was
operated for 17 days with the current density kept at 3
kA/m2, electrolysis temperature kept at 87°C to 89°C,
and aqueous sodium hydroxide concentration kept at 30
mass% to 33 mass%.

A potential difference between the gas diffusion electrode
and back plate, i.e., voltage drop was measured. The
measurement result is shown in FIG. 4. A voltage was
not increased but kept at an initial voltage of 0.001 V,
that is, operation of the electrolyzer was stable for 17
days.

Example 2

[0023] An ion exchange membrane (anode ion ex-
change membrane "Aciplex" F-4403 made by Asahi Ka-
sei Chemicals Corporation) was disposed in an electro-
lyzer having an effective electrolysis area of 620 mm
(width) X 1220 mm (height) so as to contact an anode
for brine electrolysis (JP202R made by Permelec Elec-
trode Ltd.). On the opposite side of the anode of the ion
exchange membrane, a carbon fiber fabric (made by
Zoltek) having a thickness of 0.4 mm that covers the elec-
trolytic surface was stacked as a liquid retaining member,
and further a liquid-permeable gas diffusion electrode
(Permelec Electrode Ltd.) was stacked on the liquid re-
taining member.

[0024] Four nickel wire coils each obtained by winding
a nickel wire having a wire diameter of 0.17 mm in a coil
shape having a winding diameter of 6 mm were disposed
on one surface of the gas diffusion electrode opposite to
the electrolytic surface.

Two conductive members each made of a nickel foil
(NwW2201) of 1160 mm (H) X 310 mm (W) X 0.2 mm (T)
having one surface that has been subjected to silver plat-
ing of a 10 wm thickness were each joined to the back
plate of the cathode chamber of the cathode chamber
frame by spot welding at 144 points.

Thus obtained electrolyzer was used to perform electrol-
ysis with the current density kept at 3 kA/m2, electrolysis
temperature kept at 75°C to 85°C, and aqueous sodium
hydroxide concentration kept at 30 mass% to 34 mass%.
As illustrated in FIG. 5 showing a trend in the voltage of
the electrolyzer, an increase in the voltage was not ob-
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served.

when the electrolyzer was disassembled after the total
operation period of 500 days, no abnormality was ob-
served in the silver plated conductive member.

Comparative Example 1

[0025] An electrolyzer produced in the same manner
as Example 1 except that the silver plating was not ap-
plied to the conductive member was used to perform elec-
trolysis under the same conditions as those in Example
1, and a potential difference between the gas diffusion
electrode and back plate of the cathode chamber was
measured in the same manner as Example 1. As illus-
trated in FIG. 4 showing the measurement result, the
potential difference was increased with time.

Further, when the electrolyzer was disassembled after
stop of the operation, the nickel foil used as the conduct-
ing member was turned black due to formation of a pas-
sivation film.

Comparative Example 2

[0026] Electrolysis was performed in the same manner
as Example 2 except that an electrolyzer has a cathode
chamber in which the conductive member was not pro-
vided and silver plating of a 10 um center thickness was
applied to the back plate, and a trend in the voltage of
the electrolyzer was measured.

A 200 mV voltage increase was observed after 300 days
operation. Further, when the electrolyzer was disassem-
bled after stop of the operation, the silver plating at sub-
stantially all the conducting portions of the silver plating
layer of the back plate contacting the elastic member
were separated to expose the nickel material as the un-
derlayer, and further, the nickel material as the underlay-
er was turned black due to formation of a passivation film.

Industrial Applicability

[0027] The gas diffusion electrode equipped ion ex-
change membrane electrolyzer according to the present
invention has a configuration in which the plurality of con-
ductive members on the surface of each of which the
corrosion-resistant conductive layer is formed are dis-
posed on the surfaces contacting the elastic member and
back plate of the cathode chamber for electrical conduc-
tion to the gas diffusion electrode. As a result, there can
be provided a gas diffusion electrode equipped ion ex-
change membrane electrolyzer in which characteristics
of the contact portion with the elastic member for electri-
cal conduction to the gas diffusion electrode are stable,
no separation of the corrosion-resistant conductive layer
from the surface of the conductive member occurs, volt-
age drop between the gas diffusion electrode and back
plate is small, and performance can be made stable for
a long period of time.
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Explanation of Symbols

[0028]

1: Gas diffusion electrode equipped ion exchange
membrane electrolyzer

10: lon exchange membrane

20: Anode chamber

30: Cathode chamber

211: Anode

213: Anolyte

215: Anolyte inlet

217: Anolyte and gas outlet

219: Anode chamber frame

221: Anode chamber side gasket

301: Cathode chamber inner space

311: Liquid retaining member

313: Gas diffusion electrode

317: Cathode gas chamber

319: Oxygen inlet

321: Cathode gas chamber outlet

323: Cathode chamber frame

325: Cathode chamber side gasket

327: Back plate

330: Elastic member

331: Elastic member frame

333a, 333b, 333c, 333d, 333e, 333f, 333g, 333h:
Unit elastic member

340: Conductive member

341: Corrosion-resistant conductive layer
343: Joining portion

Claims

1.

A gas diffusion electrode equipped ion exchange
membrane electrolyzer having an anode, an ion ex-
change membrane, and a cathode chamber in which
a gas diffusion electrode is disposed, characterized
in that

in a cathode gas chamber formed between a back
plate of the cathode chamber and one side of the
gas diffusion electrode opposite to the electrolytic
surface, a gas-permeable elastic member is dis-
posed between the gas diffusion electrode and the
back plate, and the elastic member forms a conduc-
tive connection between the gas diffusion electrode
and the back plate by making contact with corrosion-
resistant conductive layers formed on the surfaces
of a plurality of conductive members which are joined
to the back plate.

The gas diffusion electrode equipped ion exchange
membrane electrolyzer according to claim 1, char-
acterized in that

the conductive member has a silver or platinum
group metal-containing corrosion-resistant conduc-
tive layer on a foil or plate made of nickel or a nickel
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alloy.

The gas diffusion electrode equipped ion exchange
membrane electrolyzer according to claim 1 or 2,
characterized in that

the conductive member is obtained by integrating
the silver or platinum group metal-containing corro-
sion-resistant conductive layer by means of plating,
cladding or baking coating.

The gas diffusion electrode equipped ion exchange
membrane electrolyzer according to any one of
claims 1 to 3, characterized in that

a part of or the entire conductive member is joined
to the back plate.

The gas diffusion electrode equipped ion exchange
membrane electrolyzer according to any one of
claims 1 to 4, characterized in that

the elastic member forms a corrosion-resistant con-
ductive layer on a conductive contacting surface or
the entire surface thereof.
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