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Description

Technical Field

[0001] The present invention relates to an electrolytic
cell, particularly an electrolytic cell including an elastic
member which causes little damage to a membrane such
as an ion-exchange membrane or a diaphragm and
which can reduce the electrolytic voltage compared to
conventional electrolytic cells.

Background Art

[0002] In an electrolytic cell used in electrolysis of an
aqueous solution, the voltage necessary for electrolysis
is influenced by various factors. Among such factors, the
interval between the anode and the cathode greatly af-
fects the electrolytic cell voltage. Thus, the amount of
energy consumption required for electrolysis is reduced
by decreasing the interval between the electrodes to de-
crease the electrolytic cell voltage. In an ion-exchange
membrane electrolytic cell or the like used in electrolysis
of a salt solution, the anode, ion-exchange membrane,
and the cathode are arranged in a closely fitted state so
as to reduce the electrolytic cell voltage. However, in a
large electrolytic cell in which the electrode surface area
may reach several square meters, in the case that the
anode and the cathode are bonded to the electrode
chambers by a rigid member, it has been difficult to close-
ly fit the electrodes to the ion-exchange membrane and
decrease the electrode interval to retain it at a prescribed
value without applying excessive pressure to the ion-ex-
change membrane.
[0003] In order to overcome such problems, an elec-
trolytic cell has been proposed in which a flexible elec-
trode is used for at least one of the anode and the cathode
so that the interval between the electrodes is adjustable.
[0004] Patent Literature 1 proposes providing an elas-
tic member and a flexible electrode in at least one of the
electrode chambers. The elastic member disclosed in
Patent Literature 1 has a structure including a support
member disposed on an electrolytic partition wall and a
plurality of pairs of comb-like flat spring-like bodies ex-
tending in an inclined manner from the support member,
and the comb-like flat spring-like bodies of each pair are
inserted so the adjacent flat spring-like bodies mutually
oppose each other. By installing the above-described
elastic body, the electrode surface can be kept smooth
even when using an electrode with a large surface area,
and damage to the ion-exchange membrane due to po-
sitional deviation of the electrode and excessive pressure
applied to the surface of the ion-exchange membrane
can be reduced.

Citation List

Patent Literature

[0005] Patent Literature 1: JP 2004-2993 A and US
2003/188966 A1
[0006] US 2007/278095 A1, US 2009/050472 A1, CN
202 072 770 U and WO 2015/068579 A1 disclose further
electrolytic cells including elastic members.

Summary of Invention

Technical Problem

[0007] However, even in the ion-exchange membrane
electrolytic cell proposed in Patent Literature 1, it was
difficult to completely prevent damage to the ion-ex-
change membrane. Further, due to the shape of the elec-
trode, there were cases in which the voltage rose when
the electrode was combined with the elastic member of
Patent Literature 1. In addition, further reductions in the
electrolytic voltage were desired in order to reduce the
operational costs.
[0008] An object of the present invention is to provide
an electrolytic cell which causes little damage to a mem-
brane such as an ion-exchange membrane or a dia-
phragm and which can reduce the electrolytic voltage
compared to conventional electrolytic cells.

Solution to Problem

[0009] As a result of keen investigation in order to solve
the above-described problem, the inventors discovered
that the above-described problem can be solved by con-
figuring an elastic member provided on an electrolytic
partition wall of the electrolytic cell with a prescribed
structure, and thereby the inventors completed the
present invention.
[0010] According to an aspect of the present invention,
there is provided an electrolytic cell including: an anode
chamber accommodating an anode; a cathode chamber
accommodating a cathode; an electrolytic partition wall
that partitions the anode chamber and the cathode cham-
ber; and an elastic member attached to the electrolytic
partition wall within at least one of the anode chamber
and the cathode chamber, wherein the elastic member
has a spring retaining part including: a bonding part that
is bonded to the electrolytic partition wall; a pair of first
support parts that extend from the bonding part in an
opposite direction of the electrolytic partition wall, and
that are arranged parallel to each other; a second support
part that connects the ends of the pair of first support
parts to each other; and two spring rows extending in a
direction parallel to a parallel arrangement direction of
the pair of first support parts, and each spring row is con-
stituted by combining a plurality of first flat spring-like
bodies which originate from the first support part as a
starting point and extend toward the opposite direction
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of the electrolytic partition wall, and a plurality of second
flat spring-like bodies which originate from the second
support part as a starting point and extend toward the
opposite direction of the electrolytic partition wall.
[0011] According to the above aspect, each first flat
spring-like body is preferably bent toward the other first
support part of the pair of first support parts at a position
which is preferably extends parallel to a direction in which
the first support parts extend in the opposite direction of
the electrolytic partition wall to a position which is the
same distance as that from the bonding part to the con-
necting part of the first support part and the second sup-
port part, and then is preferably bent toward the other
first support part of the pair of first support parts at a
position which is the same distance as that from the bond-
ing part to the connecting part.
[0012] According to the above aspect, each spring row
preferably includes a spring unit in which the plurality of
the first flat spring-like bodies and the plurality of second
flat spring-like bodies are arranged alternately.
[0013] According to the above aspect, distal ends of
the first flat spring-like bodies and distal ends of the sec-
ond flat spring-like bodies preferably form a bent shape
which is convex toward the opposite direction of the elec-
trolytic partition wall in a longitudinal direction cross-sec-
tion view.
[0014] According to the above aspect, distal ends of
the first flat spring-like bodies and distal ends of the sec-
ond flat spring-like bodies preferably form a bent shape
which is convex toward the opposite direction of the elec-
trolytic partition wall in a cross-section view of a plane
that is orthogonal to the longitudinal direction.

Advantageous Effects of Invention

[0015] By providing the above-described elastic mem-
ber, the electrolytic cell of the present invention causes
little damage to a membrane such as an ion-exchange
membrane or a diaphragm and simultaneously can sup-
press the damage of the electrodes compared to con-
ventional electrolytic cells. Further, the surface pressure
can be appropriately adjusted by the above-described
elastic member, and thus the electrolytic voltage can be
reduced.

Brief Description of Drawings

[0016]

[fig.1]Fig. 1 is a schematic cross-section view of an
electrolytic cell unit according to an electrolytic cell
of a suitable embodiment of the present invention.
[fig.2]Fig. 2 is an enlarged schematic perspective
view of an elastic member according to the electro-
lytic cell of the present invention.
[fig.3]Fig. 3 is a schematic cross-section view in a
longitudinal direction of a flat spring-like body of the
elastic member according to the electrolytic cell of

the present invention.
[fig.4]Fig. 4 is a cross-section view along A-A’ in Fig.
3.
[fig.5]Fig. 5 is an enlarged schematic perspective
view explaining another example of the elastic mem-
ber according to the electrolytic cell of the present
invention.
[fig.6]Fig. 6 is a graph illustrating the relationship be-
tween the amount of compression of the flat spring-
like bodies and the contact surface pressure in an
example and a comparative example.
[fig.7]Fig. 7 is a graph illustrating the relationship be-
tween the amount of compression of the flat spring-
like bodies and the load per one flat spring-like body
in an example and a comparative example.

Description of Embodiments

[0017] Embodiments of the present invention will be
explained in detail below referring to the drawings.
[0018] Fig. 1 is a schematic cross-section view of an
electrolytic cell unit applied to an electrolytic cell of a suit-
able embodiment of the present invention. An electrolytic
cell unit 1 illustrated therein is a bipolar-type electrolytic
cell unit provided with an anode chamber 3, a cathode
chamber 5, and an electrolytic partition wall 6 that parti-
tions the anode chamber 3 and the cathode chamber 5.
In Fig. 1, the electrolytic partition wall 6 is configured by
combining an anode partition wall 6a and a cathode par-
tition wall 6b. However, the present embodiment is also
applicable in a case in which there is a single electrolytic
partition wall. An anode 2 is accommodated within the
anode chamber 3 opposing the electrolytic partition wall
6. A cathode 4 is accommodated within the cathode
chamber 5 opposing the electrolytic partition wall 6.
[0019] The form of the anode 2 and the cathode 4 is
not particularly limited. For example, expanded metal, a
net-like body, and a woven body can be used. As the
cathode 4, a cathode in which an electrode catalytic sub-
stance such as a platinum group metal-containing layer,
a Raney nickel-containing layer, or an activated carbon-
containing nickel layer is coated onto the surface of a
substrate made of nickel or nickel alloy of the above-
mentioned forms may be used. As the anode 2, an anode
constituted by coating an electrode catalytic substance
containing a platinum group metal or an oxide of a plat-
inum group metal onto the surface of a substrate of the
above-mentioned forms which is made of a thin-film-
forming metal such as titanium, tantalum, or zirconium
or an alloy thereof may be used.
[0020] In the electrolytic cell unit 1, an anode retaining
member 7 is disposed within the anode chamber 3. The
anode retaining member 7 is bonded by welding to the
anode 2 and the electrolytic partition wall 6. Thereby, the
anode 2 and the electrolytic partition wall 6 are electrically
connected via the anode retaining member 7.
[0021] In the electrolytic cell unit 1, an elastic member
10 is disposed within the cathode chamber 5. The elastic
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member 10 is constituted by a plurality of spring retaining
parts 30 and two spring rows 40 provided on each spring
retaining part 30. The elastic member 10 contacts the
electrolytic partition wall 6. The spring rows 40 contact
the cathode 4. Thereby, the cathode 4 and the electrolytic
partition wall 6 are electrically connected via the elastic
member 10.
[0022] The electrolytic cell of a suitable embodiment
of the present invention is assembled for use by laminat-
ing a plurality of the electrolytic cell units 1 via a mem-
brane 8 such as an ion-exchange membrane or dia-
phragm.
[0023] Fig. 1 illustrates an example in which the elastic
member 10 is disposed within the cathode chamber 5,
but the elastic member 10 may also be disposed within
the anode chamber 3.
[0024] Fig. 2 is an enlarged schematic perspective
view of an elastic member according to the electrolytic
cell of the present invention. The elastic member 10 is
constituted by a bonding part 20 and the spring retaining
part 30. The spring retaining part 30 includes a pair of
first support parts 31 and a second support part 32. The
bonding part 20 is bonded to the flat panel-shaped elec-
trolytic partition wall 6. The first support parts 31 are mem-
bers that extend from the bonding part 20 toward the
opposite direction of the electrolytic partition wall 6. The
pair of first support parts 31 are disposed parallel to each
other in the plane of the electrode partition wall 6. The
second support part 32 connects the ends of the pair of
first support parts 31 on the opposite side of the electro-
lytic partition wall 6 to each other. The spring retaining
part 30 is constituted by combining the first support parts
31 and the second support part 32.
[0025] In the example of Figs. 1 and 2, the first support
parts 31 are disposed to extend in a direction orthogonal
to the electrode partition wall 6, but the present embod-
iment is not limited to this constitution. One of the first
support parts 31 may be disposed at an incline relative
to the other first support part 31. In this case, both of the
first support parts 31 may be inclined, or only one of the
first support parts 31 may be inclined. Further, in the ex-
ample of Figs. 1 and 2, the ends of the first support parts
31 are positioned at the same distance from the electro-
lytic partition wall 6, and the second support part 32 is
approximately parallel to the electrolytic partition wall 6.
However, the present embodiment is not limited to this
constitution. The ends of the first support parts 31 may
be positioned at different distances from the electrolytic
partition wall 6 so that the second support part 32 is in-
clined relative to the electrolytic partition wall 6.
[0026] Each spring retaining part 30 has two spring
rows 40. The spring rows 40 extend in the direction in
which the pair of first support parts 31 are disposed par-
allel to each other. In other words, the spring rows 40
extend in a direction orthogonal to the direction in which
the plurality of spring retaining parts 30 are arranged with-
in the elastic member 10.
[0027] One spring row 40 is constituted by combining

a plurality of first flat spring-like bodies 41 and a plurality
of second flat spring-like bodies 42. The first flat spring-
like bodies 41 and the second flat spring-like bodies 42
are arranged in a comb-like fashion in the direction in
which the pair of first support parts 31 are disposed par-
allel to each other, i.e. in the direction orthogonal to the
direction in which the plurality of spring retaining parts
30 are arranged. Within one spring row 40, a row of the
first flat spring-like bodies 41 and a row of the second flat
spring-like bodies 42 are parallel to each other.
[0028] The first flat spring-like bodies 41 originate from
the first support part 31 as a starting point and extend
toward the opposite direction of the electrolytic partition
wall 6. In other words, the first flat spring-like bodies 41
extend toward the cathode. The first flat spring-like bod-
ies 41 originate from the inside of the first support part
31 as a starting point 41A, and are bent toward the other
first support part 31 (in other words, in the direction of
the second flat spring-like bodies 42 within the same
spring row 40) at a position (hereinafter referred to as
the "bending point 41B") which is the same distance as
that from the bonding part 20 to a connecting part of the
first support part 31 and the second support part 32. In
the example of Fig. 2, the first flat spring-like bodies 41
extend parallel to the direction in which the first support
part 31 extends in the opposite direction of the electrolytic
partition wall 6 from the starting point 41A within the first
support part 31 to the bending point 41B, and then bend
in an in-plane direction of the second support part 32 at
the position corresponding to the bending point 41B. Fur-
ther, the ends of the first flat spring-like bodies 41 are
bent in the opposite direction of the electrolytic partition
wall 6 (toward the cathode in the illustrated example) as
described above in the plane of the second support part
32. In the case of the present embodiment, the starting
point of the first flat spring-like bodies 41 may be at the
border between the first support part 31 and the bonding
part 20. The length of the first flat spring-like bodies 41
can be changed by changing the position of the starting
point.
[0029] The second flat spring-like bodies 42 originate
from the second support part 32 as a starting point and
extend toward the opposite direction of the electrolytic
partition wall 6. In other words, the second flat spring-like
bodies 42 extend toward the cathode. In the example of
Fig. 2, the second flat spring-like bodies 42 extend from
a starting point 42A approximately parallel to the second
support member 32 toward the row of first flat spring-like
bodies 41 which forms the pair within the same spring
row 40, and then are bent toward the opposite direction
of the electrolytic partition wall 6 at a bending point 42B
which is at an intermediate position. The second flat
spring-like bodies 42 may have a shape in which they
are bent from the starting point 42A toward the opposite
direction of the electrolytic partition wall 6.
[0030] The elastic modulus of the first flat spring-like
bodies 41 can be changed by changing the overall length,
length of the inclined portion, amount of bending, etc. of
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the first flat spring-like bodies 41. The elastic modulus of
the second flat spring-like bodies 42 can be changed by
the overall length, amount of bending, etc. of the second
flat spring-like bodies 42. The dimensions of the first flat
spring-like bodies 41 and the second flat spring-like bod-
ies 42 can be appropriately designed in consideration of
the surface pressure from the elastic member 10 press-
ing on the electrode (the cathode in the illustrated exam-
ple). In the present embodiment, the first flat spring-like
bodies 41 are preferably longer than the second flat
spring-like bodies 42.
[0031] In the present embodiment, the first flat spring-
like bodies 41 and the second flat spring-like bodies 42
are arranged alternately in at least a portion within the
spring row 40. In the example of Fig. 2, the first flat spring-
like bodies 41 and the second flat spring-like bodies 42
are arranged alternately in a spring group 43 illustrated
therein. With this spring group 43 as a single unit, one
spring row 40 is constituted by aligning a plurality of
spring groups 43. Therefore, the first flat spring-like bod-
ies 41 are continuous between adjacent spring groups
43.
[0032] As an alternative example, the second flat
spring-like bodies 42 may be continuous between adja-
cent spring groups 43, or the first flat spring-like bodies
41 and the second flat spring-like bodies 42 may be ar-
ranged alternately over the entirety of the spring row 40.
[0033] In the example of Fig. 2, the ratio of the numbers
of the first flat spring-like bodies 41 and the second flat
spring-like bodies 42 within one spring group 43 is 4:3.
However, this ratio may be appropriately set in consid-
eration of the surface pressure from the elastic member
10 pressing on the electrode (the cathode in the illustrat-
ed example).
[0034] In Fig. 2, the first flat spring-like bodies 41 and
the second flat spring-like bodies 42 within one spring
row 40 are configured such that their ends are inserted
into each other. Thereby, as shown in Figs. 1 and 2, when
viewed from the direction in which the first support parts
31 extend (the direction orthogonal to the arrangement
direction of the spring support parts 30), the ends of the
first flat spring-like bodies 41 and the ends of the second
flat spring-like bodies 42 cross each other. However, the
present embodiment is not limited to this constitution,
and the ends of the flat spring-like bodies do not have to
cross each other.
[0035] Since the length and shape of the first flat
spring-like bodies differ from those of the second flat
spring-like bodies, they each have a different elastic mod-
ulus. By changing the dimensions of the spring-like bod-
ies, the ratio of the numbers of the first flat spring-like
bodies and the second flat spring-like bodies, etc., the
elastic modulus of the elastic member as a whole can be
changed. Therefore, it is possible to control to a desired
surface pressure.
[0036] For example, the number of contact points with
the electrode (the cathode 4 in the illustrated example)
can be increased by providing two spring rows on a single

spring retaining part. As a result, compared to the con-
ventional elastic member disclosed in Patent Literature
1, the load applied per each flat spring-like body can be
reduced even though the surface area of the elastic mem-
ber is the same.
[0037] Given the above, the elastic member of the
present embodiment can suppress the application of ex-
cessive pressure on the membrane, and can suppress
damage to the electrode itself. Further, by appropriately
controlling the surface pressure, the electrolytic voltage
can be reduced.
[0038] Further, in order to lower the electrolytic voltage,
it is preferable to uniformly press the anode and the cath-
ode to the membrane and retain both electrodes so that
they are closely fitted to the membrane. In order to make
the pressure on the electrodes uniform, it is necessary
to increase the number of spring-like bodies. The elastic
member of the present embodiment can also reduce the
operation costs of the electrolytic cell because both elec-
trodes can be more uniformly fitted to the membrane
compared to Patent Literature 1. In addition, the elastic
member of the present embodiment can increase the
number of spring-like bodies without requiring any com-
plicated machining, and thus is also advantageous in
terms of manufacturing costs compared to the elastic
member of Patent Literature 1.
[0039] Fig. 3 is a schematic cross-section view in a
longitudinal direction of a first flat spring-like body show-
ing the distal end portion of the first flat-spring shaped
body of Fig. 2. As shown in Fig. 3, in the longitudinal
direction cross-section view (the direction in which the
first support parts 31 extend in the plane of the electrolytic
partition wall 6), a distal end portion 50 of the first flat
spring-like body 41 has a bent shape which is convex
toward the opposite direction (the cathode) of the elec-
trolytic partition wall 6. In Fig. 3, the bent shape is an arc.
[0040] Fig. 4 is a schematic cross-section view along
A-A’ in Fig. 3. As shown in Fig. 4, the distal end portion
50 of the first flat spring-like body 41 has a bent shape
in which the cross-section orthogonal to the longitudinal
direction of the first flat spring-like body 41 is convex to-
ward the opposite direction (the cathode) of the electro-
lytic partition wall 6. In Fig. 4, the bent shape is an arc
shape.
[0041] As is clear from Fig. 2, the distal end portion of
each second flat spring-like body 42 also has the same
shape as the first flat spring-like bodies 41.
[0042] In the present embodiment, the distal end por-
tions of both of the flat spring-like bodies may be bent in
only the longitudinal direction, and the cross-section or-
thogonal to the longitudinal direction may be flat.
[0043] Fig. 5 is an enlarged schematic perspective
view explaining another example of the elastic member
according to the electrolytic cell of the present invention.
The same reference signs are assigned to those consti-
tutions which are identical to Fig. 2. An elastic member
110 of Fig. 5 differs from the elastic member 10 of Fig. 2
with regard to the shapes of the distal end portions of
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first flat spring-like bodies 141 and the distal end portions
of second flat spring-like bodies 142 of spring rows 140.
In the elastic member 110 illustrated in Fig. 5, the distal
end portions of the first flat spring-like bodies 141 and
the distal end portions of the second flat spring-like bod-
ies 142 have a bent shape in which the bent portion has
a corner in the longitudinal direction cross-section view.
Further, the cross-section orthogonal to the longitudinal
direction is not bent and is flat.
[0044] By bending the distal ends of the first flat spring-
like bodies 41 and the second flat spring-like bodies 42
as shown in Figs. 2 to 4, the contact surface area is de-
creased when the cathode is pressed to the elastic mem-
ber 10, and thus damage to the cathode can be reduced.
In particular, since the cross-section orthogonal to the
longitudinal direction also has a bent shape as shown in
Fig. 4, the contact surface area can be decreased even
further and this is advantageous. However, the contact
surface area between the cathode and the elastic mem-
ber 110 can also be decreased even with the shape
shown in Fig. 5. The shape of Fig. 5 is advantageous in
that the machining of the first flat spring-like bodies 141
and the second flat spring-like bodies 142 is easy.
[0045] In the electrolytic cell of the present embodi-
ment, the sizes of the elastic member 10 and the first flat
spring-like bodies 41 and the second flat spring-like bod-
ies 42 can be determined according to the electrode sur-
face area of the electrolytic cell, etc. The elastic member
10 can be produced by, for example, punching a metal
sheet having a thickness of 0.1 mm to 0.5 mm and then
continuously bending with a press-molding machine, etc.
The size of the first flat spring-like bodies 41 and the
second flat spring-like bodies 42 is, for example, 1 mm
to 10 mm wide and 20 mm to 50 mm long.
[0046] In the above example, only two spring rows are
aligned. However, the shape of the elastic member of
the present embodiment is not limited thereto. For exam-
ple, in between the two spring rows 40, a separate spring
row in which two rows of the second flat spring-like bodies
are arranged opposing each other may be formed.
[0047] In the above-described embodiment, a bipolar-
type electrolytic cell unit was used. However, the elastic
member explained in the present embodiment may be
applied to a monopolar-type electrolytic cell.
[0048] In the above-described embodiment, the elastic
member was provided in the cathode chamber 5, but the
elastic member may also be provided in the anode cham-
ber 3.
[0049] If the elastic member is provided in the cathode
chamber 5, the elastic member is made of a material
exhibiting good corrosion resistance in the environment
within the cathode chamber 5. Specifically, for the mate-
rial of the elastic member, nickel, nickel alloy, stainless
steel, etc. may be used.
[0050] If the elastic member is provided in the anode
chamber 3, a thin-film-forming metal such as titanium,
tantalum, or zirconium or an alloy thereof may be used
for the material of the elastic member.

[0051] In the case that the electrolytic cell of the present
embodiment is used for electrolysis of an aqueous solu-
tion of an alkali metal halide, e.g. electrolysis of a salt
solution, a saturated salt solution is supplied to the anode
chamber 3, water or a weak sodium hydroxide aqueous
solution is supplied to the cathode chamber 5, electroly-
sis is carried out at a predetermined decomposition rate,
and then the solution after electrolysis is removed from
the electrolytic cell. In electrolysis of a salt solution using
an ion-exchange membrane electrolytic cell, the electrol-
ysis is carried out in a state in which the pressure of the
cathode chamber 5 is retained higher than the pressure
of the anode chamber 3 so that the membrane 8 is closely
fitted to the anode 2. In the present embodiment, the
cathode 4 is retained by the elastic member 10, and thus
the electrolysis can be carried out with the cathode 4
positioned close to the surface of the membrane 8 by a
predetermined distance. Further, the elastic member 10
according to the present embodiment has a large restor-
ing force, and thus even if the pressure on the anode
chamber 3 side has increased during an abnormality,
operation in which the predetermined interval is main-
tained after the pressure has been removed is possible.

Examples

[0052] Examples of the present invention will be ex-
plained in detail below, but these examples are merely
for the purpose of suitably explaining the present inven-
tion, and the present invention is not limited in any way
to these examples.

<Example>

[0053] An elastic member of the type shown in Fig. 2
was produced by punching and bending a pure nickel flat
sheet having a thickness of 0.2 mm. The first support
parts, the second support part, and the first and second
flat spring-like bodies of the elastic member produced
thereby are explained in detail below.

Elastic Member

[0054]

Bonding part: 9 mm
First support part: 12 mm
Second support part: 47 mm
Number of flat spring-like bodies per electrode unit
surface area (total number of first flat spring-like bod-
ies and second flat spring-like bodies): 9600/m2

First Flat Spring-Like Bodies

[0055]

Length from starting point (reference sign 41A in Fig.
2) to bending point (reference sign 41B in Fig. 2):
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10.5 mm
Length of parallel portion (portion parallel to second
support part; reference sign 51 in Fig. 3): 4.5 mm
Length of inclined portion (portion inclined relative
to second support part; reference sign 52 in Fig. 3):
13.5 mm
Inclination angle of inclined portion: 40° relative to
second support part
Curvature radius in longitudinal direction cross-sec-
tion of distal end: 2 mm
Curvature radius in cross-section of direction orthog-
onal to longitudinal direction of distal end: 1.5 mm

Second Flat Spring-Like Bodies

[0056]

Length of parallel portion (portion parallel to second
support part; reference sign 51 in Fig. 3): 4.5 mm
Length of inclined portion (portion inclined relative
to second support part; reference sign 52 in Fig. 3):
13.5 mm
Inclination angle of inclined portion: 40° relative to
second support part
Curvature radius in longitudinal direction cross-sec-
tion of distal end: 2 mm
Curvature radius in cross-section of direction orthog-
onal to longitudinal direction of distal end: 1.5 mm

<Comparative Example>

[0057] An elastic member of a comparative example
was produced by punching and bending a pure nickel flat
sheet having a thickness of 0.2 mm. The elastic member
of the comparative example has a shape corresponding
to Fig. 7 of Patent Literature 1. Therein, a single spring
row in which flat spring-like bodies corresponding to the
second flat spring-like bodies are arranged alternately in
two rows opposing each other is formed on the spring
retaining part. The distal ends have the shape shown in
Fig. 5, and the distal ends are not machined into an arc
shape in the longitudinal direction cross-section or the
cross-section in the direction orthogonal to the longitudi-
nal direction. The dimensions, etc. of the flat spring-like
bodies corresponding to the second flat spring-like bod-
ies are as follows.

Elastic Member

[0058]

Bonding part: 9 mm
First support part: 12 mm
Second support part: 47 mm
Number of flat spring-like bodies per electrode unit
surface area: 3200/m2

Spring-Like Bodies

[0059]

Length of parallel portion (portion parallel to second
support part): 7 mm
Length of inclined portion (portion inclined relative
to support part): 28.5 mm
Inclination angle of inclined portion: 20° relative to
second support part
Curvature radius in longitudinal direction cross-sec-
tion of distal end: 2 mm

[0060] The amount of compression and the contact
surface pressure of the elastic member were measured
using the elastic members that were produced in the ex-
ample and the comparative example. Fig. 6 is a graph
illustrating the relationship between the amount of com-
pression of the flat spring-like bodies and the contact
surface pressure in the example and the comparative
example. In Fig. 6, the contact surface pressure on the
vertical axis is represented using the value at 4 mm of
the amount of compression of the flat spring-like bodies
of the example as a reference. Fig. 7 is a graph illustrating
the relationship between the amount of compression of
the flat spring-like bodies and the load per one flat spring-
like body in the example and the comparative example.
In Fig. 7, the load on the vertical axis is represented using
the value at 4 mm of the amount of compression of the
flat spring-like bodies of the example as a reference. The
load per one flat spring-like body is a value obtained by
dividing the contact surface pressure by the total number
of flat spring-like bodies. In the case of the example, the
load is the average of the first flat spring-like bodies and
the second flat spring-like bodies.
[0061] As shown in Fig. 6, the elastic member of the
example exhibited a higher contact surface pressure than
the elastic member of the comparative example. Further,
referring to Fig. 7, it can be understood that the load per
one flat spring-like body is smaller in the example. From
these results, it can be said that the elastic member of
the example can better suppress damage to the mem-
brane and electrode.
[0062] The voltage between the electrodes was meas-
ured upon operating electrolytic cells in which the elastic
members of the example and the comparative example
were installed within the cathode chamber. This experi-
ment was conducted using a plain weave mesh (material:
pure nickel; catalyst: platinum group metal-containing
layer) as the cathode and with a current density during
operation of 6.0 kA/m2. In the results, the voltage be-
tween the electrodes was 2.9 V when using the elastic
member of the example, whereas the voltage between
the electrodes was higher at 2.96 V when using the elastic
member of the comparative example. It can be said that
this result was due to the greater number of spring-like
bodies in the elastic member of the example compared
to the elastic member of the comparative example, which
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allowed the electrodes to be closely fitted to the mem-
brane more uniformly.

Reference Signs List

[0063]

1 Electrolytic cell unit
2 Anode
3 Anode chamber
4 Cathode
5 Cathode chamber
6 Electrolytic partition wall
6a Anode partition wall
6b Cathode partition wall
7 Anode retaining member
8 Membrane
10 Elastic member
20 Bonding part
30 Spring retaining part
31 First support part
32 Second support part
40, 140 Spring row
41, 141 First flat spring-like bodies
42, 142 Second flat spring-like bodies
43 Spring group

Claims

1. An electrolytic cell [1] comprising: an anode chamber
[3] accommodating an anode [2]; a cathode chamber
[5] accommodating a cathode [4]; an electrolytic par-
tition wall [6] that partitions the anode chamber [3]
and the cathode chamber [5]; and an elastic member
[10] attached to the electrolytic partition wall [6] within
at least one of the anode chamber [3] and the cath-
ode chamber [5],
wherein the elastic member [10] has a spring retain-
ing part [30] including: a bonding part [20] that is
bonded to the electrolytic partition wall [6]; a pair of
first support parts [31]that extend from the bonding
part [20] in an opposite direction of the electrolytic
partition wall [6], and that are arranged parallel to
each other; a second support part [32] that connects
the ends of the pair of first support parts [31] to each
other; and two spring rows [40, 141] extending in a
direction parallel to a parallel arrangement direction
of the pair of first support parts [31], and
each spring row [40, 140] is constituted by combining
a plurality of first flat spring-like bodies [41, 141]
which originate from the first support part [31] as a
starting point and extend toward the opposite direc-
tion of the electrolytic partition wall [6], and a plurality
of second flat spring-like bodies [42, 142] which orig-
inate from the second support part [32] as a starting
point and extend toward the opposite direction of the
electrolytic partition wall [6].

2. The electrolytic cell [1] according to claim 1, wherein
each first flat spring-like body [41, 141] is bent toward
the other first support part [31] of the pair of first sup-
port parts [31] at a position (41B) which is the same
distance as that from the bonding part [20] to a con-
necting part of the first support part [31] and the sec-
ond support part [32].

3. The electrolytic cell [1] according to claim 2, wherein
each first flat spring-like body [41, 141] extends par-
allel to a direction in which the first support parts [31]
extend in the opposite direction of the electrolytic
partition wall [6] to a position (41B) which is the same
distance as that from the bonding part [20] to the
connecting part of the first support part [31] and the
second support part [32], and then is bent toward
the other first support part [31] of the pair of first sup-
port parts [31] at the position (41 B) which is the same
distance as that from the bonding part [20] to the
connecting part.

4. The electrolytic cell [1] according to any one of claims
1 to 3, wherein each spring row [40, 140] includes a
spring unit in which the plurality of the first flat spring-
like bodies [41, 141] and the plurality of second flat
spring-like bodies [42, 142] are arranged alternately.

5. The electrolytic cell according to any one of claims
1 to 3, wherein distal ends (50) of the first flat spring-
like bodies [41, 141] and distal ends (50) of the sec-
ond flat spring-like bodies [42, 142] form a bent
shape which is convex toward the opposite direction
of the electrolytic partition wall [6] in a longitudinal
direction cross-section view.

6. The electrolytic cell according to any one of claims
1 to 4, wherein distal ends (50) of the first flat spring-
like bodies [41, 141] and distal ends (50) of the sec-
ond flat spring-like bodies [42, 142] form a bent
shape which is convex toward the opposite direction
of the electrolytic partition wall [6] in a cross-section
view of a plane that is orthogonal to the longitudinal
direction.

Patentansprüche

1. Elektrolytische Zelle [1], umfassend:

eine Anodenkammer [3], in der eine Anode [2]
untergebracht ist;
eine Kathodenkammer [5], in der eine Kathode
[4] untergebracht ist;
eine elektrolytische Partitionswand [6], welche
die Anodenkammer [3] und die Kathodenkam-
mer [5] partitioniert; und
ein elastisches Element [10], das an der elek-
trolytischen Partitionswand [6] innerhalb min-
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destens einer von der Anodenkammer [3] und
der Kathodenkammer [5] angebracht ist,
wobei das elastische Element [10] ein Rückhol-
federelement [30] aufweist, welches ein-
schließt:

ein Bondingteil [20], das an die elektrolyti-
sche Partitionswand [6] gebondet ist;
ein Paar erster Trägerteile [31], die sich von
dem Bondingteil [20] in einer Gegenrich-
tung zu der elektrolytischen Partitionswand
[6] erstrecken und parallel zueinander an-
geordnet sind;
ein zweites Trägerteil [32], welches die En-
den des Paares der ersten Trägerteile [31]
miteinander verbindet; und
zwei Federreihen [40, 141], die sich in eine
Richtung parallel zu einer parallelen Anord-
nungsrichtung des Paares der ersten Trä-
gerteile [31] erstrecken, und
wobei jede Federreihe [40, 140] gebildet
wird, indem eine Vielzahl von ersten flachen
federartigen Körpern [41, 141], die ihren Ur-
sprung aus dem ersten Trägerteil [31] als
Ausgangspunkt nehmen und sich in die Ge-
genrichtung der elektrolytischen Partitions-
wand [6] erstrecken, und eine Vielzahl von
zweiten flachen federartigen Körpern [42,
142] kombiniert werden, die ihren Ursprung
aus dem zweiten Trägerteil [32] als Aus-
gangspunkt nehmen und sich in die Gegen-
richtung der elektrolytischen Partitions-
wand [6] erstrecken.

2. Elektrolytische Zelle [1] nach Anspruch 1, wobei je-
der erste flache federartige Körper [41, 141] in Rich-
tung des anderen ersten Trägerteils [31] des Paares
von ersten Trägerteilen [31] an einer Position (41B)
gebogen ist, welche den gleichen Abstand aufweist
wie derjenige zwischen dem Bondingteil [20] und ei-
nem Verbindungsteil des ersten Trägerteils [31] und
des zweiten Trägerteils [32].

3. Elektrolytische Zelle [1] nach Anspruch 2, wobei je-
der erste flache federartige Körper [41, 141] sich pa-
rallel zu einer Richtung erstreckt, in der die ersten
Trägerteile [31] sich in die Gegenrichtung der elek-
trolytischen Partitionswand [6] zu einer Position
(41B) erstrecken, die den gleichen Abstand aufweist
wie derjenige zwischen dem Bondingteil [20] und
dem Verbindungsteil des ersten Trägerteils [31] und
des zweiten Trägerteils [32], und dann in Richtung
des anderen ersten Trägerteils [31] des Paares von
ersten Trägerteilen [31] an der Position (41B) gebo-
gen ist, die sich in demselben Abstand wie derjenige
zwischen dem Bondingteil [20] und dem Verbin-
dungsteil befindet.

4. Elektrolytische Zelle [1] nach einem der Ansprüche
1 bis 3, wobei jede Federreihe [40, 140] eine Feder-
einheit einschließt, in der die Vielzahl der ersten fla-
chen federartigen Körper [41, 141] und die Vielzahl
der zweiten flachen federartigen Körper [42, 142] al-
ternierend angeordnet sind.

5. Elektrolytische Zelle nach einem der Ansprüche 1
bis 3, wobei distale Enden (50) der ersten flachen
federartigen Körper [41, 141] und distale Enden (50)
der zweiten flachen federartigen Körper [42, 142] ei-
ne gebogene Form bilden, die in einer längsgerich-
teten Querschnittansicht zu der Gegenrichtung der
elektrolytischen Partitionswand [6] hin konvex ist.

6. Elektrolytische Zelle nach einem der Ansprüche 1
bis 4, wobei distale Enden (50) der ersten flachen
federartigen Körper [41, 141] und distale Enden (50)
der zweiten flachen federartigen Körper [42, 142] ei-
ne gebogene Form bilden, die zu der Gegenrichtung
der elektrolytischen Partitionswand [6] in einer Ebe-
ne konvex ist, die orthogonal zu der Längsrichtung
ist.

Revendications

1. Cellule électrolytique [1] comprenant : une chambre
anodique [3] accueillant une anode [2] ; une cham-
bre cathodique [5] accueillant une cathode [4] ; une
paroi de séparation électrolytique [6] qui sépare la
chambre anodique [3] et la chambre cathodique [5] ;
et un élément élastique [10] attaché à la paroi de
séparation électrolytique [6] à l’intérieur de la cham-
bre anodique [3] et/ou de la chambre cathodique [5],
dans laquelle l’élément élastique [10] a une partie
de retenue de ressorts [30] comportant : une partie
d’assemblage [20] qui est assemblée à la paroi de
séparation électrolytique [6] ; une paire de premières
parties de support [31] qui s’étendent depuis la partie
d’assemblage [20] dans une direction opposée de
la paroi de séparation électrolytique [6], et qui sont
agencées parallèlement l’une à l’autre ; une deuxiè-
me partie de support [32] qui raccorde l’une à l’autre
les extrémités de la paire de premières parties de
support [31] ; et deux rangées de ressorts [40, 141]
s’étendant dans une direction parallèle à une direc-
tion d’agencement parallèle de la paire de premières
parties de support [31], et
chaque rangée de ressorts [40, 140] est constituée
en combinant une pluralité de premiers corps de type
ressort plat [41, 141] qui partent de la première partie
de support [31] comme point de départ et s’étendent
vers la direction opposée de la paroi de séparation
électrolytique [6], et une pluralité de deuxièmes
corps de type ressort plat [42, 142] qui partent de la
deuxième partie de support [32] comme point de dé-
part et s’étendent vers la direction opposée de la

15 16 



EP 3 469 116 B1

10

5

10

15

20

25

30

35

40

45

50

55

paroi de séparation électrolytique [6].

2. Cellule électrolytique [1] selon la revendication 1,
dans laquelle chaque premier corps de type ressort
plat [41, 141] est courbé vers l’autre première partie
de support [31] de la paire de premières parties de
support [31] à une position (41B) qui est à la même
distance que celle de la partie d’assemblage [20] à
une partie de raccordement de la première partie de
support [31] et de la deuxième partie de support [32].

3. Cellule électrolytique [1] selon la revendication 2,
dans laquelle chaque premier corps de type ressort
plat [41, 141] s’étend parallèlement à une direction
dans laquelle les premières parties de support [31]
s’étendent dans la direction opposée de la paroi de
séparation électrolytique [6] jusqu’à une position
(41B) qui est à la même distance que celle de la
partie d’assemblage [20] à la partie de raccordement
de la première partie de support [31] et de la deuxiè-
me partie de support [32], et est ensuite courbé vers
l’autre première partie de support [31] de la paire de
premières parties de support [31] à la position (41B)
qui est à la même distance que celle de la partie
d’assemblage [20] à la partie de raccordement.

4. Cellule électrolytique [1] selon l’une quelconque des
revendications 1 à 3, dans laquelle chaque rangée
de ressorts [40, 140] comporte une unité de ressorts
dans laquelle la pluralité des premiers corps de type
ressort plat [41, 141] et la pluralité de deuxièmes
corps de type ressort plat [42, 142] sont agencés en
alternance.

5. Cellule électrolytique selon l’une quelconque des re-
vendications 1 à 3, dans laquelle des extrémités dis-
tales (50) des premiers corps de type ressort plat
[41, 141] et des extrémités distales (50) des deuxiè-
mes corps de type ressort plat [42, 142] prennent
une forme courbée qui est convexe vers la direction
opposée de la paroi de séparation électrolytique [6]
dans une vue en coupe dans la direction longitudi-
nale.

6. Cellule électrolytique selon l’une quelconque des re-
vendications 1 à 4, dans laquelle des extrémités dis-
tales (50) des premiers corps de type ressort plat
[41, 141] et des extrémités distales (50) des deuxiè-
mes corps de type ressort plat [42, 142] prennent
une forme courbée qui est convexe vers la direction
opposée de la paroi de séparation électrolytique [6]
dans une vue en coupe d’un plan qui est orthogonal
à la direction longitudinale.
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