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(54) ELECTROLYSIS ELECTRODE

(57) An electrolysis electrode with improved durabil-
ity is to be provided. An electrolysis electrode (1) includes
a conductive substrate (2), a catalyst layer (4), and a
tantalum oxide layer (5). The conductive substrate (2)

includes at least titanium. The catalyst layer (4) is pro-
vided on the conductive substrate (2). The catalyst layer
(4) includes platinum and iridium oxide. The tantalum ox-
ide layer (5) is provided on the catalyst layer (4). In the
electrolysis electrode (1), the catalyst layer (4) is partially
exposed.
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Description

Technical Field

[0001] The present disclosure relates to electrolysis
electrodes and specifically relates to an electrolysis elec-
trode including iridium oxide and platinum.

Background Art

[0002] There is known a technology that produces hy-
pochlorous acid by causing reaction between water and
chlorine produced through electrolysis of a diluted sodi-
um chloride solution obtained by adding salt to tap water
(Patent Literature 1).
[0003] Patent Literature 1 discloses an electrode for
electrolysis that includes: an electrode body made from
titanium or titanium alloy; a titanium oxide layer provided
on the electrode body; an intermediate oxide layer pro-
vided on the titanium oxide layer, the intermediate oxide
layer being made of a composite that contains iridium
oxide within a range of 3 to 30 mol% and tantalum oxide
within a range of 70 to 97 mol% in metal conversion; and
a composite body provided on the intermediate oxide lay-
er, the composite body containing rhodium oxide within
a range of 2 to 35 mol%, iridium oxide within a range of
30 to 80 mol%, tantalum oxide within a range of 6 to 35
mol%, and platinum within a range of 12 to 62 mol% in
metal conversion.
[0004] Electrolysis electrodes are desirably improved
in durability.

Citation List

Patent Literature

[0005] Patent Literature 1: JP 2009-52069 A 

Summary of Invention

[0006] It is an object of the present disclosure to pro-
vide an electrolysis electrode with improved durability.
[0007] An electrolysis electrode according to an aspect
of the present disclosure includes a conductive substrate,
a catalyst layer, and a tantalum oxide layer. The conduc-
tive substrate includes at least titanium. The catalyst lay-
er is provided on the conductive substrate. The catalyst
layer includes platinum and iridium oxide. The tantalum
oxide layer is provided on the catalyst layer. In the elec-
trolysis electrode, the catalyst layer is partially exposed.

Brief Description of Drawings

[0008]

FIG. 1A is a sectional view of an electrolysis elec-
trode according to an embodiment;
FIG. 1B is an illustrative view of a main part of the

electrolysis electrode;
FIG. 2 is an illustrative view of particles included in
a catalyst layer of the electrolysis electrode;
FIGS. 3A to 3D are sectional views illustrating re-
spective steps in a manufacturing method of the
electrolysis electrode;
FIG. 4 is a sectional view of an electrolysis electrode
according to Comparative Example 2; and
FIG. 5 is a graph of results of a durability test con-
ducted on an electrolysis electrode according to Ex-
ample of the embodiment, an electrolysis electrode
according to Comparative Example 1, and an elec-
trolysis electrode according to Comparative Exam-
ple 2.

Description of Embodiments

[0009] FIGS. 1A, 1B, 2, 3A to 3D, and 4 described in
the following embodiment and the like are schematic
views, and the ratio of sizes and the ratio of thicknesses
of components in the figures do not necessarily reflect
actual dimensional ratios.

(Embodiment)

[0010] An electrolysis electrode 1 according to an em-
bodiment will be described below with reference to FIGS.
1A to 3D.

(1) Overview

[0011] The electrolysis electrode 1 is an electrode used
to produce chlorine by electrolyzing salt water. In this
case, the salt water is, for example, a sodium chloride
solution. Suppose the electrolysis electrode 1 is used for
an application of electrolyzing salt water, and in this case,
the electrolysis electrode 1 is used as an anode, of a
cathode and the anode to which a direct-current voltage
is applied from a power supply, thereby electrolyzing a
sodium chloride solution to produce chlorine, and through
reaction of the chlorine with water, hypochlorous acid
water can be produced.

(2) Components of Electrolysis Electrode

[0012] As illustrated in FIG. 1A, the electrolysis elec-
trode 1 includes a conductive substrate 2, a catalyst layer
4, and a tantalum oxide layer 5. The catalyst layer 4 is
provided on the conductive substrate 2. The tantalum
oxide layer 5 is provided on the catalyst layer 4. The
electrolysis electrode 1 further includes an intermediate
layer 3 provided between the conductive substrate 2 and
the catalyst layer 4.
[0013] These components of the electrolysis electrode
1 will be described in further detail below.
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(2.1) Conductive Substrate

[0014] The conductive substrate 2 has a first principal
surface 21 and a second principal surface 22 located
opposite the first principal surface 21. The shape of the
conductive substrate 2 in plan view (the outer peripheral
shape of the conductive substrate 2 when viewed in the
thickness direction defined with respect to the conductive
substrate 2) is rectangular. The thickness of the conduc-
tive substrate 2 is, for example, greater than or equal to
100 mm and less than or equal to 2 mm and is, for ex-
ample, 500 mm. The size of the conductive substrate 2
in plan view is, for example, 25 mm 3 60 mm.
[0015] The conductive substrate 2 includes at least ti-
tanium. The conductive substrate 2 is, for example, a
titanium substrate. The material for the conductive sub-
strate 2 is titanium or an alloy including titanium as a main
component (hereinafter referred to as a titanium alloy).
The titanium alloy is, for example, a titanium-palladium
alloy, a titanium-nickel-ruthenium alloy, a titanium-tanta-
lum alloy, a titanium-aluminum alloy, or a titanium-alumi-
num-vanadium alloy.
[0016] The first principal surface 21 of the conductive
substrate 2 is preferably a rough surface to improve ad-
hesiveness to the intermediate layer 3. In the electrolysis
electrode 1 according to the embodiment, the first prin-
cipal surface 21 of the conductive substrate 2 is rough-
ened before the intermediate layer 3 is provided. Regard-
ing the surface roughness of the first principal surface 21
of the conductive substrate 2, an arithmetic mean rough-
ness Ra is, for example, 0.7 mm, and a maximum height
Rz is 7 mm. The arithmetic mean roughness Ra and the
maximum height Rz are specified in, for example, JIS B
0601-2001 (ISO 4287-1997). The arithmetic mean
roughness Ra and the maximum height Rz are values
measured from, for example, a Crosssectional Scanning
Electron Microscope (SEM) Image.

(2.2) Intermediate Layer

[0017] The intermediate layer 3 is provided on the con-
ductive substrate 2. More specifically, the intermediate
layer 3 is provided on the first principal surface 21 of the
conductive substrate 2. The electrolysis electrode 1 has
an interface between the conductive substrate 2 and the
intermediate layer 3. The intermediate layer 3 is prefer-
ably made of a material having corrosion resistance
against salt water and chlorine and having higher corro-
sion resistance than the conductive substrate 2. Moreo-
ver, to increase the electrical conductivity of the electrol-
ysis electrode 1 as a whole, the material for the interme-
diate layer 3 is preferably a conductive material having
high electrical conductivity. The material for the interme-
diate layer 3 is, for example, transition metal or a mixture
including the transition metal and is, for example, plati-
num; a mixture of tantalum, platinum, and iridium; iridium;
iridium oxide; or nickel. The material for the intermediate
layer 3 is, for example, platinum. The thickness of the

intermediate layer 3 is, for example, greater than or equal
to 0.2 mm and less than or equal to 5 mm, and is, for
example, 0.6 mm.

(2.3) Catalyst Layer

[0018] The catalyst layer 4 is provided on the interme-
diate layer 3. The electrolysis electrode 1 has an interface
between the catalyst layer 4 and the intermediate layer
3. That is, the catalyst layer 4 is provided on the interme-
diate layer 3 on the conductive substrate 2.
[0019] The catalyst layer 4 includes platinum and irid-
ium oxide. As shown in FIG. 1B, the catalyst layer 4 is a
porous layer including a plurality of composite particles
41 and a plurality of pores 42. As shown in FIG. 2, each
of the plurality of composite particles 41 includes a plat-
inum particle 411 and iridium oxide particles 412. In each
of the plurality of composite particles 41, for example, a
plurality of iridium oxide particles 412 are bonded to one
platinum particle 411. In the catalyst layer 4, the iridium
oxide is dispersed by the platinum. The iridium oxide
functions as a catalyst for producing chlorine. In the cat-
alyst layer 4, the molar ratio of the platinum to the iridium
oxide is, for example, but not limited to, 8:5. To suppress
iridium from agglomerating over time as the electrolysis
electrode 1 is used, the molar quantity of the iridium oxide
is preferably less than or equal to the molar quantity of
the platinum. The catalyst layer 4 may include iridium in
addition to the platinum and the iridium oxide. In this case,
each of the composite particles 41 may include, in addi-
tion to the iridium oxide particles 412, at least one iridium
particle bonded to the platinum particle 411. Moreover,
in the catalyst layer 4, the platinum particles 411 may be
bonded to each other. The bonding state in the catalyst
layer 4 is not particularly limited.
[0020] The catalyst layer 4 has a plurality of recesses
45 recessed from a principal surface 40 on an opposite
side of the catalyst layer 4 from the conductive substrate
2. In the electrolysis electrode 1, the catalyst layer 4 is
partially exposed in the plurality of recesses 45. Each of
the plurality of recesses 45 is, for example, a crack
formed in the catalyst layer 4. More specifically, each of
the plurality of recesses 45 is a crack which is linear in
plan view in the thickness direction defined with respect
to the catalyst layer 4. The plurality of cracks (recesses
45) have different shapes. Moreover, each crack may be
formed along the thickness direction defined with respect
to the catalyst layer 4 or may have a bent on the way in
the thickness direction defined with respect to the catalyst
layer 4.
[0021] The depth of each of the plurality of recesses
45 is, for example, greater than or equal to 0.1 mm. The
depth of each of the plurality of recesses 45 may be a
depth reaching the intermediate layer 3 or may be a depth
not reaching the intermediate layer 3. In the electrolysis
electrode 1 according to the embodiment, the plurality of
recesses 45 do not extend through the intermediate layer
3, and the entirety of the first principal surface 21 of the
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conductive substrate 2 is covered with the intermediate
layer 3. In plan view in the thickness direction defined
with respect to the conductive substrate 2, the width of
each of the plurality of recesses 45 is greater than or
equal to 0.1 mm and less than or equal to 10 mm and is
preferably greater than or equal to 0.3 mm and less than
or equal to 3 mm. The width of each recess 45 in plan
view in the thickness direction defined with respect to the
conductive substrate 2 is an opening width in a short
direction (in a direction orthogonal to the length direction)
on the principal surface 40 of the catalyst layer 4. In plan
view in the thickness direction defined with respect to the
conductive substrate 2, the length of each of the plurality
of recesses 45 is shorter than the length of each side of
the conductive substrate 2.
[0022] The thickness of the catalyst layer 4 is, for ex-
ample, within a range of 0.1 mm to 10 mm.
[0023] Moreover, in plan view in the thickness direction
defined with respect to the conductive substrate 2, the
percentage of S2 to (S1+S2) is, for example, higher than
or equal to 5% and lower than or equal to 50%, where
S1 is the area of the principal surface 40 of the catalyst
layer 4, and S2 is the total area of opening areas of the
plurality of recesses 45 in the principal surface 40 of the
catalyst layer 4. The percentage of S2 to (S1+S2) is pref-
erably higher than or equal to 5% to improve the produc-
tion efficiency of chlorine. Moreover, the percentage of
S2 to (S1+S2) is preferably lower than or equal to 50%,
more preferably lower than or equal to 20%, to suppress,
for example, peel-off of the catalyst layer 4. That is, the
percentage of S2 to (S1+S2) is more preferably higher
than or equal to 5% and lower than or equal to 20%.

(2.4) Tantalum Oxide Layer

[0024] The tantalum oxide layer 5 has a function of
suppressing elution of the iridium oxide of the catalyst
layer 4.
[0025] As shown in FIG. 1B, the tantalum oxide layer
5 has a first portion 51 provided on the principal surface
40 of the catalyst layer 4 and a second portion 52 provided
on an inner surface 451 of at least one recess 45 of the
plurality of recesses 45 in the catalyst layer 4. The tan-
talum oxide layer 5 preferably has the second portion 52
on the inner surface 451 of each of the plurality of re-
cesses 45 in the catalyst layer 4.
[0026] The molar quantity of tantalum in the tantalum
oxide layer 5 and iridium in the iridium oxide is preferably
lower than or equal to 60% of the total molar quantity of
the molar quantity of the iridium and the molar quantity
of the platinum.

(2.5) Tantalum Oxide

[0027] The electrolysis electrode 1 further includes
tantalum oxide 43 provided in least one pore 42 of the
plurality of pores 42, and the tantalum oxide 43 is in con-
tact with the catalyst layer 4. The tantalum oxide 43 is

formed, for example, at the time of forming the tantalum
oxide layer 5. The tantalum oxide 43 is in contact with
the composite particles 41 of the catalyst layer 4.

(3) Manufacturing Method of Electrolysis Electrode

[0028] With reference to FIGS. 3A to 3D, an example
of the manufacturing method of the electrolysis electrode
1 will be described.
[0029] In the manufacturing method of the electrolysis
electrode 1, the conductive substrate 2 is prepared at
first, and then, a surface roughening step, an intermedi-
ate layer forming step, a catalyst layer forming step, and
a tantalum oxide layer forming step are sequentially per-
formed.
[0030] The surface roughening step includes immers-
ing, for example, the conductive substrate 2 in an oxalic
acid aqueous solution, thereby roughening the first prin-
cipal surface 21 of the conductive substrate 2 (see FIG.
3A). The surface roughening step is not an essential step.
Regarding the surface roughness of the first principal sur-
face 21 of the conductive substrate 2 after the surface
roughening step, an arithmetic mean roughness Ra is,
for example, 0.7 mm, and a maximum height Rz is 7 mm.
The arithmetic mean roughness Ra and the maximum
height Rz may be values measured with a surface rough-
ness meter of Zygo Co.
[0031] The intermediate layer forming step includes
forming the intermediate layer 3 on the first principal sur-
face 21 of the conductive substrate 2 (see FIG. 3B). The
intermediate layer 3 is, for example, a platinum layer.
The intermediate layer forming step includes applying a
solution which will be the intermediate layer 3 and then
performing a heating process, and thereafter, baking the
solution, thereby forming the intermediate layer 3. The
solution is a solution obtained by dissolving a platinum
compound in a solvent. The solvent is, for example, liquid
obtained by mixing ethylene glycol monoethyl ether and
hydrochloric acid and ethanol. The platinum compound
is, for example, but not limited to, chloroplatinic acid, and
the platinum compound may be, for example, platinum
chloride. The formation method of the intermediate layer
3 is not limited to the examples described above but may
be, for example, a vapor-deposition method, a sputtering
method, a CVD method, or a plating method.
[0032] The catalyst layer forming step includes forming
the catalyst layer 4 on the intermediate layer 3 (see FIG.
3C). The catalyst layer forming step includes a first step
and a second step.
[0033] The first step of the catalyst layer forming step
includes performing an application step at least once and
a drying step at least once, thereby forming a catalyst
material layer which will be the catalyst layer 4 on the
intermediate layer 3 on the conductive substrate 2. The
number of times of performing the application step and
the drying step is determined based on, for example, a
prescribed thickness of the catalyst layer 4. Regarding
the number of times of performing the application step
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and the drying step, the number of times of performing
the application step and the drying step is at least in-
creased as the prescribed thickness of the catalyst layer
4 increases. For example, in the catalyst layer forming
step, a first specified number of times (e.g., eight times)
of application steps and the first specified number of
times of drying steps are alternately repeated one by one,
thereby forming the catalyst material layer which will be
the catalyst layer 4 on the intermediate layer 3 on the
conductive substrate 2.
[0034] In the first step of the catalyst layer forming step,
a solution (hereinafter referred to as a first solution) in-
cluding the platinum compound which will be the catalyst
layer 4 and the iridium compound is directly or indirectly
applied onto the intermediate layer 3 on the conductive
substrate 2 (the application step is performed), and then,
a heating process of drying the first solution by heating
under a first condition (the drying step) is performed at
least once (e.g., eight times), thereby forming the catalyst
material layer which will be the catalyst layer 4. The first
solution is a solution obtained by dissolving the platinum
compound and the iridium compound in a solvent (here-
inafter referred to as a first solvent). The first solvent is,
for example, liquid obtained by mixing ethylene glycol
monoethyl ether and hydrochloric acid and ethanol. The
platinum compound is, for example, but not limited to,
chloroplatinic acid, and the platinum compound may be,
for example, platinum chloride. The chloroplatinic acid
is, for example, hydrogen hexachloroplatinate(IV) n-hy-
drate. The iridium compound is, for example, but not lim-
ited to, chloroiridic acid, and the iridium compound may
be, for example, iridium chloride or iridium nitrate. The
chloroiridic acid is, for example, hexachloroiridate(IV) n-
hydrate. The metal concentration (the total concentration
of platinum and iridium) of the first solution is, for exam-
ple, 50 mg/mL. Moreover, the application quantity of the
first solution is, for example, 2 mL/cm2. The first condition
includes a heat process temperature and a heat process
time. The heat process temperature in the first condition
is within a range of 100°C to 400°C, for example, and
may be 220°C as an example. Moreover, the heat proc-
ess time in the first condition is within a range of 5 minutes
to 15 minutes, for example, and may be 10 minutes as
an example.
[0035] In the second step of the catalyst layer forming
step, a heat process of baking the catalyst material layer
under a prescribed baking condition is performed, there-
by forming the catalyst layer 4 and the plurality of cracks
(the recesses 45) (see FIG. 3C). The baking condition
includes a baking temperature and a baking time. The
baking temperature is within a range of 500°C to 700°C,
for example, and may be 560°C as an example. The bak-
ing time is within a range of 5 minutes to 20 minutes, for
example, and may be 10 minutes as an example.
[0036] The tantalum oxide layer forming step includes
forming the tantalum oxide layer 5 on the catalyst layer
4 (see FIG. 3D). The tantalum oxide layer forming step
includes a first step and a second step.

[0037] The first step of the tantalum oxide layer step
includes performing an application step at least once and
a drying step at least once, thereby forming a material
layer which will be the tantalum oxide layer 5 on the cat-
alyst layer 4. The number of times of performing the ap-
plication step and the drying step is determined based
on, for example, a prescribed thickness of the tantalum
oxide layer 5. Regarding the number of times of perform-
ing the application step and the drying step, the number
of times of performing the application step and the drying
step is at least increased as the prescribed thickness of
the tantalum oxide layer 5 increases. For example, in the
tantalum oxide layer forming step, the application step is
performed a second specified number of times (e.g.,
once) and the drying step is performed the second spec-
ified number of times, thereby forming the material layer
which will be the tantalum oxide layer 5 on the catalyst
layer 4.
[0038] In the first step of the tantalum oxide layer form-
ing step, a solution (hereinafter referred to as a second
solution) including a tantalum compound which will be
the tantalum oxide layer 5 is applied onto the catalyst
layer 4 (that is, the application step is performed), and
then a heat process of drying the second solution by heat-
ing under the second condition (the drying step) is per-
formed at least once (e.g., once), thereby forming the
metal layer which will be the tantalum oxide layer 5. The
second solution is a solution obtained by dissolving the
tantalum compound in a solvent (hereinafter referred to
as a second solvent). The second solvent is, for example,
liquid obtained by mixing ethylene glycol monoethyl ether
and hydrochloric acid and ethanol. The tantalum com-
pound is, for example, but not limited to, tantalum chlo-
ride, and the tantalum compound may be, for example,
tantalum ethoxide. The metal concentration (tantalum
concentration) of the second solution is, for example, 50
mg/L. Moreover, the application quantity of the second
solution is, for example, 1 mL/cm2. The second condition
includes a heat process temperature and a heat process
time. The heat process temperature in the second con-
dition is within a range of 100°C to 400°C and may be
220°C as an example. Moreover, the heat process time
in the second condition is within a range of 5 minutes to
15 minutes, for example, and may be 10 minutes as an
example.
[0039] In the second step of the tantalum oxide layer
forming step, the heat process of baking the material lay-
er under a prescribed baking condition is performed,
thereby forming the tantalum oxide layer 5 (see FIG. 3D).
The baking condition includes a baking temperature and
a baking time. The baking temperature is within a range
of 500°C to 700°C, for example, and may be 560°C as
an example. The baking time is within a range of 5 min-
utes to 20 minutes, for example, and may be 10 minutes
as an example.
[0040] In the manufacturing method of the electrolysis
electrode 1 described above, the tantalum oxide 43 in at
least one of the pores 42 in the catalyst layer 4 is formed

7 8 



EP 4 074 864 A1

7

5

10

15

20

25

30

35

40

45

50

55

in the tantalum oxide layer forming step.

(4) Example and Comparative Examples

[0041] FIG. 5 is a graph of results of a durability test
conducted on an electrolysis electrode 1 according to
Example of the embodiment, an electrolysis electrode
according to Comparative Example 1, and an electrolysis
electrode 1r (see FIG. 4) according to Comparative Ex-
ample 2.
[0042] The electrolysis electrode according to Com-
parative Example 1 is different from the electrolysis elec-
trode 1 according to Example in that Comparative Exam-
ple 1 does not include the tantalum oxide layer of the
electrolysis electrode 1 according to Example. The elec-
trolysis electrode 1r according to Comparative Example
2 includes 15 tantalum oxide layers 6 and 15 catalyst
layers 7 alternately stacked one by one instead of the
catalyst layer 4 and the tantalum oxide layer 5 of the
electrolysis electrode 1 according to the embodiment. In
FIG. 4, only three of the tantalum oxide layers 6 and only
three of the catalyst layers 7 are shown. In the electrolysis
electrode 1r according to Comparative Example 2, the
total catalyst amount of the 15 catalyst layers 7 is the
same as the catalyst amount of the electrolysis electrode
1 according to Example. The catalyst layer 7 includes
platinum and iridium oxide. In the electrolysis electrode
1r according to Comparative Example 2, a composite
layer including the 15 tantalum oxide layers 6 and the 15
catalyst layers 7 has a plurality of cracks.
[0043] The durability test is accelerated testing. The
durability test was performed in which two electrolysis
electrodes 1 (or two electrolysis electrodes or two elec-
trolysis electrodes 1r) formed under the same condition
were adopted as pair of electrodes, and the pair of elec-
trodes were immersed in salt water in an electrolytic bath
in a durability test facility. In the durability test, polarity
reversal was performed each time the pair of electrodes
are energized for a predetermined time (3 minutes). In
this case, the polarity reversal means that a combination
of the anode and the cathode in the pair of electrodes is
reversed. In other words, the polarity reversal means that
an electrode of the pair of electrodes which is on a high-
potential side is changed such that an electrode used as
the anode and an electrode used as the cathode are re-
spectively used as the cathode and the anode. The elec-
trolytic bath in the durability test facility has a water inlet
and a water outlet for salt water. In the durability test, salt
water is added so that the electric conductivity of the salt
water in the electrolytic bath is 16506165 mS/cm. More-
over, in the durability test, the electrolytic bath in the du-
rability test facility is drained while tap water is constantly
supplied to the electrolytic bath at a flow rate of 2 L/min.
The salt water supplied to the electrolytic bath in the du-
rability test facility is a sodium chloride solution obtained
by dissolving salt (sodium chloride) in tap water. The cur-
rent value of an energization current in the durability test
is 400 mA. For measuring the hypochlorous acid water

concentration, the electrodes were taken out of the elec-
trolytic bath in the durability test facility at the time of
measuring the hypochlorous acid water concentration,
and the hypochlorous acid water concentration was
measured as described below. As salt water in an elec-
trolytic bath for measuring a hypochlorous acid water
concentration, salt water produced by dissolving 4.5 g
salt (sodium chloride) in 800 mL pure water was used.
The current value of an energization current for measur-
ing the hypochlorous acid water concentration is 400 mA.
Moreover, in initial aging, the polarity reversal was per-
formed each time the pair of electrodes were energized
for a predetermined time (3 minutes), and in this way,
the pair of electrodes were energized for a total of 12
minutes. After the initial aging, electrolysis was per-
formed for 12 minutes under the same condition as the
initial aging, and then, some of the electrolysis water was
taken out every 3 minutes, and the hypochlorous acid
water concentration was measured. For the hypochlo-
rous acid water concentration, the free chlorine concen-
tration (HOCl, OCl-) was measured by a pocket residual
chlorine meter (HACH, Pocket Colorimeter II 58700-00)
based on the DPD method. In this case, the polarity re-
versal means that a combination of the anode and the
cathode in the pair of electrodes is reversed. In other
words, the polarity reversal means that an electrode of
the pair of electrodes which is on a high-potential side is
changed such that an electrode used as the anode and
an electrode used as the cathode are respectively used
as the cathode and the anode.
[0044] The abscissa in FIG. 5 represents a durability
test time (elapsed time). The ordinate in FIG. 5 represents
the hypochlorous acid water concentration measured af-
ter the energization for a unit time (3 minutes) was per-
formed at the time. In this case, chlorine produced in the
vicinity of the anode contributes to production of hy-
pochlorous acid, and therefore, the hypochlorous acid
water concentration is substantially determined based
on the amount of the chlorine produced per unit time.
[0045] From FIG. 5, it can be seen that in the electrol-
ysis electrode 1 according to Example, the hypochlorous
acid water concentration is higher and a time until the
hypochlorous acid water concentration decreases to or
less than a prescribed value (e.g., 5 mg/L) is longer (the
durability is improved more) than in the electrolysis elec-
trode according to Comparative Example 1 and the elec-
trolysis electrode 1r according to Comparative Example
2. Note that the durability is determined based on elution
caused by consumption of the catalyst layer 4, peel-off
of the catalyst layer 4, or the like. In the electrolysis elec-
trode 1r according to Comparative Example 2, the tan-
talum oxide layers 6 and the catalyst layers 7 are alter-
nately stacked, and therefore, a conduction path and a
path of gas are narrow, the amount of chlorine produced
per unit time is small, and the number of active points
not used is large, and therefore, the electrolysis electrode
1r is presumed to have reduced service life. In the elec-
trolysis electrode according to Comparative Example 1,
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chlorine is more easily produced than in the electrolysis
electrode 1r according to Comparative Example 2, but
the catalyst is more likely to desorb than in the electrolysis
electrode 1 according to Example, and therefore, the
electrolysis electrode according to Comparative Exam-
ple 1 is presumed to have shorter service life than the
electrolysis electrode 1 according to Example. In other
words, it can be seen from FIG. 5 that the electrolysis
electrode 1 according to Example is capable of producing
a larger amount of chlorine and thus has a longer service
life than the electrolysis electrode according to Compar-
ative Example 1 and the electrolysis electrode 1r accord-
ing to Comparative Example 2.

(5) Effects

[0046] The electrolysis electrode 1 according to the
embodiment includes the tantalum oxide layer 5 provided
on the catalyst layer 4 including platinum and iridium ox-
ide, and the catalyst layer 4 is partially exposed, which
enables the durability to be improved. This enables the
electrolysis electrode 1 according to the embodiment to
make the catalyst layer 4 contribute to production of chlo-
rine and to have improved durability compared to the
case where the entirety of the principal surface 40 of the
catalyst layer 4 is in contact with salt water. The electrol-
ysis electrode 1 according to the embodiment includes
the tantalum oxide layer 5 and the tantalum oxide 43,
which enables platinum iridium to be suppressed from
being excessively consumed (eluted) from the catalyst
layer 4 during use, thereby suppressing a rapid structural
change in the catalyst layer 4, and partial desorption of
the catalyst layer 4 and peel-off of the catalyst layer 4
can be suppressed. Moreover, in the electrolysis elec-
trode 1 according to the embodiment, the agglomeration
of iridium can be suppressed.
[0047] Further, the electrolysis electrode 1 according
to the embodiment includes the tantalum oxide 43 which
is provided in the plurality of pores 42 in the catalyst layer
4 and which is in contact with the catalyst layer 4, which
enables the mechanical intensity of the catalyst layer 4
to be improved and enables excessive consumption of
iridium oxide, agglomeration of the iridium oxide, and the
like to be suppressed.
[0048] The embodiment is a mere example of various
embodiments of the present disclosure. Various modifi-
cations may be made to the embodiment depending on
design and the like as long as the object of the present
disclosure is achieved.
[0049] For example, the shape of the conductive sub-
strate 2 in plan view is not limited to a rectangular shape,
but may be, for example, a square shape.
[0050] Moreover, the catalyst layer 4 is not limited to
a porous layer but may be a non-porous layer.
[0051] Further, the plurality of recesses 45 may have
the same shape. In this case, for example, in the manu-
facturing method of the electrolysis electrode 1, the plu-
rality of recess 45 may be formed by an etching tech-

nique, a laser processing technique, or the like. Using
these techniques provides the advantages that the de-
gree of freedom of design in terms of the layout and the
size of the plurality of recesses 45 is increased and the
reproducibility of formation locations of the plurality of
recesses 45 is increased.
[0052] Moreover, in the electrolysis electrode 1, the
catalyst layer 4 does not have to have the plurality of
recesses 45, and in this case, for example, the tantalum
oxide layer 5 has at least a plurality of holes (e.g., pin
holes or cracks) through which the principal surface 40
of the catalyst layer 4 is partially exposed.
[0053] Moreover, in the electrolysis electrode 1, even
in the case of the catalyst layer 4 having the plurality of
recesses 45, the tantalum oxide layer 5 may have a plu-
rality of cracks through which the catalyst layer 4 is par-
tially exposed. In the manufacturing method of the elec-
trolysis electrode 1 described above, if the thickness of
the tantalum oxide layer 5 is greater than or equal to 50
nm, cracks through which the catalyst layer 4 is partially
exposed may be formed in the tantalum oxide layer 5 in
the second step of the tantalum oxide layer forming step.
Moreover, in the manufacturing method of the electroly-
sis electrode 1 described above, cracks may be formed
in the tantalum oxide layer in the second step of the tan-
talum oxide layer forming step, and in addition, cracks
continuous with the cracks in the tantalum oxide layer
may be formed in the catalyst layer 4. The plurality of
holes in the tantalum oxide layer 5 may be formed by an
etching technique, a laser processing technique, or the
like.
[0054] The electrolysis electrode 1 may include a tita-
nium oxide layer provided between the conductive sub-
strate 2 and the intermediate layer 3.
[0055] The tantalum oxide layer 5 may include tanta-
lum in addition to the tantalum oxide. In other words, the
tantalum oxide layer 5 may be a layer in which tantalum
oxide and tantalum are included.
[0056] Moreover, the electrolysis electrode 1 may fur-
ther include, on the second principal surface 22 of the
conductive substrate 2, a structural component similar
to a structural component including the intermediate layer
3, the catalyst layer 4, and the tantalum oxide layer 5 at
the side of the first principal surface 21.

(Summary)

[0057] The embodiment and the like described above
disclose the following aspects in the present specifica-
tion.
[0058] An electrolysis electrode (1) of a first aspect in-
cludes a conductive substrate (2), a catalyst layer (4),
and a tantalum oxide layer (5). The conductive substrate
(2) includes at least titanium. The catalyst layer (4) is
provided on the conductive substrate (2). The catalyst
layer (4) includes platinum and iridium oxide. The tanta-
lum oxide layer (5) is provided on the catalyst layer (4).
In the electrolysis electrode (1), the catalyst layer (4) is
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partially exposed.
[0059] The electrolysis electrode (1) of the first aspect
has improved durability.
[0060] In an electrolysis electrode (1) of a second as-
pect referring to the first aspect, the catalyst layer (4) is
a porous layer including: a plurality of composite particles
(41) each including platinum (a platinum particle 411)
and iridium oxide (iridium oxide particles 412); and a plu-
rality of pores (42). The electrolysis electrode (1) further
includes tantalum oxide (43) provided in at least one pore
(42) of the plurality of pores (42), and the tantalum oxide
(43) is in contact with the catalyst layer (4).
[0061] The electrolysis electrode (1) according to the
second aspect has improved production efficiency of
chlorine with improved durability.
[0062] In an electrolysis electrode (1) of a third aspect
referring to the first or second aspect, the catalyst layer
(4) has a plurality of recesses (45) recessed from a prin-
cipal surface (40) on an opposite side of the catalyst layer
(4) from the conductive substrate (2). The tantalum oxide
layer (5) has: a first portion (51) provided on the principal
surface (40) of the catalyst layer (4); and a second portion
(52) provided on an inner surface (451) of at least one
recess (45) of the plurality of recesses (45) in the catalyst
layer (4).
[0063] The electrolysis electrode (1) according to the
third aspect has improved production efficiency of chlo-
rine with improved durability.
[0064] In an electrolysis electrode (1) of a fourth aspect
referring to the third aspect, the catalyst layer (4) is par-
tially exposed in the plurality of recesses (45).
[0065] In the electrolysis electrode (1) of the fourth as-
pect, salt water easily enters the catalyst layer (4) in an
in-plane direction of the catalyst layer (4) through the
inner surface (451) of the at least one recess (45), the
inner surface (451) being exposed through the at least
one recess (45). Thus, it is presumed that in the electrol-
ysis electrode (1) of the fourth aspect, the catalyst layer
(4) readily contributes to production of chlorine, which
enables the durability to be improved.
[0066] An electrolysis electrode (1) of a fifth aspect re-
ferring to any one of the first to fourth aspects further
includes an intermediate layer (3). The intermediate layer
(3) is provided between the conductive substrate (2) and
the catalyst layer (4). The intermediate layer (3) includes
platinum.
[0067] In the electrolysis electrode (1) of the fifth as-
pect, peel-off of a plurality of catalyst layers (4) is sup-
pressed, which enables the durability to be improved.
[0068] In an electrolysis electrode (1) of a sixth aspect
referring to the fifth aspect, the conductive substrate (2)
has a principal surface (a first principal surface 21) facing
the catalyst layer (4), and the principal surface is a rough
surface.
[0069] In the electrolysis electrode (1) of the sixth as-
pect, adhesiveness between the conductive substrate (2)
and the intermediate layer (3) is improved, which enables
the catalyst layer (4) to be suppressed from peeling off

from a side of the conductive substrate (2), thereby im-
proving the durability.

Reference Signs List

[0070]

1 Electrolysis Electrode
2 Conductive Substrate
21 First Principal Surface
3 Intermediate Layer
4 Catalyst Layer
40 Principal Surface
41 Composite Particle
411 Platinum Particle
412 Iridium Oxide Particle
42 Pore
43 Tantalum Oxide
45 Recess
451 Inner Surface
5 Tantalum Oxide Layer
51 First Portion
52 Second Portion

Claims

1. An electrolysis electrode, comprising:

a conductive substrate including at least titani-
um;
a catalyst layer provided on the conductive sub-
strate and including platinum and iridium oxide;
and
a tantalum oxide layer provided on the catalyst
layer,
the catalyst layer being partially exposed.

2. The electrolysis electrode of claim 1, wherein

the catalyst layer is a porous layer including

a plurality of composite particles each in-
cluding platinum and iridium oxide and
a plurality of pores, and

the electrolysis electrode further includes tanta-
lum oxide provided in at least one pore of the
plurality of pores, the tantalum oxide being in
contact with the catalyst layer.

3. The electrolysis electrode of claim 1 or 2, wherein

the catalyst layer has a plurality of recesses re-
cessed from a principal surface on an opposite
side of the catalyst layer from the conductive
substrate,
the tantalum oxide layer has
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a first portion provided on the principal sur-
face in the catalyst layer and
a second portion provided on an inner sur-
face of at least one recess of the plurality of
recesses in the catalyst layer.

4. The electrolysis electrode of claim 3, wherein
the catalyst layer is partially exposed in the plurality
of recesses.

5. The electrolysis electrode of any one of claims 1 to
4, further comprising
an intermediate layer provided between the conduc-
tive substrate and the catalyst layer, the intermediate
layer including platinum.

6. The electrolysis electrode of claim 5, wherein
the conductive substrate has a principal surface fac-
ing the catalyst layer, the principal surface being a
rough surface.
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