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(54) Metal plate for electrode and electrode

(57) The present invention relates to a metal plate
for an electrode and an electrode that are mainly formed
of titanium and used in electrolysis performed in an aque-
ous solution or an organic solvent. The metal plate for
an electrode includes a fine irregular surface. The ratio
Ra/Pc of an arithmetic mean roughness Ra (in mm) to a
peak count Pc (in counts/mm) is equal to or more than

0.8. It is preferable that the maximum height roughness
Rz, the arithmetic mean roughness Ra, and the peak
count Pc of the fine irregular surface be respectively
equal to or less than 50 mm, from 3.6 to 10 mm, and from
0.5 to 5 counts/mm. It is also preferable that the irregu-
larities of the fine irregular surface be formed by rolling
and form a periodical geometric pattern.
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Description

CROSS REFERENCES TO RELATED APPLICATION

[0001] This application claims the benefit of priority based on Japanese Patent Application No. 2013-193463 filed on
September 18, 2013, the content of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates to a metal plate for an electrode and an electrode used in electrolysis.

2. Description of the Related Art

[0003] In the field of electrolysis, platinized titanium plates are generally used as an electrode material from a viewpoint
of its low overvoltage, low elution property, the cost, and so forth. In order to extend the electrode life of such platinized
titanium plates, a structure has been proposed (Japanese Patent No. 3467954). In this structure, an irregularity portion
having a height of 0.5 mm or more is formed on a discharging surface of an electrode for electrolysis.
[0004] In the field of electrolysis, high energy efficiency, that is, high electrolysis efficiency is demanded. With the
above-described related art, in which the 0.5-mm or more irregularity portion is formed on the electrode surface, the
surface area can be increased, and accordingly, contribution to improvement of the electrolysis efficiency is expected.
[0005] As the surface area of the above-described related-art electrode for electrolysis is increased, electrolysis effi-
ciency achieved with this electrode for electrolysis is slightly improved. However, the surface area does not correlate
with the conductance (electrolysis efficiency). Thus, presently, the conductance does not linearly increase as the surface
area increases.

SUMMARY OF THE INVENTION

[0006] The present invention has been proposed in view of the above-described situation, and an object of the present
invention is to provide a metal plate for an electrode and an electrode used in electrolysis of high electrolysis efficiency.
[0007] In order to address the above-described problem, a metal plate for an electrode according to the present
invention is a metal plate for an electrode used in electrolysis performed in an aqueous solution or an organic solvent.
The metal plate for an electrode includes a fine irregular surface. A ratio Ra/Pc of the fine irregular surface, which is a
ratio of an arithmetic mean roughness Ra in mm to a peak count Pc in counts/mm, is equal to or more than 0.8.
[0008] The inventors studied the relationship between the surface profile and the conductance of an electrode because
they have found that the conductance obtained by an electrode varies depending on the shape of a surface of the
electrode that contributes to electrolysis. As a result, the inventors have found that the ratio Ra/Pc of the arithmetic mean
roughness Ra (in mm) to the peak count Pc (in counts/mm) of the surface of the titanium plate correlates to the conduct-
ance, and specifically, by setting the ratio Ra/Pc to equal to or more than 0.8, a high conductance can be obtained.
Although the reason for the correlation of the above-described ratio Ra/Pc to the conductance is uncertain, it is assumed
as follows.
[0009] The irregularities of the electrode surface inhibit the flow of electrolyte solution near the electrode, thereby
obstructing transportation of ions involved in a reaction. Depending on the shape the irregularities of the electrode
surface, the flow of the electrolyte solution is changed near this electrode. This varies the degree with which the trans-
portation of the ions is obstructed, and accordingly, the conductance varies. Out of the parameters relating to the surface
profile, it is thought that the ratio Ra/Pc correlates with the amount of the ions, the transportation of which is obstructed
by the inhibition of the flow of the electrolyte solution near the electrode, that is, the conductance.
[0010] Thus, when the metal plate for an electrode includes the fine irregular surface, of which the ratio Ra/Pc is equal
to or more than 0.8, a high conductance is obtained, and accordingly, electrolysis efficiency in electrolysis using the
metal plate for an electrode is improved.
[0011] A maximum height roughness Rz of the fine irregular surface is preferably equal to or less than 50 mm. When
the maximum height roughness Rz of the fine irregular surface exceeds the above-described upper limit, it is difficult to
form irregularities, the intervals of which between adjacent peaks or valleys are further reduced, in the fine irregular
surface. When the maximum height roughness Rz of the fine irregular surface is equal to or less than the above-described
upper limit, the electrolysis efficiency in the electrolysis using the metal plate for an electrode is further improved.
[0012] The arithmetic mean roughness Ra of the fine irregular surface is preferably from 3.6 to 10 mm. When the
arithmetic mean roughness Ra of the fine irregular surface is less than the above-described lower limit, it is difficult to
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increase the ratio Ra/Pc. When the arithmetic mean roughness Ra of the fine irregular surface exceeds the above-
described upper limit, the peak count Pc of the fine irregular surface tends to increase. Thus, it is difficult to increase
the ratio Ra/Pc. When the arithmetic mean roughness Ra of the fine irregular surface is within the above-described
range, a high conductance can be reliably obtained, and accordingly, the electrolysis efficiency in the electrolysis using
the metal plate for an electrode is further improved.
[0013] The peak count Pc of the fine irregular surface is preferably from 0.5 to 5 counts/mm. When the peak count Pc
of the fine irregular surface exceeds the above-described upper limit, it is difficult to increase the ratio Ra/Pc. When the
peak count Pc of the fine irregular surface is less than the above-described lower limit, the arithmetic mean roughness
Ra of the fine irregular surface tends to decrease. Thus, it is difficult to increase the ratio Ra/Pc. When the peak count
Pc of the fine irregular surface is within the above-described range, a high conductance can be reliably obtained, and
accordingly, the electrolysis efficiency in the electrolysis using the metal plate for an electrode is further improved.
[0014] The fine irregular surface of the metal plate for an electrode preferably has irregularities that form a periodical
geometric pattern. When the fine irregular surface has the irregularities that form periodical geometric pattern, compared
to the case of random irregularities, the obtained conductance can be increased, and accordingly, the electrolysis
efficiency in the electrolysis using the metal plate for an electrode is reliably improved.
[0015] The irregularities of the metal plate for an electrode are preferably formed by rolling. In this case, the metal
plate for an electrode, by which a high conductance can be obtained, can be easily fabricated, and the cost of an electrode
for electrolysis can be reduced.
[0016] The metal plate for an electrode preferably contains titanium as the principal component. Since titanium has a
good chemical resistance and is unlikely to be corroded, by containing the titanium as the principal component of the
metal plate for an electrode, a stable electrolysis process is performed even when an electrolyte solution having a high
reactivity permeates the plating of an electrode, which is formed of titanium and plated with a precious metal, through
pinholes.
[0017] The electrode is preferably formed of the above-described metal plate for an electrode. The electrode formed
of the above-described metal plate for an electrode allows the electrolysis efficiency in the electrolysis to be improved
compared to that achieved by the related-art electrode.
[0018] The above-described arithmetic mean roughness Ra and the maximum height roughness Rz are measured
with the cut-off value λc of 0.8 mm in conformity with Japanese Industrial Standards (JIS) B 0601:2001. The above-
described peak count Pc is measured with the cut-off value of 0.8 mm, the cut-off ratio of 300, and the peak count level
2H of 1mm in conformity with the International Organization for Standardization (ISO) standard 4288-1998.
[0019] As described above, the electrode formed of the metal plate for an electrode according to the present invention
has a high conductance. Thus, electrolysis efficiency is improved by using the metal plate for an electrode according to
the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020]

Fig. 1 is a graph illustrating the relationship between a value of Ra/Pc of a titanium plate for an electrode and the
conductance of an electrode formed by platinizing this titanium plate;
Figs. 2A and 2B are conceptual views illustrating an electrode reaction;
Fig. 3 is a graph illustrating the I-V characteristics in the titanium plate electrode and the platinized electrode;
Fig. 4A is a graph illustrating the relationships among the arithmetic mean roughnesses Ra (at the cut-off value λc
of 800 mm) of the titanium plates for an electrode and the conductances of the electrodes formed by platinizing
these titanium plates, and Fig. 4B is a graph illustrating the relationships among the peak counts Pc (at the cut-off
value λc of 800 mm) and the conductances; and
Fig. 5 is a graph illustrating the relationship between the cut-off value λc and a coefficient of determination R2

between the conductance and the arithmetic mean roughness Ra and between the conductance and the peak count
Pc.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0021] Embodiments of a metal plate for an electrode according to the present invention will be described below.

Metal Plate for Electrode

[0022] A metal plate for an electrode according to an embodiment used in electrolysis is used in electrolysis performed
in an aqueous solution or an organic solvent and has a fine irregular surface. The ratio Ra/Pc of the arithmetic mean
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roughness Ra (in mm) to the peak count Pc (in counts/mm) of this irregular surface is equal to or more than 0.8.
[0023] The inventors have found that the conductance obtained by an electrode formed of a metal plate for an electrode
varies depending on the shape of a surface of the metal plate for an electrode contributing to electrolysis and that the
ratio Ra/Pc of the arithmetic mean roughness Ra (in mm) to the peak count Pc (counts/mm) of the electrode surface
correlates to the conductance as illustrated in Fig. 1.
[0024] Fig. 1 illustrates a multiple regression line obtained as follows: surface profiles of a plurality of metal plates for
an electrode, the surface of which have different irregularities, were measured; the metal plates for an electrode were
platinized and used as the electrodes; the I-V characteristics during electrolysis were measured and the conductance
was obtained; and the measured results were subjected to a multiple regression analysis.
[0025] Specifically, in the above-described measurement, the arithmetic mean roughnesses Ra (in mm) and the peak
counts Pc (in counts/mm) of a plurality of titanium plates (non-platinized titanium plates), the surfaces of which have
different irregularities, were initially measured. The arithmetic mean roughnesses Ra and the peak counts Pc were
measured under the following conditions: the cut-off value λc is 800 mm, the cut-off ratio is 300, the measurement length
is 4 mm, the measurement speed is 0.6 mm/second, and the peak count level 2H is 1 mm. The plurality of titanium plates
were platinized so as to make electrodes, which was subjected to electrolysis where the platinized electrodes were used
as counter electrodes. At this time, applied voltage and current were measured, and the conductance was obtained from
the I-V characteristics. In accordance with the measurement results, a multiple regression analysis, in which the ratio
Ra/Pc is the predictor variable and the conductance is the criterion variable, was performed, and the multiple regression
line illustrated in Fig. 1 was obtained.
[0026] The peak count refers to a total count counted as follows: an upper peak count level, which is 1 mm separated
from the center line of the roughness curve of the titanium plate surface at a peak count level (2H), is set, and when
there are two intersections of the upper peak count level and the roughness curve, it is counted as a peak.
[0027] Here, the conductance is about 0.030 G/cm2 when a mirror-finished platinum plate is used as the electrode.
Thus, when the above described ratio Ra/Pc is equal to or more than 0.8, the conductance is equal to or more than
0.035 G/cm2 in accordance with the multiple regression line illustrated in Fig. 1. From this, it can be understood that a
conductance higher than that of a smooth electrode (mirror-finished platinum plate electrode) can be obtained. That is,
by forming the irregularities in the surface, of which the above-described ratio Ra/Pc is equal to or more than 0.8, a
metal plate for an electrode, by which a high conductance can be obtained, can be made.
[0028] Since the electrode plate formed by platinizing the titanium plate has irregularities on its surface, the surface
area is larger than the apparent electrode area. However, the inventors have found that the conductance obtained by
such a platinized electrode plate may be less than the conductance obtained by a smooth electrode (mirror-finished
platinum electrode), the surface area of which is substantially equal to its apparent surface area, depending on the shape
of the irregularities. From this finding, the inventors have found that the increase in the surface area due to the irregularities
of the electrode surface does not necessarily contribute to an increase in the conductance.
[0029] Accordingly, the inventors thought that a platinized electrode having irregularities on its surface and by which
a larger conductance than that obtained by a smooth electrode (mirror-finished platinum electrode) has a substantially
optimum structure of irregularities and is highly efficient. The inventors have subsequently found the parameter for
irregularities relating to the conductance as described above with reference to the conductance obtained by the smooth
electrode.
[0030] Why it is assumed that the conductance obtained by the metal plate for an electrode correlates with the above
described ratio Ra/Pc will be described hereafter.
[0031] In general, electrode reaction occurs in electrolysis as follows: that is, ions move in an electrolyte solution, are
activated near a surface of an electrode, and exchange charges on the electrode.
[0032] Figs. 2A and 2B are conceptual views of the electrode reaction. Fig. 2A illustrates a state of a potential E near
an electrode interface. Fig. 2B is an enlarged conceptual view of part of an electric double layer 3 near an electrode 1
in Fig. 2A.
[0033] Since dipoles 5 are formed of the ions attracted by the potential of the electrode 1 near the electrode 1, the
potential E of the electrode linearly changes in a Helmholtz layer 6 immediately adjacent to the electrode 1. Alignment
of the dipoles 5 are gradually disturbed on a side further from the electrode 1 than the Helmholtz layer 6. Thus, the
potential E gently reduces in a Gouy-Chapman layer 7. On a side further from the electrode 1 than the Gouy-Chapman
layer 7, charges of ions having positive charges and charges of ions having negative charges cancel out one another,
thereby maintaining an electrically neutral state. In general, in a size larger than a length represented by a Debye length,
positive and negative charges cancel out one another. Thus, the state is generally neutral and there is no effect of the
potential of the electrode 1.
[0034] The electric double layer 3 is generally several to 50 times thicker than an atom or a molecule. Ions contributing
to the reaction are not affected by the electrical attractive force until they reach the electric double layer 3. A diffusion
layer 4 of 10-3 cm or less is provided on a side further from the electrode 1 than the electric double layer 3. The diffusion
of ions in the diffusion layer 4 is controlled mainly by random motions and follows the Stokes-Einstein Relationship.
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Thus, a diffusion coefficient representing the diffusion is a function of the viscosity of the electrolyte, the temperature of
the solution, and the diameter of the ions. Considering that electrolysis is typically performed at a constant temperature,
the diffusion coefficient is the function of the viscosity of the electrolyte.
[0035] As illustrated in Fig. 2A, the ions contributing to the electrode reaction (elementary reaction A) move from a
convection and diffusion region 2 located further away from the electrode 1 than the diffusion layer 4. Thus, in addition
to the diffusion of the ions in the solution, the ions are affected by voluntary stirring due to, for example, the convection
of the electrolyte solution and forced bubbles. When there is no stirring, the ion concentration of the diffusion layer 4 is
changed by the electrode reaction, and accordingly, a concentration gradient of the ions is formed, thereby facilitating
the diffusion. As described above, in order to facilitate the electrode reaction, speeds of reactions including the diffusion
of the ions toward the electrode need to be increased in every reacting path.
[0036] However, when the electrode surface has the irregularities, the flow of the electrolyte solution near the electrode
is inhibited, and transportation of the ions involved in the reaction is obstructed. That is, it is thought that, when the peak
count Pc of the electrode surface is large, ion transportation is obstructed because of the increased projections and
recesses. Despite this, when the arithmetic mean roughness Ra is large, that is, the projections and recesses are formed
to some degree, the area of the electrode increases due to the effect of the projections and recesses. This facilitates
exchange of charges on the electrode. For this reason, it is assumed that, with Ra/Pc set to equal to or more than a
constant value, a high conductance can be obtained.
[0037] The lower limit of the ratio Ra/Pc of the arithmetic mean roughness Ra (in mm) to the peak count Pc (counts/mm)
is more preferably 1.2. Also, the upper limit of the above-described ratio Ra/Pc is preferably 4. When the ratio Ra/Pc is
equal to or more than the above-described lower limit, a high conductance of 0.37 G/cm2 or more can be obtained by
a titanium plate, and the conductance can be increased after the titanium plate has been platinized. When the ratio
Ra/Pc exceeds the upper limit, it is difficult to form a fine irregular surface having a shape, by which such a high
conductance can be obtained. This may lead to an increase in the production cost.
[0038] The upper limit of the maximum height roughness Rz of the above-described fine irregular surface is preferably
50 mm, and more preferably 40 mm. When the maximum height roughness Rz of the fine irregular surface exceeds the
upper limit, it is difficult to form irregularities in which intervals between adjacent peaks or valleys are further reduced.
As a result, the conductance obtained by the metal plate for an electrode cannot be further improved.
[0039] The lower limit of the arithmetic mean roughness Ra of the fine irregular surface is preferably 3.6 mm, and more
preferably 4 mm. The upper limit of the arithmetic mean roughness Ra of the fine irregular surface is preferably 10 mm,
and more preferably 7 mm. When the arithmetic mean roughness Ra of the fine irregular surface is less than the lower
limit, it is difficult to increase the ratio Ra/Pc, and accordingly, the conductance obtained by the metal plate for an
electrode cannot be improved. When the arithmetic mean roughness Ra of the fine irregular surface exceeds the upper
limit, the peak count Pc of the fine irregular surface tends to increase. Thus, it is difficult to increase the ratio Ra/Pc, and
accordingly, the conductance obtained by the metal plate for an electrode cannot be improved.
[0040] The lower limit of the peak count Pc of the fine irregular surface is preferably 0.5 counts/mm, and more preferably
1.5 counts/mm. The upper limit of the peak count Pc of the fine irregular surface is preferably 5 counts/mm, and more
preferably 4.5 counts/mm. When the peak count Pc of the fine irregular surface exceeds the upper limit, it is difficult to
increase the ratio Ra/Pc, and accordingly, the conductance obtained by the metal plate for an electrode cannot be
improved. When the peak count Pc of the fine irregular surface is less than the lower limit, the arithmetic mean roughness
Ra of the fine irregular surface tends to decrease. Thus, it is difficult to increase the ratio Ra/Pc, and accordingly, the
conductance obtained by the metal plate for an electrode cannot be improved.
[0041] Furthermore, as the irregularities of the fine irregular surface, irregularities that form a periodical geometric
pattern are desirable compared to random irregularities. With the irregularities that form a periodical geometric pattern,
the solution regularly flows near the electrode surface, and accordingly, obstruction of transportation of ions near the
electrode surface is reduced. As a result, the ions are activated near the electrode surface, thereby reliably improving
the conductance.

Other Embodiments

[0042] Although the metal plate for an electrode uses a platinized titanium plate in the above-described embodiment,
the material of the electrode may be a material other than titanium. For example, the material of the electrode may be
tantalum, niobium, zirconium, hafnium, vanadium, molybdenum, tungsten, or an alloy of any of these materials. The
electrode material may be plated with a precious metal other than platinum. For example, the electrode material may
be gold-plated or rhodium-plated.

Examples

[0043] Hereafter, the present invention will be more specifically described with examples.
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First Example

[0044] As a sample electrode of a first example, a titanium plate having periodically structured irregularities, in which
the maximum height roughness Rz of the irregularities is 15 mm, was platinized.

Second Example, Third Example, First Comparative Example

[0045] As sample electrodes of a second and third examples and a first comparative example, random irregularities
were formed in the surfaces of titanium plates. The random irregularities were formed of steps made by a rolling process
with reduction rollers, which have irregular surfaces. The resultant titanium plates were platinized. The sizes of the steps
of the irregularities of the surfaces of the titanium plates were different from one another among the second and third
examples and the first comparative example.

Measurement of Surface Profile and Conductance

[0046] The irregularities of the surfaces and the conductances of the sample electrodes according to the first to third
examples and the first comparative example were measured. The conductances were measured by performing an
electrolysis experiment.
[0047] The irregularities of the surfaces of these samples were measured with a surface roughness tester (SURFCOM
130A by TOKYO SEIMITSU CO., LTD.). The arithmetic mean roughnesses Ra (in mm) and the peak counts Pc (in
counts/mm) of the surfaces of the sample electrodes were measured under the following conditions: the cut-off value
λc is 800 mm, the cut-off ratio is 300, the measurement length is 4 mm, the measurement speed is 0.6 mm/second, and
the peak count level 2H is 1 mm.
[0048] In the electrolysis experiment, each sample electrode was masked by polyimide tape with a 10 mm x 10 mm
region of the surface of the sample electrode exposed from the mask. As wiring from the sample electrodes, a φ0.5 mm
stainless steel wire formed of a stainless steel specified as Steel Use Stainless (SUS) 304 in the Japanese Industrial
Standards was firmly wound around each of the sample electrodes, and secured by crimping. Junctions with copper
wires were sealed by epoxy resin (by Stycast 2057 and Catalyst 11 by Henkel Japan Ltd.). A 3-liter beaker was filled
with an electrolyte solution containing 3.5 percent by mass of NaCl conforming to Japanese pharmacopoeia. The sample
electrodes opposed counter electrodes (platinized) in the electrolyte solution such that a 10-mm gap was set between
each of the sample electrodes and a corresponding one of the counter electrodes. In order to prepare the electrolyte
solution, 105.0 g of NaCl was put into the 3-liter beaker, and after that, pure water was poured into the beaker to the
measurement mark to dissolve the NaCl in the pure water. A stirrer and a diaphragm pump were used to spray the
electrolyte solution onto the electrode surface and stir the electrolyte solution.
[0049] In order to measure the I-V characteristics, a power unit was programmed so as to perform a sweep from 0 to
5 V in about 13 seconds. At this time, the electrode voltage and the current were measured with a data logger. The
current was measured from the voltage of a shunt resistor connected to circuitry. The conductance of the electrolyte
solution was measured before and after the measurement so as to confirm that the electrolyte solution was not significantly
changed by the electrolysis.
[0050] Table 1 shows results of the measurement of the surface profiles and results of the measurement in the
electrolysis experiment of the sample electrodes according to the first to third examples and the first comparative example.
Table 1 also shows the ratios Ra/Pc of the examples and the comparative example.

[0051] A high conductance can be obtained by each of the sample electrodes according to the first to third examples.
The conductance obtained by the electrode of the first example, which has periodical irregularities, is higher than the
conductances obtained by the electrodes of the second and the third examples, which have random irregularities.
[0052] When the measurement results of the examples and the comparative example shown in Table 1 are compared
with the graph illustrated in Fig. 1, it is understood that the measurement results of each of the examples and the

Table 1

Sample name Ra (mm) Pc (counts/mm) Ra/Pc Conductance (G/cm2)

First example 4.0 1.75 2.29 0.043

Second example 5.4 3.75 1.44 0.040

Third example 3.7 4.50 0.82 0.038

First comparative example 3.5 6.00 0.58 0.031
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comparative example are plotted near the multiple regression line in Fig. 1.

Other Tests

[0053] The inventors performed the following tests before the relationship illustrated in Fig. 1 had been obtained.
[0054] The inventors fabricated a plurality of titanium plates, the surfaces of which have different irregularities, on the
basis of the above-described electrolysis model. Sample electrodes were made by platinizing these titanium plates and
subjected to electrolysis in an NaCl solution. The conductances of the electrodes were obtained from the electrolytic
characteristics measured in this electrolysis, and the dependency of the conductance on the structure of the irregularities
was studied.
[0055] Specifically, the surface areas and the conductances of the metal plates for an electrode, the surfaces of which
have different irregularities, were measured. Electrodes were made by platinizing titanium plates in a pinhole free manner,
and a plurality of metal plates for an electrode, the surfaces of which have different irregularities, are fabricated. The
surface areas and the conductance of these metal plates for an electrode were measured. The above-described irreg-
ularities formed on the electrode surfaces were the following four types: periodical irregularities having the maximum
height roughnesses Rz of the irregularities of 15 mm and 30 mm; and random irregularities formed of high and low steps
made by machining with reduction rollers, the surfaces of which were made by electrical discharge machining. The
periodical irregularities formed here may be referred to as embossed structures hereafter.
[0056] For each of the metal plates for an electrode, the I-V characteristics were measured while changing the applied
voltage from 0 to 5 V in about 13 seconds with a programmable power unit, thereby obtaining the conductances. The
surface areas of the metal plates for an electrode were measured by a confocal laser scanning microscope (OLS31-SU
by Olympus Corporation). Thus, the relationships between the surface areas and the conductances were evaluated.
[0057] In the field of electrolysis, in order to improve electrolysis efficiency, the surface area of the metal plate for an
electrode is increased. The reason for this is as follows: that is, by increasing the surface area of the metal plate for an
electrode, it is thought that many charges for reactions can be imparted. However, as a result of the measurement of
the surface areas and the conductances of the metal plates for an electrode having the above-described four types of
fine irregular surfaces, the conductances are reduced in some cases despite the increase in the surface areas. The
reason for this is that the irregularities for increasing the surface area are assumed to inhibit diffusion of active species
near the surface of the electrode. Thus, it is recognized that the surface area of the electrode is not only the parameter
that determines conductance.
[0058] In order to analyze in detail the effects of inhibiting the diffusion of ions produced by irregularities of the electrode
surface, flow needs to be analyzed by using a computer simulation on the basis of the surface profile so as to optimize
the irregularities. However, in order to do this, the calculation cost is necessary. Thus, based on the above-described
prediction, the inventors have simply found the tendency of the flow along the surface with the arithmetic mean roughness
Ra and the peak count Pc as parameters that can be measured by the surface roughness tester.
[0059] Initially, a non-platinized pure titanium plate and a platinized titanium plate were used as electrodes and the I-
V characteristics of these electrodes were measured. The relationships among the characteristics of the titanium plate
electrode and the platinized electrode were studied.
[0060] The pure titanium plate and the platinized titanium plate used as sample electrodes were made to have a size
of 1 cm x 1 cm, and a 2 cm x 2 cm platinized titanium plate was used as a counter electrode.
[0061] With the 1 cm x 1 cm non-platinized planar pure titanium plate and the 1 cm x 1 cm platinized titanium plate
as the sample electrodes and the 2 cm x 2 cm platinized titanium plate as a counter electrode, a voltage was applied
between the electrodes in a 3.5 percent by mass NaCl solution, and the current was measured. In the case where the
platinized electrode was used as the sample electrode, the sample electrode was used as the anode and the counter
electrode was used as the cathode. However, using the pure titanium plate as the anode facilitates anodization, and
accordingly, reduces the conductance. Thus, in the case where the titanium plate electrode was used as the sample
electrode, the sample electrode was used as the cathode and the counter electrode was used as the anode.
[0062] With each of the sample electrodes, measurement of the I-V characteristics, in which the applied voltage was
changed from 0 to 5 V in 13 seconds, was performed three times. Out of the three measurement runs, the I-V charac-
teristics measured in the third measurement run, in which the electrolysis was stabilized, are illustrated in Fig. 3. Referring
to Fig. 3, circular plots represent the I-V characteristics of the titanium plate electrode, and square plots represent the
I-V characteristics of the platinized electrode.
[0063] As illustrated in Fig. 3, in the platinized electrode, a slight electrolytic current flows from about 1.1 V, and then,
the current significantly increases from about 2.1 V In the titanium plate electrode, an electrolytic current flows from
about 1.7 V, and then, the current steeply rises from about 3.5 V. The reason for this is that, in the case of the titanium
plate electrode, such a degree of a potential that cuts the bonding between hydrogen and titanium (over voltage) needs
to be applied in order to start electrolysis.
[0064] It can be seen from Fig. 3 that a current change amount with respect to the voltage change in the titanium plate
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electrode after the electrolysis has started substantially coincides with a current change amount with respect to the
voltage change in the platinized electrode. Thus, it can be said that a change in the conductance of the titanium plate
electrode after the electrolysis has started correlates to a change in the conductance of the platinized electrode.
[0065] Next, Fig. 4A illustrates the relationships among the arithmetic mean roughnesses Ra and the conductances
in the fine irregular surfaces of the sample electrodes according to the first to third examples and the first comparative
example, and Fig. 4B illustrates the relationships among the peak counts Pc and the conductances. In each of these
graphs, a multiple regression line obtained by a multiple regression analysis is shown.
[0066] Next, the cut-off value λc was changed, and the arithmetic mean roughnesses Ra and the peak counts Pc of
the electrodes according to the first to third examples and the first comparative example were measured so as to examine
changes in the degree of correlations between the conductances and the arithmetic mean roughnesses Ra and between
the conductances and the peak counts Pc depending on the cut-off value λc. Fig. 5 illustrates the relationship between
the cut-off value λc and a coefficient of determination R2 obtained by a multiple regression analysis. In Fig. 5, square
plots represent the relationship between the conductance and the arithmetic mean roughness Ra, and circular plots
represent the relationship between the conductance and the peak count Pc.
[0067] It can been seen from the results illustrated in Fig. 5 that, as the cut-off value λc is reduced, the coefficient of
determination R2 differs more from 1, which is the ideal value of the coefficient of determination R2. This means that the
conductance no longer correlates with the arithmetic mean roughness Ra and the peak count Pc. Also, it can be seen
that the arithmetic mean roughness Ra and the peak count Pc measured with the cut-off value λc from about 250 to
800 mm correlate with a physical phenomenon that controls the conductance.
[0068] Thus, it is understood that the arithmetic mean roughness Ra and the peak count Pc of the fine irregular surface
of the titanium that has not yet undergone platinization and blasting correlate with the conductance of the platinized
electrode.
[0069] Although the present invention has been described, the present invention is not limited to the aforementioned
embodiment and examples, and implementation of the present invention with a variety of changes or modifications is
possible without departing from the scope conforming to the gist of the present invention. These changes and modifi-
cations are included in the technical scope of the present invention.
[0070] As has been described, a higher conductance can be obtained by the metal plate for an electrode and the
electrode formed of this metal plate for an electrode. Accordingly, the metal plate for an electrode and the electrode
formed of the metal plate for an electrode can be preferably used in an apparatus such as an electrolysis apparatus
used to perform electrolysis in an aqueous solution or an organic solvent.

Claims

1. A metal plate for an electrode used in electrolysis performed in an aqueous solution or an organic solvent, the metal
plate comprising:

a fine irregular surface,
wherein a ratio Ra/Pc of the fine irregular surface, which is a ratio of an arithmetic mean roughness Ra in mm
to a peak count Pc in counts/mm, is equal to or more than 0.8.

2. The metal plate for an electrode according to Claim 1,
wherein a maximum height roughness Rz of the fine irregular surface is equal to or less than 50 mm.

3. The metal plate for an electrode according to Claim 1 or 2,
wherein the arithmetic mean roughness Ra of the fine irregular surface is from 3.6 to 10 mm.

4. The metal plate for an electrode according to Claim 2,
wherein the arithmetic mean roughness Ra of the fine irregular surface is from 3.6 to 10 mm.

5. The metal plate for an electrode according to Claim 1,
wherein the peak count Pc of the fine irregular surface is from 0.5 to 5 counts/mm.

6. The metal plate for an electrode according to Claim 1,
wherein the fine irregular surface has irregularities that form a periodical geometric pattern.

7. The metal plate for an electrode according to Claim 2,
wherein the fine irregular surface has irregularities that form a periodical geometric pattern.
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8. The metal plate for an electrode according to Claim 3,
wherein the fine irregular surface has irregularities that form a periodical geometric pattern.

9. The metal plate for an electrode according to Claim 4,
wherein the fine irregular surface has irregularities that form a periodical geometric pattern.

10. An electrode,
wherein the electrode is formed of the metal plate for an electrode according to any one of Claims 1 to 9.
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