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ABSTRACT
An electrcde for use 1n hydrogen generation
comprising a conductive base and a coating laver f[ormed
thereon of a compoesition obtainable by thermally
decomposing, 1n the presence of an organic acid, a
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DESCRIPTION

ELECTRODE FOR USE IN HYDROGEN GENERATION

TECHNICAL FIELD

The present 1nvention relates to an electrode

for use 1n electrolysis, 1n particular, an electrode

for use 1n hydrogen generation which is suitably used

1n the electrolysis of sodium chloride based on an ion

exchange membrane method and which exhibits a low

F

overvoltage over a long period of time.

BACKGROUND ART

#

In the process of the electrolysis of sodium

chloride based on an ion exchange membrane method, the

ﬂ

reduction of energy consumption is one of the most

important issues. A detailed analysis of the voltage
1nvolved 1in the electrolysis of sodium chloride based
on an 1ion exchange membrane method shows that the
voltage 1ncludes, 1in addition to the theoretically

required voltage, the voltage due to the ion exchange

membrane, the overvoltages of the anode and cathode,
and the voltage dependent on the distance between the
anode and cathode 1n the electrolysis vessel.

N AR

As for the overvoltages of the electrodes

|

among these various voltages, as

—

of the anode 1s concerned, the so-called insoluble

electrode referred to as the DSA (Dimension Stable

"ar as the overvoltage

W0946
47/11
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Anode), provided with a coating layer of a platinum
group oxide, reduces the overvoltage to a level lower
than 50 mV or less such that no further improvement can

be expected.

On the other hand, as far as the cathode 1is

concerned, such ccnventionally used materials as mild
steel, stalnless steel and nickel exhibit overvoltages
ranging from 300 to 400 mV. Accordingly, the

p

activation of the surfaces of these materials has been

studied for the purpose of reducing the overvoltages.

Examples include a highly active cathode

produced from an oxide by thermal spraying of nickel

oxlde, cathodes utilizing Raney nickel based metals,

gr—

cathodes taklng advantage of composite plating with

nickel and tin, and cathodes based on composite plating

-~

of active charcoal and oxides; all of these cathodes

—

have been attempted to be applied to the cathode for

use 1n hydrogen generation in caustic soda.

However, for the purpose of reducing the

electrolysis voltage, it 1s necessary to further reduce

the overvoltage, and accordingly electrodes based on

various concepts have been proposed.

In JP-B-3-75635 (EP129734B), a layer of a

heterogeneous mixture composed of a platinum group

oxlde and nickel oxide has been formed as a coating

ltayer on a conductive metal base and thus a cathode

having a low overvolatage has been made.

In USP 4,008,370, composite plating with a
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noble metal oxide and metallic nickel actualizes a low

overvoltage and enhances the durability of the coating

layer. In JP-B-6-33481 and JP-B-6-33492 (USP 4,900,419

cr EP 298,055B), a composite substance composed of
platinum and cerium 1s adopted as an electrode coating
material, permilitting enhancement of the poisoning

resistance against iron.

In USP 5,645,930 and USP 5,882,723, ruthenium

chloride, palladium chloride and ruthenium oxide are

applied onto a conductive base, the base thus processed

1s calcined in the air, and thereafter subjected to

electroless plating with nickel, thus improving the

coating strength.

In JP-A-11-140680, an electrode coating layer

P

mainly composed of ruthenium oxide is formed on a metal

base, and further a porous and low-active protective

P

layer 1is formed on the surface thereof, thus improving

the electrode durability.

In JP-A-11-158678, an electrode coating layer

1s formed which is provided with a coating layer of

ruthenium oxide, nickel and a rare earth metal capable

F e

of absorbing hydrogen formed on a metal base by

pyrolysis, and thus electrolytic oxidation is prevented

by maintainling the cathode at the hydrogen absorbing

potential against the reverse current caused by the

P

termination of the electrolysis.

In JP-A-11-229170, an electrodeposited nickel

layer 1s provided in which ruthenium oxide is
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dispersed, the surface of the layer is coated with a

conductilive oxide composed of titanium oxide, and thus

the resistance to mercury poilisoning is improved.

However, even 1n the above described

examples, the electrode operating life is short

ﬁ

as matters stand, 1ndeed, further elongation of

electrode operating life 1s an objective.

layer 1s made porous and hence the surface ares

larger so that the resistance to the Impurities

soO that

the

In WO01/28714, the interior of the coating

1S made

found

1n alkalil 1s improved, and a cathode having a low

overvoltage 1s formed.

DISCLOSURE OF TH.

(4]

INVENTION

The present invention was achieved for the

purpose of overcoming the above described problems and

takes as 1ts object the provision of a cathode which is

stable 1n quality, low in overvoltage and excellent in

g

durability by applying a pyrolysis method suitable for

mass production.

As a result of an 1nvestigation intended to

obtaln a cathode 1in line with the above described

object for the purpose of overcoming the above

described problems, the present inventors came to find

the experimental results described below in the course

P

of the i1nvestiligation.

(a) Ruthenium oxide and the hydrate thereof are

)

effective as the electrode active material for an
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active cathode.
(b) However, ruthenium oxilide 1s slowly reduced to
ruthenium hydrate at the hydrogen generation potential
so that a structural change 1s caused.

5 (c) When ruthenium chloride is thermally

v

decomposed 1n a reductive atmosphere of hydrogen or an

inert gas, 1t 1s reduced into metallic ruthenium;

metallic ruthenlum 1s high in overvoltage, and 1is

easlly exfoliated from the base, thereby resulting in

10 poor durability.
(d) When the temperature is railsed 1in the
pyrolysis, the carbon atoms in oxalic acid exhibit an

-

oxldation effect so that the generation of ruthenium

oxide 1s scarce even for the case where calcination 1is
15> conducted 1n an oxidative atmosphere. Additionally, a
substance calcined 1n the presence of oxalic acid is
low 1n overvoltage and tends to maintain a stable
structure even at the hydrogen generation potential in

contrast to the metallic ruthenium generated by

20 calcination 1n a reductive atmosphere, and accordingly

P
i

can maintain a low overvoltage over a long period of

t1me.

(e) Compounds of lanthanum, cerium and yttrium

themselves are poor in hydrogen generation activity,

25 but the oxides thereof are converted from particle

shapes 1nto needle shapes during electrolysis, and the

needle-shape forms play the role of holding the coating

layer composed of either ruthenium oxide or ruthenium
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hydrate, thus being effective 1n preventing the

—

physical extoliation of the coating layer.

The present inventors perfected the present

1nvention by discovering a technique which permits the

5O production of a crystal structure stable as a cocating
layer even by pyrolysis 1n an oxidative atmosphere with
generation of reductive hydrogen, as a result of the

investigation described above. Herewith, it has become

possible to provide a cathode that is small in the

10 number of constraints for production, low in production
cost and can maintain a low overvoltage over a long
period of time.

In other words, the present invention 1is

described as follows.
15 (1) An electrode for use 1n hydrogen generation

comprising a conductive base and a coating layer formed

thereon of a composition which 1s obtainable by

pyrolysis, 1n the presence of an organic acid, of a
mixXxture comprising at least one type of platinum group

20 compound.

(2) An electrode for use 1n hydrogen generation

comprising a conductive base and a coating layer formed

gri=—
p—-

thereon of a composition which is obtained by thermally

decomposing, 1in the presence of an organic acid, a
25 mixture comprising at least one type of platinum group

compound and at least one type of compound selected

from the group consisting of a lanthanum compound, a

cerium compound and a yttrium compound.
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(3) The electrode for use 1n hydrogen generation

[

described above 1n (2), wherein the amount of at least

one type of compound selected from the group consisting

=

of a lanthanum compound, a cerium compound and a

yttrium compound falls within a range from 1/20 to 1/2

mol 1n relation to one mol of metal component in the

above described platinum group compound, and the amount

of the above described organic acid falls within a

range from 1/20 to 2 mols in relation to one mol of the

metal component 1n the platinum group compound.

(4) The electrode for use in hydrogen generation

)

described above i1n any of (1) to (3), wherein the above
described platinum group compound is a ruthenium
compound and the above described organic acid is oxalic

acid.

(5) An electrode for use in hydrogen generation

comprising a conductive base and a coating layer formed

thereon, wherein the coating layer is a composition

obtainable by thermally decomposing, in an oxygen

atmosphere, a mixture comprising a ruthenium compound,

oxallc acid 1n a range from 1/20 to 2 mol and at least

one type of compound selected from the group consisting

F

of a lanthanum compound, a cerium compound and a

yttrium compound in a range from 1/20 to 1/2 mol, in
relation to one mol of metal component in the ruthenium

compound.

(6) A method of producing an electrode for use in

p‘

hydrogen generation, comprising the steps of applying
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onto a conductive base a mixture comprising at least
one type of platinum group compound and thermally

decomposing the applied mixture in the presence of an

organic acld to form a coating layer on the conductive
o base.
(7) An electrode for use in hydrogen generation

obtalnable by the method described above 1In (6).

A1

(8) A method of producing an electrode for use in

hydrogen generation, comprising the steps of applying

10 onto a conductive base a mixture comprising at least

one type of platinum group compound and at least one

type of compound selected from the group consisting of

a lanthanum compound, a cerium compound and a yvttrium

compound, and thermally decomposing the applied mixture
15 1n the presence of an organic acid to form a coating

layer on the conductive base.

—

(9) The method of producing an electrode for use

in hydrogen generation described above in (8), wherein

the amount of at least one type of compound selected

20 from the group consisting of a lanthanum compound, a

cerlum compound and a yttrium compound falls within a
range from 1/20 to 1/2 mel in relation to one mol of

metal component 1n the above described platinum group

compound and the amount of the organic acid falls

25 WwWithin a range from 1/20 to 2 mol in relation to one

”

mol of the metal component in the platinum group

compound.

(10) The method of producing an electrode for use
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in hydrogen generation described above 1n any one of
(6), (8) and (9), wherein the above described platinum

group compound 1s a ruthenium compound and the organic

aclid 1s oxalic acid.

5 (11) The method of producing an electrode for use

-
-

1n hydrogen generation described above 1n any one o:

(6) and (8) to (10), wherein the pyrolysis 1s conducted

1n an oxygen atmosphere.

The present 1invention relates to an

10 electrode for use in hydrogen generation comprising a
nickel base and a coating layer formed thereon of a
composition obtained by thermally decomposing, in the
presence of an oxalic acid, a mixture comprising a
ruthenium compound and a cerium compound, wherein the

15 intensity ratio between a ruthenium oxide in the
coating layer of the composition obtained by the
thermal decomposition and the nickel of the base is

5/100 or less.

The present 1invention also relates to a
. method of producing an electrode for use in hydrogen
generation, comprising the steps of applying onto a
nickel base a mixture comprising a ruthenium compound
and a cerium compound and thermally decomposing the

applied mixture in the presence of an oxalic acid to

, form a coating layer on the nickel base.
5
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The electrode of the present 1nvention 1s
used as an active cathode 1in chlor-alkall electrolysis

based on the ion exchange method. Additionally, the

active cathode of the present 1invention 1s sultably
5 used particularly 1n a zero—-gap type chlor-alkalil
electrolysis vessel based on an 1on exchange membrane

method, maintalns a low overvoltage over a long period

of time and is excellent in durability, and can prevent

the deterioration of the 1on exchange membrane because

10 the elution from the electrode 1s tow at the

termination of the electrolysis vessel operation.

[

4

BRIEEF DESCRIPTION OF THE DRAWINGS

15
FIG. 1 shows an X-ray diffraction chart
obtained before and after electrolysis for the coating
layer composed of the pyrolysis product of RuCl, + CeCl,
20

29
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+ oxalic acid in Example 2;

FIG. 2 shows a transmission -electron

micrograph of a section of the cathode coating layer of

Example 2 after energization;

F

FIG. 3 shows an X-ray diffraction chart

obtained before and after electrolysis for the coating

layer composed of the pyrolysis product of RuCl,; 1n

Comparative Example 1; and

FIG. 4 shows an X-ray diffraction chart
obtained before and after electrolysis for the coating

layer composed of the pyrolysis product of RuCl; + CeCl,

in Comparative Example 2.

BEST MODE FOR CARRYING OUT THE INVENTION

Because the conductive base 1s used 1n a high
concentration alkali agueous solution, 1t may be made
of a stainless steel, but iron and chromium are eluted
from a stainless steel electrode and the conductivity
of a stainless steel is of the order of 1/10 that of
nickel so that it 1is preferable to use nickel.

The base shape 1s not particularly limited,
and an appropriate shape can be chosen according to the
purpose 1n such a way that a porous plate shape, an

expanded shape and a woven mesh shape formed by weaving

nickel wire are preferably used. As for the base
shape, an appropriate shape 1s dependent on the
distance between the anode and cathode; when the

distance 1s finite, either a porous plate shape or an
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expanded shape 1s used, while when the membrane and the
electrodes contact each other, namely, a zero gap

electrolysls vessel is used, a woven mesh made by

weaving thin wire or the like is used.

It 1s preferable that these bases are
annealed 1n an oxidative atmosphere to alleviate the

residual stress because the residual stress generated

at the time of fabrication still remains.

Additionally, for the purpose of forming the coating

layer on the base surface in an adhering manner, it is

preferable to form irregularities on the base surface

by the use of a steel grid or alumina powder and

thereafter the surface area is increased by the acid

TLreatment.

The roughness degree of the surface is not

particularly specified, but it is desirable that

F

preferably the JIS surface roughness of Ra = 1 to 10 um

be employed, because the base is sometimes used in such

a manner that 1t contacts the ion exchange membrane.

Accordingly, 1t i1s preferable that blasting 1is
conducted by use of an alumina powder of 100 um or less
1n average particle size, or an acid treatment is
conducted. As the acid, preferably used are the

inorganic acids 1ncluding hydrochloric acid, nitric

acid, sulfuric acid and phosphoric acid, among which

sulfuric acid 1s preferably used owing to easier

F

handling. It is preferable that the acid treatment is

conducted at a temperature falling within the range
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from 60 to 90°C with an aqueous sulfuric acid of 10 to

50 wtzs for 1 to 8 hours.

It 1s preferable that as the pretreatment of

the base, an aqueous solution containing 0.001 to 1% of

surfactant 1s applied thereon and dried, and then a

coating solution as described below is applied thereon.

The pretreatment i1mproves the wettability of the base

surface and base surface irregularities sc that the
coating solution can be applied evenly even in the
interior portions of the irreqularities; accordingly,

at the time of calcination in the air, the electrode

active material is formed even in the interior portions

of the 1rregularities in the base surface. This

concelvably provides the effect of increasing the
surface area and the effect of improving the
adhesiveness between the electrode active material,

that 1s, the electrode coating layer and the electrode

base.

The surfactant used in the above described

P

pretreatment may be any type of the anionic, cationic

and nonionic types, and actually a nonionic surfactant

 and

1s preferably used. The amount of the surfactant can

pbe small such that a 0.1 to 0.01% agueous solution is
preferably used.
The platinum compound used as the component

1n the coating solution 1s selected from the Pt

compounds, Ir compounds, Ru compounds, Rh compounds, Pd

compounds and Os compounds; the ruthenium compounds are
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most preferable. The platinum group compound used as

the component 1n the coating solution can be any form

of chloride, sulfate and nitrate; the chlorides are

preferably used 1in view of the ease 1n pyrolysis and

—
pr—

the ease 1n the availability of the raw salts thereof.

The metal concentration in a platinum group compound 1s

F
p—

not particularly limited, but preferably falls within

the range from 10 to 200 g/L, more preferably within

the range from 50 to 120 g/L, in view of the thickness

F

of the coating layer in one application.

i

Any forms of the lanthanum compounds, cerium

compounds and yttrium compounds can be used, but the

metal salts such as nitrates, sulfates and chlorides

are preferable, and the chlorides are used more

P

preferably i1in view of the ease in pyrolysis and the

ease 1n the availability of the raw salts thereocf. The

substance having the effect of creating the reductive

atmosphere at the time of pyrolysis is the one having

carbon such as oxalic acid, formic acid, acetic acid,

citric acid and the like, among which oxalic acid is

preferably used. The two forms of anhydrate and

dihydrate exist for oxalic acid, among which the

)

dihydrate 1s preferably used in view of the ease of

availablilty.

An organic acid can be added to a solution of

a mixture containing a platinum group compound and at

least one type of compound selected from the group

consisting of lanthanum compounds, cerium compounds and
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yttrium compounds, or an organic acld can be placed in

P

the furnace at the time of pyrolysis 1nstead of adding

to the solution of the mixture. However, it is

desirable that the organic acid is mixed with a

Ui}

platinum group compound and at least one type o:

compound selected from the group consisting of

lanthanum compounds, cerium compounds and yttrium

compounds. Other solutions can be added to the
solution of the mixture. The mixture may remain
partially as precipitates in the solution. Such

solutions 1nclude water, various alcohols including
propyl alcohol, butyl alcohol and allyl alcchol and

other solvents, and have only to be those that can

dissolve or suspend the mixture. It is most preferable
that the solution i1s either an aguecus solution or a

suspension 1n water.

As for the mixture contalning an organic

acid, a platinum group compound and at least one type

of compound selected from the group consisting of

lanthanum compounds, cerium compounds and yttrium

compounds, 1t 1s preferable that the amount of the

organic acid falls within the range from 1/20 to 2 mol

and the amount of cerium falls within the range from
1/20 to 1/2 mol in relation to one mol of the metal
component 1n the platinum group compound, in order for
the components of the mixture to be thermally

decomposed and for the coating layer to display a

sufficient effect.
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When the amount of the organic acid 1s

smaller that 1/20 mol in relation to one mol of the

metal component 1n the platinum group compound, the

reduction prevention effect of the organic acid 1s not

sufficient 1n the coating layer, while when the amount

1s larger than 2 mols, precipitates and the like are

F

generated 1n preparation cf the coating solution.

Preferably, the amount of the organic acid falls within

the range from 1/10 to 1 mol and the amount of cerium

falls within the range from 1/8 to 1/4 mol in relation

to one mol of ruthenium.

As the method for applying onto the

conductive base the mixture containing an organic acid,

H

a platinum group compound and at least one type of

compound selected from the group consisting of

lanthanum compounds, cerium compounds and vyttrium

compounds, preferably used are a dip method in which
the base 1s dipped 1nto the coating solution, a

brushing method 1n which the base is brushed with a

coating solution, a roller method in which the coating

1s made with a sponge-like roller impregnated with the

coatlng solution, and an electrostatic coating method

1n which the coating solution is sprayed 1in such a way
that the coating solution and the base are charged with

opposlite charges.

Among these methods, the roller method and

the electrostatic method are preferably used because

these two methods are high in productivity and permit
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an even application of the coating solutilon.

The coating solution 1s applied onto the

fri-

base, then the base 1s dried at a temperature of the

order of 10 to 50°C, and the pyrolysis is conducted with

the base placed i1in a muffle furnace heated to 300 to

650°C. The pyrolysis means a reaction in which the

mixture contalning precursors 1s heated for the purpose

ﬁ

of accelerating the decomposition; here the pyrolysis

means a reaction 1n which the metal salt is decomposed

into the metal and gaseous substances. Specifically,

the pyrolysls means the following reactions: if the
metal salt 1s a chloride, the salt is decomposed into

the metal and chlorine gas; 1f the metal salt is a

compound derived from nitric acid, the salt is

decompcsed 1nto the metal, and nitrogen and NOx gases;

and 1f the metal salt is a compound derived from

sulfuric acid, the salt is decomposed into the metal,

sulfur, and SOx gases. On one hand, as for the metals,
the reactions 1nvolved depend on the reaction
atmosphere, and many metals tend to be bonded to oxygen
and thereby to form oxides in the oxygen atmosphere.

The oxygen atmosphere means an atmosphere in which

oxygen 1s contained, and the most preferable oxygen

atmosphere 1s the air i1in view of the production cost.

In order to accelerate the pyrolysis of the
mixture contalning an organic acid, at least one type

of platinum group compound and at least one type of

compound selected from the group consisting of
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lanthanum compounds, cerium compounds and yttrium

compounds, 1t 1s preferable that the pyrolysis

temperature falls within the range from 450 to 600°C.

i

At temperatures lower than 450°C, the pyrolysis rate o:

5 the mixture 1s slow, while at temperatures higher than

600°C, the softening of the nickel base 1s sharply

promoted. Accordingly, 1n view of the acceleration of

the mixture pyrolyslis and the maintenance of the nickel

base strength, the temperature range from 500 to 550°C

10 1s most preferable. It 1s preferable that the time

duration of the pyrolysis 1s long for the purpose of

thermally decomposing to a full extent, but in view of

ﬁ

the preventlion of the thermally decomposed products

F

from being fully oxidized and the productivity of the

-

15 electrode, the pyrolysis time duration for one run of

pyrolyslis preferably falls within the range from 5 to

60 minutes, more preferably from 10 to 30 minutes.

The pyrolysis forms the coating layer on the

conductive base. The prescribed thickness of the

20 coating layer 1s obtalned by repeating according to

g

need the cycle of application, drying and pyrolysis

calcination. The thicker 1s the coating layer, the

longer 1s the period over which a low overvoltage can

be maintalned; however, 1t 1s preferable that the

25 thickness of the coating layer 1s 1 to 5 um from the

viewpolint of economic efficiency. The coating weilght

1s preferably 6 g to 30 g per an apparent surface area

of 1 m°, more preferably 2 to 3 um, that is, 12 to 18 g

—
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ﬁ-

per an apparent area of 1 m° as the coating amount.

FFor the purpose of attaining a prescribed

thickness, the coating amount in one application may be

increased or the metal concentration of the platinum

group compound may be 1ncreased; however, wlth a large

coatlng amount, coating unevenness may possibly occur

at the time

of applilication and thus a nonuniform

coating layer may be formed, and hence it is preferable

P

that several cycles of application-drying-pyrolysis

calcination

attained 1n

are conducted. The coating layer thickness

one cycle 1s preferably regulated to be of

the order of 0.1 to 0.7 pum, more preferably to be 0.2

to 0.4 um.

It 1s preferable that calcination is

-

conducted for a long time duration for the purpose of

stabllizing

the coating layer, after the coating layer

of a prescribed thickness has been formed so that the

pyrolyslis of the coating layer may be fully conducted.

The calcination conditions specify the temperature

range to be

from 500 to 650°C, preferably from 500 to

550°C. With a short time duration of the coating laver

P

pyrolysis, the pyrolysis of the coating layer does not

proceed to a full extent, while with too long a time

duration, the reduction effect of the organic acid

fades away and accordingly the oxidation of the coating

layer proceeds unpreferably. Thus, a reasonable time

duration for pyrolysis 1s of the order of 30 minutes to

8 hours, and preferably falls in the range from one
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hour to 3 hours.
As a coating layer, on a conductive base 1s

provided a composition which 1s obtained by thermally

decomposing in the presence of an organic acid the

—

milxture containing at least one type of platinum group

compound (preferably a ruthenium compound) and at least

one type of compound selected from the group consisting
of lanthanum compounds, cerium compounds and yttrium
compounds.

The effect of an organic acid (preferably
oxalic acid) 1s to improve the durability through small
structural changes of the structure even when the
organic acild 1s used 1n a hydrogen reduction atmosphere

—
-

because the generation of such oxides that are high in

crystallinity and easily reduced in a hydrogen

reduction atmosphere so as to tend to cause structural
changes 1n scarce. X-ray diffraction measurement
changes observed before and after electrolysis in the

—

coating layer itself are small. Even 1in the

calcination in an atmosphere containing a large amount

of oxygen, the generation of oxides that are easily

reduced 1n the hydrogen atmosphere formed in the actua:

operation of electrolysis 1s scarce. Consequently, it

18 concelvable that on the conductive base i1is formed a

P

composition that is evidently different from a

composition obtained by pyrolysis in the absence of an

organic acid.

The substance (preferably a cerium compound)
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pr—

selected from the group consisting of lanthanum

compounds, cerlum compounds and yttrium compounds

F

itself 1s low 1n hydrogen generation activity, but the

oxide derived from that substance 1s converted from

particle shapes to needle shapes 1n the environment

where hydrogen 1s generated, and the needle shaped form

H)

plays the role of maintalning the coating layer made of

a platinum group compound and has an effect of
suppressing the physical exfoliation of the coating
lavyer.

The coatling layer 1s structurally stable even

1n the reductive atmosphere where hydrogen is generated

because the layer has the effect of suppressing the

generation of the platinum group oxides and the effect

F F

of converting the forms of such poorly active compounds

as lanthanum oxide, cerium oxide and yttrium oxide

during electrolysis; thus, the physical exfoliation of
the coating layer can be suppressed, and the low

overvoltage can be maintained over a long period of

time. The 1nvolvement of an organic acid at the time

of pyrolysis makes 1t possible to conduct calcination

1in the air which 1s useful from an industrial

viewpolnt.

<Determination of ruthenium oxide 1n the coating lavyer>

In the case where ruthenium oxide 1s selected

as a platinum group compound, the guantity of the

ruthenlium oxide 1n the coating laver 1s determined as

follows.
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A sample 1n which a coating lavyer 1s formed

P
oy

all

on a nickel base 1s placed 1n the sample holder o:

X—-ray diffraction measurement apparatus, and
measurement 1s conducted with a Co X-ray tube or a Cu
X-ray tube. Then, the 1ntensities of the most intense

P

peaks of ruthenium oxide and nickel are compared.

- u
—

Specifically, a peak area 1s obtained from the peak

—

height multiplied by the half maximum full width, and

the i1ntensities thus obtained are compared. Here, the

- pr—~
p——-

half maximum full width means the diffraction line

wlidth at the 50% height of the peak intensity. With a

”

Co X-ray tube, the most i1intense line of nickel is found

around 20=52° and the most intense line of ruthenium
oxide 1s found around 208=32.6°, where 0 denotes the
diffraction angle.

The 1ntensity ratio between ruthenium oxide

and the nickel of the base is preferably 5/100 or less,

more preferably 1/100 or less. When the intensity

ratlo between ruthenium oxide and the nickel of the

base i1is larger than 5/100, the content of ruthenium

oxlde becomes large, and accordingly the structural

change 1s caused by the reduction of ruthenium oxide

occurring in the reductive atmosphere where hydrogen is

generated strongly, leading to exfoliation of the

ﬁ

coating layer. The reason for the exfoliation of the

coating layer 1s not clear, but may be ascribable to
the structural change probably inducing crystal

structure change and generating strains 1n the crystal.
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0

Actually, 1n a cathode which has a large content o:

P

ruthenium oxide, the exfoliation of the coating layer

1s confirmed when observation is made with an electron
microscope after energization.

<Measurement of the electrode overvoltage>

The overvoltage of the cathode, with the

coating layer formed thereon, for use in hydrogen

generation 1s measured by the following method.

A piece of cathode of 48 x 58 mm 1n size is

cut out, and two holes are bored in the piece for the

purpose of fixing the piece in a small cell with nickel

screws. An electrode formed by applying a coating onto

an expanded base can be subjected to evaluation as it

1s; a plece of woven mesh made of thin wire is fixed

onto an expanded base having no coating film thereon by

use of thin nickel wire or the like and then subjected

to measurement. A reference electrode can be a string

of PFA (tetrafluoroethylene-perfluorocalkyl vinyl ether
copolymer) coated platinum wire with about 1 mm long of

exposed platinum portion, fixed onto an electrode

surface faclng the ion exchange membrane.

1)

The anode used is a so-called DSA composed of

ruthenium oxide, iridium oxide and titanium oxide

formed on a titanium base, and EPDM (ethylene propylene

dlene) rubber gaskets are used as the anode cell and

F

the cathode cell between which a sheet of ion exchange

mempbrane 1s sandwiched to conduct electrolysis. The

type of the 1on exchange membrane i1s not particularly
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limited; however, it is preferable to conduct

electrolysis by use of a cation exchange membrane

"Aciplex®" for use in sodium chloride electrolysis

manufactured by Asahi Kasel Corp.

In the electrolysis, a current pulse

generator 1s used as the rectifier for electrolysis,

the current 1s made to flow with a prescribed current

Pu-

density, the current is instantaneously turned off when

the resulting wave form 1s observed on an analyzing

recorder or the 1like, and thus the overvoltage is

derived by subtracting the solution resistance between

the electrode concerned and the reference electrode.

The electrolysis conditions are as follows:

the current density: 3 kA/m° or 4 kA/m?; the brine

concentration in the anode chamber: 205 g/L; the alkali

concentration 1n the cathode chamber: 32 wt%:; and the

electrolysis temperature: 90°C. For

the purpose of

F

confirming the long-term stability of the electrolysis,

the cathode overvoltage measurement is performed after

30 days have elapsed from the start of the

electrolysis. The weight change of the coating layer

1s derived as follows: the screws fixing the electrode

are loosened to unfix the electrode after the

electrolysis has been terminated, the unfixed electrode

1s fully washed with water and dried,

and the weight

thereof 1s measured; thus the weights before and after

electrolysls are compared.

Description will be made below with reference
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to Examples, but the present invention 1s not limited

to the Examples.

Examples 1 to 5

An electrode-shaped nickel expanded base, 1n
5 which the short way of aperture dimension SW was 3 mm,

the long way of aperture dimension LW was 4.5 mm, the

feed pitch for expansion processing was 0./ mm, and the
plate thickness was 0.7 mm, was calcined 1n the air at

400°C for 3 hours and an oxide coating layer was thereby

10 formed on the surface thereof. Subsequently, blasting
with an alumina powder of 100 um or less 1in weight
average particle size was conducted to provide the base

surface with irregularities. Then, the base was

15

20

29



15

20

CA 02447766 2008-01-14

W

2 /
—— S

supjected to acid treatment in 25 wts sulfuric acid at
90°C for 4 hours, and the base surface was provided with
liner 1rregularities.

In the next place, the nickel base was soaked
into a solution 1n which a surfactant "Nonion NZ10"
(trade mark: a nonionic surfactant manufactured by NOF
Corp. (Nippon Yushi K.K.)) was dissolved 1n water in
the ratio of 0U.15 g of the surfactant to Z00 g of
water, and then the base was taken out and dried i1n the
alr.

Then, oxalilic acid dihydrate was added to a
ruthenium chloride mixture having a metal concentration

=

of 100 g/L 1in such a way that the molar ratic of oxalic

acid dihydrate took the values specified 1n Table 1 in

relation to one mol of ruthenium, then additionally

cerium chloride was added 1n such a way that the molar
ratio of cerium took the values specified 1n Table 1 1in

relation to one mol of ruthenium, and the mixture thus

obtained was stirred at 90°C for one day to vield =&

|

mixture composed of ruthenium chloride, cerium chloride

and oxalic acid.

Subsequently, the nickel base was socaked 1into
the mixture, and then dried at 50°C for 10 minutes and

calcined at 500°C for 10 minutes in the air. Then, a
compined process of the soaking into the mixture,

drying and calcination at 500°C was repeated 10 times in
total, and finally the base was calcined at 550°C for

one hour. The thickness of the coating layer after
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calcination was 2 to 3 um.

The cathode as 1t was 1n this condition was
cut 1nto a pilece of 48 x 58 mm, the piece was fixed 1n
a small cell and subjected to the overvoltage
evaluation. The cathode piece cut 1nto the size of 48
x 58 mm, for the purpose of making the plece removable,
was fixed to the rib of the nickel cell body with
nickel screws. As the reference electrode, a PFA

coated platinum wire, fixed longitudinally on a surface

contacting the i1on exchange membrane, with an about 1

mm long exposed platinum portion was used. The anode

used was a so-called DSA composed of ruthenium oxide,
1ridium oxide and titanium oxide formed on a titanium
base, the anode cell and the cathode cell used were

EPDM (ethylene propylene diene) rubber gaskets, and the

ion exchange membrane used was "Aciplex®" F4203

manufactured by Asahi1 Kasei Corp.

In the electrolysis, the current pulse

generator "HC114'™" manufactured by Hokuto Denko Co.,
Ltd. was used as the rectifier for electrolysis. The
electrolysis conditions were as follows: the current
density: 3 kA/m"; the brine concentration in the anode
chamber: 205 g/L; the alkall concentration in the
cathode chamber: 372 wt%;, and the electrolysis

temperature: 90°C. The cathode overvoltages after 30

days nad elapsed from the start of the electrolysis

were measured.

The cathode overvoltages were derived as
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follows. The cathode voltage El against the reference

electrode at the current density of 3 kA/m  was

measured, and then the voltage EZ was measured at the

time when the current was instantanecusly turned off by

._..‘ ‘l")

> means of the current pulse generator HCli4. EZ

corresponded to the voltage associated with the

structural resistance and solution resistance. Thus,

-.—_lq

the net overvoltage was derived as E1-EZ.

The weight change of the coating laver was
10 derived as follows: the screws fixing the electrode
were Jloosened to unfix the electrode after the

the unfixed electrode

celectrolysis had been terminated,
was fully washed with water and dried, and the weight
thereof was measured; thus, the weight changes were

15 derived from the weights before electrolysis and after

30 days ot energization. The results obtained are

shown 1n Table 1.

(Table 1]

Example 1 2 f 3 f 4 | 5
'Oxalic acid mol 1 1/2 1/4 1;2 1/10
Ce amount mol T1/4 1/4 1/4 1/8 1/4
Overvoltage mV 12 o9 73 74 71
ggating welght reduction 3 5 3 / .

In the present Examples, as Table 1 shows,
the overvoltages were low and the weight reductions of

20  the electrode coating layers were small, that is,
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electrodes high 1n durability were obtalined.

The X-ray diffraction pattern ot the cathode

sample produced by using the mixture of ruthenium |

mol-oxalic acid 1/2 mol-Ce 1/4 mol 1n Example 1l was
measured by means of a Rigaku-Penki Geiger flex 4036A7

A-ray diffractometer with a Co X-ray tube. The results

obtained are shown 1in BFIG. 1.

Before energization, the most intense peak of

-

the nickel base was found around 52°, and no peak of

ruthenium oxide was found around 32°. After
energlzation, changes were scarcely found except for
the advent of the peaks due to nickel oxide around 44°
and 51°, and no exfoliation of the coating layer was

found 1n the electron micrograph taken after

energlzation.

The cathode coating layer of a sample after

30 days of energization was peeled off from the

expanded nickel base, and the sectional shape of the

sample was subjected to conditioning and then to
observation on a transmission electron microscope. The

electron micrograph taken 1s shown in FIG. 2. The

results of observation confirmed the effect that cerium
was converted into needle-shaped forms 1in the portions
(1) and @ in FIG. 2, and such needle-shaped particles
play a role of holding the coating layer & composed of

ruthenium oxide and ruthenium hydrate so that the

extoliation of the coating layer was suppressed.

The voi1id found between @)eﬂuj(:)in FIG. 2 was
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formed when the sample for the transmlssion electron
. X “w I ‘
microscope observation was prepared, permitting a clear

observation of the condition of the needle-shaped

particles.

Example ©

()

A woven mesh base made of a thin nickel wire
of 0.15 mm in diameter with a mesh 50 aperture was
calicined at 400°C for 3 hours 1n the air to form an

oxide coating layer on the surface thereotf.

10 Subseqguently, blasting with an alumina powder of 100 pm

or less 1n welght average particle size was conducted
to provide the pase surface with i1irregularities. Then,
the base was subijected to acid treatment 1n 25 wts

sulfuric acid at 90°C tor 4 hours, and the base surface

15 was provided with finer irregularities.

In the next place, the nickel base was soaked
into a soclution in which a surfactant "Nonion NZ10"
(trade mark: a nonionic surfactant manufactured by NOF
Corp. (Nippon Yoshl K.K.)) was dissolved 1n water 1in

20 the ratio of 0.15 g of the surfactant to 200 g of

water, and then the base was taken out and dried in the
air.
Then, oxalic acid dihydrate was added to a
ruthenium chloride solution 1n hydrochloric acid with a
25 metal concentration of 100 g/L in such a way tﬁat the
amount of oxalic acid dihydrate was 0.5 mol in relation

to one mole of ruthenium, then further cerium chloride
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was added to the scolution i1n such a way that the amount
of cerium was 0.5 mol 1n relation to one mol of
ruthenium, and the mixture thus obtained was stirred at
90°C for one day to vield a mixture composed of

o> ruthenium chloride, cerium chloride and oxalic acaid.

Application ©of a coating solution onto the

woven mesh was conducted by use of an application
roller unit 1n which a vat contalning the coating

solution was arranged at the undermost position in the

10 unit, an application roller made of EPDM was

impregnated with the coating solution, another roller

was arranged apove the EPDM roller so as to always

contact the EPDM roller, and further a roller made of
PVC was arranged apbove the roller positioned above the

15 EPDM roller.

The base onto which the coating solution was

applied was made to pass between a palr of sponge

rocllers made of EPDM, quickly before the base was
dried, and the coating solution pooling in the

20 1ntersection polnts of the woven mesh was taken up and
removed. Then, the woven mesh base was dried at 50°C
for 10 minutes, calcined 1in the air at 500°C for 10
minutes, a combination of roller application, drving
and calcination at 500°C was repeated 10 times 1in total,

25 and then calcination was conducted at 550°C for one

hour.
The cathode as 1t was 1n this condition was

cut 1nto a piece of 48 x 58 mm, the plece was fixed in
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a small cell and subjected to the overvoltage
evaluation. The cathode plece cut 1nto the size of 48
x 58 mm, for the purpose of making the pilece removable,
was fixed cnto an expanded base having no coating film
therecn by use of thin nickel wire ¢or the like and then
the base was fixed to the rib of the nickel cell body
wlth nickel screws. As a reference electrode, a PFA
coated platinum wire, fixed longilitudinally on a surface

contacting the 1on exchange membrane, with an about 1

mm long exposed platinum portion was used. The anode

used was a so-called DSA composed of ruthenium oxide,

1ridium oxide and titanium oxide formed on a titanium
base, the anode cell and the cathode cell used were

EPDM (ethylene propylene diene) rubber gaskets, and the

ion exchange membrane used was "Aciplex®" F4203

manufactured by Asahi Kasei Corp.

In the electrolysis, the current pulse

generator "HC114™" manufactured by Hokuto Denko Co.,
Ltd. was used as the rectifier for electrolysis. The

electrolysis conditlons were as follows: the current

density: 3 kA/m; the brine concentration in the anode
chamber: 205 g/L; the alkali concentration in the
cathode chamber: 32 wt%; and the electrolysis

temperature: 90°C. The cathode overvoltages after 30

days elapsed from the start of the electrolysis were

measured.

The cathode overvoltages were derived as

follows. The cathode voltage El against the reference
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electrode at the current density of 3 kA/m was

measured, and théen the voltage EZ was measured at the

time when the current was i1nstantaneously turned off by

.—n‘f‘)

means of the current pulse generator HC114. EZ

corresponded to the voltage associated with the

structural resistance and solution resilistance. Thus,

the net overvoltage was derived as E1-EZ.

The weilght reduction of the coating layer was
derived as follows: the screws fixing the electrode
were loosened to unfix the electrode after the
electrolysis had been terminated, the unfixed electrode
was fully washed with water and dried, and the weight

thereot was measured; thus, the welght reduction was

derived from the welghts before electrolysis and after

30 days of energization.

After 30 days from the start of the
electrolysis, the overvoltage was 68 mV, the coating
weight reduction was 2 mg, and thus a cathode low in

overvoltage and high in durability was obtained.

Comparative Example 1

A cathode was produced on the basis of the

same operations as those 1n Example 1, except that a

ruthenium chloride solution in 6% hydrochloric acid

with a metal concentration of 100 g/L was used.

In other words, an electrode-shaped nickel
expanded pbase, 1n which the short way of aperture

dimension SW was 3 mm, the long way of aperture
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dimension LW was 4.5 mm, the feed pitch for expansion
processing was U./7 mm, and the plate thickness was 0.7
mm, was caicined at 400°C for 3 hours 1n the air and an
oxlde coating laver was thereby formed on the surface

> thereot. Subseqguently, blasting with an alumina powder
ot 100 pm or less 1n weilght average particle size was
conducted to provide the base surface with
irregularities. Then, the base was subjected to acid
treatment 1n £Z5 wt% sulfuric acid at 90°C for 4 hours,

10 and the base surface was provided with finer

1rregularities.

—

In the next place, the nickel base was soaked

into a solution 1n which a surfactant "Nonion N21QT

(Lrade mark: a nonionic surfactant manufactured by NOF

15 Corp. (Nippon Yushi K.K.)) was dissolved in water in
the ratlo of 0.15 g of the surfactant to 200 g of
water, and then the base was taken out and dried in the
alir.

In the next place, the nickel base was soaked

20  1nto the ruthenilium chloride solution in 6% hydrochloric
acid with a metal concentration of 100 g/L, dried at
50°C for 10 minutes, and then calcined at 500°C for 10
minutes 1n the air. Subseguently, a combination of the
soaklng 1nto the ruthenium chloride solution, drying

2> and calcination at 500°C was repeated 5 times in total,

and then calcination was conducted at 550°C for one

hour.

The cathode as 1t was in this condition was
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cut into a piece of 48 x 58 mm, the piece was fixed 1n
a small cell and subjected to the overvoltage
evaluation. The cathode piece cut 1nto the size of 48
x 568 mm, for the purpose of making the piece removable,
was fixed to the rib of the nickel cell body with
nickel screws.

As the reference electrode, a PFA coated
platinum wire, fixed longiltudinally, with an about 1 mm
long exposed platinum portion was used. The anode used

was a so-called DSA composed of ruthenium oxide,
iridium oxlde and titanium oxlde formed on a titanium
base, the anode cell and the cathode cell used were

EPDM (ethvlene propylene diene) rubber gaskets, and the

ion exchange membrane used was "Aciplex®" F4203

manufactured by Asahi Kasei Corp.

In the electrolysis, the current pulse
generator "HC114'™" manufactured by Hokuto Denko Co.,

Ltd. was used as the rectifier for electrolysis. The

electrolysis conditions were as follows: the current
density: 4 kA/m°; the brine concentration in the anode
chamber: 205 g/L; the alkali concentration in the
cathode chamber: 32 wt%; and the electrolysis
temperature: 90°C. The cathode overvoltage after 3 days
elapsed trom the start of the electrolysis was

measuredq.

The cathode overvoltage was derived as

follows.

The cathode voltage El against the platinum
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wire at the current density of 4 kA/m® was measured.

The voltage El 1nvolves the cathode overvoltage, the
solution resistance between the reference electrode and
the cathode, the nickel cell structure resistance and
the contact resistance between the electrode and the
rib. Then, the voltage EZ was measured at the time
when the current was 1nstantaneously turned off by
means 0f the current pulse generator "HC114". When the
current 1s 1nstantanecusly turned off, the cathode

overvoltage 1s 1nstantaneously lowered, and the voltage

EZ becomes the voltage associated with the above
described solution resistance, structural resistance

and contact resistance, and thus the net overvoltage

was derived as E1-EZ.

The weight change before and after
electrolysis was derived as follows: the screws fixing
the electrode were loosened to unfix the electrode
atter the electrolysis had been terminated, the unfixed
electrode was fully washed with water and dried, and

the weilight thereof was measured; thus the weights

before and after electrolysis were compared.

From these results, the overvoltage was found
to be /5 mV and the welght was found to be reduced by
0 mg. The same cathode was successively subjected to
the electrolysis evaluation, and after 30 days, the
overvoltage was found to be 82 mV and the additional
welght reduction was found to be 22 mqg.

I'he X-ray diffraction chart obtained with a
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Co X-ray tube 1s shown in FIG. 3. Before energization,
the most 1ntense peak ¢f the nickel base was found
around 52°, a peak of ruthenium oxide was found around
32°, and other peaks cof ruthenium oxide were found

calculated peak 1ntensity ratio

(D

around 42° and ¢5°: th

was 20/100, showing that the content o©f ruthenium oxide

1s larger. After energization, the peaks other than

those of the nickel base around 61° and 52° practically

dlsappeared.

The observation of the sample after
energlzation with an electron microscope led to the
confirmation of the phenomenon that the electrode

coating layer was physically exfoliated from the base

surface. The exfoliation from the electrode surface

probably led to the reduction of the coating lavyer

welght.

Comparative Example 2

A cathode was produced on the basis of the

same operations as those 1n Examples 1-6, except that a
ruthenium chloride agqueous solution with a concentra-

tion of 100 g/L and an agueous solution of cerium

chloride were used.

In other words, a nickel base, 1n which the
snort way of aperture dimension SW was 3 mm, the long
way ol aperture dimension LW was 4.5 mm, the feed pitch

for expansion processing was 0.7 mm, and the plate

thickness was 0.7 mm, was calcined at 400°C for 3 hours
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1n the alr and an oxide coating layver was thereby
formed on the surface thereof. Subsequently, blasting
with an alumina powder ot 100 um or less 1n weight
average particle si1ze was conducted to provide the base
surface with lrregularities. Then, the base was
subjected to an acid treatment 1n 25 wt® sulfuric acid
at 90°C for 4 hours, and thus the base surface was
provided wlth finer irregularitiles.

In the next place, the nickel base was socaked
1nto a solution 1n which a surfactant "Nonion N210"
(trade mark: a nonionic surfactant manufactured by NOF
Corp. (Nippon Yushi K.K.)) was dissolved 1n water in

-

the ratio of 0.15 g of the surfactant toc 200 g of

p—

water, and then the base was taken out and dried in the
air.

Then, cerium chloride was added to an agueous
solution of ruthenium chloride with a metal
concentration of 100 g/L in such a way that the content
of cerium was 1/4 mol in relation to one mole of
ruthenium, the mixture thus obtalned was stirred at 90Q°°C
for one day, and thus a mixture containing ruthenium
chloride and cerium chloride was prepared. Then, the
nickel base was soaked 1nto the mixture solution, and

then dried at 50°C for 10 minutes and calcined at 500°C

for 10 minutes 1in the air. Then, a combination of the

soaklng 1nto the mixture, drying and calcination at

500°C was repeated 10 times in total, and finally the

base was calcined at 550°C for one hour.
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The cathode as 1t was 1n this ccndition was
cut intc a plece of 4¢ x 58 mm, the pilece was fixed 1n

mal! cell and subjected to the overvcltage

95
f)

evaluation. The cathode pilece, cut 1nto a plece of 48

Yl-\

x 58 mm for the purpose of making the plece removable,

3 - ': “y s o 77 *—" o= . P — +— o y - — -1 ‘
Was rzxed to the ripoc ot Lhc M1 ol ceil

Ls the reference electrode, a PFA coated

platinum wire, fixed longitudinally on a surface

contacting the 1on exchange membrane, with an about 1

mm long exposed platinum portion was used. The anode

used was a so-called DSA composed of ruthenium oxide,

1ridium oxide and titanium oxide formed on a titanium

base, the anode cell and the cathode cell used were

EPDM (ethylene propylene diene) rubber gaskets, and the

ion exchange membrane used was "Aciplex®" F4203

manufactured by Asahi Kase1l Corp.

In the electrolysis, the current pulse

generator HC114 manufactured by Hokuto Denko Co., Ltd.

was used as the rectifier for electrolysis. The

electrolysis conditions were as follows: the current

density: 3 kA/m°; the brine concentration in the anode
chamber: 205 g/L; the alkali concentration in the
cathode chamber: 32 wt%; and the electrolysis

temperature: 90°C. The cathode overvoltage after 30

days had elapsed from the start of the electrolysis was

measured.

The cathode overvoltage was measured as
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follows. . The cathodge voltage El against the reference

clectrode at the current density of 3 kA/m was

b

measured, and then the voltage EZ was measured at the

time when the current was lnstantaneously turned off by

[*]

~
Z

means of the current pulse generator "HCL147",

Sl - - N g i . T r 7 +— N AN ol ) ~ -: A U, f’l r : #-- -~
correspcended to the voltage associatea with the

structural resistance and solution resistance, and

hence the net overvcltage was derived as EI-EZ.

The weight reduction of the coating layer was
derived as follows: the screws fixing the electrode
were loosened to unfix the electrode after the
electrolysis had been terminated, the unfixed electrode
was fully washed with water and dried, and the weight
thereof was measured; thus, the weight reduction was
derived from the weights before electrolysis and after
30 days from the start of energization. After 30 days
from the start of energization, the overvoltage was

found to be 891 mV and the weight was found to be

reduced by 20 mg.

F1G. 4 shows the X-ray diffraction chart for

Comparative Example 2 obtained by use of a Co X-ray

tube before and after energization.

According to the X-ray diffraction chart,

before energlzation, the most 1ntense peak of the

nickel pase was found around 527, a peak of ruthenium
oxide was found around 32°, and other peaks of ruthenium
oxide were found around 42° and 65°; the calculated peak

intensity ratio was of the order of 95/100, showing
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that the content ¢f ruthenium oxide was large; 1t can
he seen that after energization, the peaks other than
those of the nickel base around ©1° and 52° practically
dlsappeared.
Additionally, the observation ot the sample
after energization with an electron microsceope led to

the confirmation of the phenomenon that the electrode

®

oat laver was physically exfoliated ftrcm the base

(T
P._J
)
2

surface. The exfolliation from the electrode surface

probably led to the reduction of the coating laver

weilight.

INDUSTRIAL APPLICABILITY

The electrode of the present 1nvention 1is

sultably used 1n chlor-alkali electrolysis, and 1s
particularly suitably used 1n the zero gap electrolysis
vessel 1n which the membrane and the electrodes contact
each other, whereby the electrode can maintain a low

overvoltage over a long period of time.
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CLAIMS

1. An electrode for use 1n hydrogen generation
comprising a nickel base and a coating layer formed
thereon of a composition obtained by thermally
decomposing, 1n the presence of an oxalic acid, a mixture
comprising a ruthenium compound and a cerium compound,
wherein the i1ntensity ratio between a ruthenium oxide in
the coating layer of the composition obtained by the

thermal decomposition and the nickel of the base is 5/100

Or less.

2 . The electrode for use 1n hydrogen generation
according to claim 1, wherein the amount of said cerium
compound, falls within a range from 1/4 to 1/8 mol in
relation to one mol of metal component 1n said ruthenium
compound, and the amount of said oxalic acid falls within
a range from 1/10 to 1 mol in relation to one mol of the

metal component 1in the ruthenium compound.

3. A method of producing an electrode for use in
hydrogen generation, comprising the steps of applying
onto a nickel base a mixture comprising a ruthenium
compound and a cerium compound and thermally decomposing

the applied mixture in the presence of an oxalic acid to

form a coating layer on the nickel base.

4 The method of producing an electrode for use in
hydrogen generation according to claim 3, wherein the
amount of said cerium compound falls within a range from
1/4 to 1/8 mol in relation to one mol of metal component
1n salid ruthenium compound, and the amount of said oxalic
acid falls within a range from 1/10 to 1 mol in relation
to one mol of the metal component in the ruthenium

compound.
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