
0 126 189 Description The present invention relates to a hydrogen-evolution
electrode which not only exhibits low hydrogen overvoltage and high
stability for a long period of time but also is available at low cost, and
a method for 5  producing the same. More particularly, the present
invention is directed to a hydrogen-evolution electrode which comprises an
electrically conductive substrate having thereon a coating layer containing
a chromium component and an oxide of at least one metal selected from the
group consisting of nickel and cobalt, wherein the content of chromium in
the coating layer is 0.5 to 20% in terms of atomic percentage as defined
later, and a method for producing the same. 10    Recently, due to the
rapid increase in cost of energy, it has become very important more and
more to decrease the superfluous consumption of energy by lowering the
hydrogen overvoltage of a hydrogen- evolution electrode used in the
industrial electrolysis. For this purpose, many researches and developments
have been made. For example, in order to decrease the hydrogen overvoltage
of a hydrogen-evolution electrode, it has been attempted to increase the
surface area of the electrode or to 15 incorporate an electrode catalyst
into the electrode, by means of a technique such as an electroplating
method, a chemical plating method, a method comprising applying a coating
solution followed by baking and melt-spraying. Further, as the technique to
increase the surface area of the electrode or to incorporate an electrode
catalyst into the electrode, there have been proposed a method comprising
melt-spraying onto a substrate a powder material containing a sacrificial
metal component followed by leaching out the 20 sacrificial metal
component, a method comprising a coating solution onto a substrate followed
by baking and heating the obtained coating in a reducing atmosphere and the
like. There have been proposed, as the electrode catalyst capable of
lowering the hydrogen overvoltage, transition metals such as cobalt,
molybdenum, vanadium, manganese and tungsten, noble metals such as
platinum, silver, ruthenium and iridium or a mixture thereof, or a
combination of a metal component selected from the above metals with a 25
sacrificial metal component. The heretofore proposed electrodes include
those in which a metal, an alloy or a mixture thereof is used as an active
material, and those in which a metal oxide, a compound oxide or a mixture
of metal oxides is used as an active material; As examples of the electrode
in which a metal, an alloy or a mixture thereof is used as an active
material, there can be mentioned an electrode which comprises a copper
substrate bearing on its surface a 30 coating of an alloy of nickel,
vanadium and molybdenum formed by plating (U.S. Patent No. 4,033,837); an
electrode having a coating of an alloy of cobalt, molybdenum and vanadium
formed by electroplating (Japanese Patent Application Laid-Open
Specification No. 33490/1981); an electrode coated with a thin nickel layer
containing manganese and sulfur (Japanese Patent Application No.
671511980); an electrode which comprises an alloy of a metal selected from
nickel and cobalt and a metal selected from titanium and 35 magnesium
(Japanese Patent Application Publication No. 44955/1981); an electrode
which is produced by a method which comprises applying a homogeneous
solution containing a metal selected from the first group consisting of
iron, cobalt, nickel and manganese and a metal selected from the second
group consisting of molybdenum, vanadium and tungsten, followed by baking
to obtain a coating of a mixture of oxides, and heating the obtained
coating in a reducing atmosphere to cure it (European Patent Application 40
No. 9406); an electrode prepared by a process which comprises applying onto
a substrate a mixture of an alloy of iron or a metallic component composed
mainly of iron and an alkali-soluble sacrificial metal by melt-spraying,
and subsequently leaching out the sacrificial metal by an alkali-treatment
(Japanese Patent Application Laid-Open Specification No. 115984/1980); an
electrode prepared by a process which comprises applying onto a substrate a
Raney type alloy containing a sacrificial metal by melt-spraying to 46 form
a coating, followed by leaching out the sacrifical metal in the
melt-sprayed coating by means of alkali- treatment and anodic polarization,
and subsequently plating its surface with a metal which exhibits low
hydrogen overvoltage (Japanese Patent Application Laid-Open Specification
No. 122887/1980); an electrode prepared by a process which comprises
applying onto a substrate a mixture of nickel and a water- soluble compound
capable of being melt-sprayed by melt-spraying to form a coating and
leaching out the so compound to form a porous nickel coating (Japanese
Patent Application Laid-Open Specification No. 188689/1982); an electrode
bearing on its surface a coating prepared by melt-spraying a powder
material exhibiting low hydrogen overvoltage, said power material being a
powder of metal selected from the group consisting of cobalt, nickel,
platinum, molybdenum, tungsten, manganese, iron, tantalum and niobium, a
carbide thereof, a nitride thereof, an aluminide thereof and an alloy
thereof, and a mixture thereof (U.S. 55 Patent No. 4,049,841); and an
electrode prepared by a process which comprises applying onto a substrate a
mixture of particulate nickel, particulate cobalt and particulate aluminum
by melt-spraying to form a coating and removing aluminum from the
melt-sprayed coating by leaching (U.S. Patent No. 4,024,044). The
above-mentioned electrodes in which a metal, an alloy or a mixture thereof
is used as an active material have a fatal disadvantage that when an
electrolysis is continuously effected using the above- so mentioned type of
electrode as a hydrogen-evolution electrode, the hydrogen overvoltage of
the electrode 



increases with the lapse of time, and the activity of the electrode is
lost. Moreover, the electrode of the above type has another disadvantage
that, in the electrolysis of a sodium chloride solution according to the
ion exchange membrane method using the above-mentioned type of electrode, a
metal component of the electrode dissolves out of the electrode by
corrosion or the electrode comes into a passive state by 65    0 126 189
oxidation due to the reverse current occurred at the time of stopping of
the electrolysis, whereby the life of the electrode becames short. As
electrodes eliminating the above-mentioned disadvantages of the electrode
of which the active material is a metal or the like, there have been
proposed electrodes in which a metal oxide, a compound 5 oxide or a mixture
of metal oxides is used as an active material. As examples of the
electrodes of the above- mentioned kind, there can be mentioned an
electrode of which the surface essentially consists of a spinel type
compound oxide to be used in producing hydrogen by electrolysis, in which
said compound oxide is represented by the general formula (Mll) (M111)204
wherein (MH) is selected from the group consisting of iron, zinc,
manganese, nickel, cobalt, magnesium, cadmium and copper and (Mlll) is
selected from the 10 group consisting of iron, chromium, manganese, nickel
and cobalt and wherein, necessarily, the proportions of Mll, and Mlll to
Mll, + Mlll, in terms of atomic percentage, are about 33% and about 67%,
respectively (U.S. Patent No. 4,243,497); and an electrode which comprises
a titanium-containing non- stoichiometric compound bonded by a metal
selected form nickel, cobalt and iron, wherein said titanium- containing
non-stoichiometric compound further comprises a compound represented by the
formula 15  AxTiOz (in which A is an alkali metal) (U.S. Patent No.
4,080,278). However, such electrodes in which a 'compound oxide is used as
an active material cannot exhibit sufficiently low hydrogen overvoltage. In
European Patent Application No. 23368, there is disclosed an electrode
which contains a metal oxide prepared by thermally decomposing a thermally
decomposable compound of cobalt, iron, manganese or nickel. Such an
electrode cannot exhibit sufficiently low hydrogen overvoltage, or the
metal oxide of the 20 above-mentioned electrode is reduced to the state of
metal by a hydrogen-evolution reaction in a relatively short period of
time. The electrode containing the thus reduced metal oxide, similarly to
an electrode of which the active material is a metal or the like, has not
only such a disadvantage that the hydrogen overvoltage increases in an
electrolysis involving a hydrogen-evolution reaction with the lapse of time
but also such a disadvantage that the activity of the electrode is lost due
to dissolution-out of a metal 25 component caused by reverse current.
Moreover, there has been proposed an electrode having on its surface a
coating of a melt-sprayed admixture consisting essentially of particulate
cobalt and particulate zirconia (U.S. Patent No. 3,992,278). Although this
electrode comprises a coating of a combination of a metal with a metal
oxide, this electrode also cannot exhibit sufficiently low hydrogen
overvoltage and therefore, this electrode is also not suitable 30 for use
as a hydrogen-evolution electrode. Moreover, the hydrogen-evolution
potential of the above- mentioned electrode during the electrolysis is less
noble than the electrodeposition potential of iron ions which are dissolved
in an electrolyte in a small amount. For this reason, the iron ions are
consecutively electrodeposited onto the electrode, so that the
effectiveness of the coating of the above-mentioned kind of electrode is
lost in a short period of time. 36    With respect to an industrially
useful hydrogen-evolution electrode, it is essentially required that not
only the hydrogen overvoltage be sufficiently low but also the activity of
the electrode be maintained for a sufficientlylong period of time and that
the cost of the electrode be low as compared with the profit derived from
the electrode. As mentioned above, however, there has not ever been
proposed an electrode which satisfies the above-mentioned requirements,
especially the requirement as to the life of the electrode. 40    With a
view to developing a practically useful and economical hydrogen-evolution
electrode which not only exhibits low hydrogen overvoltage but also has
high durability, the present inventors have made extensive and intensive
researches. First, the present inventors' attention was directed to metal
oxide which form active sites of a hydrogen-evolution electrode. As
examples of the metal oxides forming active sites of the electrode, there
may be mentioned oxides of metals such as iron, cobalt, nickel, manganese,
46 chromium, molybdenum, tungsten, vanadium, niobium, tantalum, titanium,
zirconium, copper, silver, gold, zinc, cadmium, aluminium, gallium, tin
ruthenium, rhodium, palladium, osmium, iridium and platinum and the like.
Of them, oxides of nickel and cobalt are preferable from the standpoints of
high catalytic activity, stability in an electrolyte and availability as an
industrial material. In other words, a hydrogen-evolution electrode having
a coating of nickel oxide and/or cobalt oxide is advantageous from so the
standpoints of high catalytic activity, stability in an electrolyte and
availability. However, when such electrode is continuously used in an
electrolysis involving a hydrogen-evolution reaction over more than 



one year, the activity of the electrode tends to be decreased. In order to
elucidate the cause of decrease of the activity, the present inventors have
made an investigation on the decrease of activity of such electrode. As a
result, it has been found that the degree of oxidation of the coating
(which will be explained later) is 55 remarkably decreased after a long
period of electrolysis. Further, it has been found that when the degree of
oxidation of the electrode coating is less than 30%, the hydrogen
overvoltage which the electrode exhibits tends to considerably increase
with the lapse of time. In order to prevent the decrease of the degree of
oxidation of the electrode coating, the present inventors have further made
extensive and intensive researches. As a result, it has been found that
when at least one member selected from the group so consisting of chromium,
vanadium, titanium, manganese and niobium and compounds thereof is
incorporated into the electrode coating containing an oxide capable of
forming active sites, the reduction of the oxide in the coating can be
prevented, that is, the decrease of the degree of oxidation of the coating
can be prevented. Still further, the present inventors have made an
investigation on the influence of the above- mentioned materials on the
activity and chemical and electrochemical stability of the electrode. As a
result, 65 it has been found that chromium and titanium and compounds
thereof are preferably and that chromium 3    -0 126 189 and compounds
thereof are more preferable. Chromium and compounds thereof are excellent
in preventing the decrease of the electrode activity as compared with
titanium and compounds thereof. Based on the above findings, the present
inventors have still further made intensive researches with a view to
developing a hydrogen-evolution electrode which not only exhibits low
hydrogen overvoltage but 5 also has high durability. As a result, it has
been found that when the coating of an electrode contains an oxide of at
least one metal selected from nickel and cobalt and further contains a
chromium component (which will be mentioned later) in a proportion, in
terms of atomic percentage, of 0.5 to 20%, the electrode not only exhibits
extremely low hydrogen overvoltage but also high durability. The present
invention has been made based on the above novel findings. 10    According,
it is one object of the present invention to provide a hydrogen-evolution
electrode which not only exhibits low hydrogen overvoltage but also has
high durability. It is another object of the present invention to provide a
method of producing a hydrogen-evolution electrode of the kind described
above, which can be practiced with ease and high productivity. The
foregoing and other objects, features and advantages of the present
invention will be apparent to 15 those skilled in the art from the
following detailed description taken in connection with the accompanying
drawings in which: Fig. 1-(1)is a graph showing the relationship between
the content of chromium component, hydrogen overvoltage and degree of
oxidation in a nickel oxide-chromium type coating electrode at the initial
stage of electrolysis; 20    Fig. 1-(2) is a graph showing the relationship
between the content of chromium component, hydrogen overvoltage and degree
of oxidation in a nickel oxide-chromium type coating electrode after the
10-month operation of electrolysis; Fig. 2 shows an X-ray diffraction
pattern (scale; about one-third of the real chart) of a nickel oxide-
chromium type coating having a chromium component in a proportion, in terms
of atomic percentage, of 25 9.0% and a degree of oxidation of 86%, which
pattern was obtained by X-ray diffractometry under the following
conditions: Target:                   Co 30
kV-mA:                    30-10 Filter:                   Fe Full Scale:
4 x 103c/s 35 Time Const.:              2 sec. Scanning Speed:
4[err]/min. 40                           Chart Speed:              40
mm/min. Solar Slit:               0.3 Divergency Slit:          1[err] 45
Receiving Slit:           0.3 mm Detector:                scintillation
counter; 50    Fig. 3 shows an X-ray diffraction pattern (scale: about
one-third of the real chart) of a nickel oxide- chromium type coating
having a chromium component in a proportion, in terms of atomic percentage,
of 



20% and a degree of oxidation of 89%, which patern was obtained by X-ray
diffractometry under the following conditions: 55
Target:                   Co kV-mA:                    30-10 Filter:
Fe 60 Full Scale:               2 x 103c/s Time Const.:              2 sec.
65                           Scanning Speed:          4[err]/min. 4    0
126 189 Chart Speed:             40 mm/min. Solar Slit:
0.3[err] 5                        Divergency Slit:          1 Receiving
Slit:          0.3 mm Detector:                scintillation counter; 10
Fig. 4 shows an X-ray diffraction pattern (scale: about one-third of the
real chart) of a nickel oxide- chromium type coating having a chromium
component in a proportion, in terms of atomic percentage, of 33% and a
degree of oxidation of 91%, which pattern was obtained by X-ray
diffractometray under the following conditions:. 15 Target:
Co kV-mA:                   30-10 20                       Filter:
Fe Full Scale:              2 x 103c/s Time Const.:             2 sec. 25
Scanning Speed:         4[err]/min. Chart Speed:             40 mm/min. 30
Solar Slit:               0.3[err] Divergency Slit:         1 Receiving
Slit:          0.3 mm 35 Detector:                scintillation counter. In
one aspect of the present invention, there is provided an
hydrogen-evolution electrode comprising an electrically conductive
substrate having thereon a coating comprising a chromium component and an
40 oxide of at least one metal selected from the group consisting of nickel
and cobalt, said chromium component being present in a proportion, in terms
of atomic percentage, of 0.5 to 20%, said atomic percentage being defined
by the following formula 45                                       [err]
wherein Ac, represents the number of chromium atoms in the coating and AT
represents the total number of atoms of chromium and said at least one
metal in the coating. 50   In the present invention, the coating may be
composed of a chromium component and an oxide of at least one metal
selected from nickel and cobalt or may be composed of a chromium component,
an oxide of at least one metal selected from nickel and cobalt and at least
one metal selected from nickel and cobalt. Especially preferred is a
coating containing a chromium component, nickel and nickel oxide. The term
"chromium component" used herein is intended to mean chromium per se and/or
a 55 substance composed of chromium and atoms associated with the chromium
which is caused to be contained as chromium per se and/or a substance
composed of chromium and atoms associated with the chromium in a coating
produced by melt-spraying a mixture of at least one member selected from
the first group consisting of nickel, cobalt, oxides of nickel and cobalt,
hydroxides of nickel and cobalt, organic acid salts of nickel and cobalt
and inorganic acid salts of nickel and cobalt, and at least one member
selected 60 from the second group consisting of chromium, an oxide of
chromium, a hydroxide of chromium, an organic acid salt of chromium and an
inorganic acid salt of chromium; which is caused to be contained in a
coating produced by applying onto a substrate a homogeneous solution
containing a salt of at least one metal selected from nickel and cobalt and
a salt of chromium, followed by sintering in an oxygen- 



containing atmosphere; or which is caused to be contained in a coating
produced by electroplating and/or 65 chemical plating of a substrate in a
homogeneous solution containing a salt of at least one metal selected 5
0 126 189 from nickel and cobalt and a salt of chromium, followed by
oxidative-calcination in an oxygen-containing atmosphere. The content of a
chromium component in the coating, as mentioned above, is expressed, in
terms of atomic percentage, by the formula 5
[err] wherein Acr represents the number of chromium atoms in the coating
and AT represents the total number 10 of atoms of chromium and at least one
metal selected from nickel and cobalt in the coating. The content of a
chromium component in the coating may be determined by the atomic
absorption method. The term "oxide of at least one metal selected from the
group consisting of nickel and cobalt" used herein is intended to include
nickel oxide, cobalt oxide and a mixture of nickel oxide and cobalt oxide.
75   The term "degree of oxidation" used herein is intended to indicate the
value (%) of the formula [err] 20 wherein Ho represents the height of a
peak of the highest intensity X-ray diffraction line of a metal selected
from the group consisting of nickel and cobalt when the coating is analyzed
by X-ray diffractometry, or represents the arithmetic means of the heights
of peaks of the highest intensity X-ray diffraction lines respectively of
nickel and cobalt in case the coating contains both nickel and cobalt; H1
represents the 25 height of a peak of the highest intensity X-ray
diffraction line of an oxide of said metal, or represents the arithmetic
mean of the heights of peaks of the highest intensity X-ray diffraction
lines respectively of nickel oxide and cobalt oxide in case the coating
contains both nickel oxide and cobalt oxide. The term "reduction
resistance" used herein is intended to mean such a property that the oxide
as an active material in the electrode coating is not reduced and remains
as an oxide even after the continuous 30 operation of electrolysis
involving a hydrogen-evolution reaction. In the electrode of the present
invention, an oxide of at least one metal selected from the group
consisting of nickel and cobalt in the coating enables the electrode to
have high catalytic activity, that is, enables the electrode to exhibit low
hydrogen overvoltage. On the other hand, a chromium component in the
coating of an electrode imparts reduction resistance to the oxide contained
as an active material in the 35 coating. In the present invention, the
coating of an electrode contains a chromium component in a proportion, in
terms of atomic percentage as defined by the formula (1), of 0.5 to 20%.
When the content of a chromium component in the coating of an electrode is
less than 0.5%, the reduction resistance of the oxide in the coating is low
so that the degree of oxidation in the coating is considerably decreased
during the course of 40 electrolysis, causing the activity of the electrode
to be lost to increase the hydrogen overvoltage. On the other hand, when
the content of a chromium component in the coating of an electrode is more
than 20%, the reduction resistance of the oxide in the coating is so high
that the degree of oxidation of the coating is hardly decreased. However,
in this case, the activity of the electrode is low even at the initial
stage of electrolysis and the effect of lowering the hydrogen overvoltage
cannot be attained. This fact is 45 illustratively shown in Fig. 1-(1) and
Fig. 1-(2). In Fig. 1-(1), there is shown a graph showing the relationship
between the degree of oxidation of the coating of nickel oxide-chromium
type coating electrode, the content of a chromium component in the coating
of the electrode and the hydrogen overvoltage which the electrode exhibits,
at the initial stage of electrolysis. In Fig. 1-(2) there is shown a graph
showing the relationship between the degree of oxidation of the coating of
a nickel oxide-chromium type coating so electrode, the content of a
chromium component in the coating of the electrode and the hydrogen
overvoltage which the electrode exhibits after the 10-month operation of
electrolysis. In preparing these graphs, sample electrodes were produced in
substantially the same manner as in Example 1 to be given later, except
that the amount of chromium oxide to be melt sprayed was varied; the
hydrogen overvoltage which each electrode exhibits was determined in
substantially the same electrolysis conditions as in 55 Example 1 according
to the later-mentioned method; and the content of a chromium component in
the coating of each electrode was determined according to the
later-mentioned method. From Fig. 1-(1) and Fig. 1-(2), it is noted that
even when the content of a chromium component is relatively high, the
degree of oxidation of the coating after the 10-month operation of
electrolysis is decreased by only about 10% as compared with that at the
initial stage of electrolysis. This does not mean that the oxide in the
coating is 



60 reduced during the course of electrolysis. This is believed to be mainly
attributed to the removal of an instable part of the oxide in the coating
at a relatively initial stage of electrolysis. Fig. 1-(1) and Fig. 1-(2)
show that when the content of a chromium component in the coating is in a
specific range, the electrode not only exhibits low hydrogen overvoltage
but also has high durability. In the electrode of the present invention of
which the coating contains a chromium component in a proportion, in terms
of atomic 65 percentage as defined by the formula (1), of 0.5 to 20% even
after the electrode is continuously used in an 6    0 126 189. electrolysis
involving a hydrogen-evolution reaction more than one year, the electrode
exhibits extremely low hydrogen overvoltage. In the case of a cobalt
oxide-chromium type coating electrode or a nickel-cobalt oxide-chromium
type coating electrode, also, the same explanation mentioned in connection
with Fig. 1-(1) and Fig. 1-(2) is applicable. 5     Turning now to Figs. 2
to 4, there are given X-ray diffraction patterns of electrode coatings.
X-ray diffraction analysis was carried out using Diffraction Apparatus SG-7
and X-ray Generator 4036 A-2 (both of which are manufactured and sold by
Rigaku Corporation, Japan). Fig. 2 is an X-ray diffraction pattern of the
coating of the electrode prepared in Example 1 to be given later, which
coating contains a chromium component in a proportion, in terms of atomic
percentage as defined by the formula (1), of 9.0% 10 and has a degree of
oxidation of 86%. Fig. 3 is another X-ray diffraction pattern of the
coating of the electrode prepared in Example 5 to be given later, which
coating contains a chromium component in a proportion, in terms of atomic
percentage as defined by the formula (1), of 20% and has a degree of
oxidation of 89%. In Figs. 2 and 3, only peaks attributed to nickel oxide
(NiO) and peaks attributed to metal nickel (Ni) are observed and no peak
attributed to the compound oxide of nickel-chromium (NiCr2O4) is 15
observed. In Figs. 2 and 3 any peaks attributed to chromium oxide (Cr2O3)
and any peaks attributed to metal chromium (Cr) are not observed. This
suggests that chromium oxide (Cr2O3) and/or chromium (Cr) are in an
amorphous state or in a state of a solid solution in the coating. Fig. 4 is
still another X-ray diffraction pattern of the coating of the electrode
obtained in Comparative Example 4 to be given later, which coating contains
a chromium component in a proportion, in terms of atomic percentage as
defined by the formula 20 (1), of 33% and has a degree of oxidation of 91%.
In Fig. 4, peaks attributed to the compound oxide of nickel-chromium
(NiCr2O4) and peaks attributed to chromium oxide (Cr2O3) as well as peaks
attributed to nickel oxide (NiO) and peaks attributed to metal nickel (Ni)
are observed. The electrode having a coating of which the X-ray diffraction
pattern is shown in Fig. 4 and which contains a chromium component in a
proportion, in terms of atomic percentage defined by the formula (1), of
more than 20% is low in activity 25 and exhibits high hydrogen overvoltage.
I the case of a cobalt oxide-chromium type coating electrode or a nickel
oxide-cobalt oxide-chromium type coating electrode, also, an explanation
similar to the explanation mentioned in connection with Figs. 2 and 3 is
applicable. The coating of an electrode of the present invention contains a
chromium component in a proportion, in terms of atomic percentage as
defined by the formula (1), of 0.5 to 20%, but does not contain any
compound oxides which may possibly be produced 30 frqm nickel, cobalt and
chromium and which are low in activity. An oxide of at least one metal
selected from the group consisting of nickel and cobalt contained in the
coating of the present invention may be nickel oxide, cobalt oxide or a
mixture thereof. However, a compound oxide containing nickel or cobalt
which is poor in catalytic activity is not suitable for the purpose of the
present invention. Among oxides to be contained in the coating of the
electrode of the present 35 invention, nickel oxide is most preferred.
Cobalt oxide is suitable for the purpose of the present invention. However,
detailed comparison between nickel oxide and cobalt oxide shows that nickel
oxide is excellent in activity as compared with cobalt oxide. I In the
present invention, the degree of oxidation of the coating of an electrode
may be 100%, that is, the coating may be composed of a chromium component
and an oxide of at least one metal selected from 40 nickel and cobalt.
Preferably, the degree of oxidation of the coating of an electrode may be
20 to less than 100%, more preferably 30 to 90%. The degree of oxidation of
an electrode coating is, as mentioned above, determined by X-ray
diffractometry. In the electrode coating containing an oxide of at least
one metal selected from the group consisting of nickel and cobalt, it is
experimentally confirmed that the value of the degree of oxidation is
nearly equal to the value of mole % of the oxide based on the composition
of the 45 coating. Where the content of a chromium component of the coating
of an electrode is 0.5 to 20% but the degree of oxidation of the coating of
the electrode is less than 20%, the activity of the metal portion of the
coating of the electrode becomes low during the course of electrolysis,
causing the activity of the electrode as a whole to be decreased.
Therefore, as mentioned above, the degree of oxidation is preferably more
thin 20%. 



so    In the foregoing, the description has been made with respect to an
electrode having a coating composed of a chromium component and an oxide of
at least one metal selected from nickel and cobalt or an electrode having a
coating composed of a chromium component, an oxide of at least one metal
selected from nickel and cobalt and at least one metal selected from nickel
and cobalt. In the electrode of the present invention, however, the coating
may contain one or more metals or metal-containing substances other 55 than
a chromium component, an oxide of at least one metal selected from nickel
and cobalt and at least one metal selected from nickel and cobalt. As
examples of such other metals or metal-containing substances which may be
used in the present invention, there can be mentioned zinc, zinc oxide,
aluminum, silicon dioxide, molybdenum, molybdenum oxide and the like. The
employment of such other metals or metal- containing substances serves to
further improve the activity of the resulting electrode and further 60
decreases the hydrogen overvoltage. In the coating containing such other
metals or metal-containing substances, it is preferred that the composition
of the coating be such as will be described with respect to the following
two different cases. Case 1: where the coating of an electrode does not
contain metal nickel or metal cobalt, the total content of a chromium
component plus an oxide of at least one metal selected from nickel and
cobalt in the 65 coating is expressed, in terms of atomic percentage, by
the following formula 7    0 126 189 [err] 5 wherein Acr represents the
number of chromium atoms in the coating; AMo represents the number of atoms
of at least one metal selected from nickel and cobalt attributed to the
oxide thereof in the coating; and AT, represents the total number of atoms
of chromium, at least one metal selected from nickel and cobalt attributed
to the oxide thereof and one or more kinds of metals or metals of
metal-containing substances other than the above in the coating. to    In
the present invention, the total content of a chromium component plus an
oxide of at least one metal selected from the group consisting of nickel
and cobalt in the coating is preferably more than 60% in terms of the
atomic percentage as defined by the formula (2). From the viewpoints of
electrode activity and durability of an electrode, the total content of a
chromium component plus an oxide of at least one metal selected from the
group consisting of nickel and cobalt is more preferably more than 80% in
terms of the 15 atomic percentage as defined by the formula (2). Case 2:
where the coating of an electrode contains metal nickel and/or metal
cobalt, also, the total content of a chromium component plus an oxide of at
least one metal selected from nickel and cobalt plus at least one metal
selected from nickel and cobalt in the coating is expressed,: in terms of
atomic percentage, by the following formula (3) 20 [err] 25 wherein Ac,
represents the number of chromium atoms in the coating; AMO represents the
number of atoms of at least one metal selected from nickel and cobalt
attributed to the oxide thereof in the coating; AM represents at least one
metal selected from nickel and cobalt attributed to the single metal in the
coating; Ar represents the total number of atoms of chromium, at least one
metal selected from nickel and cobalt attributed to the oxide thereof, at
least one metal selected from nickel and cobalt attributed to the single 30
metal and one or more kinds of metals or metals of metal-containing
substances other than the above in the coating. In such case, the total
content of a chromium component plus an oxide of at least one metal
selected from nickel and cobalt plus at least one metal selected from
nickel and cobalt in the coating is preferably more than 60% in terms of
atomic percentage as defined by the formula (3), more preferably more than
35 80% in terms of atomic percentage as defined by the formula (3) from the
viewpoints of electrode activity and durability of an electrode. Both the
total content of a chromium component plus an oxide of at least one metal
selected from nickel and cobalt and the total content of a chromium
component plus an oxide of at least one metal selected from nickel and
cobalt plus at least one metal selected from nickel and cobalt can also be
40 determined by the atomic absorption method. Explanation will now be made
on an electrically conductive substance to be used in the present
invention. The electrically conductive substrate of electrode should be
sufficiently resistant to an electrolytic solution not only at a potential
of the substrate during the electrolysis but also at a potential of the
substrate at the time when the electrolysis is not effected. The surface of
a substrate having an active, 45 porous coating thereon has a potential
which is noble as compared with the potential on the surface of the 



coating even during a period of time in which hydrogen is evolved from the
surface of the coating of the electrode. Therefore, it is not unusual that
the potential at the surface of the substrate is noble as compared with the
dissolution-deposition equilibrium potential of iron. For this reason, in
case iron is used as the substrate of electrode, the iron is corroded and
dissolved out from the surface of the substrate. As a result, so the
electrolytic solution and the electrode coating are contaminated and, in an
extreme case, the coating of electrode is caused to be exfoliated and come
off from the surface of electrode so that the activity of the electrode is
greatly decreased. As examples of the material which has an anticorrosive
property sufficient for use as the substrate of electrode of the present
invention and is commercially easily available, there may be mentioned, for
example, nickel, a nickel alloy, an austenite type stainless steel and a
ferrite type 55 stainless steel. Of the above-mentioned materials, nickel,
a nickel alloy and an austenite type stainless steel are preferred, and
nickel and a nickel alloy are particularly preferred. Besides, those which
each are composed of an electrically conductive substrate having on its
surface a non-pinhole coating of nickel, a nickel alloy, an austenite type
stainless steel or a ferrite type stainless steel may also preferably be
used as the substrate of electrode. Such a non-pinhole  and anticorrosive
coating may be obtained by known 60 techniques, for example,
electroplating, electroless plating, melt-plating, rolling,
pressure-adhesion by explosion, clothing of metal, vapor deposition,
ionization plating and the like. The preferred shape of the substrate of
electrode is of such a structure that hydrogen gas generated during the
electrolysis is smoothly released so that a superfluous voltage loss due to
the current-shielding by the hydrogen gas may be avoided and that the
effective surface area for electrolysis is large so that the 65 current is
hardly concentrated. The substrate having such a shape as mentioned above
may be made of a    0 126 189 wire screen having a suitable wire diameter
and spacing between the mutually adjacent wires, a perforated metal having
a suitable thickness, size of opening and pitch of opening arrangement, an
expanded metal having suitable lengths of long axis and short axis, or the
like. Next, with respect to the method of forming a coating on the
electrically conductive substrate in the 5 present invention, there may be
employed various techniques, for example, a method comprising applying onto
the substrate a homogeneous solution containing a salt of at least one
metal selected from nickel and cobalt and a salt of chromium, followed by
baking in an oxygen-containing atmosphere; a method comprising
melt-spraying, such as plasma spraying and flame spraying, a mixture of
finely divided powder of at least one member selected from the first group
consisting of nickel, cobalt, oxides of nickel and cobalt, 10 hydroxides of
nickel and cobalt, organic acid salts of nickel and cobalt and inorganic
acid salts of nickel and cobalt and a finely divided powder of at least one
member selected from the second group consisting of chromium, an oxide of
chromium, a hydroxide of chromium, an organic acid salt of chromium and an
inorganic acid salt of chromium; and a method comprising electroplating
and/or chemical plating of the substrate in a homogeneous solution
containing a salt of at least one metal selected from nickel and cobalt 15
and a salt of chromium, followed by oxidative-calcination in an
oxygen-containing atmosphere. In the above-mentioned method of forming a
coating by melt spraying, the content of said at least one member selected
from the second group in said mixture being 0.5 to 20% in terms of atomic
percentage, said atomic percentage being defined by the following formula
20                                        [err] wherein Acr, represents the
number of chromium atoms in the mixture and AT repreents the total number
of 25 atoms of chromium and said at least one member selected from the
first group. In the above-mentioned method comprising applying a
homogeneous solution of metal salts followed by baking, examples of the
suitable salts of nickel, cobalt and chromium are nitrate, chloride,
formate, acetate and oxalate salts of such metals. In the above-mentioned
method comprising melt-spraying, examples of the suitable powder are those
30 consisting of oxides, hydroxides, carbonates, formates and/or oxalates
of nickel, cobalt and chromium and/ or such metals per se. Of them, powders
of oxides of such metals are most preferable. In the above-mentioned method
comprising electroplating and/or chemical plating followed by
oxidative-calcination, suitable examples of the salts of nickel, cobalt and
chromium are sulfate, chloride, nitrate, acetate and trichloroacetate salts
of such metals. 35    Of these methods, the method comprising melt-spraying
is most preferable, for it ensures complete coating with a predetermined
composition and gives an electrode having a high activity which can be
utilized for a prolonged period of time. Illustratively stated, according
to this method, the operations of melting of the powder and solidification
and coating formation of the melted material on the substrate can be
accomplished instantaneously. Hence, a non-stoichiometric composition tends
to be formed. This is 40 believed to be the reason why an electrode coating
having a high activity can be obtained by melt-spraying. 



Moreover, an uniform composition consisting of a plurality of components
may be obtained with certainty by the use of relatively easy and secure
techniques, such as mixing and granulation. By melt-spraying such a uniform
composition, it is possible to obtain the desirable electrode coating
freely. Therefore, the melt- spraying method is one of the most suitable
methods for the purpose of the present invention, which is to 45 provide a
hydrogen-evolution electrode, with a coatng of a plurality of components
thereon, having a high activity and long life. With respect to the
melt-spraying method, it is important to improve the affinity between the
active material of the electrode and the material giving reduction
resistance thereto so that - they may fully exhibit their respective
functions. This is so from the viewpoint of attaining the purpose of the
present invention which is to provide a hydrogen-evolution electrode having
a high activity and long - so life. For the foregoing reason, it is
preferred that the starting powders of the material giving electrode
activity and the material giving reduction resistance thereto be
sufficiently mixed, milled and formed into granules before being subjected
to melt-spraying. The particle size or diameter of the starting powder to
be employed in the present invention is preferably not greater than 5 pm,
more preferably 0.02 pm to 5 [err]m. When a starting powder has a particle
55 size greater than 5 pm, it is desirable to reduce the particle size by
means of milling and classification. Milling may be performed by employing
a conventional milling apparatus, such as ball mill, centrifugal mill, rod
mill, centrifugal roll mill, high-speed rotary hammer mill, premier colloid
mill and Pearl mill (trade name of a wet mill provided with beads and a
rotary agitator, manufactured and sold by Drais Co., West Germany). It is
to be noted, however that the milling apparatus to be employed in the
present invention is so not limited to the above. Generally, wet milling is
more preferable than dry milling since the former is advantageous to attain
good dispersion of particles which helps to improve the uniformity of the
resulting material quality. At any rate, the purpose of the milling resides
in increasing the surface area of individual particles as well as the
contact area of different kinds of starting material particles thereby to
provide an electrode having an improved activity and reduction resistance.
66    Desirably, the powders having a particle size not greater than 5
[err]m is subjected to granulation. The 9    0 126 189 term "granulation"
as used herein means formation of granules having a uniform shape and size,
in which each component is uniformly distributed and bonded with uniform
bonding strength, from a plurality of minute powder particles. When the
minute powder is melt-sprayed without being subjected to the above-
mentioned granulation, the components for constituting the active sites of
the electrode tend to separate 5 from the components for imparting
reduction resistance to the active sites due to the differences in particle
size and specific gravity. Hence, it is difficult to obtain a favorable
interaction for the two kinds of components. As a result, the overvoltage
of the electrode tends to increase with the lapse of time. Therefore,
without granulation, it is difficult to obtain an electrode exhibiting a
stable performance. Further, without granulation, it is also difficult to
perform melt-spraying on a commerical scale because it is 10 accompanied by
various problems. For example, the powder without granulation is difficult
to feed at a fixed rate to melt-spraying flame. Moreover, there occurs a
large volume of dust which causes the work environment to degrade and
markedly lowers melt-spraying yield and productivity. Therefore, it is
preferred to subject the powders to granulation. In the present invention,
it is not requisite to subject the powders having a particle size not
greater than 5 [err]m to granulation. However, when the powders per se are
15 used, the above-mentioned problems are encountered. Various granulation
techniques may be employed. They may be classified into several categories
according to the type of apparatus, the state of starting material, the
granule-forming mechansim or the like, For example, the granulation of
powder may be carried out by means of a rotary drum-type apparatus or
rotary dish-type apparatus in which a mixture of powder and liquid is
formed into granules due to 20 capillary absorption action and/or chemical
reaction. It may also be carried out by means of a spraying and drying-type
apparatus in which a material in the form of solution or suspension is
formed into granules due to surface tension, drying and crystallization.
Further, it may be carried out by means of a spraying and air cooling-type
apparatus or spraying and water cooling-type apparatus in which a molten
material is formed into granules due to surface tension, cooling and
crystallization. Any of the above-cited granulation 25 techniques provide
substantially spherical granules. Of the above-cited granulation
techniques, that by means of a spraying and drying-type apparatus is' most
preferable because it has some advantages, such as facilitating the
application of an active coating since uniformly porous granules are
obtained, formation of well-bonded granules, facility in granule size
control and low cost. Some detailed explanation is given below with respect
to the granulation technique by means of a 30 spraying and drying-type
apparatus. According to the method, a homogeneous suspension or solution 



may first be prepared from a powder, binding agent and water. Second, the
suspension or solution may be sprayed through a rotary disc, two-channel
nozzle, pressure nozzle or the like to form liquid droplets. Third, the
liquid droplets may be dried, thereby to obtain granules having a uniform
composition, uniform shape and uniform size of which the components are
bonded with uniform bonding strength. 35    As the suitable binding agent
to be employed for preparing granules in the present invention, there may
be mentioned water-soluble polymeric organic materials, such as polyvinyl
alcohol, polyvinyl acetate, gum arabic, carboxymethyl cellulose, methyl
cellulose, ethyl cellulose and the like. These polymeric organic materials
serve as the binding agent of component particulate materials during the
granule- forming stage thereby to provide granules of which the components
are bonded with certain bonding 40 strength. During the melt-spraying
stage, however, they almost completely disappear due to combustion' or
decomposition so that they exert no adverse effect on the resulting coating
over the electrode. To stabilize the above-mentioned suspension or solution
to be employed in the granulation for the purpose of obtaining uniform
granules, there may be added a dispersant, antiflocculating agent,
surfactant, antiseptic and the like. In selecting these agents, the most
suitable types must be selected in consideration 45 of their effect on the
active coating over the electrode. As examples of the dispersant, there may
be. mentioned a sodium salt of carboxymethyl cellulose having a molecular
weight of 200 x 103 or more methyl cellulose having a molecular weight of
140 x 102 or more, polyethylene glycol having a molecular weight of 120 x
103 or more' and the like. As examples of the anti-flocculating agent,'
there may be mentioned sodium hexametaphosphate, ammonium citrate, ammonium
oxalate, ammonium tartrate, 50 monoethylamine and the like. As examples of
the surfactant, there may be mentioned alkyl aryl phosphates, alkyl aryl
sulfonate, fatty acid soap and the like. As examples of the antiseptic,
there may be mentioned sodium phenoxide, phenol, phenol derivatives,
formaldehyde and the like. Generally, it is preferred that the powder
material concentration of the suspension or solution be in the range of
from 30 to 90% by weight. 55    The size of the granules to be employed in
the present invention may be in the range of preferably from 1 to 200
[err]m, more preferably from 5 to 100 pm. When the granule size is too
small, especially less than 1 pm, a large volume of dust occurs during the
melt-spraying stage. This markedly lowers melt-spraying yield, thereby
causing performance of melt-spraying on a commercial scale to be difficult.
On the other hand, when the granule size is too large, especially more than
200 [err]m, there occurs problems, such as 60 degradation of electrode
activity, shortening of electrode life, decrease of coating strength and
fall of melt- spraying yield which are primarily attributed to incomplete
melting of the material. It is preferred that the granules have a crushing
strength of 0.5 g/granule or more. Such a level of crushing strength is
needed to maintain their morphology during the storage and transportation
after the granule formation. The crushing strength of the granules can be
varied by changing the amount and/or 65 kind of the binding agent to be
employed. 10    0 126 189 As the suitable method for melt-spraying the
granules in the present invention, there may be mentioned, for example,
flame spraying and plasma spraying. Of the above-cited techniques, plasma
spraying is more preferable. Some detailed explanation is given below with
respect to the plasma spraying method. According to 5 the method,
dissociation and ionization of at least one kind of gas selected from
argon, nitrogen, hydrogen, helium and other gases may be caused to occur by
passing the gas through a direct-current arc slit. This enables a plasma
flame having such a high temperature as several thousand to some ten
thousand degrees centigrade, a certain heat capacity and a high speed to be
taken out. The granules may be conveyed by an inert gas and poured in the
plasma flame. The granules poured in the plasma flame will melt fly and
collide to against the surface of the electrode substrate. Then, the molten
material on the electrode substrate may be cooled and solidified. The
above-mentioned melting, flight and collision of the material may be
accomplished instantaneously, for example, generally in a period of from
0.1 to 10 milliseconds. The temperature, heat capacity and speed of the
plasma flame primarily depend on the kind of the gas employed and the power
of the arc. As the suitable gas to be employed for producing the plasma
flame, 15 there may be mentioned mixtures of gases, such as those of argon
and nitrogen, argon and hydrogen, and nitrogen and hydrogen. The power of
the arc is determined by the arc current and arc voltage. The arc voltage,
at a fixed arc current, is determined by the inter-electrode distance and
the kind and flow rate of plasma gas. When a gas requiring much energy for
dissociation and ionization of molecules, such as nitrogen, is employed,
the arc voltage generally tends to increase. On the other hand, when a gas
which 20 consists of single-atom molecules and can be readily ionized, such
as argon, is employed, the arc voltage 



generally tends to decrease. At any rate, the power of the arc must be
sufficent to provide a plasma flame having a temperature and heat capacity
enough to accomplish the above-mentioned melting of the powder material in
the form of granules instantaneously. As the other conditions affecting the
melt-spraying, there may be mentioned the distance from the 25 spray nozzle
to the substrate to be spray coated and the angle at which the spray nozzle
is disposed with respect to the face of the substrate to be spray coated.
Generally, the distance from the spray nozzle to the substrate to be coated
is preferably 50 to 300 mm, and the angle at which the spray nozzle is
disposed with respect to the substrate to be coated is preferably 30 to
150[err]C. Further, the method for pouring the powder or granule in the
plasma flame and the method for cooling the melt-sprayed material may
affect the melt- 30 spraying. However, these conditions are not of critical
nature and may be chosen from the conditions customarily employed. The
degree of oxidation of the coating can be varied by changing the ratio of a
powder metal to a powder metal oxide and/or by changing the oxygen
concentration of the melt-spraying atmosphere. In addition to the material
giving electrode activity and the material giving reduction resistance, a
third 35 component selected from zinc, zinc oxide, aluminum, silicon
dioxide, molybdenum, molybdenum oxide and other substances may be
incorporated in the powder to be employed in the present invention. This is
advantageous, for it further improves the activity of the resulting
electrode and further decreases the hydrogen' overvoltage. The preferred
thickness of the coating of electrode is 10 to 300 pm. Where the thickness
of the coating 40 is less than 10 pm, there cannot be obtained an electrode
exhibiting. a satisfactorily lowered hydrogen overvoltage. On the other
hand, the increase in thickness of the coating to more than 300 [err]m is
not advantageous from an economical viewpoint because even if the coating
thickness is more than 300 pm, the hydrogen overvoltage does not exceed a
certain value and the increase of thickness of the coating to more than 300
gm only causes the cost for the coating to be increased without any
proportional advantage. 45  With respect to the face of an electrode to be
coated, there is not a specific restriction. According to need or according
to the manner of use of the electrode, a coating may be formed on the
electrode at its one side or both sides or at its partial portions. In
determining the face of electrode to be coated, there may be adopted a
method in which the desired degree of lowering of hydrogen overvoltage of
the electrode is taken into consideration. For example, a relatively thick
coating may be formed with respect to the portions of an 50 electrode at
which a great amount of current flows, and a thin film may be formed with
respect to the portions of an electrode at which a small amount of current
flows. It is preferable to subject an electrically conductive substrate to
a pre-treatment prior to melt-spraying. The pre-treatment consists in
degreasing and grinding the surface of substrate. By the pre-treatment, the
stains on the surface of substrate are removed and the surface of substrate
is appropriately coarsened, 55 thereby enabling great bonding between the
substrate and the melt-sprayed coating to be obtained. With respect to the
method of pre-treatment, there is not any particular restriction. Usually,
there may be employed grinding by an acid-etching, a blast finishing (for
example, grit blasting, shot blasting, sand blasting or liquid homing), an
electrolytic grinding or the like in combination with degreasing by means
of an organic liquid, a surfactant, vapor, calcination or the like. 60
The electrode of the present invention can be effectively used as a
hydrogen-evolution cathode in the electrolysis of sodium chloride by the
ion exchange membrane process or the diaphragm process, electrolysis of
alkali metal halides other than sodium chloride, electrolyis of water,
electrolysis of Glauber's salt and the like. It is preferred that an
electrolytic solution to be in contact with the electrode of the present
invention be alkaline. The type of an electrolytic cell to be used together
with the electrode of this invention 65    0 126 189 may be of either
monopolar arrangement or bipolar arrangement. When the electrode of the
present invention is used in the electrolysis of water, it may be used as a
bipolar electrode. The present invention will be further illustrated in
more detail with reference to the following Examples which should not be
construed to be limiting the scope of the present invention. 5     In
Examples, various measurements were done as follows. The content of a
chromium component in the coating of an electrode (hereinafter often
referred to as "chromium component content") is determined by the atomic
absorption method as follows. One part by weight of the coating of an
electrode is mixed with 50 parts by weight of a flux (a mixture of 2 parts
by weight of sodium peroxide and one part by weight of sodium carbonate)
and the resulting 10 mixture is melted. A predtermined amount of hot water
and aqueous 50% sulfuric acid are added to the resulting mixture to obtain
a homogeneous solution. The obtained solution is used as the sample. The 



experimental conditions (wave length and kind of flame) and apparatus used
are as follows. Kind of atom   Wave length (nm)       Kind of flame
Apparatus. 15 Ni           232,0 (2320A)        acetylene-air   atomic
absorption analyzer AA 1 (manufactured and sold by Nippon 20
Jarrell-Ash Co. Ltd., Japan) Co            240,7 (2407A)           ditto
ditto Cr           357,9 (3573A)           ditto       ditto 25 Si
251,6 (2516A)         acetylene-    atomic absorption nitrous oxide
analyzer AA 8500 (manufactured and sold by Nippon 30
Jarrell-Ash Co. Ltd. Japan) The following values are obtained as follows.
Diameter of granules 35    The electron microscopic method Water content of
granules The infrared drying' method 40 Spraying yield Weight of electrode
(g) - Weight of substrate (g) Spraying yield(%) =
x 100 45                           Amount of powder supplied (g) Crushing
strength Granules having a diameter of 3044 [err]m are classified by means
of a sieve. The minimum load (g) to crush a granule is determined with
respect to 30 granules. The obtained values of load (g) are averaged. 50
Degree of Oxidation X-ray diffractometry Example 1 100 Parts by weight of
powder nickel oxide (NiO) having particle diameters ranging from 0.2 to 2
l[err]m 55  and 10 parts by weight of powder chromium oxide (Cr2O3) having
particle diameters ranging from 0.5 to 3 [err]m were added to an aqueous
solution consisting of 100 parts by weight of water, 2.25 parts by weight
of gum arabic as a binder, 0.7 part by weight of sodium carboxymethyl
cellulose as a dispersant, 0.1 part by weight of sodium hexametaphosphate
as an intiflocculating agent, 0.001 part by weight of sodium lauryl sulfate
as a surfactant and 0.1 part by weight of phenol as an antiseptic agent.
The resulting mixture was 60 vigorously stirred to obtain a homogeneous
suspension. The thus obtained suspension was dried and granulated by means
of a spray dryer type granulation chamber (hereinafter often referred to
simply as "granulation chamber") having a diameter of 1 m and a height of
0.7 m and equipped at its top with a rotating disc. In this step, the
suspension was fed to the granulation chamber atthe rotating disc being
rotated at 25,000 r.p.m. at a feed rate of 40 kg/hr by means of 65 a pump,
whereby the suspension became droplets and was dispersed while being
subjected to gravity- 12    0 126 189 drop toward the bottom of the
granulation chamber. A hot air of 330[err]C was fed to the granulation
chamber so that the hot air flows in the same direction as the dispersed
droplets fell. The flow rate of the hot air was adjusted so that the
hot-air temperature was 120[err]C at the outlet of the hot air located at
the side portion of the bottom of the granulation chamber. Spherical
granules having temperatures of 95 to 100[err]C were 5 produced at a
production rate of about 18 kg/h. The produced granules were taken out from
the bottom of the granulation chamber and allowed to stand for cooling. The
obtained granules were 5 to 50 [err]m in diameter as determined by the
electron microscopic method, 5 g/granule in crushing strength and less than
0.1% in water content. A 5 cm x 5 cm nickel wire screen (wire diameter, 0.7
mm; 12 mesh) was degreased with trichlene, and 10 then blasted by means of
A1203 having a particle size of 0.73 to 2.12 mm. The blasted wire screen 



(substrate) was melt spray coated on each side thereof with the
above-prepared granules by plasma spraying as indicated below. The plasma
spraying was repeated 3 times with respect to each side of the wire screen
to produce an electrode having a coating of a thickness of 120 [err]m with
respect to each side of the wire screen. 15    Plasma spraying was done
using the following average spraying parameters. Feeding rate of plasma gas
of argon and nitrogen: 1 m3 (at normal state)/h and 0.8 m3 (at normal
state)/ h, respectively Feeding rate of granules to plasma flame from a
hopper 20          (carrier gas: argon):
5.0 kg/h Plasma arc (current):                                     700 A
Voltage betweeen electrodes:                         about 50 V Distance
between substrate and spray gun (spray distance):  10cm Angle of the plasma
flame relative to the face of the substrate:  900 25 The spraying yield of
the granules was 60%, that is, the granules were coated on the substrate at
a rate of 3.0 kg/h. The, resulting electrode was analyzed by X-ray
diffraction to determine the degree of oxidation of the coating by
calculation from a height of the peak attributed to crystal face (012) with
respect to NiO and a 30 height of the peak attributed to crystal face (111)
with respect to Ni, respectively. The values of degrees of oxidation
[NiO/NiO + Ni (xl00)] of the coating was 86 % but not 100 %. This is due to
partial reduction of nickel oxide in the plasma flame. The analysis by
X-ray diffractometry showed the absence of a compound oxide of
nickel-chromium (NiCr2O4) in the coating. The chromium component content of
the coating was 9.0%. The X-ray diffraction pattern of the coating of the
electrode are shown in Fig. 2. 35    There was provided an electrolytic
cell which is partitioned by a carboxylic acid type cation exchange
membrane commercially available under the trade name "Aciplex K-105"
(manufactured and sold by Asahi Kasei Kogyo K.K., Japan) into a cathode
chamber accommodating therein a cathode and an anode chamber accommodating
therein an anode made of a titanium-made expanded metal having thereon a
coating composed of ruthenium oxide, zirconium oxide and titanium oxide. As
the cathode, the above- 40 obtained electrode was used in the electrolytic
cell. While supplying brine having a NaCl concentration of 175 g/liter into
an anode chamber and supplying a 30 % aqueous sodium hydroxide solution
into a cathode chamber, electrolysis was continuously conducted at a
current density of 40 A/dm2 and at 90[err]C. The hydrogen overvoltage was
measured by the current interrupt method and in such a manner in which
Luggin capillary was connected to a reference electrode (Hg/HgO; 25[err]C)
by means of liquid-junction and in 45 turn was connected to the surface of
the cathode facing the cation exchange membrane. The results are shown
below in Table 1. [err] 55 [err] [err] As is apparent from Table 1, 5
months after the initiation of the electrolysis, the oxidation degree of
the coating of the electrode was lowered by 8 % as compared with the
oxidation degree at the initial stage of 65 the electrolysis and,
thereafter, the oxidation degree was not lowered. 13    Examples 2 to 5 100
Parts by weight of powder nickel oxide (NiO) having particle diameters
ranging from 0.2 to 2 pm and powder chromium oxide (Cr2O3) having particle
diameters ranging from 0.5 to 3 pm (0.6 part by weight in Example 2,3.2
parts by weight in Example 3,5.3 parts by weight in Example 4 and 25.5
parts by weight in 5 Example 5) were mixed in their dry states, and then
dried using a dry air of 100[err]C for two hours. Substantially the same
procedures ai in Example 1 were repeated to prepare electrodes by plasma
spraying, except that the above-prepared nickel oxide-chromium oxide powder
mixtures per se were used without being subjected to granulation and that
the thickness of the coating was 100 pm with respect to one side of
electrode and 50 [err]m with respect to the other side of electrode. 10
The chromium component content of the coating of each electrode as prepared
above was 0.5 % in Example 2, 3.0 % in Example 3, 5 % in Example 4 and 20 %
in Example 5. The degrees of oxidation [NiO/ NiO + Ni (x 100)1 of the
coatings of the electrodes as prepared above were 90 % in Examples 2 to 4
and 89 % in Example 5. The analysis by X-ray diffractometry showed that the
coating of each electrode contained nickel oxide (NiO) and metal nickel
(Ni) and that no compound oxide of nickel-chromium was present in the 



15 coating of each electrode. The X-ray diffraction pattern of the coating
of the electrode prepared by Example 5 is shown in Fig. 3. Substantially
the same procedures as in Example 1 were repeated to effect electrolyses
for evaluation of the performance of electrode, except that each electrode
as prepared above was used and disposed in the cathode chamber such that
the surface of the electrode with a thickness of 100 [err]m faced the
cation 20 exchange membrane. The results obtained are shown below in Table
2. TABLE 2 25 [err] 30 35 [err] 40 [err] 45
Examples 6 to 9 Four kinds of electrodes were prepared in substantially the
same manner as described in Example 1, except that 100 parts by weight of
powder cobalt oxide (CoO) having particle diameters ranging from 0.4 to 2
pm were employed instead of 100 parts by weight of powder NiO and that the
amount of powder chromium oxide (Cr2O3) having particle diameters ranging
from 0.5 to 3 pm was varied to 0.6 part by 50 weight in Example 6,5.4 parts
by weight in Example 7,11.3 parts by weight in Example 8 and 25.4 parts by
weight in Example 9. The chromium component content of the coating of each
of the thus obtained electrodes was 0.5 % in Example 6, 5.0 % in Example 7,
10 % in Example 8 and 20 % in Example 9. The degree of oxidation [CoO/ CoO
+ Co (x 100)] of the coating of each electrode as prepared above was 95 %
in Examples 6 to 9. The 55 analysis by X-ray difractometry showed that the
coating of each electrode contained cobalt oxide (CoO) and metal cobalt
(Co) and that no compound oxide of cobalt-chromium was present in the
coating of each electrode. Substantially the same procedures as in Example
1 were repeated to effect electrolyses for evaluation of the performance of
the electrode, except that each electrode as prepared above was used. 60
The results obtained are shown below in Table 3. 65 14    0 126 189 TABLE 3
[err] 5 Example No.   stage       months       months       stage
months      months 6          170          160          160         95
50           50 10 7          170          160         160          95
70          70 8          170          160          160       95
75           75 15      9           170          160          160        95
80            80 CoO Note:          x 100 CoO + Co 20 Example 10 An
electrode was prepared in substantially the same manner as described in
Example 1,exceptthatthe amount of powder chromium oxide (Cr2O3) having
particle diameters ranging from 0.5 to 3 [err]m was varied 25 to 11.4 parts
by weight and that 8.1 parts by weight of powder silicon dioxide (SiO2)
having particle diameters ranging from 0.5 to 3 [err]m was employed as an
additional component. The coating of the thus obtained electrode had a
chromium component content of 10 % and had a silicon component content of
4.2 %. The analysis by X-ray diffractometry showed that the coating of the
electrode contained nickel oxide (NiO) and metal nickel (Ni) and that no
compound oxide of nickel- 30  chromium was present in the coating of the
electrode. The degree of oxidation [NiO/NiO + Ni (x 100)] of the coating of
the above-obtained electrode was 90 %. The electrode thus obtained was then
immersed in a 30 % aqueous NaOH solution at 90[err]C for 24 hours. 



Thereafter, substantially the same procedures as in Example 1 were repeated
to effect an electrolysis for evaluation of the performance of the
electrode except that use was made of the electrode as prepared 35 above.
The results obtained are shown below in Table 4. TABLE 4 40
At initial     After 5       After 10 stage        months        months
Hydrogen overvoltage,      140           130           130 mV (at 40 A/dm2)
45 Oxidation degree (%)*       90            75            75 [err] Example
11 100 Parts by weight of nickel oxide (NiO) having particle diameters
ranging from 10 to 25 [err]m and 10 55   parts by weight of chromium oxide
(Cr2O3) having particle diameters ranging from 8 to 30 l[err]m were added
to an aqueous solution consisting of 100 parts by weight of water, 2.25
parts by weight of gum arabic as a binder, 0.7 part by weight of sodium
carboxymethyl cellulose as a dispersant, 0.1 part by weight of sodium
hexametaphosphate as an antiflocculating agent, 0.001 part by weight of
sodium lauryl sulfate as a surfactant and 0.1 part by weightof phenol as an
antiseptic agent. The resulting mixture were vigorously 60 stirred to
obtain a homogeneous suspension. The thus obtained suspension was fed to
the bottom of a continuous-type wet mill equipped with a pot having a
capacity of 15 liters ("Pearl Mill" manufactured and sold by Drais
Corporation, West Germany) at a feed rate of 70 kg/hr. The pot was filled
with ceramic beads up to 70 % of the total volume of the pot. The inside
wall of the pot was equipped with a plurality of super hard pins. An
agitator shaft having several 65  discs was fixed at the central portion of
the pot, and each disc was also provided with a plurality of super    0 126
189 hard pins. By the rotation of the shaft, the suspension in the pot was
mixed and the metal oxides particles dispersed were subjected to milling.
The thus treated suspension was withdrawn from the top of the pot. The
above treatment was repeated twice. After milling, the particle diameters
of each of NiO and Cr2O3 were reduced to be in the range of 0.3 [err]m 5 or
less. In substantially the same manner as described in Example 1, the thus
treated suspension was subjected to granulation, and the resulting granules
were melt-sprayed on a wire screen as the substrate by plasma spraying,
thereby to obtain an electrode. The coating of the thus obtained electrode
had a chromium component content of 8.1 %. The analysis 10 by X-ray
diffractometry showed that the coating of the electrode contained nickel
oxide (NiO) and metal nickel (Ni) and that no compound oxide of
nickel-chromium was present in the coating of the electrode. The degree of
oxidation [NiO/NiO + Ni (x 100)] of the coating of the above-obtained
coating was 90 %. Substantially the same procedures as in Example 1 were
repeated to effect an electrolysis for evaluation of the performance of
the, electrode except that use was made of the electrode as prepared 15
above. The results obtained are shown below in Table 5. TABLE 5 20
At initial     After 5       After 10 stage        months        months
Hydrogen overvoltage,      160           150           150 mV (at 40 Aldm2)
25 Oxidation degree (%)*       90            85.           85 NiO Note:
x 100 30                   NiO + Ni Example 12 An electrode was prepared in
substantially the same manner as described in Example 1, except that 35 100
parts by weight of metal nickel (Ni) having particle diameters ranging from
0.3 to 0.7 [err]m were employed instead of 100 parts by weight of nickel
oxide and that the amount of chromium oxide (Cr2O3) having particle
diameters ranging from 0.5 to 3 [err]m was varied to 13 parts by weight. 



The coating of the thus obtained electrode had a chromium component content
of 9.5 %. The analysis by X-ray diffractometry showed that the coating of
the electrode contained nickel oxide (NiO) and metal 40 nickel (Ni) and
that no compound oxide of nickel-chromium was present in the coating of the
electrode. The degree of oxidation [NiO/NiO + Ni (x 100)] of the coating of
the above-obtained coating was 60 %. .Substantially the same procedures as
in Example 1 were repeated to effect an electrolysis for evaluation of the
performance of the electrode, except that use was made of the electrode as
prepared above. 45    The results obtained are shown below in Table 6.
TABLE 6 At initial    After 5       After 10 50
stage        months         months Hydrogen overvoltage,      170
170           170 mV (at 40 A/dm2) 55              Oxidation degree (%)*
60            50 NiO Note: *        x 100 NiO + Ni 60 Comparative Example 1
An electrode was prepared in substantially the same manner as described in
Example 1, except that 100 parts by weight of nickel oxide (NiO) having
particle diameters ranging from 0.2 to 2 [err]m were solely 65 employed as
the material for forming a coating. 16    0 126 189 The degree of oxidation
[NiO/NiO + Ni (x 100)] of the coating of the thus obtained electrode was
90%. Substantially the same procedures as in Example 1 were repeated to
effect an electrolysis for evaluation of the performance of the electrode,
except that use was made of the electrode as prepared above. 5    The
results obtained are shown below in Table 7. TABLE 7 At initial    After 5
After 10 10                                       stage        months
months Hydrogen overvoltage,      200           220           360 mV (at 40
A/dm2) Oxidation degree (%)*        90            30             0 NiO
Note: *        x 100 NiO + Ni 20 The degree of oxidation of the coating of
this electrode decreased with the lapse of time from the initial value of
90 %, and became zero (0) 10 months after the initiation of the
electrolysis. With the decrease of the oxidation degree, the hydrogen
overvoltage of the electrode increased. It is recognized that the coating
25 of this electrode lost almost all of its effect of lowering the hydrogen
overvoltage during the 10-month operation of the electrolysis. Comparative
Example 2 An electrode was prepared in substantially the same manner as
described in Example 1, except that 30 100 parts by weight of powder cobalt
oxide (CoO) having particle diameters ranging from 0.4 to 2 [err]m were
solely used as the material for forming a coating. The degree of oxidation
[CoO/CoO + Co (x 100)1 of the coating of the thus obtained electrode was
100 Substantially the same procedures as in Example 1 were repeated to
effect an electrolysis for 35 evaluation of the performance of the
electrode, except that use was made of the electrode as prepared above. The
results obtained are shown below in Table 8. 40
TABLE 8 At initial    After 5       After 10 stage        months
months 45             Hydrogen overvoltage,       210           230
350 



mV (at 40 A/dm2 Oxidation degree (%)*      100            30             0
50 [err] 55 Comparative Example 3 An electrode was prepared in
substantially the same manner as described in Example 1, except that 100
parts by weight of powder chromium oxide (Cr203) having particle diameters
ranging from 0.5 to 3 pm were solely used as the material for preparing a
coating. 60    The degree of oxidation [Cr2O3/Cr2O3 + Cr (x 100)] of the
coating of the thus obtained electrode which was determined by X-ray
diffractometry in the same manner as in Example 1 was 95 %. Substantially
the same procedures as in Example 1 were repeated to effect an electrolysis
for evaluation of the performance of the electrode, except that use was
made of the electrode as prepared above. 65    The results obtained are
shown in Table 9. 17    0 126 189 TABLE 9 At initial    After 5       After
10 stage        months        months Hydrogen overvoltage,      270
290           350 mV (at 40 A/dm2) Oxidation degree (%)*95
90            85 Cr203 Note: *-------------x100 Cr2O3 + Cr 15 The hydrogen
overvoltage of this electrode was high at the initial stage of the
electrolysis, and increased with the lapse of time. The gree of oxidation
decreased gradually, but the value itself was high throughout the 10-month
operation of the electrolysis. 20
Comparative Example 4 An electrode was prepared in substantially the same
manner as described in Example 1, except that the amount of powder chromium
oxide (Cr2O3) having particle diameters ranging from 0.5 to 3 [err]m was
varied to 51 parts by weight. The coating of the thus obtained electrode
had a chromium component content of 33 %. The X-ray diffraction analysis
showed the presence of a compound oxide of nickel-chromium (NiCr2O4) 25 and
chromium oxide (Cr2O3) in the coating of the thus obtained electrode. The
degree of oxidation [NiO/ NiO + Ni (x 100)] of the coating of the electrode
was 91 %. The X-ray diffraction pattern of the coating of the obtained
electrode is shown in Fig. 4. Substantially the same procedures as in
Example 1 were repeated to effect an electrolysis for evaluation of the
performance of the electrode, except that use was made of the electrode as
obtained 30 above. The results obtained are shown below in Table 10. TABLE
10 35 At initial    After 5       After 10 stage        months
months Hydrogen overvoltage,      270           290           290 40
mV (at 40 A/dm2) Oxidation degree (%)*       91            80            80
NiO 45         Note: *--------------x 100 NiO + Ni The degree of oxidation
of the coating was high throughout the 10-month operation of the
electrolysis. 50 However, the hydrogen overvoltage of this electrode was
high at the initial stage of the electrolysis. Comparative Example 5 Powder
nickel oxide (NiO) having particle diameters ranging from 0.3 to 2 pm wad
dried using a dried air of 100[err]C for two hours. In substantially the
same manner as described in Example 1, the obtained nickel 



55 oxide powder was melt-sprayed on a wire screen as the substrate by
plasma spraying, except that the feed rate of powder nickel oxide to plasma
flame was 1 kg/h, thereby to prepare an electrode. The spraying yield of
the nickel oxide was 10 %, that is, NiO was coated on the substrate at a
rate of 0.1 kg/h. In this Example, clogging of the feed of the powder
material with NiO was apt to occur during the course of feeding NiO to the
plasma flame, and, hence, continuous operation of plasma spraying could not
60 be effected smoothly. The plasma spraying was repeated 90 times with
respect to each side of the electrode, thereby to obtain a 120 pm-thick
coating on each side of the electrode. Substantially the same procedures as
in Example 1 were repeated to effect an electrolysis for evaluation of the
performance of the electrode, except that use was made of the electrode as
prepared above. 65    The results obtained are shown below in Table 11.
0 126 189 TABLE 11 At initial    After 5       After 10 stage        months
months 5 Hydrogen overvoltage,      220           200           350 mV (at
40 Adm2) Oxidation degree %)*0                     50             0 10 NiO
Note: *------------x 100 NiO + Ni 15    The degree of oxidation of the
coating was decreased to 0 % after the 10-month operation of electrolysis.
Example 13 An electrode as prepared in substantially the same manner as
described in Example 1, except that 14 parts by weight of powder chromium
hydroxide [Cr(OH)31 having particle diameters ranging from 0.5 to 3 20
[err]m was used instead of powder chromium oxide. The chromium component
content of the coating of the thus obtained electrode was 9.5%. The degree
of oxidation [NiO/NiO + Ni (x 100)1 of the coating of the electrode was 88
%. The analysis by X-ray diffractometry showed that no compound oxide of
nickel- chromium was present in the coating of the electrode. Substantially
the same procedures as in Example 1 were repeated to effect an electrolysis
for 25 evaluation of the performance of electrode, except that the
electrode as prepared above was used. The results obtained are shown below
in Table 12. TABLE 12 30                                       At initial
After 5      After 10 stage        months        months Hydrogen
overvoltage,      160           150           150 mV (at 40 A/dm2) 35
Oxidation degree (%)*       88            73            73 NiO Note:
*----------x 100 40                    NiO + Ni Example 14 An electrode was
prepared in substantially the same manner as described in Example 1, except
that 32 parts by weight of powder sodium chromium carbonate [Na2Cr(CO3)2H2O
having particle diameters 45 ranging from 0.3 to 3 pm was used instead of
powder chromium oxide. The chromium component content of the coating of the
thus obtained electrode was 8.8 %. The degree of oxidation [NiOlNiO + Ni (x
100)] of the coating of the electrode was 86 %. The analysis by X-ray
diffractometry showed that no compound oxide of nickel-chromium was present
in the coating of the electrode. Substantially the same procedures as in
Example 1 were repeated to effect an electrolysis for so evaluation of the
performance of electrode, except that the electrode as prepared above was
used. The results obtained are shown below in Table 13. TABLE 13 55
At initial     After 5       After 10 



stage        months        months Hydrogen overvoltage,      160
150           150 mV (at 40 A/dm2) Oxidation degree (%)*       86
71            71 NiO Note:          x 100 NiO + Ni 1 9    0 126 189 Example
15 An electrode was prepared in substantially the same manner as described
in Example 1, except that 26 parts by weight of powder chromium oxalate
[Cr2(C204)3H201 having particle diameters ranging from 0.2 to 2.5 pm was
used instead of powder chromium oxide. The chromium component content of
the coating 5 of the thus obtained electrode was 9.2 %. The degree of
oxidation [NiO/NiO + Ni (X 100)] of the coating of the electrode was 88 %.
The analysis by X-ray diffractometry showed that no compound oxide of
nickel- chromium was present in the coating of the electrode. Substantially
the same procedures as in Example 1 were repeated to effect an electrolysis
for evaluation of the performance of electrode, except that the electrode
as prepared above was used. 10    The results obtained are shown below in
Table 14. TABLE 14 At initial    After 5       After 10 15
stage       months        months Hydrogen overvoltage,      160
150           150 mV (at 40 Aldm2) 20             Oxidation     (%)*88
75            75 NiO Note:          x 100 NiO + Ni 25 Claims 1. A
hydrogen-evolution electrode comprising an electrically conductive
substrate having thereon a 30 coating comprising a chromium component and
an oxide of at least one metal selected from the group consisting of nickel
and cobalt, said chromium component being present in a proportion, in terms
of atomic percentage, of 0.5 to 20 %, said atomic percentage being defined
by the following formula 35                                          [err]
(1) wherein Acr represents the number of chromium atoms in the coating and
AT represents the total number of atoms of chromium and said at least one
metal in the coating. 40    2. An electrode according to claim 1, wherein
said coating further contains at least one metal selected from the group
consisting of nickel and cobalt. 3. An electrode according to claim 2,
wherein said coating contains an oxide of at least one metal selected from
the group consisting of nickel and cobalt in an amount, in terms of degree
of oxidation, of 20 to less than 100 %, said degree of oxidation being
defined by the formula 45 [err] so    wherein Ho represents the height of a
peak of the highest intensity X-ray diffraction line of a metal selected
from the group consisting of nickel and cobalt when the coating is analyzed
by X-ray diffractometry, or represents the arithmetic mean of the heights
of peaks of the highest intensity X-ray diffraction lines respectively of
nickel and cobalt in case the coating contains both nickel and cobalt; H1
represents the height of a peak of the highest Intensity X-ray diffraction
line of an oxide of said metal, or 55 represents the arithmetic mean of the
heights of peaks of the highest intensity X-ray diffraction lines
respectively of nickel oxide and cobalt oxide in case the coating contains
both nickel oxide and cobalt oxide. 4. An electrode according to any one of
claims 1 to 3, wherein said electrically conductive substrate is made of an
anticorrosive material selected from nickel, a nickel alloy and an
austenite type stainless steel. 60 5. An electrode according to any one of
claims 1 to 4, wherein said coating is composed of nickel, nickel oxide and
a chromium component. 6. A method of producing a hydrogen-evolution
electrode which comprises: 



(1) forming a mixture of a finely divided powder of at least one member
selected from the first group consisting of nickel, cobalt, oxides of
nickel and cobalt, hydroxides of nickel and cobalt, organic acid salts of
65 nickel and cobalt and inorganic acid salts of nickel and cobalt and a
finely divided powder of at least one 20    0 126 189 Example 15 An
electrode was prepared in substantially the same manner as described in
Example 1, except that 26 parts by weight of powder chromium oxalate
[Cr2(C204)3H20] having particle diameters ranging from 0.2 to 2.5 [err]m
was used instead of powder chromium oxide. The chromium component content
of the coating 5 of the thus obtained electrode was 9.2 %. The degree of
oxidation [NiO/NiO + Ni (x 100)] of the coating of the electrode was 88 %.
The analysis by X-ray diffractometry showed that no compound oxide of
nickel- chromium was present in the coating of the electrode. Substantially
the same procedures as in Example 1 were repeated to effect an electrolysis
for evaluation of the performance of electrode, except that the electrode
as prepared above was used. 10    The results obtained are shown below in
Table 14. TABLE 14 At initial     After 5      After 10 15
stage        months        months Hydrogen overvoltage,      160
.150           150 mV (at 40 A/dm2) 20             Oxidation degree   )*88
75            75 [err] 25 Claims 1. A hydrogen-evolution electrode
comprising an electrically conductive substrate having thereon a 30 coating
comprising a chromium component and an oxide of at least one metal selected
from the group consisting of nickel and cobalt, said chromium component
being present in a proportion, in terms of atomic percentage, of 0.5 to 20
%, said atomic percentage being defined by the following formula [err] 35
[err]                             (1) wherein Ac, represents the number of
chromium atoms in the coating and AT represents the total number of atoms
of chromium and said at least one metal in the coating. 40    2. An
electrode according to claim 1, wherein said coating further contains at
least one metal selected from the group consisting of nickel and cobalt. 3.
An electrode according to claim 2, wherein said coating contains an oxide
of at least one metal selected from the group consisting of nickel and
cobalt in an amount, in terms of degree of oxidation, of 20 to less than
100 %, said degree of oxidation being defined by the formula 45 [err] 50
wherein Ho represents the height of a peak of the highest intensity X-ray
diffraction line of a metal selected from the group consisting of nickel
and cobalt when the coating is analyzed by X-ray diffractometry, or
represents the arithmetic mean of the heights of peaks of the highest
intensity X-ray diffraction lines respectively of nickel and cobalt in case
the coating contains both nickel and cobalt; H1 represents the height of a
peak of the highest intensity X-ray, diffraction line of an oxide of said
metal, or 55 represents the arithmetic mean of the heights of peaks of the
highest intensity X-ray diffraction lines respectively of nickel oxide and
cobalt oxide in case the coating contains both nickel oxide and cobalt
oxide. 4. An electrode according to any one of claims 1 to 3, wherein said
electrically conductive substrate is made of an anticorrosive material
selected from nickel, a nickel alloy and an austenite type stainless steel.
60    5. An electrode according to any one of claims 1 to 4, wherein said
coating is composed of nickel, nickel oxide and a chromium component. 6. A
method of producing a hydrogen-evolution electrode which comprises: (1)
forming a mixture of a finely divided powder of at least one member
selected from the first group consisting of nickel, cobalt, oxides of
nickel and cobalt, hydroxides of nickel and cobalt, organic acid salts of
65 nickel and cobalt and inorganic acid salts of nickel and cobalt and a
finely divided powder of at least one 20  



0 126 189 member selected from the second group consisting of chromium, an
oxide of chromium, a hydroxide of chromium, an organic acid salt of
chromium and an inorganic acid salt of chromium, the content of said at
least one member selected from the second group in said mixture being 0.5
to 20 % in terms of atomic percentage, said atomic percentage being defined
by the following formula 5 [err] [err] 10    wherein Acr represents the
number of chromium atoms in the mixture and AT represents the total number
of atoms of chromium and said at least one member selected from the first
group, and (2) applying the obtained mixture onto an electrically
conductive substrate by melt spraying. 7. A method according to claim 6,
wherein the Step (1), the formation of a mixture is performed by mixing the
powders, followed by granulation to obtain a mixture in the form of
granules. 15    8. A method according to claim 7, wherein said finely
divided powder of at least one member selected from the first group and
said finely divided powder of at least one member selected from the second
group each have a particle size of 5 [err]m or less. 9. A method according
to any one of claims 6 to 8, wherein in the formation of a mixture in Step
(1), a finely divided powder of at least one member selected from the third
group consisting of molybdenum, 20 zinc, tin, tungsten, aluminum and
silicon and oxides thereof is added. Patentanspruche 1.
Wasserstoffentwicklungselektrode, umfassend ein elektrisch leitfahiges
Substrat mit einer darauf 25 befindlichen Beschichtung aus einer
Chrom-Komponente und einem Oxid wenigstens eines aus der aus Nickel und
Cobalt bestehenden Gruppe ausgewahlten Metalls, wobei die Chrom-Komponente
in einem Anteil, ausgedruckt in Atom-%, von 0,5 bis 20 % vorliegt, wobei
dieser Atom-Prozentsatz durch die folgende Formel 30
[err] definiert wird, in der Acr die Zahl der Chrom-Atome in der
Beschichtung angibt und AT die Gesamtzahl 35 der Atome des Chroms und des
wenigstens einen Metalls in der Beschichtung bezeichnet. 2. Elektrode nach
Anspruch 1, dadurch gekennzeichnet, daB die Beschichtung weiterhin
wenigstens ein aus der aus Nickel und Cobalt bestehenden Gruppe
ausgewahltes Metall enthalt. 3. Elektrode nach Anspruch 2, dadurch
gekennzeichnet, dae die Beschichtung ein Oxid wenigstens eines aus der aus
Nickel und Cobalt bestehenden Gruppe ausgewahiten Metalls in einer Menge,
40 ausgedruckt durch den Oxidationsgrad, von 20 bis 100 % enthalt, wobei
der Oxidationsgrad durch die Formel [err] 45
[err] definiert wird, in der Ho die Hohe des Peaks der Rontgenbeugungslinie
mit der hochsten Intensitat eines aus der aus Nickel und Cobalt bestehenden
Gruppe ausgewahiten Metalls bezeichnet, wenn die Beschichtung mittels
Rontgenbeugung untersucht wird, oder das arithmetische Mittel der
Peak-Hohen der 50  Rontgenbeugungslinien mit der hochsten Intensitat des
Nickels bzw. des Cobalts bezeichnet, falls die Beschichtung sowohl Nickel
als auch Cobalt enthilt und H1 die Hohe des Peaks der Rontgenbeugungslinie
mit der hochsten Intensitat eines Oxids des genannten Metalls bezeichnet
oder das arithmetische Mittel der Peak-Hohen der Rontgenbeugungslinien mit
der hochsten Intensitat des Nickeloxids und Cobaltoxids bezeichnet, falls
die Beschichtung sowohl Nickeloxid als auch Cobaltoxid enthilt. 55     4.
Elektrode nach irgendeinem der Anspruche 1 bis 3, dadurch gekennzeichnet,
daG das elektrisch leitfahige Substrat aus einem korrosionsbestindigen
Material, ausgewahlt aus Nickel, einer Nickel- Legierung und einem
nichtrostenden Stahl des Austenit-Typs, hergestellt ist. 5. Elektrode nach
irgendeinem der Anspruche 1 bis 4, dadurch gekennzeichnet, daB die
Beschichtung aus Nickel, Nickeloxid und einer Chrom-Komponente
zusammengesetzt ist. 60  6. Verfahren zur Herstellung einer
Wasserstoffentwicklungselektrode, umfassend (1) das Bilden einer Mischung
aus einem feinteiligen Pulver wenigstens eines aus der aus Nickel, Cobalt,
Oxiden des Nickels und Cobalts, Hydroxiden des Nickels und Cobalts, Salzen
des Nickels und Cobalts mit organischen Sauren sowie Salzen des Nickels und
Cobalts mit organischen Sauren sowie Salzen des Nickels und Cobalts mit
anorganischen Saure bestehenden ersten Gruppe ausgewahlten 65 Stoffes und
einem feinteiligen Pulver wenigstens eines aus der aus Chrom, einem Oxid
des Chroms, einem 21   



0 126 189 Hydroxid des Chroms, einem Salz des Chroms mit einer organischen
Saure sowie einem Saiz des Chroms mit einer anorganische Saure bestehenden
zweiten Gruppe ausgewahiten Stoffes, wobei der Gehalt des aus der zweiten
Gruppe ausgewahlten wenigstens einen Stoffes in der Mischung, ausgedruckt
in Atom-%, von 0.5 bis 20 % betragt, wobei dieser Atom-Prozentsatz durch
die folgende Formel 5 [err] 1' [err] 10    definiert wird, in der Acr die
Zahl der Chrom-Atome in der Beschichtung angibt und AT die Gesamtzahl der
Atome des Chroms und des wenigstens einen aus der ersten Gruppe
ausgewahiten Stoffes bezeichnet, und (2) das Aufbringen der erhaltenen
Mischung auf ein elektrisch leitfahiges Substrat durch Schmelzspruhen. 15
7. Verfahren nach Anspruch 6, dadurch gekennzeichnet, dal in Schritt (1)
die Bildung einer Mischung in der Weise durchgefuhrt wird, daB die Pulver
vermischt werden und die Mischung danach granuliert wird, wodurch die
Mischung in Form eines Granulats erhalten wird. 8. Verfahren nach Anspruch
7, dadurch gekennzeichnet, daB das feinteilige Pulver des wenigstens einen,
aus der ersten Gruppe ausgewahlten Stoffes und das feinteilige Pulver des
wenigstens einen, aus 20 der zweiten Gruppe ausgewahiten Stoffes jeweils
eine Teilchengrole von 5 [err]m oder weniger haben. 9. Verfahren nach
irgendeinem der Anspruche 6 bis 8, dadurch gekennzeichnet, daB bei der
Bildung einer Mischung in Schritt (1) ein feinteiliges Pulver wenigstens
eines aus der aus Molybdan, Zink, Zinn, Wolfram, Aluminium und Silicium und
deren Oxiden bestehenden dritten Gruppe ausgewahiten Stoffes zugesetzt
wird. 25 Revendications 1. Electrode degageant de l'hydrogene, comprenant
un substrat conducteur de l'electricite sur lequel est applique un
revetement comprenant un constituant au chrome et un oxyde d'au moins un
metal choisi 30 parmi le nickel et le cobalt, le constituant au chrome
representant une proportion, en termes de pourcentage atomique, de 0,5 a 20
%, ce pourcentage atomique etant defini par la formule suivante [err] (1)
35                                     [err] dans laquelle Acr represente
le nombre d'atomes de chrome du revetement et AT represente le nombre total
d'atomes de chrome et dudit au moins un metal du revetement. 2. Electrode
suivant la revendication 1, dans laquelle le revetement contient en outre
au moins un 40 metal choisi parmi le nickel et le cobalt. 3. Electrode
suivant la revendication 2, dans laquelle le revetement contient un oxyde
d'au moins un metal choisi parmi le nickel et le cobalt, en une quantite
representant, en termes de degre d'oxydation, de 20 a moins de 100 %, le
degre d'oxydation etant defini par la formule 45 [err] dans laquelle Ho
represente la hauteur d'un pic de la raie de diffraction des rayons X ayant
l'intensite la so plus grande d'un metal choisi parmi le nickel et le
cobal, quand on analyse le revetement par diffractometrie des rayons X, ou
represente la moyenne arithmetique des hauteurs des pics des raies de
diffraction des rayons X ayant les intensites les plus grandes,
respectivement du nickel et du cobalt, dans le cas ou le revetement
contient a la fois du nickel et du cobalt; H1 represente la hauteur d'un
pic de la raie de diffraction des rayons X ayant l'intensite la plus grande
d'un oxyde dudit metal, ou represente la moyennee 55 arithmetique de
hauteur des pics des raies de diffraction des rayons X ayant les intensites
les plus grandes,. respectivement de l'oxyde de nickel et de l'oxyde de
cobalt, dans le cas ou le revetement contient a la fois de l'oxyde de
nickel et de l'oxyde de cobalt 4. Electrode suivant l'une quelconque des
revendications 1 A 3, dans laquelle le substrat conducteur de 1'electricite
est en un materiau anti-corrosif choisi parmi le nickel, un alliage de
nickel et un acier inoxydable 60 de type austenitique. 5. Electrode suivant
l'une des revendications 1 A 4, dans laquelle le revetement est compose de
nickel, d'oxyde de nickel et d'un constituant au chrome. 6. Procede de
fabrication d'une electrode degageant de l'hydrogene qui consiste: (1) a
former un melange d'une poudre finement divisee d'au moins un element
choisi parmi le premier 65 groupe consistant en le nickel, le cobalt, les
oxydes de nickel et de cobalt, les hydroxydes de nickel et de 



22    126 189 cobalt, les sels d'acides organiques de nickel et de cobalt
et les sels d'acides mineraux de nickel et de cobalt et d'une poudre
finement divisee d'au moins un element choisi parmi le second groupe
consistant en le chrome, un oxyde de chrome, un hydroxyde de chrome, un sel
d'acide organique de chrome et un sel d'acide mineral de chrome, la teneur
dans le melange en ledit au moins un element choisi dans le second 5 groupe
etant de 0,5 A 20 % en termes de pourcentage atomique, le pourcentage
atomique etant defini par la formule suivante [err]
(1') 10 dans laquelle AC, represente le nombre d'atomes de chrome dans le
melange, et AT represente le nombre d'atomes de chrome et dudit au moins un
element choisi dans le premier groupe et (2) a appliquer le melange obtenue
sur un substrat conducteur de l'electricite par projection A l'etat 15
fondu. 7. Procede suivant la revendication 6, qui consiste a effecteur au
stade (1) la formation d'un melange en melangeant les poudres, puis en
faisant suivre d'une granulation, pour obtenir un melange sous la forme de
granules. 8. Procede suivant la revendication 7, dans lequel la poudre
finement divisee d'au moins un element 20 choisi dans le premier groupe et
la poudre finement divisee d'au moins un element choisi dans le second
groupe ont chacune une dimension de particule de 5 microns ou une dimension
inferieure A cette valeur. 9. Procede suivant l'une des revendications 6 A
8, qui consiste, lors de la formation du melange au stade (1), a ajouter
une poudre finement divisee d'au moins un element choisi dans le troisieme
groupe, consistant en le molybdene, le zinc, l'etain, le tungstene,
l'aluminium et le silicium et leurs oxydes. 25 30 35 40 45 50 55 60 65 23


