
EP 0 298 055 B1 Description FIELD OF THE INVENTION 5      This invention
relates to a cathode for electrolysis and a process for producing the same.
More particularly, it relates to an activated cathode retaining a low
hydrogen overpotential over a long period of time, which can be used
suitably for electrolysis ofa sodium chloride aqueous solution according to
an ion-exchange membrane method. 10  BACKGROUND OF THE INVENTION In the
electrolytic industry, reduction of energy consumption is an important
concern. Great efforts have been made, particularly, to reduce electrolytic
voltage. For example, in the electrolysis of a sodium chloride aqueous
solution by an ion-exchange membrane 15  method, improvements in factors
causing an increase of voltage have been made as far as are technically
poss- ible to accomplish a reduction of voltage by, for example, adoption
of an insoluble metallic anode having a coat- ing containing a noble metal
oxide, reduction of the electrode gap to a minimum, forced circulation of
the electrolytic solution, or like technique. Similarly, various
improvements with reference to reduction of overpo- tential of a cathode
have been proposed. However, a cathode which is so durable as an anode and
also retains 20  a small magnitude of overpotential of several tens of
millivolts over an extended period of time has not yet been developed.
Low-carbon steel, which had been used as a cathode material from the
beginning of practical application of the ion-exchange membrane method,
exhibits a relatively high hydrogen overpotential ranging from 300 to 400
mV. With the demand for the production of more highly concentrated sodium
hydroxide, the low-carbon 25  steel had been replaced with more
anticorrosive stainless steel, nickel or a nickel-plated material.
Reduction of hydrogen overpotential, however, could not be attained with
these materials. It was then found that the apparent over-potential can be
decreased by 100 to 200 mV by increasing the surface area of the cathode
by, for example, elution of Zn from an Ni-Zn alloy plating, plasma spray
coating of Ni or Raney nickel, or suspension plating using a powderous
material. However, the degree of reduction of volt- 30  age attained by
these techniques is still insufficient. In addition, since the resulting
cathode has a rough surface, it tends not only to damage an ion- exchange
membrane but to accumulate Iron ion, etc., in the electrolytic sol- ution
to have reduced activity which leads to a reduction of working life. In
recent years, cathodes comprising nickel as a main component combined with
various catalytic compo- nentsforthe purpose of attaining a low
over-potential have been widely used. Forexample, cathodes containing 35  a
copper or sulfur component as a catalytic component are known. However,
since these components have insufficient durability, the cathode tends to
deteriorate and fails to have a long life, though showing a reduced initial
overpotential. It is also known to use a platinum group metal or its oxide
in a cathode so as to achieve a reduction of overpotential and extend
durability. Examples of known cathodes using an oxide of a platinum group
metal 40  include one obtained by coating a heated metal base with a
solution containing a salt of a platinum group metal followed by calcining
to form a surface layer comprising a metal oxide, e.g., ruthenium oxide, as
disclosed in Japanese Patent Publication No. 22558/80 ; one obtained by
depositing a powderous oxide of ruthenium, etc., together with nickel onto
a base surface by suspension plating, as disclosed in U.S. Patents
4,465,580 and 4,238,311; one obtained by forming a composite oxide of
nickel, etc., and ruthenium, etc., on the surface of a 45  base as
disclosed in Japanese Patent Application (OPI) No. 232284184 (the term
"OPI" as used herein refers to a "published unexamined Japanese patent
application") ; and the like. Although these cathodes have a low hydrogen
overpotential and are hardly affected by impurities, such as iron in the
electrolytic solution, the prob- lem of durability stil remains with the
use of a labile metal oxide as a cathode, often resulting in short
duration. On the other hand, Japanese Patent Application (OPI) No. 23083182
discloses a cathode comprising a 50  base, e.g., nickel, on which a
platinum group metal, particularly, platinum or an alloy thereof, is
chemically depo- sited. This cathode exhibits a low hydrogen over-potential
and durability but is still disadvantageous in that it is subject to
deactivation due to impurities, such as iron in the electrolytic solution.
As described above, platinum group metals and oxides thereof are known to
have a low hydrogen over- potential. In particular, metallic platinum
exhibits excellent durability as a cathode. However, a cathode coated 55
with platinum is so sensitive to impurities, particularly, iron ion in the
electrolytic solution, that its activity would be lost due to even a trace
amount, e.g., 1 ppm or less, of such impurities. In the actual electrolysis
operation, materials of the electrolytic apparatus or pipes often contain
iron, and it is very difficult to exclude iron ion from the electrolytic
solution. 2 



EP 0 298 055 B1 SUMMARY OF THE INVENTION Accordingly, one object of this
invention is to provide a cathode for electrolysis which maintains an ext-
remely low hydrogen overpotential, exhibits excellent durability, and is
hardly affected by impurities in the elec- 5   trolytic solution. Extensive
studies have been conducted to solve the above-described problems
associated with the con- ventional cathodes for electrolysis. As a result,
it has now been found that the above object can be accom- plished by a
cathode comprising a conductive nickel base having provided thereon at
least one platinum group metal component selected from the group consisting
of a platinum group metal, a platinum group metal oxide, 10  and a platinum
group metal hydroxide (hereinafter simply referred to as a platinum group
component) and at least one cerium component selected from the group
consisting of cerium, cerium oxide, and cerium hydroxide (hereinafter
simply referred to as a cerium component), said platinum group component
and cerium component being present either in the same layer or in separate
layers with the former in the first layer and the latter in the second
layer. The present invention has been completed based on this finding. 15
The present invention thus provides a cathode for electrolysis comprising a
conductive base having a nickel surface having provided thereon a coating
layer comprising (a) at least one platinum group component selected from
the group consisting of a platinum group metal, a platinum group metal
oxide, and a platinum metal hyd- roxide and (b) at least one cerium
component selected from the group consisting of cerium, cerium oxide, and
cerium hydroxide ; and to a process for producing the same which comprises
applying a solution or suspension 20  containing (1) a platinum group metal
salt, particles of a platinum group metal or a compound thereof, ora mixt-
ure thereof and (2) a cerium salt, particles of cerium or a compound
thereof, or a mixture thereof onto a con- ductive base having a nickel
surface to form a coating layer comprising (a) at least one platinum group
component and (b) at least one cerium component. This invention further
relates to a cathode for electrolysis which comprises a conductive base
having a 25  nickel surface having provided thereon (i) a first coating
layer comprising atleastone platinum group component selected from the
group consisting of a platinum group metal, a platinum group metal oxide,
and a platinum group metal hydroxide and further provided thereon (ii) a
second coating layer comprising at least one cerium component selected from
the group consisting of cerium, cerium oxide, and cerium hydroxide ; and to
a process for producing the same which comprises applying a solution or
suspension containing a platinum group metal 30  salt or particles of a
platinum group metal or a compound thereof onto a conductive base having a
nickel surface to form a first coating layer containing at least one
platinum group component, and then applying a solution or suspension
containing a cerium salt or particles of cerium or a compound thereof onto
said first coating layer to form a second coating layer containing at least
one cerium component. 35  DETAILED DESCRIPTION OF THE INVENTION Rare earth
elements such as cerium are, in general, chemically active so that they
hardly exist in a sodium hydroxide aqueous solution in a stable state.
Further, the presence of cerium in a coating layer, even in the form of a
mixture, tends to cause an increase of resistance of the coating layer,
which may deteriorate over- 40  potential characteristics. For these
reasons, it has been considered impossible to use cerium as a cathode com-
ponent. According to this invention, however, it has been found that the
above-mentioned problems can be completely eliminated by incorporating the
cerium component into a coating layer in the form of a mixture with the
platinum group component orseparately incorporating the cerium component
into a thin coating layer which is provided on a coating layer containing
the platinum group component, thus providing a low hydrogen over- 45
potential cathode with a coating in which the cerium component can stably
exist even in high concentration alkali while exhibiting excellent
durability and resistance to impurities as well as satisfactory
conductivity. The reason for the above has not yet been elucidated, but it
is assumed that the cerium component in the coating forms sparingly soluble
cerium hydroxide in high concentration alkali and, at the same time,
increases the overpotentlal of electrochemical deposition of iron onto the
platinum group component. so The conductive basewhich can be used in the
present invention includes nickel and a metal having a nickel surface. The
metal having a nickel surface preferably includes nickel-plated SUS or
steel. Care should be taken not to expose an iron component on the surface
of a base because an iron component may be dissolved out on electrolysis at
a low overpotential, resulting in reduction in the life of the cathode. The
conductive base having nickel on at least its surface may have any shape,
such as plate, rod, porous 55  and expanded mesh shapes. It is preferable
to subject the base to be coated to a cleaning treatment or surface 



roughening treatment, such as degreasing, acid washing, blasting, etc.,
thereby to improve adhesion between the base and the coating layer.
According to a first embodiment of the present invention, a coating layer
containing both a cerium compo- 3    EP 0 298 055 B1 nent and a platinum
group component is provided on the conductive base. The platinum group
component to be incorporated into the coating layer includes platinum group
metals, i.e., platinum, iridium, ruthenium, rhodium, palladium and osmium,
the oxides and hydroxides of these metals, and mixtures thereof. The
proportion of the cerium component to the platinum group component in the
coating 5   layer can be selected from a broad range without any particular
limitation. Usually, the cerium component is present in an amount of from 5
to 95%, preferably from 30 to 70%, on a metal mol basis, based on the
platinum group metal. The manner of forming a coating layer on the base is
not particularly restricted, and various methods can be employed as
follows. 10     One method comprises applying a solution containing a
heat-decomposable salt of each of platinum group metal and cerium at a
desired ratio onto the surface of a base by coating or a like technique,
followed by heat decomposition to form a coating layer. More specifically,
a salt of a platinum group metal or cerium (e.g., a chloride thereof,
chloroplatinic acid, ruthenium nitrate, and cerium nitrate) is dissolved in
water, an alcohol (e.g., isopropyl alcohol and ethanol), an acid (e.g.,
nitric acid and hydrochloric acid), etc., to prepare a solution con- 15
taining 2 to 40 g/liter of a platinum group metal or 1 to 100 g/liter of
cerium, respectively. The two solutions are mixed ata desired ratio, and
the resulting coating composition is applied to a base. After drying, the
composition is heated at a temperature of from [err] to 800C. Heating may
be carried out in any of oxidative, inert and reductive atmospheres. In
cases of forming a coating layer mainly comprising oxides, the heating is
preferably effected in an oxidative atmosphere such as air. 20     The
thus-formed coating layer contains the platinum group metal and/or an oxide
or hydroxide thereof and cerium and/or an oxide or hydroxide thereof. In
some cases, the resulting coating layer has low crystallinity approximate
that of an amorphous form but is not so different in performance from a
highly crystalline coating film. As a modification of the above-described
method, a part of the metallic component may be used in the form 25  of
solid particles generally having a particle size of from about 0.1 to 50
[err] or colloid particles. That is, particles of the platinum group metal,
e.g., platinum, ruthenium, iridium, etc., or cerium or an oxide or
hydroxide thereof, are dispersed in the above-prepared coating solution to
prepare a suspension or a colloidal solution. The sus- pension orcolloidal
solution is adhered to the base, followed by heattreatment in the same
manner as described above to form a coating layer. so      Another method
for forming a coating layer on a base comprises applying a solution or
suspension con- taining a salt of the platinum group metal and a salt of
cerium onto the base by dipping, etc., and chemically precipitating the
metallic components from the solution or suspension to form a coating
layer. For example, a mixed aqueous solution containing chlorides of a
platinum group metal and cerium is prepared and adjusted to a pH of from 7
to 14 by addition of an alkali, immersing the base in the mixed solution,
and chemically deposi- 35  ting a mixed coating layer on the surface of the
base. Since cerium or an oxide thereof is converted to cerium hydroxide in
highly concentrated sodium hydroxide during electrolysis, this method is
advantageous in that cerium can be formulated in the form of its stable
hydroxide from the beginning of the coating process. The thus-formed
coating layer may be calcined at a temperature of from about [err] to about
800C to improve stability. 40      A still another method comprises
chemically substituting nickel on the surface of a base with a metallic
com- ponent, particularly a platinum group metal, of the coating
composition, as described in Japanese PatentAppli- cation (OPI) No.
23083/82. For example, a solution of a platinum group metal chloride having
suspended therein fine particles of metallic cerium or a hydroxide thereof
is contacted with a base, and the suspension is adjusted to a pH of from
about 0 to about 4 by addition of hydrochloric acid thereby to chemically
substitute nickel on 45  the base surface with a platinum group metal ion
due to the difference in ionization tendency and, at the same time, to
incorporate solid particles of the cerium component into the system to form
a desired coating layer on the base surface. In a second embodiment of the
present invention, a first coating layer containing the platinum group com-



ponent is formed on a conductive base, and then a second coating layer
containing the cerium component is 50  formed on the first coating layer.
The platinum group component to be incorporated into the first coating
layer includes platinum group met- als, i.e., platinum, iridium, ruthenium,
phodium, palladium and osmium, the oxides and hydroxides of these met- als,
and mixtures thereof, and any of them is effective as an active cathode
coating. The first coating layer preferably has a platinum group metal
coverage of about 0.5 [err] or more as a metal 55 basis. Since a high
coverage is uneconomical, the upper limit is usually about 20 [err] from an
economic standpoint. The first layer may further contain other corrosion
resistant and low overpotential substances, such as nickel. The cerium
component to be used as the second coating layer includes metallic cerium,
an oxide or hyd- 4    EP 0 298 055 B1 roxide thereof, and mixtures thereof.
It is preferable that the second coating layer be formed by dipping or
coat- ing to such a small coverage so that the first coating layer is not
completely covered. Such a coverage is pref- erably 0.5 [err] or more on a
cerium basis. Since too high a coverage deteriorates cathode activity, the
upper limit of the cerium coverage is desirably 10 [err]. The second
coating layer may further contain analogous com- 5   ponents, such as
lanthanum. The manner forforming the first and second coating layers on a
base is not particularly restricted, and vari- ous methods can be employed
as follows. One method comprises applying a solution containing a
heat-decomposable salt of the metal in a desired concentration onto the
base by coating or a like technique, and the coating solution is then
decomposed by 10  heating to form a coating layer. This method can be
applied to either of the first and second coating layers. More
specifically, a salt, e.g., a chloride, of the platinum group metal or
cerium is dissolved in water, an alcohol, an acid, etc., to prepare a
coating solution containing from 2 to 40 g/liter of the platinum group
metal or from 1 to 100 g/liter of cerlum. The coating solution is adhered
to the base, dried, and heated at a temperature of from about [err] to
about [err]. Heating may be effected in any of oxidative, inert and
reductive atmospheres. In 15 forming a layer mainly comprising a metal
oxide, the heating can be performed in an oxidative atmosphere, such as
air. The thus-formed first coating layer contains the platinum group metal
and/or an oxide or hydroxide thereof, while the second coating layer
contains cerium and/or an oxide or hydroxide thereof. In some cases, the
result- ing coating layer has a low crystallinity approximate that of an
amorphous form but is not so different in per- 20 formance from a highly
crystalline coating film. In a modification of the above-described method,
a part of the metallic component can be used in the form of solid particles
or colloid particles. That is, particles of the platinum group metal, e.g.,
platinum, ruthenium, iridium, etc., or cerium or an oxide or hydroxide
thereof are dispersed in the above-prepared coating solution to prepare a
suspension or a colloidal solution. The suspension or colloidal solution is
adhered to the base, 25  followed by heat treatment in the same manner as
described above to form the respective coating layer. Another method
comprises contacting a base with a solution or suspension containing a salt
of the platinum group metal or a salt of cerium by dipping, etc., and
forming a coating layer by chemical precipitation or plating. This method
can be employed to form either of the first and second coating layers. For
example, an aqueous solution containing a chloride of a platinum group
metal or cerium is prepared and adjusted to a pH of from 7 30 to 14 by
addition of an alkali (e.g., sodium hydroxide and ammonia), dipping a base
in the solution, and chemi- cally depositing and accumulating a coating
layer on the surface of the base. Since cerium or an oxide thereof is
converted to its hydroxide in highly concentrated sodium hydroxide during
electrolysis, this method is advan- tageous in that cerium can be
formulated in a stable hydroxide form from the beginning of the coating
process. Chemical plating of the platinum group metal may also be carried
out by dipping the base in a coating sol- 35 ution of the platinum group
metal salt having dissolved therein an adequate amount of a reducing agent,
such as hydrazine. Each of the thus-formed first and second coating layers
can be calcined at a temperature of from about [err] to about [err] to
improve stability. A still another method comprises chemically substituting
nickel on the surface of a basis with the metal 40 component, i.e., the
platinum group metal, of the coating composition to form a first coating
layer. For example, a solution of a platinum group metal chloride is
brought into contact with the base, and the solution is adjusted 



to a pH of from about 0 to about 4 by addition of hydrochloric acid thereby
to chemically substitute nickel on the base surface with a platinum group
metal ion due to the difference in ionization tendency to form a first
coating layer on the base surface. 45     It is also possible to form a
first coating layer by plating the base with a platinum group metal using
con- ventional electroplating technique. If necessary, each of the
above-described methods for coating may be carried out repeatedly, or these
methods may be appropriately combined. The present invention is now
illustrated in greater detail with reference to the following Examples and
Com- 50  parative Examples, but it should be understood that the present
invention is not deemed to be limited thereto. In these examples, all the
percents are by weight unless otherwise indicated. EXAMPLE 1 65      A
nickel expanded mesh (LW: 12.7 mm; SW: 6.4 mm; t: 1 mm) was subjected to
steel grit blasting to roughen the surface. After degreasing and washing,
the sheet was etched with boiling 20% hydrochloric acid aqueous solution
for 10 minutes to prepare a conductive base. An aqueous solution containing
20 g/liter of chloroplatinic acid hydrate, 30 g/liter of cerium nitrate
hydrate, 5    EP 0 298 055 B1 and 50 g/liter of nitric acid was applied on
the base with a brush and the base was dried in air at [err] for 5 minutes.
The coated base was placed in an electric furnace and the coating was
calcined at [err] for 10 minutes in an air atmosphere, followed by
air-cooling. The above-described coating-calcination-cooling process was
repeated to obtain a cathode having a mixed 5   coating layer of a metal
and a metal oxide containing 5 [err] of platinum and 3.6 [err] of cerium.
EXAMPLE 2 An aqueous solution containing 20 g/liter of ruthenium nitrate,
50 g/liter of cerium nitrate hydrate, and 50 10  g/liter of nitric acid was
coated onto the same type of base as used in Example 1, followed by
calcining and cooling. The coating-calcination-cooling process was repeated
to obtain a cathode having a mixed coating layer containing 5 [err] of
ruthenium and 7 [err] of cerium. COMPARATIVE EXAMPLE 1 15 An aqueous
solution containing 20 g/liter of chloroplatinic acid hydrate and 50
g/liter of nitric acid was coated on the same type of base as used in
Example 1, and then subjected to calcination in the same manner as in
Example I to obtain a cathode having a coating layer containing 5 [err] of
platinum. 20 COMPARATIVE EXAMPLE 2 An aqueous solution containing 20
g/liter of ruthenium nitrate, 35 g/liter of nickel nitrate hydrate, and 50
g/liter of nitric acid was coated on the same type of base as used in
Example 1, followed by calcination to obtain a cathode having a mixed oxide
coating layer containing 5 [err] of ruthenium and 3 [err] of nickel. 25
In order to evaluate the performance of the cathodes obtained in Examples 1
and 2 in comparison with those obtained in Comparative Examples 1 and 2,
each cathode was subjected to electrolysis of a sodium chloride aqueous
solution under the conditions shown below, and the change In electrode
potential with time was determined. The electrode potential was measured by
using a standard calomel electrode (SCE) as a refer- ence electrode and
converted to an overpotential value. The results obtained are shown in
Table 1 below. 30 Electrolysis Conditions: Anode: Insoluble titanium
electrode Anolyte: 200 g/liter NaCt aqueous solution 35      Catholyte: 32
to 33% NaOH aqueous solution (Impurity: Fe = 0.4 to 0.5 ppm) Temperature:
[err] Current Density: 30 [err] Electrode Gap: 2 mm 40 TABLE 1 Cathode
Overpotential (mV) 45        Electrode               5 Days            100
Days             200 Days 



Example 1                 90                 75                   80
Example 2               100                 100                   90 50
Comparative               135                 180                 180
Example 1 Comparative               100                230
260 Example 2 55 As is apparent from the results of Table 1, the cathodes
of Examples 1 and 2 retain a markedly reduced hyd- 6    EP 0 298 055 B1
rogen overpotential, i.e., 100 mV or even less, for an extended period of
time. To the contrary, although the comparative cathodes show a relatively
low overpotential in the initial stage, the overpotential gradually
increases with the progress of electrolysis, ultimately reaching 180 to 260
mV on the 200 th day. When the electrolytic cell after running for 200 days
was disassembled and the surface condition of the 5   cathode was visually
examined, no deposit was observed at all on the cathodes of Examples 1 and
2, whereas the comparative cathodes were found to have a black needle-like
deposit on their surface which seemed to be crystals of iron and iron
oxides, indicating that the activity of the cathodes had been deteriorated.
EXAMPLE 3 An aqueous solution containing 20 g/liter of chloroplatinic acid
hydrate and 30 g/liter of cerium nitrate was adjusted to a pH of 12 with
sodium hydroxide. The same type of base as used in Example 1 was dipped in
the aqueous solution for 1 hour. As a result, a coating layer containing 5
g/m2 of platinum and 2 [err] of cerium was deposited on the base by
chemical precipitation. 15 COMPARATIVE EXAMPLE 3 The procedure of Example 3
was repeated, except the cerium nitrate was not present in the aqueous sol-
ution, to obtain a cathode having a coating layer containing 5 [err] of
platinum. 20      Each of the cathodes obtained in Example 3 and
Comparative Example 3 was used in a single chamber electrolysis of a sodium
chloride aqueous solution underthe conditions shown below. The
overpotentials before and after the electrolysis were measured in a 32%
NaOH aqueous solution at a temperature of [err] and at a current density of
30 [err]. The results obtained are shown in Table 2. 25  Electrolysis
Conditions: Anode: Ni Electrolyte : 32% NaOH aqueous solution Temperature:
[err] 30      Current Density: 100 [err] Electrolysis Time: 100 hours Iron
Concentration: I ppm Electrode Gap: 30 mm 35 TABLE   2 Cathode
Overpotential  (mV) Electrode            Before Electrolysis
After Electrolysis Example  3                      80
90 Comparative                      80                            180
Example 3 It can be seen from the results In Table 2 that the cathode
according to the present invention retains a low overpotential as exhibited
in the initial stage even after use for electrolysis for 100 hours,
suffering no change on its surface, clearly proving stable usage over a
long period of time. On the other hand, the platinum-coated 50  cathode of
Comparative Example 3 suffers great increase of overpotential, and a black
needle-like deposit of iron oxides is observed on its surface as the
electrolysis proceeds, indicating serious deterioration of the cathode.
EXAMPLE 4 55 



An aqueous solution containing 20 g/liter of chloroplatinic acid hydrate
and 50 g/liter of nitric acid was coated on the same base as used in
Example I with a brush, dried in air at [err] for 5 minutes, and then
calcined by heating in an electric furnace at [err] for 10 minutes in an
air atmosphere, followed by air-cooling. 7    EP 0 298 055 B1 The
above-described coating-calcination-cooling process was repeated to finally
form a first coating layer containing 15 [err] of platinum. An aqueous
solution containing 50 g/liter of cerium nitrate hydrate and 50 g/liter of
nitric acid was then coated on the thus formed first coating layer,
calcined, and cooled in the same manner as for the first coating 5   layer.
The coating-calcination-cooling process was repeated to finally form a
second coating layer comprising cerium and cerium oxide to a cerium
coverage of 2 [err]. COMPARATIVE EXAMPLE 4 10     An aqueous solution
containing 20 g/iter of chloroplatinic acid hydrate and 50 g/liter of
nitric acid was coated on the same type of base as used in Example 1 and
calcined by heating in the same manner as in Example 1 to prepare a cathode
having a coating layer containing 5 [err] of platinum. Each of the cathodes
obtained in Example 4 and Comparative Example 4 was evaluated for
performances in the same manner as in Example 1. The results obtained are
shown in Table 3. 15 TABLE 3 Cathode Overpotential (mV) 20
Electrode             5 Days           100 Days           200 Days Example
4               100                80                 80 Comparative
130               180                180 Example 4 25 As is apparent from
the results in Table 3, the cathode of the present invention retains a
markedly reduced hydrogen overpotential, i.e., 100 mV or even less, for an
extended period of time. To the contrary, although 30  the comparative
cathode shows a relatively low overpotential in the initial stage, the
overpotential gradually increases with the progress of electrolysis,
ultimately reaching 180 mV on the 200 th day. When the electrolytic cell
after running for 200 days was disassembled and the surface condition of
the cathode was visually examined, no deposit was observed at all on the
cathode of Example 4, whereas the com- parative cathode was found to have a
black needle-like deposit on its surface which seemed to be crystals of 35
Iron and iron oxides, indicating that the activity of the cathode had been
reduced. EXAMPLE 5 The same type of base as used in Example 1 was dipped in
an aqueous solution containing 20 g/liter of 40 chloroplatinic acid hydrate
and 10 g/liter of hydrochloric acid for 1 hour to form a platinum layer
containing 5 [err] of platinum. The base was then dipped in a suspension
containing 30 g/liter of cerium nitrate hydrate and 40 g/liter of sodium
hydroxide for 1 hour and then dried in air at [err] for 1 hour. There was
deposited a coating layer of cerium hydroxide and cerium oxide containing 2
[err] of cerium by chemical precipitation. 45 COMPARATIVE EXAMPLE 5 A
cathode having a coating layer containing 5 [err] of platinum was prepared
according to the procedure of Example 5. 50     Each of the cathodes
prepared in Example 5 and Comparative Example 5 was evaluated in the same
man- ner as in Example 3. The results obtained are shown in Table 4 below.
55    EP 0 298 055 B1 TABLE 4 Cathode Overpotential (mV) 



5      Electrode           Before Electrolysis            After
Electrolysis Example 5                       90
90 Comparative                       80                          180 10
Example 5 It can be seen from the results in Table 4 that the cathode
according to the present invention retains the 15 low overpotential as
exhibited in the initial stage even after use for electrolysis for 100
hours, suffering no change on its surface, clearly proving stable use over
a long period of time. On the other hand, the platinum- coated cathode of
Comparative Example 5 suffers a great increase of overpotential, and a
black needle-like deposit of iron oxides is observed on its surface as
electrolysis proceeds, indicating serious deterioration of the cathode. 20
EXAMPLE 6 A metal expanded mesh made of SUS 310S (LW: 12.7 mm; SW: 6.4 mm;
t: 1 mm) was subjected to steel grit blasting to roughen its surface. After
degreasing and washing, the sheet was washed with boiling 20% 25 aqueous
solution of hydrochloric acid for 5 minutes. The thus-treated steel
expanded mesh was plated with nickel to a thickness of about 10 [err] using
a usual Watts bath to prepare a conductive base. The base was then plated
with platinum in a platinum plating bath comprising a 5% hydrochloric acid
aqueous solution having dissolved therein 20 g/liter of chloroplatinic acid
to a platinum coverage of 10 g per [err] of projected area. The plating was
effected at a temperature of [err] and at a current density of 1 [err]. 30
The platinum-plated base was heated at 350C for 10 minutes, followed by
cooling. An aqueous solution containing 50 g/liter of cerium nitrate and 50
g/liter of nitric acid was coated on the platinum-plated base, calcined by
heating in an electric furnace at [err] for 10 minutes while circulating
air, and cooled in air. The coating-calcination-cooling process was
repeated four times to finally form a second coat- ing layer comprising
cerium and cerium oxide containing 4 g of cerium per [err] of the projected
area. 35      When the resulting cathode was subjected to electrolysis of a
sodium chloride aqueous solution under the same conditions as in Example 1,
the cathode over-potential measured 100 mV in the initial stage and Its low
level was maintained at 110 mV after running for 200 days, proving it to be
very stable. EXAMPLE 7 40 A ruthenium oxide powder having a particle size
of 0.5 to 10 [err] (prepared by mixing a ruthenium chloride powder with the
equal amount of nitric acid, heating the mixture at [err] for 1 hour under
aeration, and cooling, followed by pulverization) was suspended in an
aqueous solution of nickel chloride having a nickel content of 50 g/liter
to prepare a plating bath. The same type of conductive base as used in
Example 6 was treated with 45  the plating bath under electroplating
conditions of 40C and 10 [err] to form a first coating layer mainly com-
prising Ni and RuO2 and having an apparent thickness of about 10 to 20 pm.
The thus-formed first coating layer had an extremely rough surface and was
found to contain ruthenium oxide in an amount corresponding to about 10 g
of ruthenium per [err]. On the first coating layer was further provided a
second coating layer comprising metallic cerium and lanth- 50   anum and
oxides thereof as follows. A coating composition comprising 50 g/liter of
mixed nitrate hydrate of cerium and lanthanum (3: 1 by weight) and 50
g/liter of nitric acid was coated on the first coating layer with a brush.
After drying at room temperature, the coating was heated by means of a
panel type Infrared heater at [err] for 15 minutes. This coating-heating
proceeds was repeated once more tofinally obtain a second coating layer
containing 3 [err] of metal components as a metal basis. 55      When the
resulting cathode was evaluated in the same manner as in Example 3, the
overpotentials before and after the electrolysis were 100 mV and 110 mV,
respectively, showing no substantial difference therebet- ween. As
described above, the cathode in accordance with the present invention in
which a platinum group corn- 9    EP 0 298 055 B1 ponent and a cerium
component are coated on a conductive base either simultaneously (i.e., in
the same layer) or successively (i.e., in separate layers) retains a
markedly reduced hydrogen overpotential and has excellent durability.
Therefore, by the use of the cathode of the present invention in
electrolysis, energy consumption can be greatly reduced. 



5      Moreover, the cathode of the present invention has excellent
resistance to corrosion due to impurities, such as iron in the electrolytic
solution, so that it can be used in a stable manner as a cathode for
electrolysis of a sodium chloride aqueous solution and the like for an
extended period of time. 10   Claims 1.A cathode for electrolysis
comprising a conductive base having a nickel surface having provided
thereon (a) at least one platinum group component selected from the group
consisting of a platinum group metal, a plati- num group metal oxide, and a
platinum group metal hydroxide, and (b) at least one cerium component
selected 15  from the group consisting of cerium, cerium oxide, and cerium
hydroxide. 2. A cathode as claimed in claim 1, wherein said platinum group
component and cerium component are present in a single coating layer. 3. A
cathode as claimed in claim 2, wherein said cerium component (b) is present
in an amount of from 30 to 70%, on a metal mol basis, based on the platinum
group component (a). 20      4. A cathode as claimed in claim 1, wherein
said platinum group component (a) is present in a first coating layer
provided on the base and said cerium component (b) is present in a second
coating layer provided on said first coating layer. 5. A cathode as claimed
in claim 2, wherein said platinum group metal is platinum. 6. A cathode as
claimed in claim 2, wherein said platinum group metal oxide is ruthenium
oxide. 25      7. A cathode as claimed in claim 4, wherein said platinum
group metal is platinum. 8. A cathode as claimed in claim 4, wherein said
platinum group metal oxide is ruthenium oxide. 9. A cathode as claimed in
claim 4, wherein said platinum group component is present in an amount of
from 0.5 to 20 [err] on a platinum group metal basis. 10. A cathode as
claimed in claim 4, wherein said cerium component is present in an amount
of from 0.5 30  to 10 [err]  on a cerium basis. 11. A process for producing
a cathode for electrolysis comprising applying a solution or suspension
con- taining (1) a platinum group metal salt, particles of a platinum group
metal or a compound thereof, or a mixture thereof, and (2) a cerium salt,
particles of cerium or a compound thereof, or a mixture thereof, onto a
conductive base having a nickel surface to form a coating layer comprising
(i) at leastone platinum group component selec- 35  ted from the group
consisting of a platinum group metal, a platinum group metal oxide, and a
platinum group metal hydroxide, and (ii) at least one cerium component
selected from the group consisting of cerium, cerium oxide, and cerium
hydroxide. 12. A process as claimed in claim 11, wherein said coating layer
is formed by subjecting the applied solution or suspension to heat
treatment. 40      13. A process as claimed in claim 12, wherein said heat
treatment is carried out at a temperature of from about [err] to about
[err]. 14. A process as claimed in claim 11, wherein said coating layer is
formed by chemical precipitation of the applied solution or suspension in
contact with the base. 15. A process as claimed in claim 11, wherein said
coating layer is formed bychemical substitution of nickel 45  on the
surface of the base with the metallic component in the applied solution or
suspension in contact with the base. 16. A process as claimed in claim 11,
wherein said forming of a coating layer is repeatedly carried out. 17. A
process for producing a cathode for electrolysis comprising: applying a
solution or suspension containing (a) a platinum group metal salt,
particles of a platinum group so      metal or a compound thereof, or a
mixture thereof onto a conductive base having a nickel surface to form a
first coating layer containing at least one platinum group component
selected from the group consisting of a platinum group metal, a platinum
group metal oxide, and a platinum group metal hydroxide, then applying a
solution or suspension containing (b) a cerium salt, particles of cerium or
a compound thereof, or a mixture thereof, onto said first coating layer to
form a second coating layer containing at least 55      one cerium
component selected from the group consisting of cerium, cerium oxide, and
cerium hydroxide. 18. A process as claimed in claim 17, wherein said first
or second coating layer is formed by subjecting the respective applied
solution or suspension to heat treatment. 19. A process as claimed in claim
18, wherein said heat treatment is carried out at a temperature of from 10
EP 0 298 055 B1 



ponent and a cerium component are coated on a conductive base either
simultaneously (i.e., in the same layer) or successively (i.e., in separate
layers) retains a markedly reduced hydrogen overpotential and has excellent
durability. Therefore, by the use of the cathode of the present invention
in electrolysis, energy consumption can be greatly reduced. 5
Moreover, the cathode of the present invention has excellent resistance to
corrosion due to impurities, such as iron in the electrolytic solution, so
that it can be used in a stable manner as a cathode for electrolysis of a
sodium chloride aqueous solution and the like for an extended period of
time. 10   Claims 1. A cathode forelectrolysis comprising a conductive base
having a nickel surface having provided thereon (a) at least one platinum
group component selected from the group consisting of a platinum group
metal, a plati- num group metal oxide, and a platinum group metal
hydroxide, and (b) at least one cerium component selected 15  from the
group consisting of cerium, cerium oxide, and cerium hydroxide. 2. A
cathode as claimed in claim 1, wherein said platinum group component and
cerium component are present in a single coating layer. 3. A cathode as
claimed in claim 2, wherein said cerium component (b) is present in an
amount of from 30 to 70%, on a metal mol basis, based on the platinum group
component (a). 20      4. A cathode as claimed in claim 1, wherein said
platinum group component (a) is present in a first coating layer provided
on the base and said cerium component (b) is present in a second coating
layer provided on said first coating layer. 5. A cathode as claimed in
claim 2, wherein said platinum group metal is platinum. 6. A cathode as
claimed in claim 2, wherein said platinum group metal oxide is nuthenium
oxide. 25      7. A cathode as claimed in claim 4, wherein said platinum
group metal is platinum. 8. A cathode as claimed In claim 4, wherein said
platinum group metal oxide is ruthenium oxide. 9. A cathode as claimed in
claim 4, wherein said platinum group component is present in an amount of
from 0.5 to 20 [err] on a platinum group metal basis. 10. A cathode as
claimed in claim 4, wherein said cerium component is present in an amount
of from 0.5 30  to [err] on a cerium basis. 11. A process for producing a
cathode for electrolysis comprising applying a solution or suspension con-
taining (1) a platinum group metal salt, particles of a platinum group
metal or a compound thereof, or a mixture thereof, and (2) a cerium salt,
particles of cerium or a compound thereof, or a mixture thereof, onto a
conductive base having a nickel surface to form a coating layer comprising
(i) at least one platinum group component selec- 35  ted from the group
consisting of a platinum group metal, a platinum group metal oxide, and a
platinum group metal hydroxide, and (ii) at least one cerium component
selected from the group consisting of cerium, cerium oxide, and cerium
hydroxide. 12. A process as claimed in claim 11, wherein said coating layer
is formed by subjecting the applied solution or suspension to heat
treatment 40      13. A process as claimed in claim 12, wherein said heat
treatment is carried out at a temperature of from about 300 to about 800C.
14. A process as claimed in claim 11, wherein said coating layer is formed
by chemical precipitation of the applied solution or suspension in contact
with the base. 15. A process as claimed in claim 11, wherein said coating
layer is formed by chemical substitution of nickel 45  on the surface of
the base with the metallic component in the applied solution or suspension
in contact with the base. 16. A process as claimed In claim 11, wherein
said forming of a coating layer is repeatedly carried out. 17. A process
for producing a cathode for electrolysis comprising: applying a solution or
suspension containing (a) a platinum group metal salt, particles of a
platinum group so      metal or a compound thereof, or a mixture thereof
onto a conductive base having a nickel surface to form a first coating
layer containing at least one platinum group component selected from the
group consisting of a platinum group metal, a platinum group metal oxide,
and a platinum group metal hydroxide, then applying a solution or
suspension containing (b) a cerium salt, particles of cerium or a compound
thereof, or a mixture thereof, onto said first coating layer to form a
second coating layer containing at least 55      one cerium component
selected from the group consisting of cerium, cerium oxide, and cerium
hydroxide. 18. A process as claimed in claim 17, wherein said first or
second coating layer is formed by subjecting the respective applied
solution or suspension to heat treatment 19. A process as claimed in claim
18, wherein said heat treatment is carried out at a temperature of from 10 



EP 0 298 055 B1 about [err] to about 800C. 20. A process as claimed in
claim 17, wherein said first or second coating layer is formed by chemical
pre- cipitation or chemical plating of the respective applied solution or
suspension in contact with the base or the first coating layer,
respectively. 5      21. A process as claimed in claim 17, wherein said
first coating layer is formed by chemical substitution of nickel on the
surface of the base with the metallic component in the applied solution or
suspension in contact with the base. 22. A process as claimed in claim 17,
wherein said first coating layer is formed by electroplating from the
applied solution or suspension in contact with the base. 10      23. A
process as claimed in claim 17, wherein said forming of the first or second
coating layer is repeatedly carried out. Anspriche 15 1. Kathode zur
Elektrolyse, umfassend eine leitende Gundlage mit einer Nickeloberfldche,
auf der aufge- bracht sind (a) mindestens eine Platingruppen-Komponente,
gewihit aus der Gruppe, bestehend aus einem Platingruppen-Metall, einem
Platingruppen-Metalloxid und einem Platingruppen-Metallhydroxld und (b)
minde- stens eine Cer-Komponente, gewahlt aus der Gruppe, bestehend aus
Cer, Ceroxid und Cerhydroxid. 20      2. Kathode nach'Anspruch 1, wobei die
Platingruppen-Komponento und Cer-Komponente in einer einzigen
Oberzugsschicht vorliegen. 3. Kathode nach Anspruch 2, wobei die
Cer-Komponente (b) In einer Menge von 30 bis 70% auf Metall- molbasis,
bezogen auf die Platingruppen-Komponente (a), voriegt. 4. Kathode nach
Anspruch 1, wobei die Platingruppen-Komponente (a) mit eine ersten
Oberzugsschicht 25  vorliigt, die auf der Grundlage vorgesehen ist und die
Cer-Komponente (b) In einer zweiten Oberzugsschicht vorliegt, die auf der
ersten Obezugsschicht vorgesehen ist. 5. Kathode nach Anspruch 2, wobei das
Platingruppen-Metall Platin ist. 6. Kathode nach Anspruch 2. wobei das
Platingruppen-Metalloxid Rutheniunoxid ist. 7. Kathode nach Anspruch 4,
wobei das Platingruppen-Metall Platin ist. 30      8. Kathode nach Anspruch
4, wobei das Platingruppen-Metalloxid Rutheniumoxid ist. 9. Kathode nach
Anspnuch 4, wobei die Platingruppen-Komponents in einer Menge von 0,5 bis
20 g/m2 auf Platingruppen-Metallbasis, vorliegt 10. Kathode nach Anspruch
4, wobei die Cer-Komponentb in einer Menge von 0,5 bis 10 g/m2 auf
Cor-Basis voribgt. 35      11. Verfahren zur Herstellung siner
KathodefOrdie Eiektrolyse, unfassend dasAuftragen sine Losung oder
Suspension, enthaltend (1) ein Platingruppen-Metallsakz, Teilchen sines
Platinguppen-Metalls oder einer Ver- bindung hiervon odereine Mischung
hiervon und (2) ein Cersalz, Teilchen von CerodersinerVerbindung hier- von
ode sine Mischung hisrvon auf sine leitende Grundlage mit einer
Nickelobeflache, um sine Obezugsschicht zu bilden, umfassend (i) mindestens
sine Platingruppen-Komponente, gewihit aus derGruppe, bestshend aus 40
einem Platingruppen-Metall, einem Platingruppen-Metalloxid und sinem
Platingruppen-Metallhydroxid und (ii) mindestens sine Cer-Komponente,
gewAhIt aus der Gruppe, bessthend aus Cer, Ceroxid und Cerhydroxid. 12.
Vefahren nach Anspruch 11, wobel die Oberzugsschlht durch Unteziehen der
aufgetragenen LWsung oder Suspension siner Hitzebehandlung gebildet wird.
13. Verfahren nach Anspruch 12, wobei die Hitzebehandlung be! einer
Temperatur von etwa 300 bis etwa 45  8000C durchgefuhrt wird. 14. Verfahren
nach Anspruch 11, wobei die Oberzugsschicht durch chemische Prazipitation
der aufgetra- genen L8sung oder Suspension In Kontakt mit der Grundlage
gebildet wird. 15. Verfharen nach Anspruch 11, wobei die Oberzugsschicht
durch chemische Substitution von Nickel auf derOberfilAche derGrundlage
durch die metallische Komponente in deraufgetagenen L8sung ode Suspension
5o  In Kontakt mit der Gundlage gebildet wird. 16. Vefahren nach Anspruch
11, wobei die Bildung der Oberzugsschicht wiederholt durchgefiihrt wird.
17. Vefahren zur Herstellung elner Kathode fOr die Elektrolyse, umfassend:
Auftragen einer Losung ode Suspension, enthaltend (a) sin
Platingruppen-Metallsalz, Teilchen eines Pla- tingruppen-Metalls odor
einerVerbindung hiervon oder sine Mischung hiervon auf eine leitende
Grundlage 



55      mit sine Nickeloberflache, zur Bildung oine ersten Oberzugsschicht,
enthaltend mindestens sine Platin- gruppen-Komponente, gewthit aus der
Gruppe, bestehend aus einem Platingruppen-Metall, Platingrup-
pen-Metalloxid und einem Platingruppen-Metallhydroxid, danach Auftragen
einer Losung oder Suspension, enthaltend (b) sin Cer-Salz, Teilchen von Cer
oder eonen 11    EP 0 298 055 B1 Verbindung hiervon oder eine Mischung
hiervon auf die erste Obezugsschicht, zur Bildung eine zweiten
Oberzugsschicht, enthaltend mindestens sine Cer-Komponente, gew~hlt aus de
Gruppe, bestehend aus Cer, Ceroxid und Cehydroxid. 18. Verfahren nach
Anspruch 17, wobei die erste oder zweite Oberzugsschicht durch Unterziehen
der s   jeweils aufgetragenen L8sung ode Suspension einer Hitzebehandlung
gebildet wird. 19. Verfahren nach Anspruch 18, wobei die Hitzebehandlung
bei eine Temperatur von etwa 300 bis etwa 800C durchgefuhrt wird. 20.
Verfahren nach Anspruch 17,'wobei die erste oder zweite Oberzugsschicht
gebildet wird durch chemi- sche Prazipitation oder chemisches Plattieren
derjeweiligen aufgetragenen Losung oder Suspension in Kon- 1o  takt mit der
Grundlage bzw. der ersten Oberzugsschicht. 21. Verfahren nach Anspruch 17,
wobei die erste Oberzugsschicht gebildet wird durch chemische Sub-
stitution von Nickel auf der Oberflache der Grundlage durch die metallische
Komponente in der aufgetragenen L6sung oder Suspension in Kontakt mit der
Gundlage. 22. Verfahren nach Anspruch 17, wobei die erste Oberzugsschicht
gebildet wird durch Elektroplattieren 15  aus der aufgetragenen Losung oder
Suspension in Kontakt mit der Grundlage. 23. Verfahren nach Anspruch 17,
wobei die Bildung der ersten ode zweiten Oberzugsschicht wiederholt
durchgefuhrt wird. 2o  Revendlcatlons 1. Une cathode pour l'electrolyse
comprenant une base conductrice ayant une surface en nickel sur laquelle
sont pr6vus (a) au moins un composant du groups du platine choisi dans le
groups constitu6 d'un m6tal du groupe du platine, d'un oxyde de metal du
groups du platine etd'un hydroxyde de metal du groups du platine, 2a  et
(b) au moins un compose du c6rium choisi dans le groups comprenant le
c6rium, I'oxyde de cerium et I'hydroxyde de cerlum. 2. Une cathodeselon la
revendication 1, solon laquelle leditcomposantdu groups du platine et
leditcompo- sant du c6rium sont pr6sents dans une seule couche de
revAtement. 3. Uno cathode solon la revendication 2, selon laquelle ledit
composant du cerlum (b) est pr6sent en quan- 3o tOtM de 30 A 70%, sur une
base molaire du m6tal, bas6e sur le composant du groups du platine (a). 4.
Une cathode selon la revendication 1, selon laquelle ledit composant du
groups du platine (a) est present dans une premibre couche de revtesment
prevue sur la base et ledit composant du c6rium (b) est pr6sent dans une
seconds couche de revetement pr6vue sur ladits premiere couche de
revtement. 5. Une cathode selon la revendication 2, solon laquelle ledit
metal du groups du platine est le platine. 3a      8. Une cathode solon la
revendication 2, solon laquelle ledit oxyde de m6tal du groups du platine
est l'oxyde de ruthenium. 7. Une cathode selon la revendication 4, solon
laquelle ledit m6tal du groups du platine est le platine. 8. Un. cathode
selon la revendication4, solon laquelle leditoxyde de metal du groupedu
platine estl'oxyde de ruth6nium. 40      9. Un. cathode solon la
revendication 4, solon laquelle led it composant du groupo du platine est
pr6sent en quantit6 de 0,5 a 20 g/m2 sur la base du metal du group. du
platine. 10. Une cathode solon la revendication 4, selon laquelle ledit
composant du c6rium est present en une quantite de 0,5 A 10 giM2 sur la
base du c6rium. 11. Un proc6de de production d'une cathode pour
l'electrolyse comprenant I'application d'une solution ou 45 suspension
contenant (1) un sel de m6tal du groups du platine, des particules d'un
m6tal du group. du platine ou un composb de ce demier, ou un m6lange de
ceux-ci, et (2) un sel du cerium, des particules de c6rium ou un compose de
ce demier, ou un m6lange de ceux-ci, sur une base conductrice ayant une
surface en nickel pourfommerune couchede revetementcomprenant (i) au moins
un composantdu groupedu platine choisi dans le groups comnprenant un m6tal
du group. du platine, un oxyde de m6tal du groups du platine, et un
hydroxyde so de m6tal du groups du platine, et (ii) au moins un compose du
cbrnum choisi dans le group. comprenant le 



cerium, lIoxyde de c6rium et l'hydroxyde de c6rium. 12. Un proc6db solon la
revendlcation 11, selon laquelle ladite couche de revtement est forn6e en
sou- mettant la solution ou la suspension appliqu6e A un traitement
themmique. 13. Un proc6d6 solon la revendication 12, solon laquelle ledit
traiterent thermique est conduit A une tern- ss p6rature d'environ 3000C A
environ 800C. 14. Un procedb salon la revendication 11, selon laquelle
ladito couche de revAtement est fomb6e par pr6- cipitation chimique de la
solution ou de la suspension appliquee en contact avec la base. 15. Un
procdb solon la revendication 11, solon laquelle ladite couche de
revbtementestform6e parsubs- 12    EP 0 298 065 B1 titution chimique au
nickel sur la surface de la base par le composant metallique dans la
solution ou suspension appliqu6e en contact avec la base. 16. Un proc6d6
selon la revendication 11, selon laquello ladite formation d'une couche de
revetement est conduite de fagon r6pet6e. 5      17. Un proced6 pour la
production d'une cathode pour l'6lectrolyse comprenant: I'application d'une
solution ou suspension contenant (a) un sel de m6tal du groupe du platine,
des particules -     d'un metal dugroupe du platineou un compos6du platine,
ou un melangedeceux-ci, surune base conduc- trice ayant une surface en
nickel pour former une premiere couche de revterment contenant au moins un
composant du groupe du platine choisi dans le groups constitue d'un metal
du groupe du platine, d'un 10     oxyde de metal du groupe du platine et
d'un hydroxyde de m6tal du groupe du platine, puis l'application d'une
solution ou suspension contenant (b) un sel du c6rium, des particules de
cdrium ou un compos6 de c6rium, ou un m6lange de ceux-ci, sur ladite
premiere couche de revetement pourformer une seconde couche de revetement
contenant au moins un compose du cerium choisi dans le groupe comprenant le
cerium, I'oxyde de cerium et l'hydroxyde de c6rium. 15     18. Un procede
selon la revendication 17, solon laquelle ladite premiere ou second couche
de revetement est fome6e en soumettant la solution ou la suspension
appliquee respective a un traibement thenmique. 19. Un proc6de selon la
revendication 18, solon laquelle ledit traitement thennique est conduit a
une tern- perature d'environ 300C A environ 800C. 20. Un proc6d6 solon la
revendication 17, solon laquelle ladite premiere ou seconde couche de
revetement 20  est formee par precipitation chimique ou par placage
chimique de la solution ou suspension appliquee respec- tive en contact
avec la base ou avec la premiere couche de revbtement respectivement. 21.
Un procede selon la revendication 17, solon laquelle ladite premiere couche
de revbtoment est form6e par substitution chimique au nickel sur la surface
de la base par Is composant mbtallique dans la solution ou suspension
appliquee en contact avec la base. 25      22. Un procide salon la
revendication 17, selon laquelle laditb premibre couche de revetement est
form6e par 6lectrod6position A partir de la solution ou de la suspension
appliqu6e en contact avec la base. 23. Un procede selon la revendication
17, solon laquelle ladite formation de la premiere ou de la seconde couche
de revitement est conduit. de fagon rep6tee. 30 35 40 45 50 55 13    


