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Description

[0001] The present invention is directed to electrocatalytic electrodes. More particularly, the present invention is
directed to cathodes useful in electrolysis cells such as a chlor-alkali cell.
[0002] Chlorine and caustic soda are typically produced by electrolysis of aqueous solutions of sodium chloride, a
process commonly referred to as a chlor-alkali process.
[0003] The most widely used chlor-alkali processes employ either diaphragm or membrane type cells. In a diaphragm
cell, an alkali metal halide brine solution is fed into an anolyte compartment where halide ions are oxidized to produce
halogen gas. Alkali metal ions migrate into a catholyte compartment through a hydraulically-permeable microporous
diaphragm disposed between the anolyte compartment and the catholyte compartment. Hydrogen gas and aqueous
alkali metal hydroxide solutions are produced at the cathode. Due to the hydraulically-permeable diaphragm, brine
may flow into the catholyte compartment and mix with the alkali metal hydroxide solution.
[0004] A membrane cell functions similarly to a diaphragm cell, except that the diaphragm is replaced by an hydrau-
lically-impermeable, cation-selective membrane which selectively permits passage of hydrated alkali metal ions to the
catholyte compartment. A membrane cell produces aqueous alkali metal hydroxide solution essentially uncontaminated
with brine.
[0005] Electrodes are usually prepared by providing an electrocatalytic coating on a conducting substrate. Useful
catalytic coatings include, for example, the platinum group metals, such as ruthenium, rhodium, osmium, iridium, pal-
ladium and platinum. Useful conducting substrates include, for example, nickel, iron, and steel.
[0006] Production of chlorine gas at the anode and the concurrent production of the hydroxide ion and evolution of
hydrogen gas at the cathode almost always require a cell voltage higher than the thermodynamic energy for the fol-
lowing reaction.

[0007] The extra energy, that is, overvoltage, is provided to overcome, among various other parameters, the elec-
trolyte resistance and the overpotential related to the chlorine gas evolution at the anode and the overpotential related
to hydrogen gas evolution and hydroxide ion formation at the cathode.
[0008] Various methods have been proposed to decrease the overpotential requirements of the electrodes by altering
surface characteristics. The term "overvoltage" is used herein to refer to the excess voltage required for an electrolytic
cell, while the term "overpotential" is used herein to refer to the excess voltage required for an individual electrode
within the electrolytic cell.
[0009] The overpotential for an electrode is a function of its chemical characteristics and current density. Current
density is defined as the current applied per unit of actual surface area on an electrode. Techniques which increase
the actual surface area of an electrode, such as acid etching or sandblasting the surface of the electrode, result in a
corresponding decrease of the current density for a given amount of applied current and also decrease overpotential
requirements.
[0010] Efforts to reduce overpotential requirements include, for example, those described in U.S. Patent No.
4,66,8370 and U.S. Patent No. 4,798,662, which disclose electrodes useful as cathodes in an electrolytic cell. These
are prepared by coating an electrically conducting substrate such as nickel with a catalytic coating comprising one or
more platinum group metals from a solution comprising a platinum group metal salt. Both of these Patents disclose
electrodes designed to reduce the operating voltage of an electrolytic cell by reducing the overpotential requirements
of the electrodes. In addition, U.S. Patent. No. 5,035,789, U.S. Patent. No. 5,227,030, and U.S. Patent. No. 5,066,380
disclose cathode coatings which exhibit low hydrogen overpotentials.
[0011] EP-A-174 413 discloses an electrode wherein a conductive substrate is coated with a matrix embedding a
catalytic powder.
[0012] A desirable characteristic of a cathode coating is high porosity with large internal surface areas. Large internal
surface areas result in lower effective current density and, accordingly, lower overpotentials. Another result of a porous
electrode is higher resistance to impurity poisoning. Rough outer surfaces of a typical porous electrode render difficult
the electrodeposition of metal ions as impurities and the large internal electroactive surface areas are not easily ac-
cessible to the impurity ions present in the electrolyte because of long Pathways for diffusion. Such characteristic is
described in U.S. Patent No. 5,645,930
[0013] Metal plating is often used to form a reinforcement layer on the electrode. For example, U.S. Patent. No.
4,061,802 and U.S. Patent. No. 4,764,401 describe using palladium chloride to activate plastic or metal substrates
prior to nickel plating by electroless deposition.

Figure 1 is a magnified representation of a cross section of a catalytic powder particle of the present invention.

2 NaCl + 2 H2O → Cl2 + H2+2NaOH
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Figure 2 is a magnified representation of a cross section of a portion of an electrode of the present invention.

[0014] The invention is defined in the independent claims with the dependent claims covering preferred embodi-
ments.
[0015] The present invention is advantageous because a porous coating mixture is first applied to a powder rather
than being applied directly to a metal substrate, thereby creating a larger internal surface area relative to the prior art.
Large internal surface areas result in lower effective current density and, accordingly, lower overpotentials. Therefore,
because the surface area is enhanced using the present invention, the overpotential required for electrodes made
according to the present invention is also reduced relative to electrodes of the prior art cited above.
[0016] Figure 1 illustrates a magnified view of a catalytic powder particle 10 of the present invention. As shown, the
catalytic powder particle 10 comprises a support metal particle 11 surrounded by a porous coating comprising a con-
tinuous phase 12 with a particulate material 13 dispersed therethrough.
[0017] The support metal particle 11 is nickel, cobalt, iron, steel, stainless steel or copper.
[0018] Preferably, the support metal particles, before the porous coating is applied thereto, have an average diameter
of at least 0.2 microns, more preferably at least about 1 micron, even more preferably at least 2 microns, and yet even
more preferably at least 3 microns. Preferably, the metal particles have an average diameter of up to 20.0 microns,
more preferably up to 10.0 microns and even more preferably up to 6.0 microns.
[0019] The support metal particle 11 is coated with either an electrocatalytic metal or with a porous coating comprising
an electrocatalytic metal continuous phase 12 in admixture with a particulate material 13. Because the coating on the
support metal particle is porous and has a dendritic nature, the resulting catalytic powder particle 10 has a large internal
surface area with pores 14 throughout.
[0020] The electrocatalytic metal continuous phase 12 is ruthenium, iridium, osmium, platinum, palladium, rhodium,
rhenium, or an alloy of any one or more of these.
[0021] In one embodiment, the continuous phase 12 has a particulate material 13 dispersed therethrough. Preferably,
particulate material 13 comprises the metal oxides of ruthenium, iridium, osmium, platinum, palladium, rhodium, rhe-
nium, technetium, molybdenum, chromium, niobium, tungsten, tantalum, manganese or lead, with the oxides of ruthe-
nium, iridium osmium, platinum, palladium and rhodium being more preferred..
[0022] To make the catalytic powder, a plurality of support metal particles is covered with a porous coating comprising
an electrocatalytic metal either alone or in admixture with a particulate material which comprises either a metal or metal
oxide. Generally, the first step in making the catalytic powder is to prepare a deposition solution comprising at least a
palladium promoter and an organic or inorganic acid.
[0023] It is known from U.S. Patent. No. 5,066,380 that the presence of palladium metal ions in the deposition solution,
in addition to the metal ions of the electrocatalytic metal precursor compound, promotes deposition of the electrocat-
alytic metal onto the metal particles. Example of suitable palladium metal compounds are palladium halides and pal-
ladium nitrate. The concentration of the palladium metal ions in the porous coating solution should be sufficient to
promote improved electrocatalyst loading on the metal particles. The palladium precursor compounds when present
are, generally, included in an amount sufficient to yield a palladium metal ion concentration in the coating solution of
at least 0.001 percent by weight based on the weight of the solution. The palladium metal ion concentration suitably
can be 0.001 percent to 5 percent; preferably from 0.005 percent to 2 percent and, most preferably, from 0.01 percent
to 0.05 percent, by weight of the coating solution. A weight percent of less than 0.001 percent is generally insufficient
to promote deposition of the electrocatalytic metal. A weight percentage greater than percent 5 results in the deposition
of an excessive amount of electrocatalytic metal primary phase of the coating on the substrate.
[0024] The pH of the deposition solution may be adjusted by inclusion of organic acids or inorganic acids therein.
Examples of suitable inorganic acids are hydrobromic acid, hydrochloric acid, sulfuric acid, perchloric acid, and phos-
phoric acid. Examples of organic acids are acetic acid, oxalic acid, and formic acid. Hydrobromic acid and hydrochloric
acid are preferred. The pH range for the deposition solution is, generally, 0 pH to 2.8 pH. Precipitation of hydrous
platinum group metal oxide results at higher pHs. A low pH can encourage competing side reactions such as the
dissolution of the substrate.
[0025] At least one electrocatalytic metal compound soluble in water or an aqueous acid is added to the deposition
solution. A suitable electrocatalytic metal is, generally, one that is more noble than the metal employed for the metal
particles, that is, the electrocatalytic metal precursor compound has a Gibbs free energy greater than the Gibbs free
energy of the metal compound from dissolution of the metal particles, such that non-electrolytic reductive deposition
occurs on the metal particles. Preferably, such electrocatalytic metal is a platinum group metal. More details non-
electrolytic reductive deposition can be found in U.S. Patent 5,645,930.
[0026] The electrocatalytic metal precursor compound can be present in the deposition solution in amounts sufficient
to deposit an effective amount of the metal on the metal particles. The concentration of electrocatalytic metal ions in
the deposition solution, in terms of weight percent, is, generally, from 0.01 percent to 5 percent, preferably, from 0.1
percent to 3 percent and, most preferably, from 0.2 percent to 1 percent by weight of solution. An electrocatalytic metal
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ion concentration of greater than 5 percent is not desired, because an unnecessarily large amount of platinum group
metal is used to prepare the coating solution. An electrocatalytic metal ion concentration of less than 0.01 percent is
not desired, because undesirably long contact times are required.
[0027] The optional particulate material is suspended in the deposition solution at a concentration of from 0.002 to
2 percent, preferably, 0.005 to 0.5 percent, and most preferably, 0.01 to 0.2 percent.
[0028] After the deposition solution comprising the palladium promoter, the acid, and the optional particulate material
is prepared, it is held at an elevated temperature and stirred at a high speed, while a powder comprising support metal
particles is added thereto. After a period of time, the electrocatalytic metal precursor compound is added, and the
electrocatalytic metal is formed and deposited on the support metal particles with simultaneous partial dissolution of
the support metal particles.
[0029] The rate at which the electrocatalytic metal deposits to form the porous coating on the metal particles is a
function of the solution temperature. The temperature, generally, ranges from 25°C to 90°C. Low temperatures are not
practical, since uneconomically long times are required to deposit an effective amount of electrocatalytic metal on the
metal particles. Temperatures higher than 90°C are operable, but generally result in an excessive amount of metal
deposition and side reactions. A temperature ranging from between 40°C to 80°C is preferred, with 45°C to 65°C being
most preferred.
[0030] Generally the time allowed for contact between the deposition solution and the metal particles can vary from
one minute to 60 minutes. However, it should be understood that the contact time required will vary with deposition
solution temperature, electrocatalytic metal concentrations, and palladium ion concentration. Contact times of from 5
minutes to 60 minutes are preferred, with from 10 minutes to 40 minutes being most preferred. Generally, if shorter
contact times are desired, the method described herein may be repeated a plurality of times until an effective amount
of the platinum group electrocatalytic metals deposit on the surface of the metal particles.
[0031] The catalytic powder 10 is advantageously used to form electrodes for electrolysis cells. Figure 2 illustrates
a magnified view of a portion of an electrode 20 of the present invention. The electrode 20 comprises a conductive
metal substrate 21 and a first layer, the first layer comprising a matrix 22 with the above described catalytic powder
10 dispersed therethrough. The porous dendritic nature of the catalytic powder creates a porous surface on the elec-
trode, which in turn reduces the overpotential required for efficient operation of the electrode and electrolytic cells.
[0032] Preferably, the conductive metal substrate 21 is nickel, iron, steel, stainless steel, cobalt, copper or silver.
The shape of the substrate is not critical and can be, for example, a flat sheet, a curved surface, a punched plate, a
woven wire screen, or a mesh sheet.
[0033] The matrix 22 of the first layer comprises either a platinum group metal oxide or a mixture of a platinum group
metal oxide and a valve metal oxide. Platinum group metal oxides include oxides of ruthenium, iridium, rhodium, os-
mium, platinum, palladium or a mixture of any one or more of these. Valve metal oxides are oxides of titanium, zirconium,
tantalum, tungsten, niobium, bismuth, or a mixture of any one or more of these.
[0034] To make an electrode of the present invention, the above described catalytic powder is mixed with a dispensing
medium to form a mixture which is applied to the conductive metal substrate to form a covered substrate. The covered
substrate is then baked in the presence of oxygen.
[0035] The dispensing medium forms the matrix of the electrode and comprises either a platinum group metal oxide
precursor or a mixture of a platinum group metal oxide precursor and a valve metal oxide precursor. Platinum group
metal oxide precursors are those materials that form platinum group metal oxides upon baking in the presence of
oxygen. Preferred platinum group metal oxide precursors include platinum group metal halides, sulfates, nitrates, ni-
trites, and phosphates. More preferred are platinum group metal halides, nitrates and phosphates, with platinum group
metal chlorides being the most preferred. Valve metal oxide precursors arc those materials that form valve metal oxides
upon baking in the presence of oxygen. Preferably, the valve metal oxide precursor is titanium alkoxide, tantalum
alkoxide, zirconium acetylacetonate, or niobium alkoxide.
[0036] Preferably, the dispensing medium further comprises a solvent. Suitable solvents include methanol, ethanol,
1-propanol, 2-propanol, butanol, or a mixture of any of these.
[0037] Preferably, the dispensing medium further includes a compound soluble in alkaline solutions. Examples of
such soluble compounds include aluminum chloride and zinc chloride. Such alkaline soluble compounds are useful in
generating pores in the coating after they are dissolved in an alkaline solution.
[0038] Any appropriate method may be used for dispersing the catalytic powder in the dispensing medium. Examples
include mechanical stirring, sonicating, or combinations thereof.
[0039] The application of the catalytic powder/dispensing medium mixture can be accomplished using any suitable
method. An example is spraying through a nozzle. The spraying forms a platinum group metal loading in the resulting
electrode of, generally, 50 ug/cm2 to 2000 ug/cm2 calculated as the metal in the "atomic" form. The amount of metal
in the electrode is measured by x-ray fluorescence. A preferred loading for both the elemental metal and combined
oxide is from 400 ug/cm2 to 1500 ug/cm2 with a most preferred loading of from 500 ug/cm2 to 1000 ug/cm2. Loading
less than 50 ug/cm2 are generally insufficient to provide a satisfactory reduction of cell overvoltage. Loadings greater
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than 2000 ug/cm2 do not significantly reduce the applied overvoltage when compared to lesser loadings within the
preferred range. It should be understood that the effective amount of deposition specified above refers only to loading
of the platinum group electrocatalytic metal and metal oxides in the electrode and does not include the amount of the
palladium metal promoter which can be used to provide increased loading or any optional secondary electrocatalytic
metal or the metal particles.
[0040] In a preferred embodiment, the substrate is protected before the mixture is applied thereto, by, for example,
electroless nickel plating. Such a process is described in U.S. Patent No. 4,061,802.
[0041] A baking step is used to convert the platinum group metal oxide precursor and valve metal oxide precursor
to an oxide form. The coated substrate is baked in the presence of oxygen at a temperature of preferably at least 350°C
more preferably at least 420°C and even more preferably at least 450°C. Preferably, the coated substrate is baked at
a temperature of not more than 550°C more preferably not more than 500°C even more preferably not more than
480°C Preferably the baking step occurs for anywhere from 30 to 90 minutes. It is important that the coated substrate
be baked in the presence of oxygen, be it air or some other oxygen-containing substance, so that the platinum group
metal oxide precursor and the valve metal oxide precursor convert to platinum group metal oxide and valve metal
oxide. The result is a two-phase first layer of the electrode, one phase being the matrix, and the second phase being
the catalytic powder particles dispersed through the matrix.
[0042] In a preferred embodiment, the electrode of the present invention further comprises a reinforcement layer 23.
Such a reinforcement layer 23 preferably comprises a transition metal or alloy thereof. More preferably, the reinforce-
ment layer is nickel, cobalt, copper, or alloys thereof with boron, phosphorous or sulfur.
[0043] To make the optional reinforcement layer, a second electroless plating step, which consists of plating the
coated substrate with a transition metal or a transition metal alloy. Such a reinforcement layer helps hold the catalyst
powder and matrix together and also helps ensure that the first layer adheres to the substrate. More details forming
the reinforcement layer can be found in U.S. Patent No. 5,645,930.
[0044] Unless otherwise specified, all parts and percentages are by weight. The following examples are not meant
to be limiting.

Examples 1-3: Preparation of Catalytic Powder With Metal Particulate Material

[0045] A porous coating solution was prepared, with PdCl2 as palladium promoter and 0.5 N HCl as acid. The solution
was heated to a reaction temperature and continuously stirred. RuCl3xH2O was added as the electrocatalytic platinum
group metal compound. The resulting solution was held at the reaction temperature and stirred using a COWLES high-
speed disperser, while 3-micron nickel powder (Aldrich) was added. After stirring the mixture at the elevated temper-
ature for a desired contact time, the resulting Ru-coated nickel powder was collected on a filter paper, dried for several
hours at 90 °C and weighed. The amount of Ru in the powder was determined using X-ray fluorescence. Table I lists
the variables and the results.

Examples 4-6: Preparation of Catalytic Powder With Metal/Metal Oxide Agglomerates As Particulate Material

[0046] A porous coating solution was prepared, with PdCl2 as palladium promoter and 0.5 N HCl as acid. The solution
was heated to a reaction temperature and continuously stirred. RuO2 was added as the platinum group metal oxide.
The resulting solution was held at the reaction temperature and stirred using a COWLES high-speed disperser operated
at 3000 rpm, while 3-micron nickel powder (Aldrich) was added. RuCl3xH2O was then added as the electrocatalytic
platinum group metal compound. After stirring the mixture at the elevated temperature for a desired contact time, the

Table I

Example 1 2 3

0.5N HCl solution (grams) 500 1420 1577

PdCl2 (milligrams) 20.9 59.3 6.32

Reaction temp. (°C) 64 61 61.7

RuCl3 added (grams) 2.095 5.95 2.681

Nickel powder (grams) 35.2 100 100.4

Reaction time (minutes) 15 5 5

Total weight after drying (grams) 28.13 83.7 85.22

Percent Ru in powder 3.1 3.0 3.14
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resulting Ru-coated nickel powder was dried and weighed. The amount of Ru in the powder was determined using X-
ray fluorescence. Table II lists the variables and the results.

Examples 7-9 - Preparation of Cathode With a metal Particulate Material

[0047] A 5 inch by 6 inch plate was electroless nickel-plated according to procedures described in U.S. Patent No.
4,061,802. The plate was then sprayed with a mixture of a dispensing medium and a Ru-coated nickel powder (Ru=3.1
percent) dispersed therethrough. The powder weight percent in the spraying mixture was around 10 percent. The
platinum group metal oxide precursor in the dispensing medium was RuCl3, the valve metal oxide precursor compound
in the dispensing medium was titanium isopropoxide. The solvent in the dispensing medium was a combination of
methanol and 2-propanol, the compound soluble in alkaline solutions was aluminum chloride or zinc chloride, and the
acid used to adjust pH, when used, was HCl gas.
[0048] The sprayed sample was allowed to dry at 90°C for 20 minutes and baked at 490°C for 60 min. X-ray fluo-
rescence of the sample was used to determine loading of the metal on the substrate. Table III lists the parameters and
results.

Examples 10- 13 - Preparation of Cathode with a Metal/Metal Oxide Agglomerate Particulate Material

[0049] A 5inch by 6 inch plate was electroless nickel-plated according to procedures described in U.S. Patent
4,061,802. The plate was then sprayed with a mixture of a dispensing medium and a Ru/RuO2-coated nickel powder
(Ru=25.86 percent) dispersed therethrough. The powder weight percent in the spraying mixture is around 10 percent.
The dispensing medium comprises 2.37 weight percent RuCl3xH2O as the platinum group metal oxide precursor, 2.87
weight percent titanium isopropoxide as the valve metal oxide precursor, 8.86 weight percent methanol and 83.80
weight percent 2-propanol as the solvent, and 2.10 weight percent AlCl3x6H2O as the compound soluble in an alkaline
solution.
[0050] The sprayed sample was allowed to dry at 90°C for 20 minutes and baked at 490°C for 60 min. X-ray fluo-
rescence of the sample was used to determine loading of the metal on the substrate. Table IV lists the parameters and

Table II

Example 4 5 6

0.5N HCl solution (grams) 1405 1402 1413

PdCl2 (milligrams) 60 60 60

Reaction temp. (°C) 51 52.8 50.6

RuO2 (grams) 0.714 0.720 0.714

Nickel powder (grams) 38.84 38.63 38.14

RuCl3 (grams) 8.74 8.75 8.57

Reaction time (minutes) 50 50 110

Total weight after drying (grams) 16.57 16.70 15.98

Percent Ru in powder 26.0 25.86 26.5

Table III

Example 7 8 9

RuCl3xH2O (wt. percent) 2.37 2.37 2.37

Ti(isopropoxide) (wt. percent) 6.69 6.69 6.69

Methanol (wt. percent) 76.5 76.5 5.00

2-propanol (wt. percent) 9.73 9.73 81.07

Compound soluble in alkaline solution (wt.
percent)

3.43 (AlCl3x6H2O) 3.43 (AlCl3x6H2O) 3.62 (Zn(NO3)2x6H2O )

HCl gas (wt. percent) 1.28 1.28 1.25

Metal loading (µg/cm2) 151 133 169
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results.

Examples 14-16 - Preparation of Electrodes having a second reinforcement layer

[0051] The samples from Examples 7-9 above are coated with the second reinforcement layer of Ni-P by the following
steps:
[0052] The plates were dipped in the following mixture of solutions for a period of five minutes at ambient temperature:
25cc 0.01 M (NH4)2PdCl4 in methanol, 50cc 0.1 M poly(4-vinylpyridine) in methanol, and 425cc methanol. The coated
plates were then dried in a horizontal position at 90°C. The dipping and drying steps were repeated.
[0053] Thereafter, the coated plates were placed in a plastic horizontal container with the thread of the plate fitted
in a fitting in the bottom of the container. The container was first filled with an aqueous solution containing 36g/l of
NaH2PO2xH2O at pH=2.95 for 5-10 minutes to reduce Pd(II) to Pd°. The solution was then poured out and 500ml of
an electroless nickel-plating solution was then added to the container and electroless plating was conducted for 20
min. The composition of the electroless plating solution is:

[0054] Weight gains for Example 4 (Example 7), Example 5 (Example 8) and Example 6 (Example 9) were 2.63 mg/
cm2, 3.26 mg/cm2, and 2.69 mg/cm2, respectively.
[0055] To measure the hydrogen potential, the plates were connected to a nickel rod and placed in a caustic bath at
an elevated temperature. A platinum plate welded to a nickel rod was used as the anode. Current densities of 0.46
amps per square inch (ASI), 1.0 ASI, and/or 1.09 ASI were applied to the cathode sample and the anode from a rectifier.
The potential of the cathode was measured with the aid of a LUGGIN probe with a Hg/HgO reference electrode. The
parameters and results were listed in Table V.

Examples 17-20 - Preparation of Electrodes having a Second Reinforcement Layer

[0056] The samples from Examples 10-13 above were coated with the second reinforcement layer of Ni-P by the
following steps:
[0057] Initiation was conducted at 0.8-0.9 amperes at ambient temperature for 2-3 minutes. The plate was then
placed in an electroless plating solution for 20-30 minutes. The composition of the electroless plating solution is:

Table IV

Example 10 11 12 13

Percent Ru in catalytic powder 25.86 25.86 25.86 26.0

Metal loading (µg/cm2) 521 555 766 428

NiCl2 x6H2O 17.4g/l
Sodium Citrate 30.24g/l
NaH2PO2xH2O 25.2g/l
NH4Cl 21.26g/l
NH4OH add to get pH = 8.8

Table V

Example 14 15 16

Percent caustic in bath 11.75 11.75 32

Temperature of caustic bath (°C) 70 70 90

Voltage at 0.46 ASI -0.960 -0.962 -1.007

Voltage at 1.0 ASI -- -0.979 --

Voltage at 1.09 ASI -- -- -1.025

NiCl2 x6H2O 17.4 g/l
Sodium Citrate 30.24g/l
NaH2PO2xH2O 25.2g/l
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[0058] Weight gains for Example 10 (Example 17), Example 11 (Example 18), Example 12 (Example 19) and Example
13 (Example 20) are 0.550g, 0.578g., 0.683g, and 0.489g, respectively.

Examples 20-23 - Hydrogen Potential Measurements

[0059] To measure the hydrogen potential for the plates prepared in Examples 17-20, the plates were connected to
a nickel rod and placed in an 11.75 percent caustic bath at 70°C. A platinum plate welded to a nickel rod was used as
the anode. A current density of 0.46 ASI was applied to the cathode plate and the anode from a rectifier. The potential
of the cathode was measured with the aid of a LUGGIN probe versus a Hg/HgO reference electrode. The hydrogen
potential measurements for Example 17 (Example 20). Example 18 (Example 21), Example 19 (Example 22), and
Example 20 (Example 23) are -0.956 volts, -0.960 volts, -0.949 volts and -0.956 volts, respectively.

Claims

1. An electrode comprising:

a conductive metal substrate; and

a first layer comprising a matrix with a catalytic powder dispersed therethrough, the matrix comprising a plat-
inum group metal oxide or a mixture of a platinum group metal oxide with one or more of titanium oxide,
zirconium oxide, tantalum oxide, tungsten oxide, niobium oxide, or bismuth oxide, the catalytic powder com-
prising particles of a support metal which is nickel, cobalt, iron, steel, stainless steel, or copper, and wherein
the support metal particles are covered with a porous coating, the porous coating comprising an electrocatalytic
metal which is ruthenium, iridium, rhodium, osmium, platinum, palladium, rhenium, or a mixture thereof.

2. The electrode of Claim 1 wherein the porous coating further comprises a particulate material in admixture with the
electrocatalytic metal.

3. The electrode of Claim 1 wherein the conductive metal substrate is nickel, iron, steel, stainless steel, cobalt, copper,
or silver.

4. The electrode of Claim 2 wherein the particulate material in the porous coating of the first layer is a metal oxide
particulate material selected from a platinum group metal oxide, rhenium oxide, technetium oxide, molybdenum
oxide, chromium oxide, niobium oxide, tungsten oxide, tantalum oxide, manganese oxide and lead oxide.

5. The electrode of any one of the preceding claims, wherein the platinum group metal oxide in the matrix is ruthenium
oxide, iridium oxide, osmium oxide, platinum oxide, palladium oxide or a mixture thereof.

6. The electrode of any one of the preceding claims, further comprising a second reinforcement layer consisting
essentially of a transition metal or alloy thereof.

7. The electrode of Claim 6 wherein the transition metal or alloy thereof is nickel, cobalt, copper, or alloys thereof
with phosphorous, boron or sulfur.

8. A process for making an electrode comprising the steps of:

forming a catalytic powder by covering particles of a support metal which is nickel, cobalt, iron, steel, stainless
steel, or copper with a porous coating comprising an electrocatalytic metal which is ruthenium, iridium, rhodium,
osmium, platinum, palladium, rhenium, or a mixture thereof in admixture with a particulate material,

mixing the catalytic powder with a dispensing medium comprising a mixture of a platinum group metal oxide

(continued)

NH4Cl 21.26g/l
NH4OH add to get pH = 8.8
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precursor and a precursor of one or more of titanium oxide, zirconium oxide, tantalum oxide, tungsten oxide,
niobium oxide, bismuth oxide, to form a mixture;

applying the mixture to a conductive metal substrate to form a covered substrate; and

baking the covered substrate in the presence of oxygen.

9. The process of Claim 8, wherein the porous coating is formed by a nonelectrolytic reductive deposition method,
an electrodeposition method or a sintering method.

10. The process of Claim 8 wherein the particulate material in the porous coating is a metal oxide particulate material
selected from a platinum group metal oxide, rhenium oxide, technetium oxide, molybdenum oxide, chromium oxide,
niobium oxide, tungsten oxide, tantalum oxide, manganese oxide, lead oxide and a mixture thereof.

11. The process of Claim 8 wherein the applying step is performed using solvent spraying, electrostatic spraying,
plasma spraying, or melt spraying.

12. The process of Claim 8 wherein the platinum group metal oxide precursor is ruthenium chloride; and the valve
metal oxide precursor is titanium alkoxide, tantalum alkoxide, zirconium acetylacetonate, or niobium alkoxide.

13. The process of Claim 8 wherein the dispensing medium further comprises aluminum chloride or zinc chloride.

14. The process of Claim 8 where the dispensing medium further comprises a solvent selected from methanol, ethanol,
1-propane!, 2-propanol, butanol and mixtures thereof.

15. The process of Claim 8 further comprising the step of plating the coated substrate with a transition metal or a
transition metal alloy to form a reinforcement layer.

16. The process of claim 15 wherein the transition metal is nickel, cobalt, copper or an alloy thereof with phosphorous,
boron or sulfur.

Patentansprüche

1. Eine Elektrode umfassend:

ein leitfähiges Metallsubstrat, und
eine erste Schicht umfassend eine Matrix mit einem darin dispergierten katalytischen Pulver, wobei die Matrix
ein Platingruppenmetalloxid oder eine Mischung eines Platingruppenmetalloxids mit einem oder mehreren
aus Titanoxid, Zirkoniumoxid, Tantaloxid, Wolframoxid, Nioboxid oder Wismutoxid umfasst, wobei das kata-
lytische Pulver Partikel eines Trägermetalls umfaßt, das Nickel, Kobalt, Eisen, Stahl, rostfreier Stahl oder
Kupfer ist, und wobei die Trägermetallpartikel mit einem porösen Überzug überzogen sind, wobei der poröse
Überzug ein elektrokatalytisches Metall umfasst, das Ruthenium, Iridium, Rhodium, Osmium, Platin, Palladi-
um, Rhenium oder eine Mischung davon ist.

2. Elektrode gemäß Anspruch 1, wobei der poröse Überzug weiterhin ein teilchenförmiges Material gemischt mit dem
elektrokatalytischen Metall umfasst.

3. Elektrode gemäß Anspruch 1, wobei das leitfähige Metallsubstrat Nickel, Eisen, Stahl, rostfreier Stahl, Kobalt,
Kupfer oder Silber ist.

4. Elektrode gemäß Anspruch 2, wobei das teilchenförmige Material im porösen Überzug der ersten Schicht ein
teilchenförmiges Metalloxidmaterial ausgewählt aus einem Platingruppenmetalloxid, Rheniumoxid, Technetium-
oxid, Molybdänoxid, Chromoxid, Nioboxid, Wolframoxid, Tantaloxid, Manganoxid und Bleioxid ist.

5. Elektrode gemäß einem der vorhergehenden Ansprüche, wobei das Platingruppenmetalloxid in der Matrix Ruthe-
niumoxid, Iridiumoxid, Osmiumoxid, Platinoxid, Palladiumoxid oder eine Mischung davon ist.
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6. Elektrode gemäß einem der vorhergehenden Ansprüche, weiterhin umfassend eine zweite Verstärkungsschicht
bestehend im wesentlichen aus einem Übergangsmetal oder einer Legierung davon.

7. Elektrode gemäß Anspruch 6, wobei das Übergangsmetall oder eine Legierung davon Nickel, Kobalt, Kupfer oder
eine Legierung davon mit Phosphor, Bor oder Schwefel ist.

8. Verfahren zur Herstellung einer Elektrode umfassend die Schritte:

Bilden eines katalytischen Pulvers durch Überziehen von Partikeln eines Trägermaterials, welches Nickel,
Kobalt, Eisen, Stahl, rostfreier Stahl oder Kupfer ist, mit einem porösen Überzug umfassend ein elektrokata-
lytisches Metall, welches Ruthenium, Iridium, Rhodium, Osmium, Platin, Palladium, Rhenium oder eine Mi-
schung davon ist, gemischt mit einem teilchenförmigen Material,

Mischen des katalytischen Pulvers mit einem Verteilungsmedium umfassend eine Mischung eines Platingrup-
penmetalloxidvorläufers und eines Vorläufers von einem oder mehreren aus Titanoxid, Zirkoniumoxid, Tanta-
loxid, Wolframoxid, Nioboxid oder Wismutoxid, um eine Mischung zu bilden,

Aufbringen der Mischung auf ein leitfähiges Metallsubstrat, um ein überzogenes Substrat zu bilden, und

Backen des überzogenen Substrates in Anwesenheit von Sauerstoff.

9. Verfahren gemäß Anspruch 8, wobei der poröse Überzug durch ein nichtelektrolytisches reduktives Abscheidungs-
verfahren, ein Elektroabscheidungsverfahren oder ein Sinterverfahren gebildet wird.

10. Verfahren gemäß Anspruch 8, wobei das teilchenförmige Material im porösen Überzug ein teilchenförmiges Me-
talloxidmaterial ausgewählt ist aus einem Platingruppenmetalloxid, Rheniumoxid, Technetiumoxid, Molybdänoxid,
Chromoxid, Nioboxid, Wolframoxid, Tantaloxid, Manganoxid, Bleioxid und einer Mischung davon.

11. Verfahren gemäß Anspruch 8, wobei der Aufbringungsschritt unter Verwendung von Lösungsmittelsprayen, elek-
trostatischem Sprayen, Plasmasprayen oder Schmelzsprayen durchgeführt wird.

12. Verfahren gemäß Anspruch 8, wobei der Platingruppenmetalloxidvorläufer Rutheniumchlorid ist und der Ventil-
metalloxidvorläufer Titanalkoxid, Tantalalkoxid, Zirkoniumacetylacetonat oder Niobalkoxid ist.

13. Verfahren gemäß Anspruch 8, wobei das Verteilungsmedium weiterhin Aluminiumchlorid oder Zinkchlorid umfasst.

14. Verfahren gemäß Anspruch 8, wobei das Verteilungsmedium weiterhin ein Lösungsmittel ausgewählt aus Metha-
nol, Ethanol, 1-Propanol, 2-Propanol, Butanol oder Mischungen davon umfasst.

15. Verfahren gemäß Anspruch 8, weiterhin umfassend den Schritt des Überziehen des überzogenen Materials mit
einem Übergangsmetall oder einer Übergangsmetalllegierung, um eine Verstärkungsschicht zu bilden.

16. Verfahren gemäß Anspruch 15, wobei das Übergangsmetall Nickel, Kobalt, Kupfer oder eine Legierung davon mit
Phosphor, Bor oder Schwefel ist.

Revendications

1. Electrode qui comprend :

une partie sous-jacente en métal conducteur, et
une première couche comprenant une matrice au sein de laquelle est dispersée une poudre catalytique, la
matrice comprenant un oxyde d'un métal du groupe du platine ou un mélange d'un oxyde d'un métal du groupe
du platine et d'un ou plusieurs oxydes pris parmi l'oxyde de titane, l'oxyde de zirconium, l'oxyde de tantale,
l'oxyde de tungstène, l'oxyde de niobium et l'oxyde de bismuth, et la poudre catalytique comprenant des par-
ticules d'un métal-support qui est du nickel, du cobalt, du fer, de l'acier, de l'acier inoxydable ou du cuivre,
lesdites particules de métal-support étant recouvertes d'un revêtement poreux comprenant un métal électro-
catalytique qui est le ruthénium, l'iridium, le rhodium, l'osmium, le platine, le palladium, le rhénium ou un
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mélange de ces métaux.

2. Electrode selon la revendication 1, pour laquelle le revêtement poreux contient en outre une matière sous forme
de particules, en mélange avec le métal électrocatalytique.

3. Electrode selon la revendication 1, dont la partie sous-jacente en métal conducteur est en nickel, en fer, en acier,
en acier inoxydable, en cobalt, en cuivre ou en argent.

4. Electrode selon la revendication 2, pour laquelle la matière sous forme de particules, présente dans le revêtement
poreux de la première couche, est un oxyde métallique sous forme de particules, choisi parmi les oxydes des
métaux du groupe du platine, l'oxyde de rhénium, l'oxyde de technétium, l'oxyde de molybdène, l'oxyde de chrome,
l'oxyde de niobium, l'oxyde de tungstène, l'oxyde de tantale, l'oxyde de manganèse et l'oxyde de plomb.

5. Electrode selon l'une quelconque des revendications précédentes, pour laquelle l'oxyde d'un métal du groupe du
platine de la matrice est l'oxyde de ruthénium, l'oxyde d'iridium, l'oxyde d'osmium, l'oxyde de platine, l'oxyde de
palladium ou un mélange de ces oxydes.

6. Electrode selon l'une quelconque des revendications précédentes, qui comporte en outre une seconde couche
de renforcement, constituée essentiellement d'un métal de transition ou d'un alliage d'un tel métal.

7. Electrode selon la revendication 6, pour laquelle le métal de transition ou son alliage est le nickel, le cobalt, le
cuivre ou un alliage de ces métaux avec du phosphore, du bore ou du soufre.

8. Procédé de préparation d'une électrode, qui comprend les étapes consistant à :

former une poudre catalytique en recouvrant des particules d'un métal support qui est le nickel, le cobalt, le
fer, l'acier, l'acier inoxydable ou le cuivre, d'un revêtement poreux comprenant un métal électrocatalytique qui
est le ruthénium, l'iridium, le rhodium, l'osmium, le platine, le palladium, le rhénium ou un mélange de ces
métaux, en mélange avec une matière sous forme de particules,
mélanger la poudre catalytique avec un milieu de distribution comprenant un mélange d'un précurseur d'un
oxyde d'un métal du groupe du platine et d'un précurseur d'un ou plusieurs oxydes pris parmi l'oxyde de titane,
l'oxyde de zirconium, l'oxyde de tantale, l'oxyde de tungstène, l'oxyde de niobium et l'oxyde de bismuth, pour
former un mélange,
appliquer le mélange sur une partie sous-jacente en métal conducteur pour former une partie sous-jacente
recouverte, et
soumettre la partie sous-jacente recouverte à une cuisson en présence d'oxygène.

9. Procédé selon la revendication 8, dans lequel on forme le revêtement poreux par un procédé de dépôt réducteur
non-électrolytique, un procédé de dépôt électrolytique ou un procédé de frittage.

10. Procédé selon la revendication 8, dans lequel la matière sous forme de particules, présente dans le revêtement
poreux, est un oxyde métallique sous forme de particules, choisi parmi les oxydes des métaux du groupe du
platine, l'oxyde de rhénium, l'oxyde de technétium, l'oxyde de molybdène, l'oxyde de chrome, l'oxyde de niobium,
l'oxyde de tungstène, l'oxyde de tantale, l'oxyde de manganèse, l'oxyde de plomb et leurs mélanges.

11. Procédé selon la revendication 8, dans lequel on réalise l'étape d'application par pulvérisation à l'aide d'un solvant,
pulvérisation électrostatique, pulvérisation plasma ou pulvérisation d'une masse fondue.

12. Procédé selon la revendication 8, dans lequel le précurseur d'oxyde de métal du groupe du platine est le chlorure
de ruthénium, et le précurseur d'oxyde de métal de soupape est un alcoolate de titane, un alcoolate de tantale,
l'acétylacétonate de zirconium ou un alcoolate de niobium.

13. Procédé selon la revendication 8, dans lequel le milieu de distribution comprend en outre du chlorure d'aluminium
ou du chlorure de zinc.

14. Procédé selon la revendication 8, dans lequel le milieu de distribution comprend en outre un solvant choisi parmi
le méthanol, l'éthanol, le propanol-1, le propanol-2, le butanol et leurs mélanges.
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15. Procédé selon la revendication 8, qui comprend en outre l'étape consistant à revêtir d'un métal de transition ou
d'un alliage de métal de transition la partie sous-jacente revêtue pour former une couche de renforcement.

16. Procédé selon la revendication 15, dans lequel le métal de transition ou son alliage est le nickel, le cobalt, le cuivre
ou un alliage de ces métaux avec du phosphore, du bore ou du soufre.
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