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DESCRIPTION

FIELD OF THE INVENTION

[0001] The invention relates to an electrode for electrolytic processes and a method of
manufacturing thereof.

BACKGROUND OF THE INVENTION

[0002] The use of metallic electrodes provided with catalytic coatings in electrolytic applications
is known in the art: electrodes consisting of a metal base (for instance made of titanium,
zirconium or other valve metals, nickel, stainless steel, copper or alloys thereof) equipped with
a coating based on noble metals or alloys thereof are for instance used as hydrogen-evolving
cathodes in water or chlor-alkali electrolysis processes. In the case of cathodes for hydrogen
electrolytic evolution, particularly relevant are coatings containing ruthenium, as metal or more
frequently as ruthenium oxide, optionally in admixture with valve metal oxides. Electrodes of
such kind may for instance be produced by thermal processes, through the decomposition of
precursor solutions of the metals to be deposited by suitable thermal treatments, or less
frequently by galvanic electrodeposition from suitable electrolytic baths.

[0003] These preparation methods are capable of producing ruthenium catalysts characterised
by a great variability of crystal lattice parameters, presenting a fair catalytic activity towards
hydrogen evolution reaction, non perfectly correlated with the crystallite average size. The best
catalysts produced by thermal decomposition of salt precursor solutions can for instance
present a crystal average size of about 10-40 nm with a standard deviation of 2-3 nm, the
relevant catalytic activity being moderately increased for samples at the lower end of the
range.

[0004] Zhitomirsky et al. (Materials Letters 31 (1997) 155-159) and patent application GB 1
307 956 A disclose electrodes comprising a metal substrate provided with a catalytic coating
containing ruthenium in form of metal or of oxide, which are manufactured by sputtering. In an
industrial electrolytic process, the catalytic activity of the electrodes is directly reflected on the
operating voltage of the electrolysers and therefore on energy consumption; for this reason, it
would be desirable to get hold of catalysts with an increased activity towards gas evolution
reactions, for instance towards the reaction of cathodic hydrogen evolution.

SUMMARY OF THE INVENTION

[0005] The inventors surprisingly observed that hydrogen evolution reaction proceeds with
sensibly improved kinetics if carried out on metal substrates provided with a superficial catalytic
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coating containing crystallites of ruthenium, in form of metal or of oxide, having very reduced
and very narrow lattice parameters, for instance of size comprised between 1 and 10 nm, more
preferably 1 to 5 nm, with a standard deviation not higher than 0.5 nm. Catalysts with these

characteristics and with the usual noble metal loadings, for instance 5 to 12 g/m? of ruthenium
expressed as metal, can be capable of decreasing the reduction potential of hydrogen of 20-30
mV with respect to the best catalysts of the prior art. In one embodiment, an electrode
provided with a catalytic coating having a crystallite size of 1 to 10 nm, optionally 1 to 5 nm,
with a standard deviation not higher than 0.5 nm, can be obtained by subjecting a metal
substrate, for example a nickel substrate, to a chemical or physical vapour deposition
treatment of ruthenium, wherein such deposition is suitably controlled so as to produce the
desired lattice parameters. The size of crystallites can be adjusted for instance by acting on the
temperature of the metal substrate, on the degree of vacuum of the deposition process, on the
energy level of an ion plasma used to bomb the substrate during the deposition phase or on
several other parameters, specific of the various applicable techniques. In one embodiment, a
physical vapour deposition of ruthenium is obtained by means of an IBAD technique, providing

the generation of plasma at a pressure of 106-1073 Pa, the extraction of ruthenium ions from
targets of ruthenium metal arranged in the deposition chamber under the action of plasma
assisted by an ion beam and the consequent bombardment of the substrate to be treated with
a beam containing ruthenium ions at an energy of 1000 to 2000 eV. In one embodiment, the
IBAD deposition is of dual type, that is preceded by a step of substrate cleaning by
bombardment with in situ-generated argon ions at a lower energy level (200-500 eV).

[0006] In one embodiment, a physical vapour deposition of ruthenium is obtained by means of
a MPS (Magnetron Plasma Sputtering) technique, providing the generation of high density
plasma through the combined use of a magnetic field and a radiofrequency electric field, or by
a DC Plasma Sputtering technique, providing the generation of high density plasma through
the combined use of a magnetic field and modulated direct current.

[0007] In one embodiment, a physical vapour deposition of ruthenium in form of oxide, for
instance of non-stoichiometric dioxide characterised by particularly high catalytic activity and
stability at the usual industrial electrolysis conditions, is obtained by means of a physical
vapour deposition according to one of the above described methodologies carried out in the
presence of a reactant gas, for instance oxygen, so as to produce the simultaneous oxidation
of the deposited ruthenium. Alternatively, it is possible to deposit ruthenium directly from
ruthenium oxide targets.

[0008] The inventors observed that the effect of size and regularity of the crystallites on the
reaction kinetics is significant especially for the outermost portion of the catalyst, directly in
contact with the process electrolyte. Hence, in one embodiment, a hydrogen-evolving electrode
comprises a substrate coated with an intermediate catalytic coating of ruthenium dioxide which
can be prepared galvanically or by thermal decomposition of salt precursors, whereon a
superficial catalytic coating is applied consisting of crystallites of ruthenium, in metal or oxide
form, having a size of 1 to 10 nm, more preferably 1 to 5 nm, with a standard deviation not
higher than 0.5 nm, wherein such coating can be prepared by chemical or physical vapour
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deposition. In one embodiment, the intermediate catalytic coating has a specific loading of 5-12
g/m? of ruthenium expressed as metal and the superficial catalytic coating has a specific
loading of 1-5 g/m? of ruthenium expressed as metal. This can have the advantage of allowing
the application of the main amount of catalyst by a quicker and cheaper method, using the

PVD or CVD techniques only to deposit the outermost layer which is more affected by the
benefits of a controlled size distribution of the crystallites.

[0009] Some of the most significant results obtained by the inventors are presented in the
following examples, which are not intended as a limitation of the extent of the invention.

EXAMPLE 1

[0010] A flattened mesh of nickel 200 of 1000 mm x 500 mm x 0.89 mm size was subjected to
a blasting treatment with corundum until obtaining a controlled roughness, with an R, value of

70 um. The blasted mesh was then etched in 20% boiling HCI to eliminate possible corundum
residues.

[0011] The thus-treated mesh was loaded in a Magnetron Plasma Sputtering device of the
type provided with a conditioning chamber operated at a first vacuum level (typically 103 Pa)
and with a deposition chamber operated at high vacuum, equipped with a ruthenium metal

target; upon reaching a vacuum level of 5.10™ Pa in the deposition chamber, the generation of
a pure Ar plasma was activated between the mesh and the chamber walls. Upon completion of
this phase, aimed at obtaining a perfect cleaning of the surface, the generation of plasma was
activated between the ruthenium target (99% w/w, 200 W nominal power, zero reflected power)
simultaneously feeding a 20% oxygen in argon gas mixture thereby establishing a dynamic
vacuum of 10”! Pa: this triggered the onset of the reactive deposition of a RuO; layer. During
the deposition, the sample holder housing the mesh was rotated to optimise the homogeneity.
The deposition was repeated on the opposite side of the mesh, until obtaining a total loading of
9 g/m? of Ru expressed as metal. The ex situ measurement of crystallite size, mediated
according to Scherrer across a 4 cm? surface, showed a value of 4.0 nm. By repeating the
measurement in different zones of the samples, the standard deviation obtained was 0.5 nm. A
hydrogen evolution potential of -930 mV/NHE was detected in 32% caustic soda at a

temperature of 90°C and at a current density of 3 kA/m2.

EXAMPLE 2

[0012] A flattened mesh of nickel 200 of 1000 mm x 500 mm x 0.89 mm size was subjected to
a blasting treatment with corundum until obtaining a controlled roughness, with an R, value of

70 um. The blasted mesh was then etched in 20% boiling HCI to eliminate possible corundum
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residues.

[0013] The thus-treated mesh was activated with 8 g/m? of ruthenium, expressed as metal, by
thermal decomposition of a RuCls-3H>O hydroalcoholic solution acidified with HCI. The solution

was applied in four coats by spraying and subsequent thermal treatment in a vented oven at
480°C for 10 minutes. After the last coat, a final thermal treatment of 1 hour at the same
temperature was carried out.

[0014] The preactivated mesh was then loaded in a Magnetron Plasma Sputtering device

analogous to the one of example 1. Upon reaching a vacuum level of 5.10 Pa in the
deposition chamber, the generation of a pure Ar plasma was activated between the mesh and
the chamber walls. Upon completion of this surface cleaning phase, the generation of plasma
was activated between the ruthenium target (99% w/w, 200 W nominal power, zero reflected
power) simultaneously feeding a 20% oxygen in argon gas mixture thereby establishing a
dynamic vacuum of 10! Pa: this triggered the onset of the reactive deposition of a RuO, layer.
During the deposition, the sample holder housing the mesh was rotated to optimise the
homogeneity. The deposition was repeated on the opposite side of the mesh, until obtaining a
total loading of 4 g/m? of Ru expressed as metal. The ex situ measurement of crystallite size
by low angle X-Ray diffraction technique showed a value of 4.0 +/- 0.5 nm. A hydrogen
evolution potential of -930 mV/NHE was detected in 32% caustic soda at a temperature of

90°C and at a current density of 3 kA/m2.

COUNTEREXAMPLE 1

[0015] A flattened mesh of nickel 200 of 1000 mm x 500 mm x 0.89 mm size was subjected to
a blasting treatment with corundum until obtaining a controlled roughness, with an R, value of

70 um. The blasted mesh was then etched in 20% boiling HCI to eliminate possible corundum
residues.

[0016] The thus-treated mesh was activated with 12 g/m? of ruthenium, expressed as metal,
by thermal decomposition of a RuCl3-3H,0 hydroalcoholic solution acidified with HCI. The

solution was applied in five coats by spraying and subsequent thermal treatment in a vented
oven at 550°C for 10 minutes. After the last coat, a final thermal treatment of 1 hour at the
same temperature was carried out.

[0017] The ex situ measurement of crystallite size by low angle X-Ray diffraction technique
showed a value of 20 +/- 2 nm. A hydrogen evolution potential of -950 mV/NHE was detected

in 32% caustic soda at a temperature of 90°C and at a current density of 3 kA/m2.

COUNTEREXAMPLE 2
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[0018] A flattened mesh of nickel 200 of 1000 mm x 500 mm x 0.89 mm size was subjected to
a blasting treatment with corundum until obtaining a controlled roughness, with an R, value of

70 um. The blasted mesh was then etched in 20% boiling HCI to eliminate possible corundum
residues.

[0019] The thus-treated mesh was activated with 13 g/m2 of ruthenium, expressed as metal,
by thermal decomposition of a RuCl3-3H,O hydroalcoholic solution acidified with HCI. The

solution was applied in five coats by spraying and subsequent thermal treatment in a vented
oven at 460°C for 10 minutes. After the last coat, a final thermal treatment of 1 hour at the
same temperature was carried out.

[0020] The ex situ measurement of crystallite size by low angle X-Ray diffraction technique
showed a value of 16 +/- 2 nm. A hydrogen evolution potential of -945 mV/NHE was detected

in 32% caustic soda at a temperature of 90°C and at a current density of 3 kA/m2.

COUNTEREXAMPLE 3

[0021] A flattened mesh of nickel 200 of 1000 mm x 500 mm x 0.89 mm size was subjected to
a blasting treatment with corundum until obtaining a controlled roughness, with an R, value of

70 um. The blasted mesh was then etched in 20% boiling HCI to eliminate possible corundum
residues.

[0022] The thus-treated mesh was then loaded in a Magnetron Plasma Sputtering device
analogous to the one of example 1. While reaching a vacuum condition of 5.10" Pa in the
deposition chamber, the temperature of the sample was brought to 450°C by means of an
electric resistance; the generation of a pure Ar plasma was then activated between the mesh
and the chamber walls. Upon completion of this surface cleaning phase, the generation of
plasma was activated between the ruthenium target (99% w/w, 200 W nominal power, zero
reflected power) simultaneously feeding a 20% oxygen in argon gas mixture thereby
establishing a dynamic vacuum of 10°1 Pa: this triggered the onset of the reactive deposition of
a RuO; layer. During the deposition, the sample holder housing the mesh was rotated to

optimise the homogeneity. The deposition was repeated on the opposite side of the mesh, until
obtaining a total loading of 9 g/m? of Ru expressed as metal. The ex situ measurement of

crystallite size, mediated according to Scherrer across a 4 cm? surface, showed a value of 35
nm. By repeating the measurement in different zones of the samples, the standard deviation
obtained was 0.5 nm. A hydrogen evolution potential of -962 mV/NHE was detected in 32%

caustic soda at a temperature of 90°C and at a current density of 3 kA/m2.

[0023] The previous description is not intended to limit the invention, which may be used



DK/EP 2480705 T3

according to different embodiments without departing from the scopes thereof, and whose
extent is univocally defined by the appended claims.

[0024] Throughout the description and claims of the present application, the term "comprise"
and variations thereof such as "comprising" and "comprises" are not intended to exclude the
presence of other elements or additives.

[0025] The discussion of documents, acts, materials, devices, articles and the like is included
in this specification solely for the purpose of providing a context for the present invention. It is
not suggested or represented that any or all of these matters formed part of the prior art base
or were common general knowledge in the field relevant to the present invention before the
priority date of each claim of this application.

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader's convenience only. It does not
form part of the European patent document. Even though great care has been taken in
compiling the references, errors or omissions cannot be excluded and the EPO disclaims all
liability in this regard.

Patent documents cited in the description

o GB1307956A [0004]

Non-patent literature cited in the description

o ZHITOMIRSKY et al.Materials Letters, 1997, vol. 31, 155-159 {§844]
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Patentkrayv

1. Elektrode til hydrogenudvikling, omfattende et metalsubstrat, der er forsynet
med en overfladisk katalytisk coating, som indeholder krystallitter af ruthenium
i form af metal eller af oxid, med en starrelse pa 1 til 10 nm med en standard-
afvigelse, der ikke er hgjere end 0,5 nm malt ved en rgntgendiffraktionsteknik
med lille vinkel.

2. Elektrode ifelge krav 1, omfattende en mellemliggende coating omfattende
RuOz2, der er anbragt mellem metalsubstratet og den katalytiske coating.

3. Elektrode ifglge krav 2, hvor den katalytiske coating har en specifik ladning
af ruthenium péa 1 til 5 g/m?, og den mellemliggende coating har en specifik
ladning af ruthenium pa 5 til 12 g/m>.

4. Elektrode ifglge et hvilket som helst af de foregaende krav, hvor stgrrelsen
af krystallitter er 1 til 5 nm.

5. Elektrode ifglge et hvilket som helst af de foregaende krav, hvor metalsub-
stratet er fremstillet af nikkel.

6. Elektrode ifelge et hvilket som helst af de foregaende krav, hvor krystalli-
terne af ruthenium er i form af ikke-stgkiometrisk oxid.

7. Fremgangsmade til fremstilling af en elektrode ifglge et hvilket som helst af
kravene 1 til 6, omfattende afsaetning af den katalytiske coating ved hjeelp af
en kemisk eller fysisk dampudfaeldningsteknik fra et ruthenium-target.

8. Fremgangsmade ifglge krav 7, hvor den fysiske dampudfaeldning omfatter
en samtidig oxidering af ruthenium med en reaktantgas.

9. Fremgangsmade ifglge krav 7 eller 8, hvor afsaetningen af katalytisk coating
ved hjaelp af en kemisk eller fysisk dampudfaeldning kommer efter afsaetningen
af en mellemliggende RuO2-coating ved termisk nedbrydning af en vandig op-
lasning indeholdende et rutheniumsalt.
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10. Fremgangsmade ifglge krav 7 eller 8, hvor afsaetningen af katalytisk coa-
ting ved hjeelp af en kemisk eller fysisk dampudfaeldning kommer efter afsaet-
ningen af en mellemliggende RuO2-coating ved hjaelp af en galvanisk teknik.

11. Anvendelse af en elektrode ifglge et hvilket som helst af kravene1 til 6 til
katodisk udvikling af hydrogen i en elektrolytisk proces.



