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ELECTRODE FOR ELECTROCHEMICAL PROCESSES AND METHOD FOR
OBTAINING THE SAME

FIELD OF THE INVENTION

The invention relates to an electrode for electrolytic processes, in particular to a cathode
suitable for hydrogen evolution in an industrial electrolytic process and to a method for
obtaining the same.

BACKGROUND OF THE INVENTION

The invention relates to an electrode for electrolytic processes, in particular to a cathode
suitable for hydrogen evolution in an industrial electrolytic process. The electrolysis of
alkali brines for the simultaneous production of chlorine and alkali and the
electrochemical processes of hypochlorite and chlorate manufacturing are the most
typical examples of industrial electrolytic applications where hydrogen is cathodically
evolved, but the electrode is not limited to any particular application. In the industry of
electrolytic processes, competitiveness depends on several factors and primarily on the
reduction of energy consumption, which is directly associated with the operating
voltage. This is the main reason behind the efforts directed to reduce the various
components making up the cell voltage, cathodic overvoltage being one of those.
Cathodic overvoltages which can be naturally obtained with electrodes of chemically-
resistant materials (for instance carbon steel) free of catalytic activation were
considered acceptable for a long time. The market nevertheless increasingly requires,
for this specific technology, a caustic product of high concentration, making the use of
carbon steel cathodes unviable due to corrosion problems; moreover, the increase in
the cost of energy has made the use of catalysts facilitating the cathodic evolution of
hydrogen economically more convenient. One possible solution is the use of nickel
substrates, chemically more resistant than carbon steel, coupled with platinum-based
catalytic coatings. Cathodes of such kind are normally characterised by acceptably
reduced cathode overvoltages, although resulting rather expensive due to their content
of platinum and to their limited operative lifetime, probably caused by the poor adhesion
of the coating to the substrate. A partial improvement in the adhesion of catalytic
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coatings on nickel substrates can be obtained by adding cerium to the formulation of the
catalytic layer, optionally as an external porous layer aimed at protecting the underlying
platinum-based catalytic layer. However, this type of cathode is prone to suffer
considerable damages following the occasional current reversals inevitably taking place

in case of malfunctioning of industrial plants.

A partial improvement in the current reversal tolerance is obtainable by activating the
nickel cathodic substrate with a coating consisting of two distinct phases, a first phase
containing the noble metal-based catalyst and a second phase comprising palladium,
optionally in admixture with silver, having a protective function. This kind of electrode
presents however a sufficient catalytic activity only when the noble metal phase
contains high amounts of platinum, preferably with a significant addition of rhodium;
replacing platinum with cheaper ruthenium in the catalytic phase entails for example the
onset of considerably higher cathodic overvoltages. Furthermore, the preparation of the
coating consisting of two distinct phases requires an extremely delicate process control
to achieve sufficiently reproducible results.

It has been thus evidenced the need for providing a new cathode composition for
industrial electrolytic processes, in particular for electrolytic processes with cathodic
evolution of hydrogen, characterised, with respect to prior art formulations, by an
equivalent or higher catalytic activity, a lower overall cost in terms of raw materials, a
higher reproducibility of preparation and a lifetime and tolerance to accidental current

reversal equivalent or higher in the usual operative conditions.

SUMMARY OF THE INVENTION

Various aspects of the invention are set out in the accompanying claims.

In one embodiment, an electrode for electrolytic processes comprises a metal substrate,
for instance made of nickel, copper or carbon steel, coated with a catalytic layer
comprising 4-40 g/m? of ruthenium optionally in form of oxide, prepared by application
and thermal decomposition in multiple coats of a precursor comprising a nitrate of

ruthenium in acetic solution free of chlorides. In one embodiment, the catalytic later also
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contains 1-10 g/m? of rare earths, for instance praseodymium, in form of oxides, and

optionally 0.4-4 g/m? of palladium.

Under another aspect, a precursor suitable for the manufacturing of an electrode for gas
evolution in electrolytic processes, for instance cathodic evolution of hydrogen,
comprises a nitrate of ruthenium dissolved in a chloride-free solution containing more
than 30%, and more preferably from 35 to 50% by weight, of acetic acid. The inventors
surprisingly observed that the activity, the duration and the tolerance to reversals of
electrodes used as cathodes for hydrogen evolution catalysed with ruthenium result
remarkably superior provided nitrate-based precursors in a substantially chloride-free
acetic solution are used in the manufacturing thereof, instead of the common precursor
of the prior art consisting of RuCls in hydrochloric solution. Without wishing to limit the
invention to any particular theory, this may be due to the formation of a complex species
wherein a ruthenium atom is co-ordinated with acetic or carbonyl groups, in the absence
of co-ordination bonds with chloride; this complex species imparts morphological,
structural or compositional effects reflected in improved performances of the electrode
obtained by means of their decomposition especially in terms of duration and current
reversal tolerance. In one embodiment, the nitrate of ruthenium employed is Ru (lll)
nitrosyl nitrate, a commercially available compound expressed by the formula
Ru(NO)(NOs)s or sometimes written as Ru(NO)(NOs) to indicate that the average
oxidation state of ruthenium may be slightly different than 3. This species, that in one
embodiment is present in the precursor at a concentration of 60-200 g/l, has the
advantage of being easily available in amounts sufficient to an industrial production of
electrodes. In one embodiment, the precursor solution also comprises rare earth
nitrates, which have the advantage of providing further stability to the electrode coating
obtainable by thermal decomposition of the same precursor. The inventors have found
out that the addition of Pr(NOs), at a concentration of 15-50 g/l imparts desirable
features of functioning stability and tolerance to current reversals to the coating
obtained by decomposition of the precursor. In one embodiment, the precursor solution
also comprises 5-30 g/l of palladium nitrate; the presence of palladium in the coating
obtainable by thermal decomposition of the precursor can have the advantage of

imparting an enhanced tolerance to current reversals, especially in the long term.
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Under another aspect, a method for producing a ruthenium-based precursor suitable for
manufacturing an electrode for gas evolution in electrolytic processes comprises the
preparation of a ruthenium solution by dissolution of ruthenium nitrate in glacial acetic
acid under stirring, optionally adding a few droplets of nitric acid to facilitate its
dissolution, followed by a dilution with 5-20% by weight acetic acid until obtaining the
required concentration of ruthenium. In one embodiment, a method for manufacturing a
ruthenium and rare earth-based precursor comprises: the preparation of a ruthenium
solution by dissolution of a ruthenium nitrate in glacial acetic acid under stirring,
optionally adding a few droplets of nitric acid; the preparation of a rare earth solution by
dissolution of a rare earth nitrate, for instance Pr(NOs), in glacial acetic acid under
stirring, optionally adding a few droplets of nitric acid; the mixing, optionally under
stirring, of the ruthenium solution with the rare earth solution; the dilution with 5-20% by
weight acetic acid until obtaining the required concentration of ruthenium and of rare
earth. In one embodiment, the dilution with 5-20% acetic acid may also be effected on

the ruthenium solution and/or on the rare earth solution before mixing.

Under another aspect, a method for manufacturing an electrode for gas evolution in
electrolytic processes, for instance for cathodic evolution of hydrogen, comprises the
application in multiple coats on a metal substrate and the subsequent thermal
decomposition at 400-600°C of a ruthenium nitrate-based precursor with the optional
addition of nitrates of rare earths or palladium in acetic solution as previously described;
the precursor may be applied to a mesh or to an expanded or punched mesh of nickel,
for instance by means of electrostatic spray techniques, brushing, dipping or other
known techniques. After the deposition of each coat of precursor, the substrate may be
subjected to a drying step, for instance of 5-15 minutes at 80-100°C, followed by
thermal decomposition at 400-600°C for a time not lower than two minutes and usually
comprised between 5 and 20 minutes. The above-indicated concentrations indicatively
allow the deposition of 10-15 g/m? of ruthenium in 4-10 coats.

Some of the most significant results obtained by the inventors are described in the

following examples which are not intended to limit the extent of the invention.
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EXAMPLE 1

An amount of Ru(NO)(NOs3)s corresponding to 100 g of Ru was dissolved in 300 ml of
glacial acetic acid with addition of few ml of concentrated nitric acid. The solution was
stirred for three hours keeping the temperature at 50°C. The solution was then brought
to a volume of 500 ml with 10% by weight acetic acid (ruthenium solution).

Separately, an amount of Pr(NOs). corresponding to 100 g of Pr was dissolved in 300
ml of glacial acetic acid with addition of few ml of concentrated nitric acid. The solution
was stirred for three hours keeping the temperature at 50°C. The solution was then

brought to a volume of 500 ml with 10% by weight acetic acid (rare earth solution).

480 ml of the ruthenium solution were mixed to 120 ml of the rare earth solution and left
under stirring for five minutes. The thus obtained solution was brought to 1 litre with

10% by weight acetic acid (precursor).

A mesh of nickel 200 of 100 mm x 100 mm x 0.89 mm size was subjected to a process
of blasting with corundum, etching in 20% HCI at 85°C for 2 minutes and thermal
annealing at 500°C for 1 hour. The precursor was then applied by brushing in 6
subsequent coats, carrying out a drying treatment for 10 minutes at 80-90°C and a
thermal decomposition for 10 minutes at 500°C after each coat until obtaining a
deposition of 11.8 g/m? of Ru and 2.95 g/m? of Pr.

The sample was subjected to a performance test, showing an ohmic drop-corrected
initial cathodic potential of -924 mV/NHE at 3 kA/m? under hydrogen evolution in 33%
NaOH, at a temperature of 90°C, which indicates an excellent catalytic activity.

The same sample was subsequently subjected to cyclic voltammetry in a range of -1 to
+0.5 V/INHE at a 10 mV/s scan rate; after 25 cycles, the cathodic potential was -961
mV/NHE, which indicates an excellent current reversal tolerance.



10

15

20

25

30

WO 2011/101477 PCT/EP2011/052542

EXAMPLE 2

An amount of Ru(NO)(NOs3)s corresponding to 100 g of Ru was dissolved in 300 ml of
glacial acetic acid with addition of few ml of concentrated nitric acid. The solution was
stirred for three hours keeping the temperature at 50°C. The solution was then brought
to a volume of 1 litre with 10% by weight acetic acid (precursor).

A mesh of nickel 200 of 100 mm x 100 mm x 0.89 mm size was subjected to a process
of blasting with corundum, etching in 20% HCI at 85°C for 2 minutes and thermal
annealing at 500°C for 1 hour. The previously obtained precursor was then applied by
brushing in 7 subsequent coats, carrying out a drying treatment for 10 minutes at 80-
90°C and a thermal decomposition for 10 minutes at 500°C after each coat until
obtaining a deposition of 12 g/m? of Ru.

The sample was subjected to a performance test, showing an ohmic drop-corrected
initial cathodic potential of -925 mV/NHE at 3 kA/m? under hydrogen evolution in 33%
NaOH, at a temperature of 90°C, which indicates an excellent catalytic activity.

The same sample was subsequently subjected to cyclic voltammetry in a range of -1 to
+0.5 V/INHE at a 10 mV/s scan rate; after 25 cycles, the cathodic potential was -979
mV/NHE, which indicates an excellent current reversal tolerance.

COUNTEREXAMPLE 1

A mesh of nickel 200 of 100 mm x 100 mm x 0.89 mm size was subjected to a process
of blasting with corundum, etching in 20% HCI at 85°C for 2 minutes and thermal
annealing at 500°C for 1 hour. The mesh was then activated by applying RuCls in nitric
solution by brushing at a concentration of 96 g/l, carrying out a drying treatment for 10
minutes at 80-90°C and a thermal decomposition for 10 minutes at 500°C after each
coat until obtaining a deposition of 12.2 g/m? of Ru.
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The sample was subjected to a performance test, showing an ohmic drop-corrected
initial cathodic potential of -942 mV/NHE at 3 kA/m? under hydrogen evolution in 33%
NaOH, at a temperature of 90°C, which indicates a fair catalytic activity.

The same sample was subsequently subjected to cyclic voltammetry in a range of -1 to
+0.5 V/NHE at a 10 mV/s scan rate; after 25 cycles, the cathodic potential was -1100

mV/NHE, which indicates a modest current reversal tolerance.

COUNTEREXAMPLE 2

An amount of RuCls corresponding to 100 g of Ru was dissolved in 300 ml of glacial
acetic acid with addition of few ml of concentrated nitric acid. The solution was stirred
for three hours keeping the temperature at 50°C. The solution was then brought to a
volume of 500 ml with 10% by weight acetic acid (ruthenium solution).

Separately, an amount of Pr(NOs). corresponding to 100 g of Pr was dissolved in 300
ml of glacial acetic acid with addition of few ml of concentrated nitric acid. The solution
was stirred for three hours keeping the temperature at 50°C. The solution was then

brought to a volume of 500 ml with 10% by weight acetic acid (rare earth solution).

480 ml of the ruthenium solution were mixed to 120 ml of the rare earth solution and left
under stirring for five minutes. The thus obtained solution was brought to 1 litre with

10% by weight acetic acid (precursor).

A mesh of nickel 200 of 100 mm x 100 mm x 0.89 mm size was subjected to a process
of blasting with corundum, etching in 20% HCI at 85°C for 2 minutes and thermal
annealing at 500°C for 1 hour. The precursor was then applied by brushing in 7
subsequent coats, carrying out a drying treatment for 10 minutes at 80-90°C and a
thermal decomposition for 10 minutes at 500°C after each coat until obtaining a
deposition of 12.6 g/m? of Ru and 1.49 g/m? of Pr.



10

15

20

25

30

WO 2011/101477 PCT/EP2011/052542

The sample was subjected to a performance test, showing an ohmic drop-corrected
initial cathodic potential of -932 mV/NHE at 3 kA/m? under hydrogen evolution in 33%
NaOH, at a temperature of 90°C, which indicates a good catalytic activity.

The same sample was subsequently subjected to cyclic voltammetry in a range of -1 to
+0.5 V/NHE at a 10 mV/s scan rate; after 25 cycles, the cathodic potential was -1080

mV/NHE, which indicates a modest current reversal tolerance.

COUNTEREXAMPLE 3

An amount of Ru(NO)(NOs3)s corresponding to 100 g of Ru was dissolved in 500 ml of
37% by volume hydrochloric acid with addition of few ml of concentrated nitric acid. The
solution was stirred for three hours keeping the temperature at 50°C. The solution was

then brought to a volume of 500 ml with 10% by weight acetic acid (ruthenium solution).

Separately, an amount of Pr(NOs). corresponding to 100 g of Pr was dissolved in 500
ml of 37% by volume hydrochloric acid with addition of few ml of concentrated nitric
acid. The solution was stirred for three hours keeping the temperature at 50°C (rare

earth solution).

480 ml of the ruthenium solution were mixed to 120 ml of the rare earth solution and left
under stirring for five minutes. The thus obtained solution was brought to 1 litre with 1 N

hydrochloric acid (precursor).

A mesh of nickel 200 of 100 mm x 100 mm x 0.89 mm size was subjected to a process
of blasting with corundum, etching in 20% HCI at 85°C for 2 minutes and thermal
annealing at 500°C for 1 hour. The precursor was then applied by brushing in 7
subsequent coats, carrying out a drying treatment for 10 minutes at 80-90°C and a
thermal decomposition for 10 minutes at 500°C after each coat until obtaining a

deposition of 13.5 g/m? of Ru and 1.60 g/m? of Pr.
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The sample was subjected to a performance test, showing an ohmic drop-corrected
initial cathodic potential of -930 mV/NHE at 3 kA/m? under hydrogen evolution in 33%
NaOH, at a temperature of 90°C, which indicates a good catalytic activity.

The same sample was subsequently subjected to cyclic voltammetry in a range of -1 to
+0.5 V/NHE at a 10 mV/s scan rate; after 25 cycles, the cathodic potential was -1090
mV/NHE, which indicates a modest current reversal tolerance.

The previous description shall not be intended as limiting the invention, which may be
used according to different embodiments without departing from the scopes thereof, and

whose extent is solely defined by the appended claims.

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, components or additional process steps.
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10

CLAIMS

Precursor suitable for the production of an electrode for gas evolution in
electrolytic processes, comprising a ruthenium nitrate dissolved in a chloride-free
aqueous solution containing acetic acid at a concentration higher than 30% by
weight.

The precursor according to claim 1 wherein the concentration of said acetic acid
is 35 to 50% by weight.

The precursor according to claim 1 or 2 wherein said ruthenium nitrate is

ruthenium nitrosyl nitrate at a concentration of 60 to 200 g/l.

The precursor according to any one of claims 1 to 3 wherein said aqueous

solution comprises at least one nitrate of a rare earth.

The precursor according to claim 4 wherein said at least one nitrate of a rare
earth is Pr(NOs)2 at a concentration of 15 to 50 g/l.

The precursor according to claim 4 or 5 wherein said aqueous solution comprises

palladium nitrate at a concentration of 5 to 30 g/I.

Method for the preparation of the precursor according to any one of claims 1 to 3,
comprising the preparation of a ruthenium solution by dissolution of said
ruthenium in glacial acetic acid under stirring, with optional addition of nitric acid,
followed by a dilution with an aqueous solution of acetic acid at a concentration of
5 to 20% by weight.

Method for the preparation of the precursor according to claim 4 or 5, comprising
the following simultaneous or sequential steps:
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10.

11.

12.

13.

11

- preparation of a ruthenium solution by dissolution of said ruthenium
nitrate in glacial acetic acid under stirring, with optional addition of nitric
acid,

- preparation of a rare earth solution by dissolution of said at least
one nitrate of a rare earth in glacial acetic acid under stirring, with optional
addition of nitric acid;

- mixing under optional stirring of said ruthenium solution with said
rare earth solution;
- subsequent optional dilution with an aqueous solution of acetic acid

at a concentration of 5 to 20% by weight.

The method according to claim 8 comprising a dilution step of said
ruthenium solution and/or said rare earth solution with an aqueous solution
of acetic acid at a concentration of 5 to 20% by weight before said mixing

step.

Method for manufacturing an electrode for gas evolution in electrolytic
processes, comprising the application of the precursor according to one of
claims 1 to 6 to a metal substrate in multiple coats, with thermal
decomposition at 400-600°C for a time of no less than 2 minutes after

each coat.

The method according to claim 10 wherein said metal substrate is a mesh

or a punched or expanded sheet made of nickel.

Electrode for cathodic hydrogen evolution in electrolytic processes
comprising a metal substrate coated with a catalytic layer containing 4 to
40 g/m? of ruthenium in form of metal or oxide obtainable by the method

according to any one of claims 9 to 11.

The electrode according to claim 12 wherein said catalytic layer further
contains 1 to 10 g/m? of rare earths in form of oxides and optionally 0.4 to

4 g/m? of palladium in form of oxide or metal.
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14. The electrode according to claim 13 wherein said rare earths comprise

praseodymium oxide.

15. The electrode according to one of claims 12 to 14 wherein said metal
substrate is made of nickel or nickel alloy.



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2011/052542

A. CLASSIFICATION OF SUBJECT MATTER

INV. C25B11/04
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

C258B

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data, CHEM ABS Data

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A US 5 358 889 A (ISMAIL T. EMESH)

25 October 1994 (1994-10-25)

column 4, 1ine 9 - line 25; example 1/1
column 5; claims 1,3,10

column 5, line 31 - Tine 37

X WO 2008/043766 A2 (INDUSTRIE DE MNORA
S.P.A.) 17 April 2008 (2008-04-17)

page 12 - page 14; claims 1,4,7,8

1-9

12-15

19 October 2006 (2006-10-19)
the whole document

page 3, line 42 - line 45
page 11; claims 1,3,4

A US 2006/231387 Al (HIROYOSHI HOUDA)

A EP 1 916 320 A2 (CHLORINE ENGINEEERS
CORP.) 30 April 2008 (2008-04-30)

1-15

1-15

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not
considered to be of particular relevance

"E" earlier document but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or
other means

"P" document published prior to the international filing date but
later than the priority date claimed

"T" later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

"X" document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

"Y" document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
merr:ts, such combination being obvious to a person skilled
inthe art.

"&" document member of the same patent family

Date of the actual completion of the international search

19 May 2011

Date of mailing of the international search report

26/05/2011

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Battistig, Marcello

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2011/052542
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 5358889 A 25-10-1994  NONE
WO 2008043766 A2 17-04-2008 AU 2007306373 Al 17-04-2008
CA 2665569 Al 17-04-2008
CN 101522952 A 02-09-2009
EP 2084308 A2 05-08-2009
JP 2010506050 T 25-02-2010
KR 20090098792 A 17-09-2009
US 2009194411 Al 06-08-2009
ZA 200902129 A 28-07-2010
US 2006231387 Al 19-10-2006  NONE
EP 1916320 A2 30-04-2008 CN 101225527 A 23-07-2008
JP 4274489 B2 10-06-2009
JP 2008133532 A 12-06-2008
US 2010155235 Al 24-06-2010
US 2008099328 Al 01-05-2008

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - claims
	Page 12 - claims
	Page 13 - claims
	Page 14 - wo-search-report
	Page 15 - wo-search-report

