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| NDUSTRI AL ELECTROCHEM CAL PROCESSES FI ELD OF THE | NVENTI ON 5 The invention
rel ates twoaniloentir ode suitable for operating as anodepcm/Ere@etosmeherni cal
cells, for instance as oxygen-evol ving1anode in electrolysis cells for
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I nvention relates to an electrode for use in industrial electrochem cal
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15  several of which pertain to the field of electrometallurgy, covering a wide range in terms
of applied current density, which can be very reduced (for instance a few hundred A/m?,
such as the case of electrowinning processes) or also very high (for instance in high
speed electroplating, which can operate in excess of 10 kA/m?, referred to the anodic
surface); another field of application of oxygen-evolving anodes is cathodic protection

20 under impressed current. Electrodes suitable for anodic evolution of oxygen can be
obtained starting from substrates of valve metals, for instance titanium and alloys
thereof, coated with catalytic compositions based on transition metals or oxides thereof,
characterised by their capability of lowering the overvoltage of the oxygen anodic
discharge reaction, which is much too high to allow the execution of industrial processes

25 in the absence of catalytic systems. A composition suitable for catalysing the anodic
oxygen evolution reaction for instance consists of a mixture of oxides of iridium and of
tantalum, wherein iridium plays the role of catalytically active species and tantalum
facilitates the formation of a compact coating, capable of protecting the valve metal
substrate from corrosion phenomena, especially when operating with aggressive

30 electrolytes. An anode formulation suitable for anodic oxygen evolution in many
industrial electrochemical processes comprises a titanium substrate and a catalytic
coating consisting of oxides of iridium and tantalum with a molar composition referred to

the metals of 65% Ir and 35% Ta. In some cases, for instance to be able to operate with
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evolution overpotential and by higher operative lifetimes even in particularly critical
20 process conditions, such as a high current density or the presence of particularly

aggressive electrolytes, for instance due to the presence of contaminant species.
SUMMARY OF THE INVENTION
25  Various aspects of the invention are set out in the accompanying claims.

In one embodiment, the present invention relates to an electrode for oxygen evolution in
electrochemical processes comprising a valve metal substrate, a catalytic coating
comprising an internal layer of oxides of iridium and tantalum of molar composition Ir

30 60-70%, Ta 30-40% referred to the metals and an external coating containing 2 to 7

g/m? of a valve metal oxide.



WO 2012/ 101141PCT/ EP2012/ 051079 3 For the purpose of the invention, by
valve netal oxide it is intended herein a netal which, when oxidized,
al | ows cuwoent2/moi4pass if used as a cat hode but opposespch@&prbéiosmio current
when used as an anode, according to the definition set forth in US

6, 287, 673. Exanples of valve netals include nmagnesium thorium cadm um
tungsten, tin, iron, 5silver, silicon, tantalum titanium alum nium
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catalytic layer and the external layer. Thi§ can have the advantage of
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oxides in the external |ayer of the catalytic 30l ayer according to the
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15 duration of an electrode used for anodic evolution of oxygen, meanwhile improving its
tolerance to the presence of contaminating species, with little effect on the oxygen

evolution potential.

In one embodiment, the catalytic coating consists of multiple layers and comprises also
20 a second intermediate layer of oxides of iridium, tantalum and titanium of molar

composition Ir 76-84%, Ta 15-23%, Ti 0.2-1.3% referred to the metals, interposed

between the first catalytic layer and the external layer. This can have the advantage of

further enhancing the electrode duration.

25 In one embodiment, the valve metal oxides of the external layer are oxides of tantalum

or of tin or of zirconium.

In one embodiment, the specific loading of iridium in the catalytic layer is 5 to 50 g/m2.
In one embodiment the specific loading of oxides in the external layer of the catalytic
30 layer according to the invention is 2.9 to 3.5 g/m2. This can have the advantage of

ensuring that the effect on the oxygen evolution potential becomes negligible or nil.



WO 2012/ 101141PCT/ EP2012/ 051079 4 I n one enbodi ment the el ectrode conprises
an internedi ate protection |ayer based on oxides of titaniumor of tantalum
i nt er posaestoketm@enrit he substrate and the catal ytic coat iPog/EP2MR@SIO7ANOL her
aspect, the invention relates to a nmethod of nmanufacturing of an el ectrode
wi th the above described characteristics, conprising the formation of an
external |ayer having a conposition as hereinbefore described, by
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precursor of tantalumor tin or zirconium 10 Under another aspect, the
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anodi c C%\éﬂhgti on of oxygen froman electrolytic bath on an el ectrode having
t he above deéscri bed characteristics. 15Sone of the nost significant results

obt ai ned by the inventors are presented in the follow ng exanpl es, which

are not intended as a limtation of the domain of the invention. EXAMPLE 1
20 A tiYngar@nciirasrgrehdie nventiopselatesnle axmethed of manutactying ekdkd and

subj ec | ; i 1 i Folg! A teal AL E | ue of
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protectiye Ia%/er baseld on titanium an {.ant al um.oxi des at a ?garé% vveirght
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referreg doitddgiumgt al s (equivalent to 0.87 g/n2 referred to the oxides).
The application of the protective |ayer was carried out by painting in

t hflee coats of a precursor solution - obtained by addition 30of an aqueous

TaCl 5 | ution, acidifjed wth, HCl 0. an aqueous, splution of TiCl4 - and
subseq ertqqgiwlasgggh%%a%epgﬂn é?lafféot&an hatetial BRHOERE Tl process
comprising the anodic evolution of oxygen from an electrolytic bath on an electrode

having the above described characteristics.

15  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 domain of the

invention.
EXAMPLE 1

20
A titanium sheet grade 1 of 200 x 200 x 3 mm size was degreased and subjected first to
sandblasting with iron grit until obtaining a value of superficial roughness Rz of 70 to
100 um, then to etching in 20% by weight HCI at a temperature of 90-100°C for 20
minutes.

25

After drying, a protective layer based on titanium and tantalum oxides at a 80:20 weight
ratio was applied to the sheet, with an overall loading of 0.6 g/m? referred to the metals
(equivalent to 0.87 g/m? referred to the oxides). The application of the protective layer
was carried out by painting in three coats of a precursor solution — obtained by addition
30 of an aqueous TaCl5 solution, acidified with HCI, to an aqueous solution of TiCl4 — and

subsequent thermal decomposition at 500°C.



WO 2012/ 101141PCT/ EP2012/ 051079 5 A catal ytic coating based on oxi des of
iridiumand tantalumat a 65:35 weight ratio (equivalent to a nolar ratio
of about ¥6.28122611/4) was then applied on the protective lpay@apomiosio7an
overall loading of iridiumof 10 g/ nR. $5The el ectrode was thernally treated
for 2 h at 515C, then the application of the external coating (3 g/n2
referred to the oxides) was carried out by painting in 2 coats of an

agqueous\ satalitticdafihg Hask§ onasliges bEiddint BnHiEntallih 862 SBB% aRight ratie
surface were cut out fromthe thus obtai ned el ectrode and 10submtted to an

accel erggedalent ta amolaerationi@houbRBE:26. 5&W@éﬁh@r\7@pgh$%ﬁn the REAECivG leer,
deacti t 2atl ng time required to observe a

pot ent :@fH ?ﬂg&%@é&% walﬁmlﬁgg(@l at 150 g/1, at a tenperature of 60C and
at a current density of 30 kA/er 15 The average deacti vation ti me for the
three sanples was 1370 hours. ani um sheet. grade of 200 x
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100
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m nut e|&n atiuemuschqhutrcgw, ofaTaﬁIﬁt acn:hfmel wiglyEIlClbased on titanium and tant al um
oxi des at a 80:20 weight 25 ratio was applied to the sheet, with an
overall loading of 0.6 g/n2 referred to the netals (equivalent to 0.87 g/ n2
referrghre sbﬁm%lé’s?(bﬂ?%}nz stifacaRre @t banfréh thBehis Bbefitdy 8lcLRYEE aaS
carried out by painting in three coats of a precursor solution - obtained
by 18ddisuponitted taan @qqelec@edatatfsne tststundar aaedidioxyeen &iveolitipkt measurang tigueous

sol uti (Hﬂ'eac{lvelilocr%l t4|]'me %%”SBérahHS C“H]Be re%%?r%rdrqg So'bts'eR/ne Y tpo?en%gl in%(r)ease
of 1V)in H2S04 at 150 g/l, at a temperature of 60°C and at a current density of 30
kKA/m2.

15  The average deactivation time for the three samples was 1370 hours.

EXAMPLE 2

A titanium sheet grade 1 of 200 x 200 x 3 mm size was degreased and subjected first to
20 sandblasting with iron grit until obtaining a value of superficial roughness Rz of 70 to
100 um, then to etching in 20% by weight HCI at a temperature of 90-100°C for 20

minutes.

After drying, a protective layer based on titanium and tantalum oxides at a 80:20 weight
25 ratio was applied to the sheet, with an overall loading of 0.6 g/m? referred to the metals
(equivalent to 0.87 g/m? referred to the oxides). The application of the protective layer
was carried out by painting in three coats of a precursor solution — obtained by addition
of an aqueous TaCl5 solution, acidified with HCI, to an aqueous solution of TiCl4 — and
subsequent thermal decomposition at 500°C.
30
A catalytic coating based on oxides of iridium and tantalum at a 65:35 weight ratio
(equivalent to a molar ratio of about 66.3:36.7) was then applied on the protective layer,

with an overall loading of iridium of 10 g/m2. The electrode was thermally treated for 2 h



A catalytic coating based on oxides of iridiumand tantalumat a 65: 35
wei ght ratio (equivalent to a nolar ratio of about 66.3:36.7) was then
appl i ed omothe/pitiecti ve |layer, with an overall | oadi ngcofEpreoiz@dsion of 10
g/ n2. The electrode was thermally treateed for 2 h WO

2012/ 101141PCT/ EP2012/ 051079 6 at 515C, then the application of the
external coating (3.4 g/n2 referred to the oxides) was carried out by

pai nti g 518°C, ¢Reatthe ApopAcitich M tAe ixternantastingn 3 ?ﬁﬁﬁﬁ reféfsetctdegedf 1
cn? surface were cut out fromthe thus obtained electrode and 5subnitted to
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potential increase of 1 V) in H2504 at 150 g/l, at a tenperature of 60C and
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oxi desk%t/ a 80:20 weight 20 ratio was applied to the sheet, with an
overal "Y®ading of 0.6 g/n2 referred to the netals (equivalent to 0.87 g/n?
referred to the oxides). The application of the protective |layer was
carried out by painting in three coats of a precursor solution - obtained
by 1@ddiTiheoavasaga neagiivaiion treefd theltincecamples avas BANOUWSHCI , to an aqueous
solution of TiCl4 - and subsequent thermal deconposition at 500C. 25 A
catal ytic coating consisting of two distinct |ayers was then applied on the
prot ectgymvPayez: a first (internal) |ayer based on oxides of iridiumand
tantalumin a 65:35 weight ratio (equivalent to a nolar ratio of about
66.3:36.7), with an overall loading of iridiumof 2 g/n2, and a second

(exter nafianl ¥ SheBBGER N oPEAEI§ 208 x & il S4B wh'Hedl iR \Shd LERBEMB first to
15  sandblasting with iron grit until obtaining a value of superficial roughness Rz of 70 to
100 um, then to etching in 20% by weight HCI at a temperature of 90-100°C for 20

minutes.

After drying, a protective layer based on titanium and tantalum oxides at a 80:20 weight
20 ratio was applied to the sheet, with an overall loading of 0.6 g/m? referred to the metals
(equivalent to 0.87 g/m? referred to the oxides). The application of the protective layer
was carried out by painting in three coats of a precursor solution — obtained by addition
of an aqueous TaCl5 solution, acidified with HCI, to an aqueous solution of TiCl4 — and
subsequent thermal decomposition at 500°C.
25
A catalytic coating consisting of two distinct layers was then applied on the protective
layer: a first (internal) layer based on oxides of iridium and tantalum in a 65:35 weight
ratio (equivalent to a molar ratio of about 66.3:36.7), with an overall loading of iridium of
2 g/m?, and a second (external) layer based on oxides of iridium, tantalum and titanium,
30 ata 78:20:2 weight ratio (corresponding to a molar ratio of about 80.1:19.4:0.5), with an

overall loading of iridium of 10 g/m>.



30at a 78:20:2 weight ratio (corresponding to a nolar ratio of about
80.1:19.4:0.5), with an overall loading of iridiumof 10 g/n2. WO
2012/ 101 ™0RCR/18PAO12/ 051079 7 The application of the i mrCcempadi2oatoad yti c
| ayer was carried out by painting in 27oats of a precursor solution -
obtained by addition of H2IrCl6 to an aqueous TaCl 5 sol ution, until
reaching an Ir concentration of 76 g/l - and subsequent thernal

deconpagiet aplicatiod 30 he interhal ealytic #yicp vl cdriied @t By pRinteagtialyéds bager
was carried out by painting in 4 coats of a precursor solution - obtai ned
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10t herre@loPg. treated for 2 h at 515C, then the application of the external

coating (3 g/nR2 referred to the oxides) was carried out by painting in 2
coaPs of an aqueous solution of TaCl5, acidified wwth HCl. Three sanpl es of

10 cn? ' ; ;
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tinme foy 1‘9@%&%\%6 sﬁégﬁé@ént‘@ﬁém?éﬁ%c@%o%itioﬁ@MﬂOEC4Tﬁete!lécﬁfﬁdé%§§%t gr ade
1 of 200 x 0 x 3 mm size was degreased and subg ected first to

10 thermally treated for 2 h at 515°C, then the application of the external coating (3 g/m?

referred to the oxides) was carried out by painting in 2 coats of an aqueous solution of

TaCl5, acidified with HCI.

Three samples of 10 cm? surface were cut out from the thus obtained electrode and

15  submitted to an accelerated lifetime test under anodic oxygen evolution, measuring the
deactivation time (defined as the operating time required to observe a potential increase
of 1V)in H2S04 at 150 g/l, at a temperature of 60°C and at a current density of 30
KA/m?2.

20 The average deactivation time for the three samples was 2420 hours.
EXAMPLE 4

A titanium sheet grade 1 of 200 x 200 x 3 mm size was degreased and subjected first to
25  sandblasting with iron grit until obtaining a value of superficial roughness Rz of 70 to
100 um, then to etching in 20% by weight HCI at a temperature of 90-100°C for 20

minutes.

After drying, a protective layer based on titanium and tantalum oxides at a 80:20 weight
30 ratio was applied to the sheet, with an overall loading of 0.6 g/m? referred to the metals
(equivalent to 0.87 g/m? referred to the oxides). The application of the protective layer

was carried out by painting in three coats of a precursor solution — obtained by addition



25sandbl asting with iron grit until obtaining a value of superficial
roughness Rz of 70 to 100 pm then to etching in 20% by weight HCl at a

t enper at Wwe 2012/@04100C for 20 minutes. After drying, a pCcoOiEPedizweiorayer
based on titanium and tantal um oxides @& a 80:20 weight 30ratio was applied
to the sheet, with an overall |loading of 0.6 g/n2 referred to the netals
(equivalent to 0.87 g/nR2 referred to the oxides). The application of the
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- and subsequent thermal deconposition at 500C. A catalytic coating
consisting of two distinct |ayers was then applied on the protective
5l ayer A eat‘aiytus:tco(a'tmg eonsis)ing ay o batindt lape®avae therf appliedi mmr@miroteam/al umin
a 65:35 wei rati o eqw valent to a nolar ratio of about 66.3:.36.7 W th
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catal ytic r.was, carried out b i nti at f r

ol ot | & 78852 wEGh Pria GrRshontngSh vtk tishotalug 6 + JePeSES il o,
until rRRed) BEARG dfqr,&gﬁp@mg%ﬁmn of 76 g/I - and subsequent thernal
deconposi tion at "520C. 15 The application of the external catalytic |ayer

wadOcarried out by painting in 4 coats of a precursor soI ution - obtained
col ut 1 dnectericefn STHERH B aated Bo fver Pasciar b B e hubidn fodt ghr
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20thermally treated for 2 h at 515C, then the apﬂl ication of the external
coat i ngeadhiag gnripconcentration of 76 g/l — and subsequent thermal decomposition at
520°C.
15
The application of the external catalytic layer was carried out by painting in 4 coats of a
precursor solution — obtained by addition of an aqueous TaCl5 solution, acidified with
HCI, to an aqueous solution of TiCl4, then of H2IrCI6 until reaching an Ir concentration
of 195 g/l — and subsequent thermal decomposition at 480°C. The electrode was
20 thermally treated for 2 h at 515°C, then the application of the external coating (3.4 g/m?
referred to the oxides) was carried out by painting in 2 coats of a 0.9 M acetic solution of

Sn.

Three samples of 10 cm? surface were cut out from the thus obtained electrode and

25 submitted to an accelerated lifetime test under anodic oxygen evolution, measuring the
deactivation time (defined as the operating time required to observe a potential increase
of 1V)in H2S04 at 150 g/l, at a temperature of 60°C and at a current density of 30
KA/m?2.

30 The average deactivation time for the three samples was 1800 hours.

COUNTEREXAMPLE 1
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A catalytic coating based on oxides of iridium and tantalum at a 65:35 weight ratio
(equivalent to a molar ratio of about 66.3:36.7) was then applied on the protective layer,
15 with an overall loading of iridium of 10 g/m>.
Three samples of 1 cm? surface were cut out from the thus obtained electrode and
submitted to an accelerated lifetime test under anodic oxygen evolution, measuring the
deactivation time (defined as the operating time required to observe a potential increase
of 1V)in H2S04 at 150 g/l, at a temperature of 60°C and at a current density of 30
20 kA/m2

The average deactivation time for the three samples was 660 hours.

COUNTEREXAMPLE 2

25
A titanium sheet grade 1 of 200 x 200 x 3 mm size was degreased and subjected first to
sandblasting with iron grit until obtaining a value of superficial roughness Rz of 70 to
100 um, then to etching in 20% by weight HCI at a temperature of 90-100°C for 20
minutes.

30

After drying, a protective layer based on titanium and tantalum oxides at a 80:20 weight
ratio was applied to the sheet, with an overall loading of 0.6 g/m? referred to the metals

(equivalent to 0.87 g/m? referred to the oxides). The application of the protective layer



of 1 V) in HSO at 150 g/l, at a tenperature of 60C and at a current
density of 30 20 KA/ n2. The average deactivation tinme for the three sanples
was 660 hwors12/@OUNTEREXAMPLE 2 25 A titani um sheet graseTEPed1288M07x 200 x
3 nm size was degreased and subjected fiorst to sandblasting with iron grit
until obtaining a value of superficial roughness Rz of 70 to 100 pm then
to etching in 20% by weight HCl at a tenperature of 90-100C for 20 m nutes.

30 Aft eagltartiBg.oud bp pRiirkig iMehicdyedatdas adbrecursbt sellticn ansbtaiasl dywadmdries
at a 80:20 weight ratio was applied to the sheet, with an overall | oading
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of a precursor solution - obtained by addition of an aqueous TaC 5

solution, acidified wwth HC, to an aqueous solution of TiCl4 - and
subéeq&ﬁ% ai%'éﬁ?&i'naéeaﬁ%@@ of e QtSt'QGU@Ye@M%%ﬂ@%ﬁ’RJ'eéd%ﬁ thegrrelriivet i ng
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(interna ayer ase Iri |uman tant umin a
rati o (etoieqlieslentto aammﬁararatloaxflabooif 6@BEA 7 6 6uith: aﬁover,all\hj)adingmf o\daunalldf
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iridiumof 10 g/ The ap |ication of the internal catalytic Iayer was
car@i edvecall |bﬁd§ﬁ@|0ftlrl¢ligm O goett s of a precursor solution - obtained by
addition of H2IrCl6 to an aqueous TaCl5 solution, until reaching an Ir
concentration of 76 g/1 - and subsequent thernal deconposition at 15520C.

The application of the internal catalytic layer was carried out by painting in 2 coats of a
precursor solution — obtained by addition of H2IrCI6 to an aqueous TaCl5 solution, until
reaching an Ir concentration of 76 g/l — and subsequent thermal decomposition at

15  520°C.

The application of the external catalytic layer was carried out by painting in 4 coats of a
precursor solution — obtained by addition of an aqueous TaCl5 solution, acidified with
HCI, to an aqueous solution of TiCl4, then of H2IrCI6 until reaching an Ir concentration

20 of 195 g/l — and subsequent thermal decomposition at 480°C.

Three samples of 10 cm? surface were cut out from the thus obtained electrode and
submitted to an accelerated lifetime test under anodic oxygen evolution, measuring the
deactivation time (defined as the operating time required to observe a potential increase

25 of 1V)in H2S04 at 150 g/l, at a temperature of 60°C and at a current density of 30
KA/m?2.

The average deactivation time for the three samples was 1320 hours.
30 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 univocally defined by the appended claims.



The application of the external catalytic |layer was carried out by painting
in 4 coats of a precursor solution - obtained by addition of an aqueous
TaCl 5 solwoi2or/i0aciidi fied with HCl, to an aqueous sol ut ipam/BrRo1ZioSlody9 t hen
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application. 10 WD 2012/101141PCT/ EP2012/ 051079 12



CLAIM5S 1. El ectrode for oxygen evolution in el ectrochem cal processes
conprising a valve 5 netal substrate, a catalytic coating conprising a
first | aywo20f2/0xisdes of iridiumand tantalum having a wolrar2eenpmsetion Ir
60-70% Ta 30-40%referred to the netals and an external coating containing
2 to 7 g/n2 of a valve netal oxide. 2. The electrode according to claiml
wherein said external coating consists of 2.9 10to 3.5 g/n2 of a valve

met al oxi de sel ected between tantal um oxide, tin oxide and zirconi um oxi de.
3. The electrode according to claim1l1 or 2 wherein said catalytic coating
further conprises a secondLA®Y&r of oxides of iridium tantalum
and titanium having a 15nol ar conposition Ir 76-84% Ta 15-23% Ti 0.2-1.3%
referred to the netals interposed between said first catalytic |ayer and
said externdlectosdd fog.ox§geih e obitieet ihaslectascimmicabptozeskas tomprlsaicavasal d
valve netal oxide is selected fromthe group consisting of tantal um oxide,
ti nSoxi de ametal pebsrais @mielytlgomtln@rr@r@w%lﬂgcﬁjﬁrsadwmfr@w%s ShVIdHB of

claims 1 togﬂd‘”(%ggaﬁ’lérﬂn@@ rgg %@\#tdcﬁnﬁ&%ﬁdrﬂ‘ﬂ 8370% S'P§§bf4d%|r@?éilt f Pihe

i ridium of he el ect e according to any one o alms 1
to 5 conpri smetglseand ah exterdalatcatidgpootaeaing\td Agéen? bfaaadlvermebal orisleof
titaniumor tantaluminterposed between said substrate and said catalytic
coating. 7The el ectrode according to claim6 wherein said catalytic coating

has a gpeci fiing digadbid attoidihgltd Blafth Bwherek® s@id8xternal coating consists of 2.9
10 to 3.5 g/m? of a valve metal oxide selected between tantalum oxide, tin oxide and

zirconium oxide.

3. The electrode according to claim 1 or 2 wherein said catalytic coating further
comprises a second layer of oxides of iridium, tantalum and titanium having a
15 molar composition Ir 76-84%, Ta 15-23%, Ti 0.2-1.3% referred to the metals

interposed between said first catalytic layer and said external coating.

4. The electrode according to claim 1 wherein said valve metal oxide is selected

from the group consisting of tantalum oxide, tin oxide and zirconium oxide.

20
. The electrode according to any one of claims 1 to 4 wherein said catalytic coating
has a specific loading of iridium of 5 to 50 g/m?2.
6. The electrode according to any one of claims 1 to 5 comprising an intermediate
25 protective layer based on oxides of titanium or tantalum interposed between said

substrate and said catalytic coating.

7. The electrode according to claim 6 wherein said catalytic coating has a specific

loading of iridium of 8 to 15 g/m2.



WO 2012/ 101141PCT/ EP2012/ 051079 13 8. Method of manufacturing an el ectrode
according to any one of clains 1 to 7 conprising the formation of said

ext ernal woavizgitay applicati on and subsequent thernal aermpp@iosioon of a
sol ution containing a precursor of tang@alumor tin or 5zirconium 9.

I ndustrial el ectrochem cal process conprising the anodic evol ution of
oxygen froman electrolytic bath on an el ectrode according to any one of
clains 1 to 7.

8. Method of manufacturing an electrode according to any one of claims 1 to 7
comprising the formation of said external coating by application and subsequent
thermal decomposition of a solution containing a precursor of tantalum or tin or

5 zirconium.

9. Industrial electrochemical process comprising the anodic evolution of oxygen

from an electrolytic bath on an electrode according to any one of claims 1 to 7.
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