WO 02/ 50340 PCT/ SE01/02732 1 Electrode treatnent The invention relates to
a nethod for treating an el ectrode substrate. The invention also relates
to an el avoopsiB4sUbStrat e obt ai nabl e by said nethod and tpeT/aB@/02tizer eof. 5

Background The use of el ectrodes obtained by coating an el ectrode
substrate with an el ectrocatal ytiﬁ gollugion i@ wel | -known in the art, e.g.
in electrolytic processes. W99/0 9 a nethod for applying an
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hot air | ethepddppl i ed froma gun or blower. This nethod requires a treat r_rent

time of about 1 hour. US 3,632,498 dgsgribes a nethod for treating
el ectrofle substrates in an oven. Thﬁ@—%‘?éﬁhﬁlgdc al so takes about an hour to

conpl ete. The nﬂﬁ@@sésowelémrmermamé& b?ewamh'gnm dlectiode substraty witimsamed
by the oven i.s consj 710, descri process for restoring
a coating ‘rgﬁc Ef??a@')éE’tSPmBn' ‘gé@??ﬁf")? n et £ %I‘Bﬁ?t ﬁﬁr?r?csesﬁetﬁ’ ed by heating
the el ectrode suwmgmzmbzldasoaasesradmethodéor appiylng 2 elatttaratabiis|or gretentive
force-cooled, Also in cess..
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et or mf: oSFBRAR, 2 erar RsEmes iy o B IF S RERILT " nfonds o sol ve
the above probl 6855,939,7Thedesmm|st aoprocess for restoring a coating in an electrode
assembly. A coating solution is cured by heating the electrode surface while a conductive
rod is simultaneously being force-cooled. Also in this process, the treatment time is fairly
long.

20 It is well known in the art that electrodes and electrode substrates treated in this
way are liable to deformation, which is very undesirable when the electrodes are used in
electrochemical applications. Deformed or nonplanar electrodes may cause severe
damage of other elements arranged in an electrolysis plant. It is often difficult to
straighten or make a deformed electrode planar again.

25 It is desired in the art to develop a more effective method for treating electrode
substrates making the treatment less time-consuming, less energy-demanding and at the
same time, provide a treated electrode or electrode substrate which has not undergone
deformation during the treatment. The present invention intends to solve the above
problems.

30

The invention
The present invention relates to a method for preparing a conductive electrode
comprising applying a precursor for electrocatalytic or protective coatings on a conductive
electrode substrate. The conductive electrode substrate and the precursor are irradiated

35 with near infrared (NIR) radiation to form an electrocatalytic or protective coating on the

electrode substrate.
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irradiation tlme is shorter than 30 secon s, preferably shorter than 15 seconds.

Preferably, the electrode substrate should not be exposed to other irradiation
than NIR irradiation, especially not middle IR radiation or UV radiation because of
detrimental effects.

25 A further advantage of the present invention is a considerable saving of energy
provided by use of irradiation of near infrared (NIR) light.

The near infrared (NIR) irradiation can be performed by means of any type of
near infrared (NIR) irradiation device. A suitable irradiation device typically comprises
halogen lamps in combination with a reflector for reflecting the radiation emitted in the

30 direction of the electrode substrate. Preferably, the device used is as described in
WO099/47276, preferably a device which emit radiation only in the near infrared region.
This can be ascertained by use of a filter which substantially blocks wavelengths outside
said region.

By the term near infrared (NIR) region is meant electromagnetic radiation having

35 wavelengths in the spectrum from about 780 to about 2500 nm. The NIR device
containing halogen lamps are operated in such a way that a maximised irradiation of the

emitted radiation from the halogen lamps is in the near infrared region.
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el ectrocat aI ytic or protective coating applied on said el ectrode
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| norgani ¢ gc%énsm%r a?]légslfrgneo me%aal su1tab|y selected from ruthenium, iridium, platinum,
rhodium, palladium, titanium, zirconium, hafnium, tantalum, niobium, tin, or mixtures
thereof, preferably ruthenium, iridium, titanium or mixtures thereof, the radiation of which
results in an electrocatalytic or protective coating of corresponding metal oxides. The
25 precursor suitably is present in an organic or aqueous solution.

According to a preferred embodiment, the method is repeated at least once. The
number of repeating times will depend on the application of the treated electrode
substrate, or on the coating precursor used. The number of treatments needed can be
estimated through routine experimentation by a person skilled in the art. After the

30 inventive treatment has been carried out, further treatment of the electrode substrate or
electrode obtained may follow to obtain desired properties.

According to a further preferred embodiment of the method, the energy density
of the radiation is from about 0.1 to about 2 kW/m? irradiated electrode substrate,
preferably from about 0.1 to about 1 kW/m? irradiated electrode substrate. If the energy

35 density is too high, this may also damage the electrode.
The maximal temperature the electrode or electrode substrate attains during the

method is from about 400 to about 600 °C, preferably from about 450 to about 530 °C.
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etching in a 20 wt% HCI solution at 100 °C.
The alcoholic solutions A1-A3 were prepared in the following way: 1 g of
ruthenium in the form of ruthenium chloride and 1.2 g titanium in the form of titanium
25 chloride were dissolved in 2 ml alcohol solvent and subsequently deposited on the
samples A1-A3. In a similar way, samples Z1-Z3 were deposited by a 2 ml alcohol
solution containing 0.5 g ruthenium in form of ruthenium chloride, 0.5 g iridium in the form
of iridium chloride, and 1.2 g titanium in the form of titanium chloride.
The titanium samples were subsequently exposed 5 times each in a NIR device
30 available from AdPhos AG, Bruckmihler, in Germany. After the treatment, five
electrocatalytic layers had formed on each electrode substrate. The samples A1 and Z1
were treated 5 seconds at each occasion in the NIR device, A2 and Z2 were treated for 4
seconds, and A3 and Z3 were treated for 3 seconds at each treatment occasion in the
NIR device. The temperature of the treated electrode substrates were at the moment they
35 were retrieved from the NIR device, 870 °C for A1 and Z1, 580 °C for A2 and Z2, and

480-500 °C for Z3 and A3. The energy density emitted by the NIR device were for A1 and
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(0.245 V vergyssiishs shown in table 1 can be compared to a conventional electrode, e.g. a
normal DSA™ (dimensionally stable anode), which has a chlorine evolution potential of
about 1.33-1.37 V, and an oxygen evolution potential of about 1.65-1.75 V. As can be
seen in table 1, the oxygen evolution potentials are higher than for the conventionally

15

20

prepared electrodes. However, a high oxygen evolution potential is advantageous in the
sense that the oxygen evolution reaction is an undesired reaction that to some extent, as

an effect of the elevated oxygen evolution potential, is at least partly out-competed by the
chlorine evolution reaction, being the desired reaction occurring at the electrode surface.

A Scotch Tape test, known in the art, was performed to evaluate the adhesiveness of the
coatings to the electrode substrates. No traces of coating materials transferred to the

tape could be observed for any of the prepared electrodes.
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5. Method as claimed in any of the preceding claims, wherein the conductive
electrode substrate is an at least partly deactivated conductive electrode.
6. Method as claimed in any of the preceding claims, wherein the precursor is
present in an aqueous solution.
20 7.  Method as claimed in any of the preceding claims, wherein the precursor is
present in an organic solution.
8. Method as claimed in any of the preceding claims, wherein the conductive
electrode substrate and the precursor are irradiated in the wavelength region from about
780 nm to about 2500 nm.
25 9. Method as claimed in any of the preceding claims, wherein the conductive
electrode substrate and the precursor are irradiated in the wavelength region from about
780 nm to about 1200 nm.
10. Method as claimed in any of the preceding claims, wherein the conductive
electrode substrate is irradiated with an energy density ranging from about 0.1 to about 2
30 kW/m?irradiated conductive electrode substrate.
11.  Method as claimed in any of thé preceding claims, wherein the conductive
electrode substrate is irradiated with an energy density ranging from about 0.1 to about 1
kKW/m? irradiated conductive electrode substrate.
12.  Conductive electrode substrate obtainable by the method as claimed in any
35 of the preceding claims.
13. Conductive electrode obtainable by the method as claimed in any of claims
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clainms, wherein the conductive electrode substrate and the precursor are
irradiated in the wavel ength region fromabout 780 nmto about 1200 nm

10. Method as clained in any of the preceding clains, wherein the
conductive electrode substrate is irradiated with an energy density
rangi ng fromabout 0.1 to about 2 30 kWn® irradiated conductive el ectrode
substrate. 11. Method as clained in any of the preceding clains, wherein
the conductive electrode substrate is irradiated with an energy density
rangi ng fromabout 0.1 to about 1 kWnR irradi ated conductive el ectrode
substrate. 12. Conductive el ectrode substrate obtainable by the nethod as
claimed in any 35 of the preceding clains. 13. Conductive el ectrode
obt ai nabl e by the nmethod as clained in any of clainms 1-11 WO 02/50340

PCT/ SE01/ 02732 7 14. Use of a conductive el ectrode or el ectrode substrate
produced according to the nethod as clainmed in any of clains 1-11 for
protecting flanges or other surfaces of conductive el ectrode substrates.
15. Use of a conductive electrode or el ectrode substrate produced according
to 5 the nethod as clainmed in any of clains 1-11 in el ectrochem cal
processes.



