7033367 A1 | IV 0

Tg)

=

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date

14 April 2005 (14.04.2005)

(10) International Publication Number

WO 2005/033367 Al

(51) International Patent Classification’: C25B 11/04
(21) International Application Number:
PCT/SE2004/001428

(22) International Filing Date: 6 October 2004 (06.10.2004)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

03445107.0 8 October 2003 (08.10.2003) EP

(71) Applicants (for all designated States except US): AKZO
NOBEL N.V. [NL/NL]; P.O. Box 9300, NL-6800 SB Arn-
hem (NL). EKA CHEMICALS AB [SE/SE]; S-445 80
Bohus (SE).

(72) Inventors; and

(75) Inventors/Applicants (for US only): SHIMAMUNE,
Takayuki [JP/JP]; 4-15-14, Morino, Machida-City, Tokyo
194-0022 (JP). ZIMMERMAN, Erik [SE/SE]; Johannis-
berg 1022, S-840 10 Ljungaverk (SE). ANDREASSON,
Christer [SE/SE]; Lilljockesvig 10, S-840 10 Ljungaverk
(SE).

(74) Agent: VIKHOLM, Tommy; Eka Chemicals AB, Patent
Department, P.O. Box 11556, S-100 61 Stockholm (SE).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD,
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM,
ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, 7ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IT, LU, MC, NL, PL, PT, RO, SE, SI,
SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gagzette.

(54) Title: ELECTRODE

(57) Abstract: The present invention relates to a method of preparing an electrode comprising providing an electrode substrate,
& depositing on said electrode substrate a first substantially aqueous coating solution comprising precursors of a valve metal oxide
& and of at least two platinum group metal oxides, treating the first coating solution to provide a first metal oxide coating layer on the
electrode substrate, depositing on said first coating layer a second substantially organic coating solution comprising precursors of
a valve metal oxide and at least one platinum group metal oxide, wherein at least one of the precursors is in organic form, treating
said second coating solution to provide a second metal oxide coating layer on the first coating layer. The invention also relates to an

electrode obtainable by said method, and the use thereof.
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1
Electrode

The present invention relates to an electrode, a method of preparing the

electrode, and the use thereof.

Backaround of the invention

Electrodes coated with titanium oxidé, iridium oxide, and ruthenium oxide are
commercially used today in electrolytic cells. Such electrodes can be prepared in
accordance with EP 715 002 B1 disclosing a method wherein an anhydrous solvent
comprising precursors of mixed metal oxides are deposited on a substrate to form an
electrocatalytic oxide coating. However, electrodes produced by this method have a fairly
low activity resulting in ohmic losses and high cell voltages in electrolytic cells, which_
leads to increased electric energy consumption. A further problem of conventional
electrodes are their relatively short service life. The present invention intends to solve
these problems. '

. The invention

The present invention relates. to a method of preparing an electrode comprising
providing an. electrode substrate, depositing on said electrode substrate a first
substantially aqueous coating solution comprising precursors of a valve metal oxide and
of at least two platinum group metal oxides, treating the first coating solution to provide a
first metal oxide coating layer on the electrode substrate, depositing on said first coating
layer a second substantially organic coating solution comprising precursors of a valve
metal oxide a.md' of at least one platihum group metal oxide, wherein at least one of the
precursors is in organic form, treating said second coating solution to provide a second
metal oxide coating layer on the first coating layer.

The electrode substrate can be any valve metal or valve metal surfaced
substrate such as titanium, tantalum, zirconium, niobium, tungsten, silicon or alloys
thereof, preferably titanium. Valve metals are known as film-forming metals hav_ing the
property, when connected as an electrode in the electrolyte in which the coated electrode
is expected to operate, of rapidly forming a passivating oxide film which protects the
underlying metal from corrosion by the electrolyte. The substrate can have any suitable
shape such as a rod, tube, woven or knitted wire, perforated or non-perfqrated plate,
louver, or mesh, e.g. an ekpanded mesh. Titanium or other valve metal clad on a
conducting metal core or substrate can also be'used. Preferably, the electrode substrate
is perforated or has the shape of a mesh having openings with a diameter from about 1 to
about 10, more preferably from about 2 to about 5 mm. Preferably, the electrode
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. 2
substrate is roughened using chemicals means such as etching, e.g. acid etching, or

mechanical such as blasting, e.g. sand blasting, grit blasting by means of e.g. aluminium
oxide grits. It is preferred that the substrate surface has a roughness R, from about 2 to
about 12, more preferably from about 3 to about 6, and most preferébly from about 4 to
about 5 um as measured using the SURFTEST 212 surface roughness tester (Mitutoyo,
Japan). After the surface of the substrate has been roughened, it may be subjected to
thermal oxidation by heating the substrate surface at an elevated temperature in an
oxygen containing atmosphere for about 1 to about 3 hours. The temperature of such
treatment is preferably from about 350 to about 600, more preferably from about 400 to
about 500 °C.

The precersors of the platinum group metal oxides dissolved in the first coating
solution preferably comprise at least two water-soluble compounds of platinum, iridium,
palladium, rhodium, osmium, and ruthenium, more preferably ruthenium and at least one
of iridium, palladium, platinum, rhodium, and osmium, and most preferably ruthenium and
iridium. Suitable precursors include .e.g. RuCls, H,RuClg, IrCls, and mixtures thereof.

'Preferably, the precursors are soluble also in acidified aqueous solutions. Suitable valve

metal oxide precursors include - water-soluble compounds of aluminium, zirconium,
bismuth, tungsten, niobium, titanium, silicon and tantalum, preferably titanium, e.g. TiCls.

Preferably, the first coating solution is acidified, suitably by hydrochloric acid
and/or other mineral acids to a pH of from about 0 to about 5, more preferably from about
0 to about 2. '

Suitably, at least about 70, preferably at least about 90, and most preferably at
least about 95 volume percent of the solvent in the substantially aqueous coating solution
is comprised of water. ’

The first coating solution is suitably deposited on the substrate by applying the
solution on the electrode substrate, preferably until the total loading of the first layer is
from about 0.5 to about 10, more preferably from about 1 to about 6, and most preferably
from about 1.5 to about 3 g metal /m®. The process of depositing the coating solution can
be repeated in order to obtain a thicker layer having the desired metal oxide content. It is
desirable to let the coating air dry after each repetition at a temperature from about 20 to
about 70, preferably from about 20 to about 50 °C. The drying can take from about 10 to
about 20 minutes. The coating solution can then be heat treated at a temperature from
about 300 to about 600, preferably fro‘m about 450 to about 550 °C for suitably about 10
to about 30 minutes in order to convert the precursors to their corresponding metal
oxides.

Suitable platinum group oxide precursors of the second coating solution include
organic compounds, such as organic salts and acids of ruthenium, osmium, rhodium,
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iridium, palladium, and platinum, and m:iaxtu‘res thereof, preferably ruthenium and
optionally at least one of iridium, palladium, rhodium, and osmium, and most preferably
ruthenium and iridium. Suitable valve meta_l oxide precursors o!an include e.g. organic
compounds such as organic salts and acids thereof include water-soluble compounds of
aluminium, zirconium, bismuth, tungsten, niobium, titanium, silicon and tantalum,
preferably titanium. However, it is sufficient that at least one of the precursor compounds
is present in its organic form, i.e. includes organic compounds such as ‘organic metal salts
or acids such as e.g. titanium alcoxide, tetrabuthyl titanate, and/or tetrapentyl titanate.

It has been found that coating solutions for providing the second or outermost
coating layer containing at least one precursor in organic form in a substantially organic
coating solution results in an electrode having increased activity when deposited on the
first coating layer.

Suitably, at least about 70, preferably at least about 90, and most preferably at
least about 95 volume percent of the solvent in the substantially organic coating solution
is comprised of organic solvent.

Preferred organic solvents of the second coating . solution include alcohols,
preferably lower alcohols, more preferably acidified anhydrous, lower alkyl alcohols
having from about 3 to about 5 carbons atoms, such as 1-buthanol, 1-propanol, 2-
propanol, 1-pentanol and 2-pentanol and 3-methyl-2-butanol. The second coating
solutions preferably include a concentrated acid, such as a mineral acid, e.g. hydrochloric
acid adjusting the pH to from about -1 to about 5, preferably from about -1 to about 2.

The second coating solution is suitably applied to the obtained first coating layer
untif the total metal loading of the second layer is from about 1 to about 10, preferably
from about 1.5 to about 3.5 g metal/m® The deposition process can be repeated in order
to obtain a thicker second coating layer or a further coating layer on the second coating
layer. In industrial use, the loading of the second coating solution is preferably from about
1 to about 10, most preferably from about 1.5 to about 3.5 g metal/m® Preferably, the
second coating solution is air dried and heat treated in the same way as the first coating
solution so as to form the second coating layer.

According to one preferred embodiment, precursors of the two platinum metal
oxides are diésolved in the first coating solution in a mole ratio of about 1:2 to about 2:1,
preferably from about 2:3 to about 3:2. According to one preferred embodiment, at least
two precursors of platinum metal oxides are dissolved in the second coating solution in
the same mole ratio as in the first coating sol‘utidn. According to one préeferred
embodiment, precursors of the platinum and vaive metal oxides are dissolved in- the
coating solutions in a mole ratio of valve metal to platinum metal(s) of about 1:2 to about

211, preferably from about 4:5 to about 1:1.
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4 .
According to one preferred embodiment, precursors of iridium and ruthenium

oxides are dissolved in at Iéast one of the first and/or the second coating solutions in a
mole ratio of about 1:2 to about 2:1, preferably from about 2:3 to about 3:2. According to
one preferréd embodiment, precursors of titanium, iridium and/or ruthenium are dissolved
in the coating solutions in a mole ratio of titanium to iridium and ruthenium of about 1:2 to
about 2:1, preferably from about 4.5 to about 1:1.

Each coating solution is suitably deposited by immersion of the electrode
substrate in the coatihg solution or by méans of other suitable methods such as spraying,
e.g. electrostafic spraying, rolling or brush painting. Even though a process providing two
Iayeré (with the‘defined coatings) is preferred, further layers may also be adhered.

The invention also relates to an electrode obtainable by the method as disclosed
herein.

The invention also relates to an electrode comprising an electrode substrate, a.
first coating layer having a charge/projected area from about 10 to about 200, preferably
from about 25 to about 200, and most preferably from about 25 to about 190 mC/cm?
(mCoulomb/cm?), said first coating layer comprising a valve metal oxide and at least two
platinum group metal oxides deposited on said electrode substrate, and a second coating
layer having a charge/projected area from about 210 to about 1000, more preferably from
about 250 to about 1000, and most breferably from about 300 to about 800 mC/cm?, said
second Iayer'comprising a valve metal oxide and at least one platinum group metal oxide
deposited on the first coating layer.

The charge/projected area was measured by an electro-double layer
measurement with cyclic voltammograms in sulphuric acid. The measuring condition of
the cyclic voltammograms was 50mV/second at a sweep rate in the range of 0.3to0 1.1V
(vs. RHE (Reversible Hydrogen Electrode)) in 0.5M sulphuric acid. The measured values
in mC/cm? are proportional to the active specific surface area of the electrodes. More
information about this method can be found in L.D. Burke et al, Electroanal. Chem.
96(1976) 19-27 and R.F. Savinell et al, J. Electrochem. Soc. 137(1990) 489-494.

It has been found that an electrode according to the invention shows a superior
activity while providing higher stability and longer service life in view of existing
electrodes. ‘

| Preferably, the electrode substrate is as described herein. Particularly, the
electrode substrate is suitably perforated or has the shape of a mesh having openings
with a diameter from about 1 to about 10, more preferably from about 2 to about 5 mm. It
has been found that the electrodes with openings within the defined ranges when
immersed in an operated cell produce small bubbles of evolved gas, which in turn results
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5 .
in an increased homogeneous current distribution and lower ohmic loss, particularly in a

membrane cell.

The coating layers of the electrode may comprise platinum group metal oxides,
such as oxides of iridium, palladium, rhodium, osmium, and.futhenium, preferably oxides
of ruthenium and at leasty one of iridium, rhodium, osmium; more preferably oxides of -
ruthenium and iridium. The coating I'ayers also comprise at least one valve metal oxide
such as an oxide of titanium, tantalum, zirconium, niobium, tungsten, and silicon,
preferably titanium.

Preferably, the roughness R, of the electrode is from about 2 to about 12, more
preferably from about 3 to about 6, and most preferably from about'4 to about 5 um.

The metal oxide layers preferably contain from about 40 to about 70 mole
percent counted as valve metal, preferably as tantalum and/or titanium, from about 20 to
about 30 moale percent of ruthenium oxide counted as ruthenium, and from about .10 o
about 30 mole percent of another platinum group metal oxide counted as metal. The
oxide coating on the electrode substrate is also effective in increasing the service life of
the electrode by retarding the corrosion of the platinum group metals. -

Even though a process providing two layers (with the defined coatings) is preferred,
further layers optionally with same or similar chemical composition may also be adhered.

The invention also relates to the use of the electrode in an eleétrolytic cell.
Preferably, the electrode is used as an anode, preferably as a dimensionally stable
anode, particularly in an ion membrane cell for the production of e.g. alkali metal
hydroxide, particularly sodium hydroxide.

The invention being thus described, it will be obvious that the same may be
varied in many ways. Such variations are not to be regarded as a departure from the gist
and scope of the present invention, and all such modifications as would be obvious to
one skilled in the art are intended to be included within the scope of the claims. While the
examples here below provide’ more specific details of the reactions, the following general
principles may here be disclosed. The following example will further illustrate how the
described invention may be performed without limiting the scope of it.

All parts and percentages refer to part and percent by weight, if not otherwise
stated.

Example 1
A titanium expanded mesh having a thickness of 1 mm and length and width of

80 and 24 mm respectively was used as electrode substrate after having been degreased
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and pickled in boiling hydrochloric acid. A first coating solution was deposited on the

substrate having a molar ratio of Ti:Ru:lr of 2:1:1, in which the total Ir+Ru concentration
was 50 gl The solution was prepared by‘ dissolving ruthenium trichloride, iridium
trichloride, and titanium tetrachloride in a hydrochloric acid based solution. The solution
5 Was then dried at 80 °C followed by thermal decomposition at 460 °C for 10 minutes. This
deposition step was repeated three times. A second coating solution was then prépared
by mixing hexachloro ruthenic acid and hexachloro iridic acid into a titanium solution
comprising tetrabuthyl ortho titanate in n-propyl alcohol. 10 volume percent of HCI| was
added to the alcohol solution. The molar ratio of Ti:Ru:lr was 2:1:1. The total Ir+Ru
10 concentration was 30 g/l. The deposition and thermal decomposition of the second
coating solution on the substrate was made in the same way as the first coating solution.
The obtained electrode sample was then stabilised at 520 °C for 60 minutes. The chlorine
evolution potential at 90 °C in a 300 g/l NaCl solution was tested at pH 2 for the eledtrode
(used as anode) and for a comparative electrode produced in the same way as the first
15 coating layer but with six repetitions instead of three. The current density was 40 A/dmZ
Table 1 below shows the difference between the two electrodes, An accelerated life test
was also performed in a Na,SO,*10H,0 250 g/l electrolyte at 60 °C at a pH of 2. The
current density was 50A/dm? The electrodouble layer measurement by cyclic
voltammograms was performed in 0.5M sulphuric acid. Measuring conditions were 0.3 to
20 1.1V vs. RHE at a sweep rate of 50mV/second.

Table 1

Sample Cly evolution | Accelerated life | Cyclic voltammograms «
potential (V vs NHE) | (hours at 50A/dm?) | the second (top) coatin
layer (mC/cm?)

Electrode according | 1.36 285 410
to invention '

Comparative 1.38 195 " 1190
electrode ‘

25 As can be seen from table 1, a lower Cl, evolution potential is obtained for the electrode
according to the invention, which means lower cell voltage, and lower electric energy
consumption. As can be further seen, the service life of the electrode of the invention is
far better than the comparative electrode. The charge/projected area of the electrode of
the invention was shown to be far larger than the comparative electrode, which results in

30 increased service life and lower Cl, evolution (higher activity).



WO 2005/033367 PCT/SE2004/001428
7A
Exampie 2

A second coating solution was prepared by mixing ruthenium chloride -into a titanium
solution comprising tetrabuthy! ortho titanate in n-butyl alcohol. 10 volume percent of HCI
5 was added to the alcohol solution. The molar ratio of Ti:RU was 2. The total Ru
concentration was 40 g/l. An electrode with a first oxide layer prepared according to
Example 1 was then coated with this second coating solution. The depoéition and thermal
decomposition was made in the same way as in Example 1. Chlorine potential and
electrodouble layer measurements, according to Example 1, were then performed on the
10 obtained electrode. Table 2 below shows the results of these measurements.

Table 2

Sample . Cl, evolution | Cyclic voltammograms of
potential (V vs NHE) | the second (top) coating
k layer (mC/cm?)

Electrode according | 1.35 570

to the invention

15 As can be seen from a comparison of tables 1 and 2, a substantially lower Cl, evolution
potential is obtained for the electrode according to the invention with only one platinum
group metal oxide in the second layer, which again means lower energy consumption.
The charge/brojected area of the obtained electrode is also substantially higher than the
comparative electrode.
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Claims

1. Method of preparing an electrode comprising providing an electrode

substrate, depositing on said electrode substrate a first substantially aqueous coating

~ solution comprising precursors of a valve metal oxide and of at least two platinum group

metal oxides, treating the first coating solution to provide a first metal oxide coatihg layer
on the electrode substrate, depositing on said first coating layer a second substantially
organic coating solution comprising precursors of a valve metal oxide and of at least one
platinum group metal oxide, wherein at least one of the précursors is in organic form,
treating said second coating solution to provide a second metal oxide coating layer on the
first coating layer. ’ -

2. Method according to claim 1, wherein the precursors of the platinum group
metal oxides comprise at least one soluble compound of iridium, palladium, platinum,
rhodium, osmium, and ruthenium.

3. Method according to claim 1 or 2, wherein the precursor of the valve metal
oxide is at least one soluble compound of aluminium, zirconium, bismuth, tungsten,
niobium, titanium, silicon and tantalum.

4. Method according to claims 1-3, wherein the precursors of the platinum-
group metal oxides comprise one soluble ruthenium compound and at least one soluble
compound of iridium, palladium, platinum, rhodium, and osmium.

5. Method according to any of claims 1-4, wherein the material of the electrode
substrate comprises at least one valve metal of titanium, tantalum, zirconium, niobium,
tungsten, and silicon. , 4

6.  Electrode obtainable by the method according to any of claims 1-5.

7.  Electrode comprising an electrode substrate, a first metal oxide coating layer
having a charge/projected area from about from about 10 to about 200 mC/cm?, said first
coating layer comprising a valve metal oxide and at least two platinum group metal oxides
deposited on said electrode substrate, and a second metal oxide coating layer having a
charge/projected area from about 210 to about 1000 mC/cm? comprising a valve metal
oxide and at least one platinum group metal oxide deposited on said first layer.

8. Electrode according to claim 7, wherein the platinum group metal oxides
comprise' at least one oxide of iridium, platinum, pallladium, rhodium, osmium, and
ruthenium.

9.  Electrode according to claim 7 or 8, wherein the platinum group metal oxide
is selected from ruthenium oxide and at least one oxide of iridium, platinum, palladium,
rhodium, and osmium.

10.  Use of an electrode according o any of claims 6-9 in an electrolytic cell.
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