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[57] ABSTRACT 

An electrode coating having the formula A2BO6, 
where A represents trivalent elements having anionic 
radius comprised between 0.50 and 0.73 Angstrom 
and where B represents hexavalent elements having an 
ionic radius comprised between 0.50 and 0.70. 

8 Claims, 2 Drawing Figures 
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METAL ELECTRODES AND- COATINGS THEREOF 

BACKGROUND OF THE INVENTION 

The present invention relates to a new type of coating 
serving as the operative surface of an electrode. 

SUMMARY OF THE INVENTION 

The present invention concerns a new coating for 
metal electrodes. The coating comprises a compound 
having AZBOG as its general formula. where A repre 
sents one or more elements of valence 3, having an 
ionic radius comprised between 0.50 and 0.73 Ang 
strom, and B represents one or more elements of va 
lence 6, having an ionic radius comprised, between 
0.50 and 0.60 Angstrom. The symbol 0 stands as usual 
for oxygen. 
The coating may be A280,, alone or an addition com 

pound of A280,, with another stoichiometric com 
pound having the formula MO2 or M'M"O,, where M 
represents one or more elements of valence 4, selected 
from Ir, Mn, Os, Rh, Ru, Sn and Ti, M’ represents one 
or more elements of valence 3 selected from Al, Cr, Fe, 
Ga and Rh, and M” represents one or more elements 
of valence 5, selected from Nb, Sb, Ta and V. 

Preferably, A represents one or more elements se 
lected from Co, Fe, Cr, Mn, Al, Ga, Ir. Rh and V, while 
B represents one or more elements selected from Te, 
W, Mo and Re. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is an elevational view ofa coated electrode ac 
cording to the invention. 

FIG. 2 is a cross sectional view from the line II-II of 
FIG. 1. 

‘DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring firstly to FIGS. 1 and 2, a conductive coat 
ing 11, such as RhQWOG, is shown placed on a strip of 
metal 12, such as titanium. 

It is preferred to place the conductive coating of the 
present invention on a metal support at least superfi 
cially made of titanium or a titanium meta]. Advanta 
geously, titanium is clad on a core ofa more conductive 
metal such as copper, aluminum. iron, or alloys of these 
metals. 

Preferably, the coating of the present invention con 
sists, essentially of the compounds as set forth in the ap 
pended claims; yet more preferably, the coating con 
sists of those compounds. 
Electrodes provided with catalytic coatings accord 

ing to the invention can be used for different electro 
chemical processes, such as cathodic protection, desal 
ination or purification of water, water or hydrochloric 
acid electrolysis, electric current production in fuel 
cells, reduction or oxydation processes of organic com 
pounds or electrolytic manufacture of peroxide salts 
but they are particularly useful as anodes for the elec 
trolysis of aqueous solutions of alkali metal halides. es 
pecially sodium chloride, in diaphragm cells as well as 
in mercury-cathode cells. where they catalyse the dis 
charge of chloride ions according to the half reaction 
2C1“ —-> Cl: + 2e‘ under a remarkably low overvoltage 
which remains substantially unvaried over an electrode 
lifetime. Under the conditions ruling in these cells, the 
anode wear is very slow, thus providing practically un 
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limited lifetime and avoiding the need for cell opening 
and coating restoration. 
Further illustrative of the present invention are the 

following examples. All concentrations are given on a 
solution basis, unless indicated otherwise. Thus, for ex 
ample, a solution of 0.45 g-at W/l means that there are 
0.45 gram-atoms of tungsten in one liter of solution.v 
Example 1: 

AEBO,i (alone), where A = Rlz'and B = W. 

Dihydrated rhodium nitrate, Rh(NO;,);,.2H§O, and 
tungsten chloride, WCl?, were separately dissolved at 
room temperature in N,N-dimethyl formamide (DMF), 
HCON(CH;,)-_,, to give concentrations of 0.1 gram 
atoms Rh/liter of solution and 0.46 gram-atoms W/liter 
of solution, respectively. These two solutions were then 
mixed in suitable proportions to give a Rh/W atom 
ratio of 2/1. _ 

Several coats of this composition were painted onto 
titanium strips which had been degreased in hot trichlo 
rethylene and immersed for 4-5 hours at about 90°C in 
an aqueous solution of 10 percent oxalic acid to etch 
the surface. For painting, titanium strips were placed 
on a heating plate at l00°~l25°C. After each coating, 
the strips were heated for 15 minutes at from 300° to 
450°C. After the ?fth coating, the coated strips were 
heated in a furnace at 475°C for 5 hours. The coating 
thus obtained was analyzed and found to contain the 
compound Rh2WO6. It was present in an amount equal 
to approximately 5 grams per square meter of the tita 
nium surface. It adhered tightly to the underlying tita 
nium support and passed successfully a test consisting 
of attempting to tear off the coating with an adhesive 
tape applied under pressure. - 
The thus-coated titanium strips were subjected, as 

anodes, to two different tests: the ?rst one to measure 
the overvoltage for the liberation of chlorine under a 
given anodic current density (10 kA/m2), the second 
one to determine the wear or consumption of noble 
metal as related to the quantity of evolved chlorine. 
The term “overvoltage” is used herein in the same 
sense it is used at pages 488-492 of“Physical Chem 
istry" by Walter J. Moore,,Prentice-Hall Inc., Second 
Edition. * 

In the overvoltage test, the coated strips were used as 
anodes for the electrolysis of a brine containing 250 g 
NaCl/kg, of solution saturated with chlorine at'60° C 
and at an approximate pH of 2. Under these conditions, 
the coated strips of this example showed an overvoltage 
in the range 170-260 mV under an anodic current den 
sity of 10 kA/m2. ’ 

In the wear test, the coated strips were used as an 
odes in a cell with a ?owing mercury cathode for the 
electrolysis of a brine saturated with sodium chloride 
and chlorine, between 80° and 85° C, under a constant 
anode-cathode potential difference, the test being 
stopped when the current density was reduced to one 
half of its initial value (initial value generally was be 
tween 30 and 40 kA/m"). Under these conditions, the 
tested strips produced 9 tons of chlorine per square 
meter of active surface; the rhodium consumption lay 
below 500 mg per ton of chlorine produced under an 
average current density of 20 kA/m2. 
Example 2: 

A280,, (alone), where A = Rh and B = Te. 

The 0.1 gram-atoms/l Rh solution used in Example 
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l was mixed with a solution of TeOL, in 12 N 
hydrochloric acid to give an Rh/Te atom ratio of 2. 

Five coats of this composition were applied onto tita 
nium strips under the same conditions as in Example 1. 
The coating thus obtained was analyzed and found to 
contain the compound RhZTeOG, It was present in an 
amount of approximately 5 g/m2 and showed a very 
good adhesion during the tearing off tests. 

In an overvoltage test carried out under the same 
conditions as in Example 1, the thus-coated strips 
showed an overvoltage in the range 315—430' mV, 
under an anodic current density of 10 kA/mz. 

In a wear test, also carried out under the conditions 
of Example 1, these same coated strips produced 15 
tons Cl2/m2 under an average anodic current density of 
20 kA/m‘l, the Rh wear being in the range of 200 
mg/ton C12. 
Example 3: 

A280“ (alone), where A = Rh and B = 1/3 Te + 2/3 W. _ 

Hydrated rhodium trichloride and tungsten chloride 
WClG were separately dissolved in DMF. 0.166 ml of 
the W solution containing 0.49 g-at W/l and 6.5 mg of 
tellurium oxide, TeOZ, previously dissolved in 0.1 ml 
concentrated hydrochloric acid were added to 10 ml of 
the Rh solution containing 0.0245 g-at Rh/l. 
Four coats of this mixture were applied at room tem 

perature onto titanium strips. The strips were dried in 
air for 30 minutes and heated at 350° C for 15 minutes, 
after each coating. They were finally heated in a fur 
nace at 500° C for 66 hours. 
The thus obtained Rh-_»(Te|,3W2,;,) 0,, coating was 

present in an amount near to 7 g/m'z; the coating 
showed an excellent adhesion. 

In an overvoltage test carried out under the same 
conditions as in Example 1, the thus coated strips 
showed an average overvoltage of 350 mV under a cur 
rent density of 10 kA/m'~’. 
Example 4: 

A._,BO¢; (alone). where A = 0.9 Rh +0.1 Fe and B=W. 

0.053 ml of a solution of FeCl;,.6H-_»O in DMF at 0.51 
gm Fe/l and 0.28 ml of the tungsten solution of Exam 
ple 3 were added to 10 ml of the rhodium solution used 
in Example 3. a. seven coats of this composition were 
applied at room temperature onto titanium strips. The 
strips were dried in the air and heated for 15 minutes 
at 350° C after each application. Upon ?nal ?ring at 
500° C for 20 hours, a coating of 9 g/m2 (Rh,,_,,Fe,,_|) 
2W0“ was obtained which showed a good adhesion. In 
an overvoltage test carried out under the same condi 
tions as in Example I. the thus coated strips showed an 
average overvoltage of 290 mV under a current density 
of 10 kA/m2' b. The same coating was prepared, but 
only four coats of the said composition were applied 
onto the titanium strips disposed on a heating plate. 
After each coating. the strips were heated in the range 
350°—425° C. They were finally ?red at 500° C for 17 
hours. The average deposit weight of the thus obtained 
(RhMFeMhWO? coating was 67 g/m2. The thus 
coated strips showed better adhesion to the support 
than strips obtained by applying the same coating com 
position at room temperature. 

In an overvoltage test carried out under the same 
conditions as in Example I, the thus coated strips 
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showed overvoltages between 260 and 360 mV under 
a current density of 10 kA/m2. 
Example 5: 

Addition compound A2BO,;+3MO2,lwhere A=Cr, B=W 
and M=Ru. 

Tungsten chloride, WCl.,, CrCl;,.6H2O, and hydrated 
RuClg were dissolved separately in DMF to give solu 
tions of 0.45 g-at W/l, 0.46 gm Cr/l and 0.5 g-at Ru/l 
repectively, which were mixed in suitable proportions 
in order to give a Ru/Cr/W atom ratio of 3/2/1. 

Five coats of the said composition were applied onto 
titanium strips under the same Conditions as in Exam 
ple 1. After ?ring, a coating of Cr2WO6 +3RuO2 was 
obtained. The adhesion of this coating to the support 
was not perfect. 

Nevertheless, used as anodes under the same condi 
tions as in Example 1, the thus coated strips also pres 
ented very interesting electrochemical properties. 
Example 6: ' 

Addition compound AZBOG + 3MO2, where A = Fe, B 
= W and M = Ru 

The 0.51 g-at Fe/l solution of Example 4 and the so 
lutions of 0.46 g-at Cr/l and 0.5 g-at Ru/l of Example 
5 were mixed together in suitable proportions to give 
a Ru/Fe/W atom ratio of 3/2/1. 

Five coats of the resulting mixtures were applied onto 
titanium strips under the same conditions as in Exam 
ple l, and after ?ring, a coating of Fe2WO“ +3RuO2 
was obtained. This coating showed relatively poor ad 
hesion to the support,- but interesting anodic polariza 
tion properties in chlorinated brine. 
Example 7: 

Addition compound A280,; + 3MO2, where A = Cr, B 
= Te and M: Ru. ' I 

The solutions of Cr and Ru mentioned in Example 5 
were mixed in a proper proportion and a suitable 
amount of TeOL, dissolved in 12 N I-ICl was added in 
order to obtain a Ru/Cr/Te atom ratio of 3/2/1. 
Applied onto titanium strips under the conditions de 

scribed in Example 1, this composition gave, after fir 
ing, a coating of Cr2TeO" + 3RuO6 whose adhesion to 
the support was satisfactory and which showed interest 
ing anodic polarization properties in chlorinated brine. 

Example 8: 

Addition compound AgBO.i +3MO2, where ‘A ; Rh, B 
= Te and M = Ru. 

A solution A containing 0.2 g-at Ru.l was prepared. 
First, ruthenium chloride. RuCl3.x H2O was dissolved in 
a quantity of ethanol, then chloroform was added in an 
amount equal to the volume of the ethanol solution and 
finally turpentine a (boiling point above 150° C), previ 
ously sulphurated to 20 percentthrough reflux heating 
of 80 g turpentine a with 20 g sulphur for 3 hours, was 
added, also in an amount equal to the volume of the 
ethanol solution. 1 

By operating in the same way with rhodium chloride, 
RhCl_-,.x H2O, a solution B containing 0.2 g-at Rh/l was 
prepared. ' V 

A solution C of 0.2 gm Te/l was prepared by dis 
solving tellurium chloride, TeCl4, (resulting from the 
action of chlorine upon tellurium) in two volumes of 
ethanol, to which ?ve volumes of turpentine a sulphu 



3,839,181 
5 

,rated to 40 percent were then added, the whole being 
heated on a water-bath until the formed precipitate had 
completely disappeared. 
Then, a solution D was prepared by mixing 1 volume 

of ethanol, one volume of chloroform and 1 volume of 
turpentine a. 

Finally, mixing 3 ml of solution A, 
2 ml of solution B, 
1 ml of solution C, and 
14 ml of solution D, 

a mixture was obtained which was applied onto tita 
nium strips previously degreased and etched as de 
scribed in Example 1. 
This coating was carried out in the air at room tem 

perature. After each coating, the strips were heated for 
15 minutes at 500° C. 
After application of 10 coatings in accordance with 

the aforesaid conditions, the strips were finally ?red at 
500°C for 5 hours in the presence of air. 
The deposit weight of the thus obtained coating of 

Rh2TeO,;+ 3RuO2 was approximately 4 g/m2 and its ad~ 
hesion to the support was acceptable. 

In an overvoltage test carried out under the same 
conditions as indicated in Example 1, the thus coated 
strips showed an overvoltage of 245 mV under an an 
odic current density of 10 kA/mz. 

In a wear test, also carried out as indicated in Exam 
ple 1, these coated strips produced 120 tons of chlori 
ne/m2 working continuously under an average current 
density of 24 kA/m2. The consumption of noble metal 
was under 20 mg Rh + Ru per ton of produced chlo 
rme. 

Example 9: 

Addition compound A280,; + 12 M02, where A = Rh, 
B = Te and M = Ru. 

By dissolving ruthenium chloride RuCl;,.x H2O in n 
pentanol. a solution A of one g-at Ru/l was prepared. 

By operating in the same way with rhodium chloride 
RhCl_-,.x H2O. a solution B of 0.5 g-at Rh/l was pre 
pared. 
Then, a solution of allotelluric acid in ethanol of0.5 

g-at Te/l (solution C) was prepared. Allotelluric acid 
was obtained by keeping telluric acid, H-_,TeO, .2H2O, 
at 150°C for 90 minutes in a sealed tube. 
Mixing 5 ml of solution A. 
1.7 ml of solution B, 
0.84 ml of solution C, and 
41.5 ml of n-pentanol, 

a mixture was obtained which was applied onto tita 
nium strips previously degreased and etched as in Ex~ 
ample 1. 
For the application of this mixture, the titanium strips 

were disposed. in the air, on a heating plate at approxi 
mately 100°C. After each application and evaporation 
of excess solvent, the coated strips were heated for 15 
minutes at 350°C. After seven coatings had been ap 
plied under the same conditions, the coated strips were 
finally fired for one hour at 500°C in the presence of 
arr. 

The thus obtained coating of Rh2TeO6 + 12 RuOg of 
about 5 g/m2 adhered tightly to the support as shown 
by the test consisting of attempting to tear off the coat 
ing with an adhesive tape applied under pressure. 
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6 
In an overvoltage test carried out as in Example 1, 

the thus coated strips showed an overvoltage of 95 mV 
under an anodic current density of 10 kA/mz. 

ln a wear test carriedrout as in Example 1, the coated 
strips produced more than 82 tons of chlorine/m2, 
working continuously under current densities between 
36 and 25 kA/m2. At this stage, the use limit was not 
reached and the wear test continued. 
Example 10: 

Addition compound A280,; + 6MO2, where A = Rh. B 
= Te, and M = Ir. 

A (solution of 0.019 g-at lr/l (solution A) was pre! 
pared by dissolving chloro-iridic acid H2lrCl,;.xH2O in 
dimethyl sulphoxide (DMSO), CH3SOCH3. 
A solution ofO. 194 gram-atom Rh/l (solution B) was 

prepared by dissolving rhodium nitrate Rh(NO;,)-3 in 
glycol, HOCH2—Cl-l2Ol-l. ' 

Finally, 25.2 mg T602 were substantially dissolved in 
a few drops of concentrated HCl (solution C). 
Mixing 50 ml of solution A 
1.65 ml of solution B and 
the whole of solution C, 

a mixture was obtained which was applied onto tita 
nium strips previously degreased and etched according 
to Example 1. 1 

For the application of the mixture, the titanium strips 
were disposed, in the air, on a heating plate at about 
100°C. 
Aftereach application. the coated strips were heated 

for 5 minutes at 400°C. 
After 12 coatings had been applied under the same 

conditions, six further coatings were applied with inter 
mediate heatings of 15 minutes at 440°C. 

Finally, the coated strips were tired for 16 hours at 
475°C in the presence of air. 
The thus obtained coating of .RhZTeOG + 6lrO2 

(about 8 g/m2) passed successfully a test consisting of 
attempting to tear off the coating with an adhesive tape 
applied under pressure. 

In an overvoltage test carried out as in Example 1, ' 
the thus coated strips showed an overvoltage of 135 
mV under an anodic current density of 10 kA/m'Z. 

In a wear test carried out as in Example 1, these same 
coated strips produced more than 63 tons of chlorine 
per square meter of active anodic surface under an av 
erage current density of 24 kA/m'-’. At this stage, the 
use limit was not yet reached and the wear test contin 
ued. 
Example 1 1: 

Addition compound 2A2BO? + 3M’M”O,, where A = 
Rh, B = Te, M’ = R1: and M" = Sb. 

Hydrated RhCl3 and SbC 1;, were separately dissolved 
in n-hexanol to give solutions of 0.5 g-at Rh/l (solution 
A) and 1 g-at Sb/l (solution B) respectively. 

5 ml of solution A, 
1.1 ml of solution B, 
1.4 ml of solution C of Example 9, and 
42.5 ml of n-hexanol were mixed. 
Seven coatings of the mixture were applied onto tita 

nium strips previously degreased and etched as in Ex 
ample 1. For the application of the mixture, the strips 
were disposed on a heating plate at approximately 
70°C. After each of an initial six applications, the strips 
were heated for 15 minutes at 500°C, whereas after the 
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seventh application, they were ?nally ?red for 1 hour 
at 500°C. 
The thus obtained coating of 2Rh2TeOG + 3RhSbO4 

of 2.6 g/m'l passed successfully the test consisting of at 
tempting to tear off the said coating with an adhesive 
tape applied under pressure. 

In an overvoltage test carried out under the same 
conditions as in Example 1, thethus coated strips 
showed an overvoltage of 450 mV under an anodic cur 
rent density of 10 kA/m2. 
The characteristics of the 11 examples as hereinbe 

fore detailed are given in the following table. 

5 

8 
as claimed in claim 1, wherein the said compound 
A2806 is rhodium tungstatc, RhQWOU. 

3. A metallic electrode having a conductive coating 
as claimed in claim 1, wherein the said compound 
A280,i is rhodium tellurate, Rh2TeO6. 

4. A metallic electrode having a conductive coating 
as claimed in claim 1, said conductive coating further 
comprising an oxide of M02 type, where M represents 
at least one element at the valence 4 selected from the 
group consisting of Ir, Mn, Os, Rh, Ru, Sn, and Ti. 
'5. A metallic electrode having a conductive coating 

as claimed in claim 1, said conductive coating, further 
comprising anoxide of M'M"04 type, where M’ repre 

Example Composition of Thickness Overvoltage Coating wear test _ 
Adhesion in mV Cl2 Current Consumption 

No. the coating in g/m2 at 10 produced density of noble metal 
kA/m2 in t/m2 in kA/m2 in mg/t produced C12 

1 Rh2WO6 5 excellent 170-260 9 20 <500 
2 Rh2TeO6 5 very good 315-430 15 20 200 
3 Rh.3(Te,,;,W._,,;,)O,; 7 excellent 350 
4a (RhmFen,I )._,WO,, 9 good 290 
4b do. 6.7 very good 260-360 
5 CrZWOGJRuOQ 5 poor interesting 
6 FegwO?jlRuO2 do. do. 
7 Cr2TeO,;.3RuO2 satisfactory do. 
8 Rh2TeO,,.3RuO2 3.7 do. 245 120 24 <20 
9 Rh2TeO6.l2RuO2 5 very good 95 >82 36-25 
10 Rh._,TeO?.6 [r02 8 do. 135 >63 24 
ll 2Rh._,TeO,,.3RhSbO4 2.6 excellent 450 

"A coating which’has “interesting overvoltage proper 
ties" is a coating for which an overvoltage of about 450 
mV may be obtained in the test carried out with chlori 
nated brine. For industrial uses in electrolysis of NaCl 
brine for producing chlorine, 500 mV may be consid 
ered as the maximum overvoltage acceptable for eco 
nomic view point. For other electrochemical processes 
such as cathodic protection and all the uses where Cr 
and Fe, particularly, are not subject to corrosion, 500 
mV is not a critical factor, and so, these coatings may 
be interesting. 

ln the general formula AQBOU, A is an element at the 
valence 3 having an ionic radius comprised between 
0.5 and 0.75 Angstrom and B is an element at the va 
lence 6 having an ionic radius comprised between 0.5 
and 0.6 Angstrom. Outside these ionic radius ranges, 
the compound A280,i of the invention cannot be ob 
tained. According to this restriction the elements may 
be chosen in the tables published by R. D. Shannon and 
C. T. Prewitt-Acta. Cryst. 1969, B 25. p. 925 -— 946 and 
vActa. Cryst.l970, B 26, p. 1046 - 1048. 
Among all these elements, the more commonly avail 

able, i.e., Co, Cr, Fe, Mn, Al, Ga, lr, Rh and V for A 
and Te, W, Mo and Re for B are preferred. 

It will be understood that the above description and 
foregoing Examples of the present invention are sus 
ceptible of various modi?cations, changes and adapta 
tions, and the same are intended to be comprehended 
within the meaning and range of equivalents of the ap 
pended claims. 
We claim: 
I. A metallic electrode having a conductive coating, 

said coating comprising a compound of the general for 
mula AZBOG, wherein A represents at least one element 
at the valence 3, selected from the group consisting of 
lr and Rh, and B represents at least one element at the 
valence 6, selected from the group consisting of Te, W, 
Mo and Re. 

2. A metallic electrode having a conductive coating 
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sents at least one element at the valence 3 selected’ 
from the group consisting of Al, Cr, Fe, Ga, and Rh, 
and M" represents at least one element at the valence 
5 selected from the group consisting of Nb, Sb, Ta, and 

6. A metallic electrode having a conductive coating 
as claimed in claim 1 wherein B is at least partially Te. 

7. A metallic electrode having a conductive coating,v 
said coating comprising a compound of the general for— 
mula A2806, wherein A represents at least one element 
at the valence 3 selected from the group consisting of 
Co, Cr, Fe, Mn, Al, Ga and V, and B represents at least 
one element at the valence 6 selected from the group 
consisting of Te, W, Mo and Re, the said conductive 
coating further comprising at least one other com 
pound containing at least one element selected from 
the group consisting of lr, Os, Rh and Ru, said other 
compound being selected from the group consisting of 
M02 and M'M”O4 where: 
M represents at least one element at the valence 4 se 

lected from the group consisting oflr, Mn, Os, Rh, 
Ru, Sn and Ti 

M’ represents at least one element at the valence 3 
selected from the group consisting of Al, Cr, Fe,. 
Ga, and Rh 

M" represents at least one element at the valence 5 
selected from the group consisting of Nb, Sb, Ta 
and V. 

8. An electrode suitable for use in electrochemical 
processes, comprising a support at least super?cially 
containing titanium and having anodic polarization 
properties comparable with those of titanium, and on 
at least a part of the surface of said support a conduc 
tive coating comprising a compound of general formula 
A2806, wherein A represents one or more elements at 
valence 3 selected from the group consisting of Co, Cr, 
Fe, Mn, Al, Ga and V, and B represents at least one ele- 
ment at the valence 6 selected from the group consist 
ing of Te, W, Mo and Re. 

>l< * *** 


