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57 ABSTRACT 
Electrodes useful in a wide variety of electrolytic pro 
cesses comprise a conductive substrate bearing on at 
least a portion of the surface thereof a four 
component coating, said components being the oxides 
of tin, antimony, at least one platinum group metal, 
and a valve metal selected from the group titanium 
and tantalum. 

14 Claims, No Drawings 
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TaO, it is understood that mixtures of tantalum oxides 
may in fact be present. The amounts of valve metal ox 
ides employed are generally within the range of from 
0.5 to 30 percent by weight, especially 15 to 25, for 
oxygen-evolving applications and 0.5 to 3.0 for chlor 
alkali electrolysis. Further, for a chlor-alkali applica 
tion, titanium is preferred as the valve metal whereas 
in oxygen-evolving applications the preferred valve 
metal is tantalum, although they are interchangeable in 
many instances. Generally speaking, the use of small 
amounts of the valve metal oxide acts to extend the life 
of the electrode coating while the incorporation of 
larger amounts adds resistance to passivation. 

In summary, an example of a preferred anode for 
oxygen-evolving applications is a coating of from 30 to 
50 percent SnO, 4.0 to 8.0 percent SbO, 20 to 40 
percent platinum metal oxide, and 15 to 25 percent 
valve metal oxide on a titanium, tantalum, or niobium 
substrate. 
On the other hand, an example of a preferred chlo 

rine anode is a coating of 60 to 90 percent SnO, 4 to 
10 percent SbO3, 1.0 to 25 percent platinum metal di 
oxide, and 0.5 to 3.0 percent titanium or tantalum 
oxide on a titanium substrate. 
While many of the variety of methods known for pro 

ducing mixed metal oxide coatings may be employed, 
the preferred method of preparing the multicomponent 
coating composition of the substrate is by deposition 
from a solution of the appropriate thermochemically 
decomposable salts. For example, it is desirable to 
paint or brush an acidified alcoholic solution of said 
salts onto the substrate followed by drying at 100°-140° 
C for from 3 to 10, especially 5, minutes and finally by 
baking in an oxidizing atmosphere, e.g., air, at 450° to 
520 C, espically 500 C, for from 5 to 10, especially 
about 7, minutes. This procedure may then be repeated 
any number of times until the desired coating thickness 
is obtained, for example, 6 to 10 coats. The preferred 
solvents for the thermally decomposable salts are the 
lower alkanols, such as ethanol, propanol, amyl alco 
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hol, and especially n-butyl alcohol, although other sol 
vents including water, may be employed, to which 
there is generally added from 0 to 50 percent by vol 
ume of an acid, such as concentrated hydrochloric acid 
(36%). The concentration of the salts from which the 
coating composition is derived is such as to give a metal 
content in solution within the range of 50 to 200 grams 
per liter. The salts employed are generally any ther 
mally decomposable inorganic or organic salt or or 
ganic ester of the metals in question such as the chlo 
rides, nitrates, alkoxides, alkoxy halides, resinates, 
amines, and the like. Specific and illustrative examples 
include potassium hexachlororuthenate, hexachloroi 
ridic acid, ruthenium trichloride or tribromide, or 
thobutyl titanate, tantalum pentachloride, antimony 
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4 
trichloride or pentachloride, and stannic chloride or 
dibutyl tin dichloride. 

It will be understood by those skilled in the art that 
it is possible to use a number of combinations of pre 
formed oxides of the various component metals and 
salts of the remaining materials, although it is generally 
believed that preformed valve metal oxides should not 
be employed nor should separately preformed tin and 
antimony oxides be used. Further, if thermal decompo 
sition is incomplete, small amounts of salts may remain 
without detrimental effect in the coating, for example, 
small amounts of chloride in the primarily oxide coat 
1ng. 

In order that those skilled in the art may more readily 
understand the present invention and certain preferred 
embodiments by which it may be carried into effect, 
the following specific examples are afforded. 

EXAMPLE 1 

A series of electrodes is prepared and evaluated as 
anodes as follows. In each instance, the quantity of 
thermally decomposable salt set forth in Table 1 is dis 
solved in 45 ml of ethanol with stirring. The resultant. 
solution is brushed onto an expanded titanium mesh 
substrate, previously cleaned by etching for 30 minutes 
in boiling (18%) aqueous hydrochloric acid. The solu 
tion is applied to the mesh by brushing, followed by 
drying the anode for 3 minutes at 110C and firing in 
air at 500° C and 7 minutes. This brushing, drying, and 
baking procedure is repeated until a coating containing 
1.7 grams of ruthenium per square foot of anode sur 
face is obtained (usually 6-10 coats). Following the 
final baking, the electrodes are evaluated as anodes in 
a 150 g/l sulfuric acid solution at 3 amperes per square 
inch opposite a titanium mesh cathode and at an elec 
trode gap of 2 inches. The test is continued until the an 
odies have passivated, i.e., a voltage of 8.0 volts or 
greater is obtained. The lifetime of the anode, that is, 
the number of hours of successful operation until pas 
sivation occurs, is reported in the following Table 1. 

TABLE 

RuClaxHO 
SbO3. (38%) RuO TaCl TaC) Lifetime 
% % g % hrs. 

-- 12 70.9 4.5 29.1 106 
6.6 10.2 34.1 --- --- 165 
.8 17.2 6.9 4.5 19.9 189 

3.7 1.4 4.1.8 4.5 20.5 4.08 
5.1 7.6 27.6 4.5 20.1 650 

From this it is apparent that Anodes 4 and 5, accord 
ing to the present invention, are greatly superior to ei 
ther an anode combining the valve metal and platinum 
group metal (anode 1) or the platinum metal 
antimony-tin system (Anode 2). Further, Anode 3 illus 
trates that the range of components of the present in 
vention is critical to obtaining an anode having a long 
lifetime. 

EXAMPLE 2 

Four electrodes were prepared from the following so 
lutions: 
Anode 6 - 50 ml n-butanol, 12.5g SnCl5HO, 0.9 
g SbCl, and 1.1 g RuclaxHO (38% Ru). 

Anode 7 - 45 ml ethanol, 5.0 g orthobutyl titanate, 
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1.1 g SbCl, 15.1 g SnCl4.5H2O, and 7.6 g RuOlax 
HO(38% Ru). 

Anode 8 - 50 ml n-butanol, 12.5g SnCl4.5H2O, 0.91 
g SbCl, 7.0 g orthobutyl titanate, and i. 1 g 
RuClaxHO (38%. Ru). 

Anode 9 - 45 ml ethanol, 4.5 g TaCls, 1.1 g SbCl, 
15.1 g SnCl5HO, and 7.6 g RuOlaxH2O (38% 
Ru). 

Each anode is prepared by applying six coats of the 
solution by brush, with heating in air between each coat 
first at 110° C for 3 minutes followed by 7 minutes at 
500° C. 
These electrodes are evaluated as anodes in a hori 

zontal mercury cell spaced 0.14 inch above and parallel 
to a mercury cathode flowing at a rate of 450 ml/mi 
nute. The electrolyte is a 310 g/l brine solution having 
a pH within the range of 3-6 and a temperature of 
about 70° C. To establish the wear-rate of the anodes, 
electrolysis is conducted at 6 amperes per square inch 
for 500 hours, the loss being determined by weight dif 
ferential. Results, together with the composition of 
each anode coating calculated on an oxide basis, ap 
pear in Table 2. 

TABLE 2 

SnO. 
% 

SbO. 
% 

RuO TiO, 
% 

TaC) 
Anode % 

83.8 
554 
81.9 
47.4 

0.29 
0.25 
0.14 23. : 
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6 
weight basis, from 30 to 90 percent SnO, from 1.0 to 
50 percent of at least one platinum group metal oxide, 
and from 0.5 to 30 percent of a valve metal oxide se 
lected from the group consisting of titanium and tanta 
lum oxides, with the proviso that the mole ratio of tin 
to antimony oxides is between 95:5 and 85:15. 

2. An electrode as in claim 1 wherein the supporting 
substrate is selected from the group consisting of 
nickel, steel, stainless steel, titanium, niobium, zirco 
nium, and tantalum. 

3. An electrode as in claim 1 wherein the platinum 
metal oxide is RuO. 

4. An electrode as in claim wherein the valve metal 
oxide is TiO. 

5. An electrode as in claim 1 wherein the valve metal 
oxide is amorphous tantalum oxide. 

6. An electrode as in claim 1 wherein the ratio of tin 
to antimony oxides is about 90:10. 

7. An anode for use in oxygen-evolving applications, 
which anode comprises an electrically conductive sup 
porting substrate bearing on at least a portion of the 
surface thereof a coating consisting essentially of from 
4.0 to 8.0 percent antimony oxide, calculated as SbO3, 

0.1 

From the table, it is evident that Anode 6, without 
the added valve metal oxide, exhibits the highest wear 
rate. When tantalum is employed (Anode 9) or using 
relatively small amounts of titanium (Anode 8), the 
best results are obtained. 

EXAMPLE 3 

An anode coating solution if prepared from 45 ml 
ethanol, 4.5 g TaCls, 1.1 g SbCl, 15.1 g SnCl4.5H2O, 
and 7.6 g RuClaxHO (38% Ru). An etched titanium 
mesh substrate is coated by brushing, drying at 110C 
for 3 minutes, and baking in air at 500°C for 7 minutes. 
The coating procedure is repeated until a coating hav 
ing a platinum group metal content of 1 gram per 
square foot is obtained. This is labeled Anode 10. 
Anode 1 1 is prepared in an identical fashion but sub 

stituting 0.92 g of IrCl and 6.54 g RuOlaxHO for the 
ruthenium content of Anode 10. Anode 12 is likewise 
similar with the exception that 1.28 g of RhCl3H2O 
and 6.65 g RuClaxHO comprise the platinum group 
metal content. 
When evaluated according to the lifetime test de 

scribed in Example 1 above, Anodes 10, 11, and 12 
have lifetimes, respectively, of 185, 250, and 350 
hours. This indicates the substantial improvement pos 
sible employing a mixture of platinum metal oxides in 
the coating. 
We claim: 
1. An electrode comprising an electrically conduc 

tive supporting substrate bearing on at least a portion 
of the surface thereof a coating consisting essentially of 
from 1.0 to 10 percent antimony oxide, as Sb2O3, on a 
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on a weight basis, from 30 to 50 percent SnO, from 20 
to 40 percent of at least one platinum metal oxide, and 
from 15 to 25 percent of a valve metal oxide selected 
from the group consisting of titanium and tantalum ox 
ides, with the proviso that the mole ratio of tin to anti 
mony oxides is between 95:5 and 85:15. 

8. An anode as in claim 7 wherein the substrate is se 
lected from the group consisting of nickel, steel, stain 
less steel, titanium, niobium, zirconium, and tantalum. 

9. An anode as in claim 7 wherein the platinum metal 
oxide is a combination of RuO and IrO2. 

10. An anode as in claim 7 wherein the platinum 
metal oxide is a combination of ruthenium and rho 
dium oxides. 

11. An anode as in claim 7 wherein the valve metal 
oxide is amorphous tantalum oxide. 

12. An anode for use in chlor-alkali electrolysis, 
which anode comprises a valve metal substrate selected 
from the group consisting of titanium, niobium, zirco 
nium, and tantalum bearing on at least a portion of the 
surface thereof a coating consisting essentially of from 
4.0 to 10 percent antimony oxide, calculated as Sb2O, 
on a weight basis, from 60 to 90 percent SnO, from 1.0 
to 25 percent of at least one platinum group metal ox 
ide, and from 0.5 to 3.0 percent of a valve metal oxide 
selected from the group consisting of titanium and tan 
talum oxides, with the proviso that the mole ratio of tin 
to antimony oxides is between 95:5 and 85:15. 

3. An anode as in claim 12 wherein the substrate is 
titanium. 

14. An anode as in claim 12 wherein the valve metal 
oxide is TiO2. 
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