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ABSTRACT: The novel anode may be used in the electrolysis 
of an aqueous solution such as of alkali metal chloride. The 
anode includes a base member having a conductive coating or 
surface comprising an oxy-compound of a platinum group 
metal such as ruthenium and an alkaline earth metal, typically 
calcium, or a rare earth metal such as lanthanum. 

  



3,616,446 
1. 

METHOD OF COATNG ANELECTRODE 

BACKGROUND OF THE INVENTION 

This invention relates to electrodes for electrolytic cells 
and, more particularly, to a corrosion-resistant, dimensionally 
stable anode such as for electrolysis of aqueous alkali metal 
chloride in the production of elemental chlorine or alkali 
metal chlorate. 
The electrolysis of aqueous alkali metal chloride solutions 

such as solutions of sodium chloride or potassium chloride is 
conducted on a vast commercial scale. In the production of al 
kali metal chlorate, anodes and cathodes, or bipolar elec 
trodes which when arranged in a spaced electrical series in an 
electrolytic cell may serve as both anode and cathode, are im 
mersed in an aqueous solution of the sodium chloride or the 
like and an electrical potential is established between the elec 
trodes. In the past, graphite or carbon electrodes have been 
used as anodes or as the bipolar electrodes in series. In con 
sequence of the electrochemical reactions which occur, alkali 
metal chlorate is produced either directly in the cellor outside 
the cell after the solution is allowed to stand. 
The electrolysis of alkali metal chloride to produce elemen 

tal chlorine and alkali metal hydroxide is conducted in two 
general types of cells-the diaphragm and the mercury 
cathode cell. In the diaphragm cell, the cell is divided into two 
compartments-which are separated by a porous diaphragm 
usually of asbestos. The cathode is of perforate metal and the 
asbestos diaphragm is in contact with the cathode. The anode, 
usually of carbon or graphite, is disposed centrally in the 
anode compartment. 

In the mercury cathode cell, the cathode is a flowing stream 
of mercury which flows along a solid metal base connected to 
the negative pole of a power source. The anode, again of car 
bon or graphite, is spaced from the mercury cathode and, as 
electric current flows, the sodium or like alkali metal is 
evolved and collected in the mercury as an amalgam which is 
removed from the cell. Outside the cell the mercury amalgam 
is contacted with water in a "denuder' to remove the sodium 
as sodium hydroxide solution and the mercury is then recy 
cled. 

in operating each of the above-described cells one is con 
fronted with a common problem; namely, that during the 
course of the electrolysis, the carbon or graphite electrode 
erodes and/or decomposes. Consequently, as the electrodes 
wear away or erode, the spacing between the electrodes in 
creases with resulting increase in voltage between electrodes. 
This, together with the reactions which cause degradation of 
the anode, results in a loss of current efficiency for the 
production of the desired product. The graphite anodes ulti 
mately must be replaced. In all these cells this erosion in 
creases as the anode current density is increased. At the same 
time, the trend of operation is toward high-current density to 
increase the amount of product produced per unit cell. Thus it 
has become necessary to resort to anodes or bipolar elec 
trodes which remain dimensionally stable and do not erode 
appreciably over long periods of cell operation. 
The present invention is directed to the provision of an im 

proved stable electrode and to electrolytic cells, particularly 
to cells of the type described above which contain such elec 
trodes as the anode or anodic surface thereof. 

Electrodes herein contemplated normally should possess a 
certain degree of rigidity and, in any event, they must have 
surfaces which exhibit good electrolytic characteristics. These 
characteristics, particularly in the case of anodes, include low 
oxygen and chlorine overvoltage, resistance to corrosion and 
decomposition in the course of use as anodes in the elec 
trolytic cell, and minimum loss of coating during such use. It is 
well known that certain metals, metallic oxides, and alloys are 
stable during electrolysis and have other superior properties 
when used as anodes. Such metals typically include the mem 
bers of the platinum group; namely, ruthenium, rhodium, pal 
ladium, osmium, iridium, and platinum. These metals are not 
satisfactory for construction of the entire electrode since, for 
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2 
example, their cost is prohibitive. Therefore, these metals, 
metallic oxides, and alloys are commonly applied as a thin 
layer over a strength or support member such as a base 
member comprising titanium, tantalum, zirconium, niobium, 
and alloys thereof. These support members have good chemi 
cal and electrochemical resistance to the alkalimetal chloride 
electrolyte and the products of electrolysis, e.g., chlorine, 
hypochlorite and/or chlorate, but may be lacking in good sur 
face electroconductivity because of their tendency to form on 
their surface an oxide having poor electroconductivity. 

DESCRIPTION OF THE INVENTION 
The present invention provides an electrode having excel 

lent electrolytic characteristics. The electrode has a coating or 
exposed surface comprising an oxy-compound including a 
platinum group metal and an alkaline earth metal, particularly 
calcium or a rare earth metal such as lanthanum. According to 
one method of producing the anode of the present invention, a 
thermally decomposable organic mixture containing a ther 
mally decomposable ruthenium organic compound and a ther 
mally decomposable calcium organic compound is applied to 
a conductive, chemically resistant base member. The elec 
trode is heated to decompose and/or to volatilize the organic 
matter and other components, leaving a deposit of an elec 
troconductive oxy-compound of ruthenium and calcium, 
probably in the form of preferably calcium ruthenium triox 
ide, hereinafter called calcium ruthenite (CaRuO), or calci 
um ruthenium tetra oxide, hereinafter called calcium 
ruthenate (CaRuO), or mixtures thereof. The electrode of 
the present invention has a low chlorine and oxygen overvolt 
age. Whereas calcium oxide reacts or is rapidly eroded when 
used as an anode in the contemplated electrolysis, the oxy 
compound of ruthenium and calcium herein contemplated is 
stable over a long period of time when used as an anode with 
little or no loss of calcium or ruthenium. 
The electrode base is preferably of titanium, and one or a 

plurality of layers of a mixture of certain thermally decom 
posable metal compounds such as organic and inorganic salts 
of both calcium and ruthenium are applied to the base and 
decomposed by heating the coated base. Especially useful for 
this purpose are mixtures of ruthenium resinate and calcium 
resinate, as well as ruthenium chloride (Rucl) and calcium 
formate (Ca(HCO). The resulting coating following heating 
comprises an oxy-compound including ruthenium and calcium 
and is believed to be in the form of calcium ruthenite 
(CaRuOs) although some calcium ruthenate (CaRuO) may 
also be present. Resinates of the type used herein are manu 
factured by the Hanovia Division of Englehart Industries. The 
metallic resinates may be mixed with an organic solvent or 
diluent, such as terpenes and aromatics, typically oil of tur 
pentine, xylene, and toluene, before being applied to the base 
member for further increasing adhesion. 
As a general rule, the coating is applied as a series of thin 

layers in order to promote maximum adhesion of the coating 
to the base. The layers, which are an intimate mixture of the 
calcium and ruthenium salts, are then heated between coating 
operations to volatilize or drive of the organic matter, sol 
vent, decomposition products, etc., and form the oxy-con 
pound of the metals as a thin film on the base member. 
The exact temperature to which the electrode coating 

should be heated depends upon the time of heating and tem 
perature at which the calcium compounds and ruthenium 
compounds decompose. It should be high enough to cause for 
mation of the oxy-compound of the alkaline earth metal and 
ruthenium, such as the alkaline earth metal ruthenate or 
ruthenite. Care should be taken to select temperatures and du 
ration of heating that will provide the oxycompound rather 
than calcium oxide and the elemental platinum group metal. 
Typically, the temperature may be in the range of 300 C. to 
800° C. for between 10 minutes and 2 hours. The heating step 
is most advantageously conducted in an atmosphere contain 
ing elemental oxygen such as air or other oxygen-inert gas 
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mixtures although an atmosphere of pure oxygen can be used. 
The oxyocompound thus formed is crystalline or amorphous 
depending upon the temperature of heating; the higher the 
temperature and the longer the heating, the greater the 

4 
In each of the following examples, the titanium base plate 

was cleaned or etched prior to application of the coating. The 
etching process comprised submerging the plate for about 30 
seconds in a solution containing 1% HF, said solution being 

crystallinity of the product. Both crystalline, particularly if 5 concentrated with respect to HCI The plate was then washed 
such crystals are very small in size, and noncrystalline coatings 
have good electroconductivity. However, products of im 
proved adhesion and conductivity are obtained when care is 
exerted to maintain the coatings in a state where crystallinity 
is low. As used herein, low crystallinity will mean an X-ray dif 
fraction pattern of less than 700 percent above background 
when measured on a Philips Diffractometer under the follow 
ing conditions: The detector is a sealed proportional counter 
operated at 35 kv., 15 milliamperes on the X-ray tube and at 
l,000 counts per second full scale. Copper radiation is used 
and the Philips Diffractometer is adjusted as follows: 1 diver 
gence slit, 0.006-inch receiving slit, and l scatter slit. The de 
tector is rotated at 2 two theta per minute with a time con 
stant of 2 seconds and the specimen is rotated at 1 per 
minute. 
The organic and inorganic compounds may, if desired, be 

applied by brushing a coating on the titanium base member or, 
alternatively, by any other method of application such as 
spraying or dipping. The electrode must then be heated to a 
temperature sufficient to drive off the organic and inorganic 
products and to form the oxy-compound described above. 
The present invention is principally directed to a coating of 

an oxy-compound of calcium and ruthenium such as calcium 
ruthanate Ca(RuO) and calcium ruthenite Ca(RuO). 
The oxy-compound, preferably, has a ratio by weight of 1 cal 
cium to between x and y of ruthenium, whereby x may be as 
low as but rarely less than 0.25 and whereiny may be as high 
as 4 but rarely higher than 10. Usually, the ratio is about cal 
cium to 2.5 ruthenium. However, it should be recognized that 35 
a platinum group metal or the oxide of a platinum group 
metal, as well as a limited amount of other impurities, could be 
present in the oxy-compound. For example, some amorphous 
titanium dioxide could be present. Also, some calcium oxide 
could be present when the electrode is initially made; how 
ever, such calcium oxide would quickly dissolve once the elec 
trode is placed in operation. Some calcium could also be 
present as other compounds of calcium such as calcium 
sulfate. 
Other electroconductive oxy-compounds of other alkaline 

earth metals and ruthenium such as strontium ruthenate 
Sr(RuOb, strontium ruthenite Sr(RuO), barium 
ruthenate Ba(RuO)), barium ruthenite Ba(RuO)), and 
Bass Sri (RuOa) may be applied to the titanium or other 

conductive base in lieu of the calcium-ruthenium compound 
and the thus-coated anode used to electrolyze alkali metal 
chloride solution. 
Although it is preferable to form the oxy-compound in situ 

from organic compounds of the alkaline earth metal and the 
platinum metal, the preformed electroconductive oxy-com 
pound may be applied to the base member, for example, by 
suspending the oxy-compound in a fluid carrier such as titani 
um resinate, applying the suspension of the oxy-compound of 
the alkaline earth metal and ruthenium to the base member, 
and removing the fluid carrier such as by evaporation. Alter 
natively, the resinates of barium, strontium or magnesium may 
be applied to the titanium or like base, together with rutheni 
um resinate, as described in connection with calcium resinate 
and ruthenium resinate in example I. Moreover, the oxy-com 
pound can be formed in situ from inorganic compounds of the 
alkaline earth metal or rare earth metal and the platinum 
group metal as shown in example III. The inorganic com 
pounds must be decomposable to form the oxy-compound, for 
example, by heating. The term alkaline earth metals as used 
herein includes barium, calcium, strontium, and magnesium. 
The term rare earth metals as used herein includes lanthanum, 
cerium, praseodymium, neodymium, promethium, samarium, 
europium, gadolinium, terbium, dysprosium, holmium, erbi 
un, thulium, ytterbium, and lutetium. 

in water and submerged in concentrated HCl at about 40° to 
50 C. for 12 hours. 

EXAMPLE I 

Electrode I-A was prepared by forming in situ an oxy-com 
pound coating including ruthenium and calcium on a 2-inch 
by-2%-inch titanium plate. The oxy-compound was formed 
from organic compounds of ruthenium and calcium. The 

15 titanium base plate had a thickness of one-sixteenth inch and 
was thoroughly cleaned by etching. The titanium plate was 
then coated with a mixture comprising 4 grams of a ruthenium 
resinate solution and 4.53 grams of a calcium resinate solu 
tion. The ruthenium resinate solution contained 4 percent by 

20 weight ruthenium. The calcium resinate solution contained 
1.4 percent by weight calcium. In preparing electrode I-A, 
sufficient toluene was added to the mixture to make the con 
centration of calcium and ruthenium 0.05 molar. Ten layers of 
such mixture were applied to electrode I-A. Following appli 
cation of each of the layers 1-4 and 6-8, the electrode was 
heated for 10 minutes at 400° C. Following coatings 5 and 9, 
the electrode was heated at 500 C. for 10 minutes. After ap 
plying the tenth layer, the electrode was heated to 550°C. for 
10 minutes. The electrode I-A was analyzed by X-ray diffrac 
tion and no pattern was found. The coating on the titanium 
was about 6.0 micro inches in thickness as ruthenium. The 
coating thickness determination was conducted on a Philips 
X-ray Spectrograph operating substantially as described in 
Handbook of X-ray by Kaelble, McGraw-Hill (1967). The 
electrode I-A was paired with a cathode and operated in a 
laboratory chlorate cell. The cell contained about 14 liters 
of a brine solution. The brine solution was maintained at a 
concentration of 100 to 125 grams NaCl per liter, 500 to 

40 600 grams NaCIO, per liter, and a pH of 6.8. The following 
tables show the results obtained: 

"X-ray diffraction analysis was conducted on a Philips Diffractometer operating 
as described in X-ray Diffraction Procedures by Clug and Alexander. The de 
tector was a sealed proportional counter which was operated at 35 kv. 5 milli 

45 amperes on the X-ray tube and at 1,000 counts per second full scale. Copper 
radiation was used and the Philips Diffractometer was adjusted as follows: 
divergence slit, 0.006-inch receiving slit, and scatter slit. The detector was 
rotated at 2 two theta per minute with a time constant of 2 seconds. The speci. 
men was rotated at 1 per minute. 

Current initial Fina 
Elapsed Cell term- Current density cell cell 
his. of perature (amperes) (amperes voltage voltage 

operation (°C.) per square (volts) (volts) 
foot) 

55 0-50 32-33 3.7 00 2.72 2.75 
SO-49 42-44 7.4 200 3.03 3.05 

"The increase in voltage may be due to polarization of the electrodes and a 
change in the concentration of the cell solutions as a result of electrolysis. 

60 The electrode surface area of electrode -B was reduced to 
1.5X1.5 inches to afford higher current density from the 
Power Supply and the electrolysis was resumed. 

Current Initial Fina: 
Elapsed Ceil ten- Current density cell cell 
hrs. of perature (amperes) (amperies voltage voltage 

operation (°C) per square (volts) (volts) 
foot) 

49-229 35-37 4.7 300 3.0 3.02 
229-374 47-49 7.8 S00 3.35 3.4S 

7O 374-400 47-49 7.8 S00 3.45 3.55 

"The increase in voltage may be due to polarization of the electrodes and a 
change in the concentrations of the cell solutions as a result of electrolysis. 

An electrode 1-B was prepared using a titanium plate lxx 
75 %X/16-inch. Ten coats of the ruthenium resinate-calcium 
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resinate mixture were applied together, with heating as 
described with respect to electrode I-A. Electrode I-B was 
operated in the chlorate cell for 140 hours at a temperature of . 
90°C. The overvoltage ranged between 0.05 and 0.06 of a volt . during such operation. 

EXAMPLE 

The electrodes II-A and il-B were prepared, in a manner 
similar to electrodes I-A and I-B except that the coating was 
an oxy-compound of ruthenium and strontium. The electrodes 
were prepared from 2X2%-inch etched titanium plates. A mix 
ture was prepared comprising 4 grams ruthenium resinate and 
5.87 grams of strontium resinate. The strontium resinate solu 
tion contained 7.1 percent by weight strontium, and the 
ruthenium resinate solution contained 4 percent by weight 
ruthenium. The molar ratio was 3 strontium to 1 ruthenium. In 
preparing electrodes II-A and I-B, the mixture was diluted 
with toluene to provide a strontium concentration of 0.1 
molar. Ten layers of the respective mixtures were applied to 
the titanium plates. The electrodes II-A and II-B were heated 
to 400' C. for 10 minutes following the application of layers 1 
through 4 and 6 through 8. The electrode was heated to 500 

', C. for 10 minutes following application of layers 5 and 9. and 
to 550 C. for 10 minutes following layer 10. The electrode 
II-A was analyzed by X-ray diffraction" and no definite pat 
tern was found for either strontium oxide or ruthenium oxide. 
Electrode II-A had an oxy-compound coating thickness de 
termined as mentioned in example I of 14 micro inches as 
ruthenium. The electrode II-A was operated as an anodein 
a laboratory chlorate cell substantially as described with re 
spect to electrode I-A in example for a period of 235 hours 
at a current density of 500 amperes per square foot. The ini 
tial cell voltage was 3.6 volts and the final cell voltage was 
3.95 volts. Electrode II-B was operated in an overvoltage 
cell substantially as described with respect to electrode I-B 
in example I at 500 amperes per square foot and at 90°C. for 
145 hours. The initial overvoltage was 0.04 volt and the final 
overvoltage was about 0.06 volt. 

*See example I for description of X-ray diffraction method. --. 
EXAMPLE II 

Electrode Ill was prepared by forming an oxy-compound 
coating of rhodium and magnesium on an etched titanium 
-plate whose dimensions were 2x2%X1/16-inch. The coating 
was formed by applying 6 coats of a mixture containing 2 
grams rhodium resinate, 0.49-grams magnesium resinate, and 
2.4-grams toluene. The mixture was 0.2 molar in rhodium and 
0.1 molar in magnesium. The electrode was heat treated in the 
same manner described in example II. The coating had a 
thickness as measured by X-ray of 18.2 micro inches of 
ruthenium. Electrode III was operated as an anode in a labora 
tory chlorate cell similar to the one described in example for 
20 hours at 500 amperes per square foot of anode surface. The 
cell voltage was 3.45 volts, Electrode III was removed from 
the cell and heated at 600C. for 1.5 minutes. Electrode III was 
operated in the laboratory chlorate cell for 168 hours at 500 
amperes per square foot. The initial cell voltage was 3.6 volts 
and the final cell voltage was 3.8 volts. 

EXAMPLE IV 

Electrodes IV-A and IV-B were prepared by forming an 
oxy-compound coating on etched titanium plates whose 
dimensions were 2x2%X1/16 inch. The oxy-compounds were 
formed from inorganic compounds of the platinum group 
metal and of the alkaline earth metal. The coating on elec 
trode IV-A was formed by applying 6 coats of a mixture con 
prising an aqueous solution which was 0.2 molar in ruthenium 
chloride (Rucl) and 0.2 molar in calcium formate Ca(H- 
CO). Electrode IV-A was heated to 400 C. for 10 minutes 
following coats 1 through 3, to 450 C. for 10 minutes follow 
ing coat 4, to 500 C. for 10 minutes after coat 5, and to 550 
C. for 10 minutes following the final coat. The electrode IV-A 

:30 

6 
had a coating of an oxy-compound of ruthenium and calcium. 
The thickness of the coating was 5.7 micron inches as rutheni 
um. The electrode was operated as an anode in a chlorate cell 
substantially as described in example I. The current density 
was 500 amperes per square foot. The cell voltage was 3.4 
volts when electrolysis was begun and 3.6 volts after 77 hours 
of operation. The coating on electrode IV-B was formed by 
applying 6 coats of a mixture comprising an aqueous solution 

... 10 0.2 molar intruthenium chloride (RuCla) and 0.2 molar in strontium formate (Sr(HCO.),). The electrode was heated following each coat as described with respect to electrode 
IV-A. The electrode IV-B had a coating thickness of 6.9 
micro inches as ruthenium. The electrode IV-B was operated 

15 in a chlorate cell for 22 hours at a current density of 500am 
peres per square foot. The cell voltage increased from 3.6 to 
3.8 volts. . . . . . . . . . . . . . . . . .''.". . . . ." 

Other inorganic alkaline earth metal compounds and rare 
earth metal compounds from which the oxy-compound could 

20 

25 

: be formed would include oxalates, acetates, and nitrates. Other inorganic platinum group metal compounds which may 
be used include the oxalates, nitrates, acetates, formates, car 

a bonyls, tricarbonyl chlorides, chlorides, nitroso chlorides, and nitrohydroxides. 
The broader aspects of the present invention would further 

include the electroconductive oxy-compounds of alkaline 
earth metals and other platinum group metals, such other 

. platinum group metals including rhodium, palladium, osmium, 
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or calcium and B is magnesium, calcium, or stron 
oxy-compound could include an alkaline earth metal and 

: iridium, and platinum. Thus, the oxy-compounds would in 
'clude the rhodonates, palladates, osminates, iridinates, and 
platinates of calcium, strontium, barium, and magnesium. 
Oxy-compounds of alkaline earth metals and platinum group 
metals would specifically include such salts as calcium iridate 
(Ca(IrOb8), strontium iridite (Sr(IrO)), calcium rhodate 
Ca(Rhobh), strontium rhodite (Sr(Rho)), and strontium 

splatinite (Sr.(PO)). The oxy-compoind could include mixed 
alkaline earth metals and a platinum group metal, for exam 
ple, salts in the form AB(OsO) wherein A is either strontium 

ntium. The 
mixed platinum group metals. The oxy-compound could in 
clude an alkaline earth metal, a platinum group metal, and 
another metal such as BaTiPO in certain instances, par ticularly when platinum is present in the oxy-compound, care 
must be taken to avoid reducing the platinum group metal to 
the elemental metal. . . . 

The coating is principally comprised of the oxy-compound 
of an alkaline earth metal and a platinum group metal. How 
ever, it may further include some mixed oxides as well as some 
elemental platinum group metal. 

Electrodes made according to the present invention are 
highly suitable for use as anodes in cells used for the electroly 
sis of aqueous alkali metal chloride solutions, typically 
diaphragm cells, mercury cathode cells, and chlorate cells 
such as those sown in U.S. Pat. Nos. 3,400,055; 3,337,443; 
3,312,614; 3,287,250; 3,203,882; 3,119,664; 3,116,228; 
2,897,463; and 2,719,117. 

In its broader aspects, the present invention would include 
use of the electrode for electrolysis of a nonaqueous material 
such as a fused salt. A typical example of such use would be in 
the electrolysis of lithium chloride to produce lithium metal 
and chlorine gas. 
Although the present invention has been described with 

reference to the specific details of particular embodiments 
thereof, it is not intended thereof, to limit the scope of the in 
vention except insofar as the specific details are recited in the 
appended claims. 

| claim: 
1. an electroconductive anode for electrolysis of a salt 

which comprises an electroconductive base member having an 
anodically resistant surface comprising an electroconductive 
oxy-compound of including a platinum group metal and a 
member selected from the group consisting of an alkaline 
earth metal, and a rare earth metal. 

2. The anode as described in claim 1 wherein said alkaline 
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earth metal is a member selected from the group consisting of 
barium, calcium, strontium, and magnesium. 

3. The anode as described in claim 1 wherein said rare earth 
metal is a member selected from the group consisting of 
lanthanum, cerium, praseodymium, neodymium, promethium, 5 
samarium, europium, gadolinium, terbium, dysprosium, hol 
mium, erbium, thulium, ytterbium, and lutetium. 

4. The anode as described in claim 2 wherein said platinum 
10 
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8 
metal is a member selected from the group consisting of rhodi 
um, palladium, osmium, iridium, platinum, and ruthenium. 

5. The anodes as described in claim 4 wherein said surface is 
comprised of a member selected from the group consisting of 
calcium ruthenate, calcium ruthenite, strontium ruthenate, 
strontium ruthenite. 

6. The anode as described in claim Swherein said surface is 
substantially amorphous. 
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