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This invention relates generally to a process for coating 
tantalum and like metals with metals or alloys of the 
platinum group and is furthermore concerned with-im 
proved anodes manufactured according to this coating 
process. The invention also relates to the application of 
these improved anodes in certain electrochemical reactions 
and it relates particularly to a process to produce platinized 
tantalum for use as non-corroding anodes in electrochemi cal processes. 

In electrochemical processes, such as the electrolysis 
of chlorides and the production of percompounds, the 
proper selection of material from which to manufacture 
the electrodes is a matter of prime importance. In these 
processes, it is conventional to use electrodes of iron, 
steel, etc. in the cathodeposition; however, there are only 
a few known materials that may constitute the anodes, 
because most 'materials while in the anode position are 
susceptible to intense corrosion. If only the chemical 
characteristics of a material were to be considered in the 
selection of a suitable' anodic material, the metals of the 
platinum group would be the universal choice "because 
they are highly resistant to corrosion; however, the high 
cost of these precious metals prohibits their extended com 
Triercial use. 'Substitute materials have, therefore, been 
resorted to, whenever possible, the primary anodic mate 
rial employed industrially being that of graphite. 
Many disadvantages accompany the use of graphite as 

an anodic material. A graphite anode undergoes con 
tinual disintegration and must be replaced from time to 
time thereby causing interruption of the electrochemical 
process which is a costly operation. In the manufacture 
'of chlorine by the electrolysis of brine, it is necessary to 
purify the product from traces of carbon dioxide which 
result from the oxidation of the graphite anodes. Par 
ticles which dust off from the graphite become deposited 
in the diaphragms which surround the electrodes thereby 
necessitating replacement of the diaphragms along with the 
electrodes. These difficulties are not encountered when 
anodes of the patinum metals are used. Also the over 
voltage characteristics for chlorine discharge are more 
favorable' with platinum metal anodes than with graphite 
anodes. - - w 

There has been a continual search foramaterial which 
has the desirable anodic characteristics of the platinum 
metals, but not their prohibitive costs. It has long been 
considered that tantalum would make an ideal anodic 
material because of its remarkable chemical inertness. 
Tantalumis-not attacked by chlorine, hydrochloric acid, 
nitric acid, or aquaregia. Then, too its cost is very low 
as compared with the cost of the platinum metals. How 
ever, when a tantalum electrode is used as an anode, the 
flow of electric current through the cell quickly stops. 
This phenomenon is caused by the formation of what may 
be referred to as an anodic film comprising a layer of 
oxide which decreases the electric conductivity of the 
material. - 

*In order to prevent the formation of this film, attempts 
have been made to coatia tantalumibase with platinum 

metal. It has been suggested that coating with a platinum 
metal be accomplished by such methods as electrolysis, 
hammering, welding, rolling, and the like; however, none 
of these methods have been found to be satisfactory. 
They do not produce a coat of platinum metal which 
adheres with sufficient tenacity to the tantalum base that 
the coated tantalum metal will be commercially, suited for 
Juse as an anode in electrochemical processes. Electro 
plating of a platinum metal onto a tantalum base results 
in a coating that may easily be stripped from the base. 
Attempts to cover the tantalum strip with a platinum 
metal foil and to hold the metals together as by sweating, 
rolling or hammering, have proved to be unsatisfactory 
because the platinum metal foil is held to the tantalum 
only by mechanical contact which is not sufficient to per 
mit of its use as an anode. The coats of platinum metal 
that have been made by any of these processes are not 
truly bonded to the tantalum, i.e. the tantalum is not 
platinized in the sense that the platinum metal is united 

20 with the tantalum by atomic attraction forces as is ob 
tained by this invention. 

It is, therefore, one object of this invention to provide 
a thin, firmly adherent, practically inseparable coat of one 
or'several of the platinum metals onto a base of tantalum 
or like metal. It is a further object of the invention to 
achieve this result in a simple and economical manner. 
Anether object of this invention is to manufacture a com 
posite metal stock having a bodily new arrangement be 
tween tantalum and platinum metals. It is a further ob 
ject of this invention to improve certain electrochemical 
processes by using the improved electrodes of this inven 
tion. Further objects and various advantages of this in 
vention will become apparent from a considerations of, this 
specification and the appended claims. 

By the term "platinum metal,' as herein used, is meant 
the precious metals in group VIII of the periodic chart, 
excepting-osmium, i. e. this term includes, the following 
metals: ruthenium, rhodium, palladium, iridium and . 
platinum. - - : . . . 

40 Broadly, the process of this invention involves a.com 
bination of successive treatments whereby a thin, deposit 
of a platinum metal is made upon the surface of a 
tantalum body and thereafter the platinum metal deposit 
is bonded to the tantalumibody by heating the whole; to a 
high temperature and under inert conditions. The thin 
deposit of a platinum metal may be applied according 
to this invention, in one of several different ways, such 
-as-by-electroplating.or by the chemical decomposition of 
a platinum metal compound applied on the surface of 

50 the stantalum. It should be clearly understood that the 
thin deposits made, according to any of these processes 
are. not firm deposits until they have been subsequently 
bonded in...the-manner.described-later in this-specification. 

For the purpose of this invention, columbium may 
be used instead of tantalum. Also, alloys, including sin 
tered products of these metals, may be used, i. e. alloys 
of the metals themselves as well as with the addition of 
other metals which do not change the inertness of the 
alloy. At the present time, tantalum is preferred over 

60 the use of columbium because the cost of columbium is 
much greater than the cost of tantalum. It is intended 
also that the term "tantalum' as used herein be not 
limited to the chemically pure metal but that it include 
the marketable form which contains small, and, there 

65 fore, harmless traces of impurities, such as carbon, iron, 
:etc. .. . . 
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- Chemical decomposition 
As stated above, one method of applying rathin coat 

70 of a platinum metal is by decomposing a metal compound 
on'the surface of the tantalum. To accomplish this treat 
ment, the -tantalum base is preferably-washed as with 
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carbon tetrachloride and acetone. The surface of the 
tantalum metal is then cleaned and roughened to an ex 
tent depending upon the amount of coverage that is de 
sired. This roughening may be accomplished by rubbing 
the metal with emory papers, by sand blasting, or by 
chemically etching with hydrofluoric acid. The etching 
may also be accomplished electrolytically in hydrofluoric 
acid using lead or silver as the cathode material. The 

5 

cleaned and roughened tantalum is then dipped into or 
otherwise coated with a solution of, e. g. chloroplatinic 
acid (H2PtCl6), which has been dissolved in a suitable 
volatile solvent. It has been found that one gram of 
chloroplatinic acid dissolved in a solution containing 15 
mi. isopropyl alcohol and 15 mi. ethyl acetoacetate pro 
duces a uniform platinum coating. The more important 
constituent of this solvent is the ethyl acetoacetate since 
solutions having a higher concentration of this con 
stituent give better results than do those having a greater 
proportion of the alcohol. After dipping the tantalum 
into this solution, the excess solution is removed and 
the solvent is evaporated off at a relatively slow tem 
perature. The coated tantalum is then heated above the 
decomposition temperature (approximately 250° C.) of 
the chloroplatinic acid whereby a thin coat of platinum is 
left upon the tantalum surface, all other products of the 
decomposition being volatile. The platinum coating re 
sulting from the above treatment amounts to approxi 
mately 0.00034 gram/cm.?. In like manner, tantalun 
and columbium may be coated with other metals of the 
platinum metal group by using one of the following chemi 
cal compounds ruthenium nitroso bromide 

(RuNOBr3nH2O) 
palladium di-n-butylamine nitrite 

(Pd(C4H9NH2)2(NO2)2) 
and iridium chloride acid (H2IrCl66H2O). 

Electroplating 
Another method for depositing the thin coat of a plati 

num metal upon the tantalum base is by electrolysis. 
After the tantalum base has been roughened as by etch 
ing in a manner as explained above, it is placed in the 
cathode position in a plating bath. A plating bath hav 
ing the following composition has been found to be suit 
able: 

20 g. Pt(NH3)2(NO2)2 commercially known as P-salt 
100 g. ammonium nitrate - 
1 liter of 5% ammonia 
The temperature of the bath is maintained at approxi 
mately 90-93 C. and it is constantly stirred. Neither 
the concentration of the P-salt, nor that of ammonia is 
critical. Even heavy platinum deposits may be plated 
out from this bath with unchanged current efficiency. 
The ammonia which evaporates rapidly at elevated tem 
peratures may be replaced arbitrarily by keeping the bath 
smelling. The P-salt must be replenished from time to 
time by adding solid salt corresponding to the amounts 
of platinum plated out. 

Bonding 
Following the deposition of the thin platinum metal 

coating, the coated tantalum is subjected to the bonding 
treatment of this invention. An example of the manner 
in which this treatment is carried out follows: 

Tantalum strips which have been platinized accord 
ing to the above described chemical decomposition or elec 
troplating procedures are placed into a cold furnace. The 
furnace is evacuated to about 10-4 mm. of mercury and 
is then heated to a temperature below the lowest melt 
ing point of the metals involved and high enough to 
cause the metals to become bonded as required by this 
invention. 
800° C. to 1400° C. have been found suitable, the op 
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Temperatures ranging from approximately 

4 
timum temperature being about 1000 C. After the bond 
ing temperature has been maintained for approximately 
15 minutes, the heating is discontinued, and when the 
temperature in the furnace has substantially dropped the 
evacuation is stopped and the coated tantalum is removed. 
Instead of treating the metal in a vacuum, it has been 
found that any inert atmosphere such as helium, neon, 
argon, and the like may be substituted. These gases, do 
not chemically combine with the tantalum as does oxy 
gen, for example, and by the term "inert conditions" as 
used in this specification and in the claims is meant such 
surroundings which are inert with respect to tantalum, 
such as a vacuum or a noble-gas atmosphere. 
A platinum layer on a tantalum strip which has not 

been subjected to the bonding treatment of this inven 
tion will upon being immersed in aqual regia become com 
pletely dissolved. When, however, such a coated strip 
is bonded in the manner described above, aqua regia will 
not completely dissolve the platinum layer and the weight 
of the bonded strip after it has been immersed in aqua 
regia is greater than the weight of its original tantalum 
constituent, thus indicating that the bonding treatment 
causes the platinum and tantalum metals to interdiffuse 
and become alloyed in such a composition that the alloy 
is not attacked by hot aquaregia. 

Tantalum strips which were platinized by the above 
described chemical decomposition procedure were heated 
in vacuum at 1200° C. and 1400° C. Platinizing accord 
ing to this procedure produces layers of only up to 
0.03 mm. in thickness per application. The layers thus 
deposited were not attacked by hot aqua regia, however, 
when these strips were tested as anodes in cells for the 
production of chlorine and chlorates the current ceased to 
flow and the strips became corroded with a coherent 
tarnish layer. This corrosion of the anode indicates that 
the tantalum metal has diffused through the thin platinum 
layer to the outside surface of the platinum film where 
the tantalum becomes oxidized and stops the flow of cur 
rent through the cell. If platinized tantalum strips are 
bonded at temperatures of less than 800° C., the plat 
inum metal layer is easily dissolved by aqua regia and 
the platinum films flake off from the tantalum base when 
the strips are used as anodes, thus indicating that sub 
stantially no alloying of the platinum and tantalum metals 
occurs when there is insufficient heating. 

It is desirable, therefore, to coat the tantalum base 
in such a manner that the outside layer of the platinum 
metal film will consist of substantially pure platinum 
whereas the inside layer of the film will be firmly bonded 
to the tantalum base by the formation of a thin layer of 
platinum-tantalum alloy. A tantalum strip which has 
been platinized in such a desired manner will behave 
like an ordinary platinum electrode, the apparently vul 
nerable zone of platinum-tantalum alloy being protected 
from contact with the electrolyte solution in the cell by 
the outer layer of unalloyed platinum. To insure that 
the outer layer remains unalloyed during the heat treat 
ment by which tantalum and platinum become bonded, 
a heavier platinum metal coat is required than in the 
alloy anodes described above. Also from a commercial 
standpoint, it is advantageous to apply a relatively thick 
platinum metal coat on a thick tantalum base and, there 
after, roll or otherwise draw out the thick coated bar 
to obtain the desired reduced strips having a top layer 
of unalloyed platinum metal. Such a procedure permits 
of more ease in the handling of the metal composites and 
enables using smaller processing equipment having 
obvious economical advantages as well as reducing the 
losses incurred during the etching treatment. 
A heavy deposit of platinum metal may be applied to 

the tantalum base by electroplating in the manner de 
scribed above; however, if such heavy deposit exceeds 
approximately 1 mu. in thickness, it cannot be success 
fully bonded. Apparently, during the electroplating 
process, stresses are generated in the platinum film caus 
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sing blisters to form which do not become coherently 
ibonded to the stantalum base when the coated metal is 
subsequently heated. 
in practicing this invention, it is, therefore, desirable 

ito apply a primary coat which does not exceed 1 mu, in 
thickness. Following the bonding of the primary coat to 
the tantalum base in the manner as hereinabove de 
(scribed, a second-coat of any desired thickness, such as 
for example 25 mu, may be electroplated upon the sur 
face of the:thin primary coat. The blistering which oc 
curs as stated above when a thick platinum metal deposit 
is electroplated directly upon a tantalum base, does not 
occur when the second coat is deposited. 

Following such a procedure, it has been found pos 
sible, for example, to platinize a tantalum rod of 6.7 
millimeters diameter with a platinum film of 25 microns 
in thickness, anti, thereafter, to draw out, the coated and 
bonded rod to a diameter of .67 millimeter without any 
danger of splitting the platinum film from the tantalum 
base. This-rod after being reduced in diameter behaves 
like a pure platinum anode thus indicating that the plat 
inum-tantalum alloy which is formed at the interface of 

- the film and the base does not extend to the outside-sur 
face of the film, and that the outer surface layer of the 
film comprises substantially pure platinum. Also, there 
is no flaking off of the platinum film-even after long and 
scontinued use of the rod as an anode in a chlorine or chlorate production cell, thus indicating that the plat 
inum film is firmly bonded to the tantalum base. 
The secondary coat may be applied in several separate 

layers and between the periods of the deposition of these 
several layers, the metals may be subjected to a bonding 
treatment. It is preferred that the primary coat be not 
more than 5% of the thickness of the secondary coat or 
the combined layers which may comprise the secondary 
coat. 

It has been furthermore observed that the original sur 
face film of the tantalum body that is not removed by the 
cleaning and roughening process, becomes diffused 
throughout the interior of the tantalum mass during the 
subsequent heating treatments whereby pure tantalum 
metal becomes joined by atomic attraction forces with 
the platinum deposit. When, however, no precautions 
are taken to prevent the formation of the surface film 
during the heating treatments, the film becomes consid 
erable and is not completely dissolved into the tantalum 
mass, thus preventing the platinum deposit from joining 
directly to the pure tantalum. Also, it is noted that the 
diffusion of this surface film into the tantalum mass 
causes the development of permanent hardness of the 
tantalum, and when relatively large amounts of oxygen 
or nitrogen are absorbed in the metal, the tantalum be 
comes brittle. This brittleness is especially pronounced 
in the case where very thin strips of tantalum are used. 
By depositing platinum metals and bonding them to tan 
talum according to the process of this invention, these 
undesirable results are eliminated. 

Examination with a microscope of the platinum metal 
films of this invention reveals that they have a rough 
or wavy profile, the indentations of which develop into 
pores when the coated sheets are reduced to small thick 
nesses. Although these pores expose the tantalum to 
the development of an anodic film, the coated tantalum 
spots are not affected when the composite metal is used 
as an anode. Also, the thin platinum outer layer pre 
vents the alloy layer from being attacked. 
The inner core of the tantalum base may consist of 

copper, silver, or other like metal. For example, a tan 
talum tube which has been platinized on its outer surface 
according to the method of this invention may be slipped 
over a tightly fitting copper rod and the composite rod 
may then be swaged and drawn to any desired thickness. 
When using such a composite rod as an anode in the 
electrolytic production of chlorine, chlorates, and per 
compounds, it is necessary that the tantalum covering 
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ihave trio openings through which the core metal may be 
attacked. . . . . . . . . . . . . . . . . . . . . . . . . . 
From the above idescription, it will be seen that we 

have disclosed a process by which platinum metals may 
be successfully and firmly bonded:to itantalum metals, 
and that tantalum which has been platinized according 
sto the manner taught herein may be used as an anode 
in electrochemical processes, and especially in the pro 
‘duction of chlorine, chlorates, and per-compounds. The 
i examples which have been included in this specification 
have been given by way of illustration orily and not 
by way of restriction or limitation. We desire to have 
it understood that we do not intend to limit ourselves 
ito the particular details described except as defined in 
the claims. . . . . . . . . . . . . . . . . . . . 
What we claim is: . . . . . . . . . 
1. A method of providing an adherent coating of plat 

inum metalion a base of material of the group consist 
sing of tantalum and columbium, comprising:the sequen 
tial manufacturing steps of depositing iaithin continuous 
ilayer (of platinum metalion said base and heating said 
Slayer and said base in proximity thereto under inert 
conditions at an elevated temperature below the melt 
-ing point of said platinum metal and said basematerial 
and within the range of about 800° C. to about $1400°C. 
to inter-diffuse said metals at the boundary thereof, 
-whereby said platinum imetal layer becomes bonded to 
said material on its outer surface and is separated from 
the base by an interlayer of an alloy of the platinum 
with the base-metal. . . . . . . . . . . 

2. A method of coating a base formed of material 
Selected from the group consisting of tantalum, colum 
bium and alloys of these metals platinum metal com 
prising the sequential manufacturing steps of depositing 
a primary coat of platinum metal on said base heating 
the coated base under inert conditions at an elevated 
temperature within the range of about 800° C. to about 
1400° C. the melting point of said metals to alloy the 
adjacent surfaces of said metals, electroplating a second 
coat of platinum metal on said primary coat, and heat 
ing the coated mass at an elevated temperature below 
the melting point of said metals and within the range 
of about 800° C. to about 1400° C. to form coatings 
of pure Pt interspersed with interlayers of an alloy of Pt 
with the base metal. 

3. The method according to claim 2 wherein said 
Second coat comprises a plurality of separate deposited 
layers and the composite metal is subjected to the step 
of heating under inert conditions below the melting point 
of Said metals and within the range of about 800° C. to 
about 1400° C. to alloy the adjacent surfaces of said 
metals between the steps of applying each separate layer deposit. 

4. The method according to claim 2 wherein the thick 
ness of the primary coat is not more than 5 percent of 
the thickness of the second coat. 

5. A method of producing an anode for use in electro 
chemical processes by providing an adherent coating of 
platinum metal on a base of tantalum which comprises the 
Sequential manufacturing steps of cleaning and roughen 
ing the surface of the tantalum, depositing a thin first 
coat of platinum metal on the tantalum base, bonding 
said coat to said base by heating said metals in an inert 
atmosphere at a temperature above about 800° C. but 
below about 1400° C. whereby the remaining film 
migrates into the metals and the adjacent surfaces of 
said layer and said base are alloyed and said metals are 
joined together by atomic attraction forces, electroplat 
ing a second coat of platinum metal upon said first 
coat, heating the metals to an elevated temperature 
within the range of about 800° C. to about 1400° C., and 
reducing the thickness of the bonded metals. 

6. The method according to claim 5 wherein the clean 
ing step is performed by etching the tantalum with hydro 
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fluoric acid, the inert atmosphere being a vacuum, and 
the bonding temperature being about 1000 C. . . . 

. . 7. The method according to claim 5 wherein said 
second coat comprises a plurality of separate deposited 
layers and the base and deposited layers are subjected 
to the step of heating under inert conditions below the 
melting point of said metals and within the range of 
about 800° C. to about 1400° C. to alloy the adjacent 
surfaces of said metals between the steps of applying 
each separate layer deposit, the thickness of said first 
layer being less than about 5 percent of the thickness 
of said second coat. - 

8. The method according to claim 1 wherein the step 
of depositing the layer of platinum is accomplished by 
washing said base metal with a solvent, cleaning and 
roughening said base metal as by etching, coating said 
cleaned base metal with a solution comprising a soluble 
compound of the platinum metal and a volatile solvent, 
evaporating the solvent from the liquid, and heating the 
coated base metal above the decomposition temperature 
of the soluble compound to decompose said compound 
and to volatilize the products of decomposition excepting 
the platinum metal. 

9. The method of claim 8 wherein the soluble com 
pound is chloroplatinic acid and the solvent is a mixture 
of isopropyl alcohol and ethyl acetoacetate. .. 

10. The method according to claim 1 wherein the 
step of depositing the layer of platinum is accomplished 
by electrolysis. 

11. The method of claim 2 wherein the primary coat 
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is deposited by washing said base metal with a solvent, 
cleaning and roughening said base metal by etching, 
coating said cleaned base metal with a solution com 
prising a soluble compound of the platinum metal and 
a volatile solvent, evaporating the solvent from the liquid, 
and heating the coated base metal above the decompo 
sition temperature of the soluble compound to decom 
pose said compound and to volatilize the products of 
decomposition excepting the platinum metal. . 

12. The method of claim 11 wherein the soluble com 
pound is chloroplatinic acid and the solvent is a mixture 
of isopropyl alcohol and ethyl acetoacetate. . . 

13. The method of claim 2 wherein the primary coat 
is deposited by electrolysis. 
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