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This invention relates to the preparation of alloys by 
electro-deposition. More speci?cally, the invention re 
lates to the electro-deposition of surfaces of palladium~ 
silver alloys from a fused salt electrolyte. 

In the prior art, electro~deposition is used extensively 
in industry to impart a decorative ?nish to a metal sur 
face, or to lay down a ‘metal surface which is highly 
protective against destructive environments. More re 
cently, highly conductive surfaces of copper, silver, or 
gold have been applied by electro-deposition onto metals, 
such as steel or the like which are not good conductors 
of electricity. However, it has not been possible to co 
deposit silver and palladium to form an alloy by con 
ventional electro deposition methods, i.e., from aqueous 
solutions of complex ions. Co-deposition, instead of 
providing an alloy, has invariably given rise to a two 
phase structure. 

Accordingly, it is an object of the instant invention to 
provide a method of electro-depositing an alloy of 
palladium and silver. 

It is another object of this invention to deposit a sur 
face of palladium and silver in controlled ratios from 
a fused salt bath. 

These and other objects of the instant invention will 
become more apparent from the following detailed de 
scription with particular emphasis being placed on the 
illustrative examples. 

In general, the objects of the invention are accom 
plished by co-depositing palladium and silver from 
molten alkali halide electrolytes, such as a sodium chlo 
ride-potassium chloride eutectic mixture. Preferably, 
the electrolysis is carried out at relatively high tempera 
tures in the absence of air and organic materials which 
possibly may ‘have a deleterious effect upon the alloy. 
A wide potential span is operable for carrying out the 
reaction. 

It is not completely clear why an alloy can be deposited 
from a fused alkali halide bath, however, it is theorized 
that temperature, current density and the difference be 
tween working potential and decomposition potential 
in?uences whether an alloy will be formed. Thus, it 
is noted that raising the temperature has the effect of 
increasing the mobility of metal atoms as well as the 
metal-metal diffusion coe?icients. Therefore, a metal 
will tend to deposit in a more random fashion with less 
tendency for the deposition to fall into potential energy 
wells, i.e., as would occur for single metal crystal growth 
or dendrite formation. The phenomenon of dendrite 
formation is governed by current density and is closely 
related to nucleation, and it is believed that the amount 
of nucleation is closely related to whether an alloy will 
be formed during co-deposition. At high current densi 
ties, a relatively large amount of nucleation will occur. 
Thus, the number of discrete particles formed is greater 
than at low current densities where the opposite occurs 
and a newly discharged atom seeks a similar atom on 
which to build. By working at a potential considerably 
more cathodic than the deposition potential, the same 
results are obtainable as when one Works at a high 
current density. The metal surface is at a relatively 
lower potential and the electrode will act as a deeper 
and relatively more homogeneous potential energy well, 
making it unlikely that a discharged atom would seek 
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any site preferentially. Therefore, one would not ob 
tain a preferential building up of either silver crystals 
or palladium crystals. Further-more, by carrying out 
the electrolysis at a potential more cathodic than the 
deposition potentials for silver and palladium, one can 
work ‘in the limiting current region and thus, assure exact 
control of the alloy composition by selection of the silver 
and palladium. ion concentrations. It appears that the 
above theoretical considerations are met, at least to a 
large extent, when co-depositing palladium and silver 
metals from molten alkali halides. 

In the electro-deposition of the instant alloys from a 
fused salt, the temperature range should preferably be 
as high as possible or until the fused salt starts to evapo 
rate. However, it is possible to carry out the deposi 
tion at lower temperatures, it only being necessary that 
the salt is in the molten state. Thus, when working 
with a eutectic of potassium chloride and sodium chloride 
which melts 695—700° C. the deposition can be carried 
out in the temperature range of from about 700—950° 
C., whereas when working with molten sodium chloride 
which melts at 800° C., the electro-deposition would be 
carried out at a temperature of from about 800-900“ C. 
If sodium bromide is employed which has a melting point 
of 755° C., the electro-deposition can be carried out 
at lower temperatures. Thus, by a judicious selection 
of the fused salt bath from which the deposition is to 
be performed, variations in the deposition temperature 
can be obtained. 
A wide potential span can be employed in carrying 

out instant deposition. Although, as stated hereinbefore, 
it has been theorized that a greater amount of nuclea 
tion will bccur at high current densities, thus, increasing 
the number of discrete particles formed, substantially the 
same result can be obtained at low current densities 
when working with a potential which is more cathodic. 
Thus, in order to obtain an even coating of palladium 
silver, the process is carried out at a voltage of from 
about 1.0 to about ‘2.5 volts versus the Pt~Pt2+ reference 
electrode. At voltages of less than about 1.0 only minor 
amounts of silver will be deposited, if any, whereas at 
voltages above about 2.5, complications may be encoun 
tered due to the deposition of alkali metals. For practi 
cal purposes, the optimum ‘range is from about 1.3 to 2 
volts. Current density of the electro-deposition of the 
alloy is directly proportional to the concentration of the 
silver and palladium ions .in the molten alkali halide 
bath and thus, depends both on the concentration of the 
ions in the bath and the voltage used. Under normal 
conditions, the current density will range from about 
1 to about 100 ma./cm2. The proper selection of these 
constants in the above ranges depends upon the end 
result desired. 
The instant deposition can be performed from any of 

the fused alkali metal salts. Thus, the deposition can 
be performed satisfactorily employing molten potassium 
chloride-sodium chloride, potassium bromide-sodium 
bromide eutectic mixtures, and from the simple halide 
salts such as potassium chloride, sodium chloride, po 
tassium bromide and from the iodates. As noted here 
inbefore, by judicious selection of the salt, it is possible 
to vary the reaction temperature. 
The instant electro-deposition process is carried out 

employing procedures whereby the potential of the sys 
tem is controlled. Thus, palladium and silver salts are 
dissolved in the alkali metal halide bath, and the silver 
palladium alloy plated upon a suitable sample by apply 
ing a potential difference across the electrolytic bath 
to carry out the deposition. Thus, one operable system 
comprises a working electrode, a counter electrode and 
a reference electrode in conjunction with a potentiostat 
to accurately control the potential in the system. Vari~ 



3,226,309 
3 

ous counter and reference electrodes can be used, how 
ever, the more noble metal anodes are preferred since 
they are more resistant to the corrosive in?uences of 
the molten salt. Suitable anodes include palladium, 
platinum, gold and silver. 

In order to obtain good adhesion of the palladium alloy 
?lm onto the sample, it is necessary to chemically clean 
the surfaces upon which the alloy is to be plated in 
order that the surface is free from oxides and other im 
purities. The preparation of the surfaces is accom— 
plished by methods known in the art. 
A palladium-silver ?lm can be applied to most metals 

or to a plastic membrane, obtaining good adhesion. 
Suitable metals upon which the palladium-silver alloy 
can be deposited include copper, nickel, platinum, gold 
and silver. Operable plastics must be able to withstand 
the deleterious effects of the molten alkali halide. In 
addition, before the coating can be applied, it is neces 
sary to lay down a conductive coating of glass or metal 
upon the plastic substrate. 

Having described the invention in general terms, the 
‘following examples are set forth to more particularly 
illustrate embodiments of the invention. Parts are by 
weight unless otherwise speci?ed. 

EXAMPLE 1 

A carbon covered silver gauze is prepared by carbon 
ization of a thin ?lm of polyvinyl chloride on the silver 
gauze. The gauze is immersed in a molten sodium chlo 
ride-potassium chloride (1:1)eutectic bath containing 
palladium chloride and silver chloride in solution each 
at a concentration of 5><10—1 molar. A Pz—Pz2+ ref 
erence electrode is employed together with a counter 
electrode in conjunction with a potentiostat to accurately 
control the potential of the system. Plating is carried 
out at a voltage of 1.5 volts and a temperature of 700° 
C. The deposition is completed in approximately 5 
minutes providing a thin alloy ?lm which exhibits good 
adhesion to the carbon covered silver gauze. 

EXAMPLE 2 

A sintered porous nickel matrix having a porosity of 
85% and an average pore size of eight microns is coated 
on one surface with a non-porous palladium~si1ver ?lm 
as follows: palladium bromide and silver bromide are 
admixed in a molten bath of potassium chloride each at 
a concentration of 5><10—2 molar. The porous nickel 
sample is immersed in the solution and plating carried 
out at a voltage of 1.9 volts and at a temperature of 
800° C. using a Pt—Pt2+ reference electrode and a counter 
electrode in conjunction with a potentiostat to accurately 
control the potential of the system. The deposition of 
a thin non-porous palladium-silver alloy ?lm having good 
adhesion to the nickel surface is completed in about 10 
minutes. 

For Examples 1 and 2, the porous metal matrix can 
be replaced by a metal such as silver, platinum, palladium, 
rhodium, iron, copper, zirconium, or ruthenium. The 
proper selection of these metals depends upon the end 
use of the coated material and is within the ability of 
one skilled in the art. 
The palladium and silver can be dissolved in the alkali 

halide bath as any of the soluble salts, including the chlo 

U! 

10 

15 

20 

40 

50 

55 

4 
rides, sulphates and nitrates. Further, the concentrations 
of the metals can be varied depending upon the ratio of 
each metal desired in the ?nal ?lm. However, it has 
been found that enhanced results are obtained when the 
ion concentration of each metal is in the range of from 
about 5><1O—1 to 5X10‘3 molar. However, other con 
centrations can be employed depending upon the ?nal 
?lm which is desired. 
The thickness of the ?lm which is deposited will de 

pend upon the duration of the plating operation, the 
concentration of palladium and silver ions, the voltage 
employed (if a limiting current is not reached) and also 
whether or not the bath is stirred. Ordinarily, the elec 
tro-deposition will be completed in from about one to 
?fty minutes, and in the absence of mechanical stirring. 

While various embodiments of the instant invention 
are set forth, the invention is not to be construed as being 
limited thereby, it being possible to produce still other 
embodiments without departing from the inventive con 
cept herein disclosed. Such embodiments are within the 
ability of one skilled in the art. 
What is claimed is: 
1. The method of electro-depositing a palladium 

silver alloy onto an article comprising the steps of (1) 
dispersing palladium and silver ions in a molten alkali 
halide bath, (2) immersing the article to be coated in 
the solution, said article to be coated being the cathode 
and (3) passing an electrical current from an anode to 
said cathode through the solution and plating out said 
alloy. 

2. The method of claim 1 wherein the molten alkali 
halide is a potassium chloride-sodium chloride eutectic 
mixture. 

3. The method of claim 1 wherein the molten alkali 
halide is potassium chloride. 

4. The method of claim 1 wherein the palladium and 
silver ions of said solution are each at a concentration 
of from about 5 X10‘1 to 5><10—3 molar and the elec 
trical current is passed at a voltage of from about 1.0 
to about 2.5 volts versus a Pt—Pt2+ electrode. 

5. The method of claim 4- Wherein the electrical cur 
rent is passed through the solution at a voltage of from 
1.3 to 2.0 volts. 
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