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ABSTRACT 

A plating solution for providingan electroless deposit 
of palladium alloys wherein palladium predominates, 
with a minor amount of nickel, cobalt, or zinc. The 
electroless palladium alloys contain up to about 6% 
nickel, or 10% cobalt, or 36% zinc, each with phospho 
rus. Preferred bath compositions comprise 29.6 g/l Ni 
80461120, or 29.6 g/l CoSO,-6l-l,0, or 36.0 g/l 

8 Claims, 2 Drawing Figures 
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ELECTROLESS DEPOSITION OF PALLADIUM 
ALLOYS 

This application is a continuation-in-part of our co 
pending application, Ser. No. 74,038, ?led Sept. 21, 
1970, now abandoned, for “Electroless Deposition of 
Palladium and Palladium Alloys", and assigned to the 
same assignee hereof. 
The invention described herein may be manufac 

tured, used, and licensed by or for the Government for 
governmental purposes without the payment to us of 
any royalty thereon. 
The present invention relates to the electroless depo 

sition of palladium alloys and improved bath composi 
tions therefor. 

Electroless deposition (autocatalytic chemical reduc 
tion) of palladium has been accomplished through the 
use of hydrazine-based baths which, however, have a 
short shelf life and deposition rates decrease rapidly 
after initial use but prior to signi?cant depletion. These 
de?ciences have been substantially minimized by our 
electroless plating bath which provides binary alloys of 
Pd-P and ternary alloys of Pd-P and an additional metal 
such as nickel, cobalt, or zinc. 

Electrolessly deposited palladium alloys are most 
useful metals having diverse and important commercial 
and military applications. They may be used on electri 
cal contacts for communications systems and to pro 
vide reliable and substantially noise-free transmission 
in voice circuits. Electroless palladium alloy deposits 
should ?nd broad application to electronic components 
such as connectors, terminals, slip rings and electrical 
brushes where low contact resistance and high wear re 
sistance is required. Electroless palladium alloy depos 
its may be applied directly to non-conductive sub 
strates for use in catalytic chemical processing and for 
fuel cell electrodes. Electroless deposition of the palla 
dium alloys will provide certain advantages over elec 
troplated palladium. In general an electroless palla 
dium alloy deposit ‘ 

a. is more uniform resulting in a minimum amount of 
metal required for a given application. 

b. yields less porus deposits and hence thinner depos 
its may be for a given application. > 

c. is more versatile, providing a variety of controlla 
ble properties such as hardness, wear resistance, and 
catalytic activity change with alloy composition. 
Accordingly, it is an object of this invention to pro 

vide an improved bath composition for permitting the 
electroless deposition of high quality palladium alloy 
deposits. 
Another object of the invention is to provide im 

proved bath compositions as above discussed having a 
shelf life of at least seven months and yet with deposi 
tion rates that are relatively constant so long as bath re 
plenishment is accomplished. 

Still another object of the invention is to provide im 
proved bath compositions which yield palladium phos 
phorus alloys or having codeposited therewith, nickel 
or cobalt, or zinc. ‘ 

The exact nature of this invention as well as other ob 
jects and advantages thereof will be apparent from con 
sideration of the following description and drawings 
wherein: 
FIG. 1 graphically represents effect of temperature 

on electroless palladium phosphorus alloy deposition 
rates, and 
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2 
FIG. 2 is a graphical representation showing effects 

of depletion and replenishment on electroless deposi 
tion rates. ' 

In accordance with the above objects, we have dis 
covered that excellent electroless deposits of palladium 
alloys may be obtained through the use of our inven 
tion. When palladium ions and hypophosphite ions are 
present in solution, homogeneous chemical reduction 
occurs such that palladium metal is formed throughout 
the solution as well as on the desired surface. The nu 
clei of metal thus formed in the solution provide a large 
surface area for catalytic oxidation of hypophosphite 
and reduction of palladium ions thereby resulting‘in 
rapid and wasteful depletion of the reacting chemicals. 
A stable hypophosphite-based electroless palladium 
plating solution was developed wherein the acidi?ed 
palladium chloride stock solution utilized for solution 
preparation consisted of 20 g/l PdCl, -- 40 ml/l HCl 
(38%). All solutions hereinafter described will thus be 
understood to contain 2 ml/] HCl (38%) for each g/l 
PdCl, present. The appropriate quantity of acidi?ed 
PdClz solution was added to the NH4OH solution, al 
lowed to stand 20 hours and ?ltered before addition of 
other test solution constituents. 
Test solutions for electroless palladium phosphorus 

alloy deposition were prepared and heated in a cons 
tant temperature bath. An activated tantalum panel of 
10 cm2 area was immersed into 200 ml of test solution. 
The deposit weight was found by difference after strip 
ping the deposit for 10 minutes in aqua regia. Activa 
tion of the panel comprised immersing it in 5 g/l of 
SnCl2-5 ml/l HCl solution for 2 minutes; rinse; then in 
0.2 g/l PdCl2-l ml/l HCl solution for 2 more minutes; 
and rinse. 
Test electroless palladium alloy plating solutions 

were prepared of 1 g/l PdCl2, 160 ml/l NI-LOH ( 28%) 
and varying concentrations of hypophosphite. Increas 
ing Nal-lzPoz'l-lzO resulted in increased deposition rate 
at 40°C to a maximum at about 20 g/l. At 60°C, the so 
lutions containing 20 or 40 g/l NaHgPoz'l-lzO were un 
stable and rapid solution decomposition occurred be 
fore deposition tests could be conducted. 10 g/l NaI-h. 
P021120 yielded optimum results. 
Solutions were prepared with 0.5, 1.0, 2.0 and 4.0 g/l 

PdCl,, 160 m/l Nl-LOH (28%) and 10 g/l NaHzPOz" 
H2O. The deposition rates from the solutions at 40°C 
increased with increasing palladium content but there 
was relatively little bene?t from concentrations above 
2.0 g/l PdCl,. 
Additional deposition rate determinations were made 

using solutions containing 2.0 g/l PdCl,, 10 g/l NaH,_ 
POg'HgO and various concentrations of ammonium hy 
droxide. The solution containing 40 ml/l Nl-LOH (28 
percent) was unstable at 60°C. There was otherwise lit 
tle effect on deposition rate or stability of solutions 
containing 80 to 320 ml/] NH4OH. 
The effect of NH4Cl>additions on electroless palla 

dium phosphorus alloy deposition rates was determined 
from solutions containing 2 g/l PdCl-2, 160 m/l Nl-LOH 
(28%) and 10 g/l NaH,PO2-H,O. Increasing concentra 
tion of Nl-LCl resulted in marked decrease in deposi 
tion rates presumably by more effectively complexing 
the palladium. The stability of the electroless solutions 
on extended use were improved with increasing Nl-LCI 
concentration. It is thus considered very desirable to 
include NH4Cl in the electroless palladium phosphorus 
alloy plating solution. 
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Bath compositions are presented in thevfollowing Ta 
bles for providing electroless deposits of palladium 
phosphorus alloy or palladium-phosphorus alloys addi 
tionally containing nickel, cobalt or zinc: 

TABLE 1 

Bath composition For Electroless Deposition Of Pd-P 
Alloy 

Preferred 
Compound Preferred Concentration Effective Range 
Pact, 2 g/l 0.5 to 4 5]] 
HC] (38%) 4 ml/] 1.0 to 8 ml/l 
Nrnori (28%) 160 ml] 80 to 320 ml/l 
Nrnci 27 all 10 to 54 g/l 
NilHgPOE ' H20 10 3/1 5 to 20 g/l 

TABLE II 

Bath Composition for Electroless 
Deposition of Pd-Ni-P Alloy 

Compound Preferred Concentration Effective Range 
MO, 2 g/l 0.5 to 4 g/l 
HCl (38%) 4 ml/l 1.0 to 8 ml/l 
NH.OH (28% 160 ml/l 80 to 320 ml/l 
NH4Cl 27 g/l 50 to 54 g/l 
Nari,r>0,-H,o 10 8/1 5 to 20 g/l 
NiSO,-6H,O 29.6 g/l l to 40 g/l 

TABLE 111 

Bath Composition for Electroless 
Deposition of Pd-Co-P Alloy 

Compound Preferred Concentration Effective Range 
PdCl, 2 g/l 0.5 m 4 g/l 
HCl (38%) 4 ml/l 1.0 to 8 ml/l 
NH4OH (28%)_ 160 ml/l 80 to 320 ml/l 
Nl-LC] 27 g/l 10 to 54 g/l 
NaH,P0,~H,0 10 g/l s to 20 g/l 
coso,-6H,0 29.6 g/l 1 to 40 g/l 

TABLE IV 

Bath Composition For Electroless 
Deposition of Pd-Zn-P Alloy 

Compound Preferred Concentration Effective Range 
Pact, 2 g/l 0.5 to 4 g/l 
HC1(38%) 4 ml/l 1.0 to 8 ml/l 
NH4OH (28%) 160 ml/l 80 to 320 ml/l 
NH.C1 27 g/l 10 to 54 g/l 
Naiu'o ,-H,o 10 g/l 5 to 20 g/l 
ZnSO"8H,O 360 g/l l to 40 g/l 

The preferred pH of our preferred concentration 
baths is about 9.8 i 0.2. 
The bath of preferred composition (Table I) for pro 

viding electroless palladium-phosphorus alloy deposi 
tion was studied for effect of temperature on deposition 
rate and stability. The results are shown in FIG. 1. The 
deposition rate increased with increasing temperature. 
However, at 80°C, solution decomposition ensued be 
fore the deposition test was completed and at 90°C de 
position tests could not be conducted because of pre 
mature decomposition. The solution may be used at 70° 
or lower. However, deposition at 50° to 60°C is advis 
able with ‘ deposition rates of over 2.5 ism/hr. (0.1 
mil/hr) (3 mg/cm2/hr). 
The electroless palladium phosphorus alloy plating 

solution was prepared and ?ltered, and left in a glass 
stoppered bottle at room conditions (22° to 28°C) for 
seven months without evidence of solution decomposi 
tion and without reduced effectiveness of decomposi 
tion. Poor shelf life was characteristic of prior art elec 
troless palladium plating solutions. However, during 
use of the palladium plating solution, entrance of par 
ticulate matter may affect solution stability by provid 
ing nuclei for catalytic reduction of palladium. Filtra 
tion into a new container is advisable if gassing is evi 

20 

25 

30 

35 

40 

45 

4 
dent in the solution or on the container bottom indicat 
ing presence of catalytic nuclei. 
A number of consecutive one hour deposition tests 

on 10 cm2 activated tantalum were conducted using a 
single 200 ml solution at 40°C. The deposition rates 
were determined as shown in ‘FIG. 2. The deposition 
rate decreased as the solution became depleted. After 
19 consecutive one hour deposition tests, the deposi 
tion rate decreased from about 1.7 to 0.3 mg/cm‘z and 
over 90 percent of the palladium originally present in 
the solution was plated out. When the palladium con 
tent was restored to the original value by addition as 
the amine complex in NlidOl-l, the deposition rate was 
restored to almost the original value even without hy 
pophosphite replenishment. Prior art palladium plating 
baths were drastically reduced in plating rate after very 
short usage and replenishment procedures were inef 
fective. 
Hydrogen gas is evolved on the surface during elec 

troless palladium alloy deposition as it is during electro 
less deposition of other metals when hypophosphite re 
ducing agent is utilized. Of course, hydrogen gas forma 
tion represents inefficient use of reducing agent. The 
ef?ciency of hypophosphite utilization was determined 
by analysis of hypophosphite consumed during electro 
less deposition of 59.4 mg palladium phosphorus alloy 
at 40°C. Approximately 188 mg NaH,PO,-H,O was 
consumed. This represents a utilization of efficiency of 
approximately 31 percent. 
A 150 p.m electroless palladium phosphorus alloy de 

posit was produced by immersion in the plating solu 
tion at 40°C for an extended period. The deposit was 
cross-sectioned and tested for microhardness which 
was found to be approximately 165 lcg/mm2 on the 
Vickers scale. Microscopic examination of the deposit 
cross section revealed a crack pattern probably owing 
to stresses in the deposit. _ 
After alkaline cleaning and immersion in 10 percent 

(volume) sulfuric acid at 25°C, copper, brass and gold 
specimens were immersed into the electroless palla 
dium phosphorus alloy plating solution at 55°C. Elec 
troless deposit coverage was achieved on copper after 
about 3 minutes, on brass after about 1.5 minutes and 
on gold after about 20 seconds. Immersion of the metal 
for 30 seconds in 0.1 g/l PdCl,—0.5 ml/l HCl (38% ) 
at 25°C, and rinsing prior to immersion in the electro 

' less palladium phosphorus alloy plating solution, re 
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sulted in deposit coverage on all of the metals within 
about 20 seconds. Electroless palladium phosphorus 
alloy was also spontaneously deposited on steel or elec 
troless nickel plated steel shortly after immersion in the 
plating solution. 
The tests described above were repeated except that 

the hypophosphite reducing agent was omitted from 
the plating solution. No visible deposits were produced 
on any of the metal surfaces. It is thus evident that the 
aforementioned deposits were produced by a truly 
electroless mechanism rather than by electrochemical 
displacement. 

Glass or plastics, activated by stannous chloride and 
palladium ~chloride immersions are readily coated with 
palladium phosphorus alloy from the electroless plating 
solution. 
Production of electroless palladium phosphorus al 

loys with nickel, cobalt or zinc are presented below. 
The possibility of producing the ternary electroless 

palladium alloys was determined by addition of metal 
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salts to the electroless palladium phosphorous alloy 
plating solution. Deposits were produced on activated 
tantalum over a period of 5 hours at 60°C. The deposits 
were analyzed for constituent elements by wet chemi 
cal procedures. The results are shown in Table V be 
low: 

TABLE V 

ELECTROLESS PALLADIUM ALLOY 
DEPOSITION 

Metal Salt Addition to Deposit Composition, ‘X: by 
Weight 

Preferred Bath 
Salt Cone, g/l Metal Phosphorus Palladium 
NONE 1.52 Balance 
NiSO‘-6H,O 29.6 (Nickel) 2.68 Balance 

' 5.99 . 

CoSo‘-6H,0 29.6 (Cobalt) 2.77 Balance 
9.82 

Na,WO.-2H,O 37.2 (Tungsten) 2.69 Balance 
0.00 

ZnSO“8H,O 36.0 (Zinc) 1.24 61.43 
35.99 

KReO, 3.3 (Rhenium) 2.56 Balance 
Trace 

Both nickel and cobalt are capable of independent 
electroless deposition and were employed in the elec 
troless palladium solutions at 10 times the molar con 
centration of palladium salt, yet less than 10% cobalt 
or 6% nickel was codeposited with palladium. The pref 
erential deposition of palladium is thus evident. How 
ever, when zinc sulfate was added to the electroless pal 
ladium bath, about 36% zinc was produced in deposits. 
The palladium content was directly analyzed to be 

- 61.43 percent indicating that the zinc is present in ele 
mental form since the metallic elements account for 
virtually the entire deposit. The induced chemical re 
duction of zinc with palladium is significant since the 
high electronegativity of zinc would be expected to pre 
clude the possibility of alloy formation with palladium. 
Palladium alloys with tungsten or rhenium were not 
produced from the electroless palladium solution to 
which tungstate or perrhenate was added. 

It is recognized that by reducing the palladium ion 
concentration in our alloy plating solution, an increase 
of the concentration of alloying element in the deposit 
would be expected. 
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6 
We wish it to be understood that we do not desire to 

be limited to the exact details shown and described, for 
obvious modi?cations will occur to a person skilled in 
the art. 

1. A bath composition for the electroless deposition 
of alloys of palladium phosphorous wherein palladium 
predominates, said alloy including a minor amount of 
a member of the group consisting of nickel, cobalt, or 
zinc, said bath comprising: 
05 to 4 g/l Pdclg, 
1.0 to 8 ml/] 38% BC], 
80 to 320 ml/l 28% NH4OH, 
10 to 54 g/l Nl-LC], and 
5 to 20 g/l Nal-l,PO,-H,O, 

said bath composition including a member of the group 
consisting of NiSO.-6H,O, CoSO4'6H,O, and ZnSO4~8 
H20 for forming an alloy of Pd-Ni-P, Pd-Co-P, and Pd 
Zn-P respectively. 

2. The composition as described in claim 1 wherein 
said PdCl, is present in an amount of 2 g/l, said HCl is 
present in an amount of 4 mill, said NH4OH is present 
in an amount of 160 ml/l, said NlLCl is present in an 
amount of 27 g/l, and said Nal-LPO?-LO is present in 
an amount of 10 g/l. 

3. The bath composition as described in claim 1 
wherein said NiSO4'6l-l2O is present in an amount be 
tween about 1 to 40 g/l. 

4. The bath composition as described in claim 1 
wherein said CoSO4'6H2O is present in an amount be 
tween about 1 to 40 g/l. 

5. The bath composition as described in claim 1 
wherein said ZnSO4'8H2O is present in an amount be 
tween about 1 to 40 g/l. 

6. The bath composition as described in claim 1 
wherein said NiSO4'6l-l2O is present in an amount of 
29.6 g/l. 

7. The bath composition as described in claim 1 
wherein said CoSO4'6l-I2O is present in an amount of 
29.6 g/l. 

8. The bath composition as described in claim 1 
wherein said ZnSO4'8I-I,O is present in an amount of 
36.0 g/l. 
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