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Abstract
The optimum thickness of Pd-Ni plated layers used as an electrical contact fikm was investigated by evaluating
mechanical, thermal and environmental characteristics. The variations of morphologies and chemical compositions
were studied by using SEM, EDS and ESCA.

As a result of wear test, the wear resistance behavior of the gold plated layers was not changed with the sliding
velocity changes, The palladium-nicke! plated layer showed better wear resistance than the gold plated layer at low
sliding velocity, but it showed poor wear resistance at high sliding velocity.

Under the thermal condition of 400 in air, the gold thickness of 2fm without underplate on phosphorous bronze
formed copper oxide on the surface layer by rapid diffusion of copper whereas the gold thickness of 0.82am deposited
on nickel and palladium-nicke] underplate was stable at 400,

Under the sulfur dioxide environments, the gold thickness of 0.3/4m deposited on the nickel thickness of 3gan and
the palladium-nickel thickness of 24m underplate was more corrosion-resistant than the gold thickness of 24m
without underplate on phosphorous bronze. Under the nitric acid vapor environment, corrosion resistance of the gold
film was superior to an equivalent thickness of the palladium-nickel film.
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Table i. Operating conditions of electroplating
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Table 2. Composition of electrolyies.
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Photo. 1. SEM micrographs of alloy Pd-Ni plating.
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Phote. 2. Cross section morphology and X-ray line scan. Thickness-Ni/Pd-Ni/Au ; 6.0/2.0/2.04m
{a) SEM image (b} X-ray line scan of Au, Pd, Cu, and Ni
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Table. 3. Atomic absorption analysis data of alloy
Palladium-Nickel plating.

[ Thickness | AAA Data wt %

Ni 0.5mm 1. 33ppm $.33
Pd 2. 70ppm 0.67
Ni 0.764m 1. 82ppm 0.31
Pd 4. 08ppm 0. 69
Ni 1.27um 2.25ppm 0.30
Pd 5. 34ppm 0.70
Ni 2.0pm 2.72ppm. 0.28
Pd . 6. 90ppm 0.72
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Fig. . Microhardness variation of alloy Au film
deposited on 3pm nickel underplate.
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Fig. 2. Microhardness variation of alloy Pd-Ni film
deposited on 3#m nickel underplate
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Fig. 3. Microhardness variation of alloy Au film

deposited on 3¢m nickel and 2zm Pd-Ni
underplate
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Fig. 4. Surface profilometer traces of wear traces in
Au film.  {a) 3369mm/min.
(b} 4430mm/min {c) 7087ram/min
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Fig. 5. Surface profilometer traces of wear traces in
Pd-Ni film. (a) 3369mm/min
(b} 4430mm/min (¢} 7087mm/min
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Table. 4. EDS data of alloy gold plating surface after
exposure in air at 400
Thickness- (a), (b), {c) Au ; 2.0pm.
(d) Ni/Pd-Ni/Au ; 3.0/2.0/0.8pm

iElement K-ratjo Z A F Atm W [
i Au-L G050 1,000 1,000 1.00C 5.02 5.00
1 Au~M 0.082 1.¢00 1,000 1.000 94.88. 94.98
i Tcrtal=100.0076j

(a) 30 min,

Element X-ratio z A F Atoms Wtk
Au-H 0,733 1.0458 1,042 1.000 56.44 80,07
| Cu-K 0.182 0,791 1.020 0.965 30,96  14.17
Cu-L 0.038 0.850 1,793 1.000 12,59 5.78
! Total=100, OO%{

(b} i hr,
!J—Zlemant K-ratio Z A F Atomi Wtz !
| A 0582 1.082 1.074 1.000 37.88  65.40]
| cuk 0.354  0.829 1.016 0.972 52.08  29.01]
! Cu-i, Q.03 0,877 1.858 1.000 10.04 5.5Qi
| Total=100. 00% i
(e} 2 hrs,
' Element  K-ratio Z A F Atom¥ W

{ Au-L 0.0860 1,000 1.000 1.000 6,45 6,45
| Au~M 0,061 1,000 1,000 1.000 893.5% g3, 55
{ Total =100, 00%

(d) 2 hrs.
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Photo.3. 2.0p#m Au on phosphorous bronze after
exposure for 3hrs in air at 400 ¢ .
(2} SEM image.
(b) X-ray line scan of Au, and Cu.
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Photo 4. §.52m Pd-Ni on phosphorous bronze exposed
for 6hirs in 10%S0,, 257, and 87%RH
(a) SEM image.
(b} X-ray line scan of Pd, Ni, S, and Cu
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Fig 6. Pore density of the alloy Au and Pd-Ni film
deposited on 3#m nickel underplate.
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Photo. 5. Optical micrographs of alloy gold plated surface exposed for 24hrs. in 10%30,, 25, and 87% RH
(a) 2.0pm Au without underplate on phosphorous bronze,
(b) 0.5m Au with 24 Pd-Ni underplate on phosporous bronze.
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(a) {b)

‘Photo. 6. SEM micrographs of alloy Au and Pd-Ni plated surface exposed for 75mins. in HNO; vapor,
23¢, and 51%RH

(2) 2.0¢#m Au without underplate on phosphorous bronze,
(b) 2.04m Pd-Ni without underplate on phosphorous bronze.
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