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Abstract: In this study, the tribological characteristics of silver films that were deposited on a glass substrate by
electroless plating were investigated. The electroless-plating method has many notable advantages. It is easy and
economical to obtain solid films using this coating process, and it can be applied to both nonconducting and conducting
substrates. In this study, silver was selected as the electroless-plating material because it is one of the most common
materials used as a solid lubricant. The mechanical properties of silver electroless-plated specimens were investigated
for various coating conditions. The thickness of the coating could be controlled by varying the electroless-plating time.
The properties of the coatings were investigated using AFM, SEM, and a tribotester.
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Table 1 Pretreatment process before electroless-plating

Pretreatment

Oxidation

Sulfuric acid/Nitric acid 1 : 3 ratio (Wt%)

Sensitization

Tin(2) Chloride 0.1 M

Hydro Chloric acid 0.1 M

Activation

Palladium Chloride 0.001 M

Hydro Chloric acid 02M
Pretreatment Electroless-plating

Oxidation

| |

Senstitization

J T

| Activation |

electroless:

lating
solution

Fig. 1 Schematic of electroless-plating process

A WA AdAAH e AbstebS A7 oxidation
P o2 FAHH,S04) T HAHHNO)S 1:3 H[ &2
2 g AAS @ F EHFE AFHI
3 F HA = sensitization FHOE AEFHE =
v FAFEe] nPAE FW 7L o d5Ho
2 3 FEAT]7] et JgEE AAE st
F24(2)(SnCly) 0.1 M 3} 2HHC) 0.1 M & 42 F
r

AR 2 F AES] A7 B 9e F FR

At} vl o 2 X 1= activation FH 2
Fu|24 ZEaes vPAE =aA g F
Ao NS doA AHIY =g uho] U
AE A7 AAE 13t 2k (PdClL) 0.001
M, GAHHC) 02 M S Z3Hate] 9 dxg 34 o)
A REgE A3 5dEA {0 e F SHE
o Al gk

0.625¢ o 75 15 mL & 4
A8 A=t olu)
A FAdEe] LA A

[e]
=
(2
rl

0o £ ro ot

O
-

o o
-
(o
o o
=
o N

51
2
~
2k
oo T

mal oo

(g o 12 op
% o of IN rE @b o ol

2

S

- X
i<
o L
QL
Suipy

rﬁ
afn

o
w il

o
aQ
Ay e -

¢
o

> fo 2o
o|\ o
S ot

N
au)
o o MN

A
X 2

_l>4:!ép
N
B
2

L £

(9}

2T o @
E{ .

i)
2
o
fru
2
L
)
flo
N oo il
12
i)
rlot
(o,
- 12
o -
ooy —
N O

— d

Y
o]

lo o
23]
£ 2 oo

o]
WA Fig 2 9F 2 3As A=
of A=A Hrt

2

O
>
)

Table 2 Solutions for electroless-plating process

Electroless-plating solution

Silver solution

Silver Nitride 0.875g /15 mL
Sodium Hydroxide 0.625g /15 mL
Ammonia -
Reduction solution

Dextrose Anhydrous 1.36¢
Tartaric acid 0.12 ¢
Alcohol 3mL
Water 30 mL
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Table 3 Grain size of electroless-coated specimens

Plating time 10 sec 30 sec 60 sec
(Thickness) (12.5 nm) | (46 nm) (76 nm)
Grain size 5.81nm |20.21 nm 24.5 nm

plating
(1) (2) ) 4
Glass w\é
=2 =
c’\’b

Masking Electroless-plating After electroless-plating Mask removalc>

Fig. 3 Thickness measurement of specimens made by
using electroless-plating method

Coated for 30 sec Coated for 60 sec

(a) (b) (c) ©

Fig. 4 Thickness of silver electroless-coated specimens Fig. 5 Morphology of silver electroless-coated specimens
for (a) 10 sec(12.5 nm), (b) 30 sec(46 nm) and (c) for (a) 10 sec(12.5 nm), (b) 30 sec(46 nm) and (c)

60sec(76 nm) 60sec(76 nm)
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Fig. 6 Schematic of tribotest configuration
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Fig. 7 Friction coefficient of specimens coated by using

electroless-plating :

(a) glass, specimens coated

for (b) 10 sec(12.5 nm), (¢) 30 sec(46 nm) and (d)

60 sec(76 nm)
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Table 4 Wear characteristics with respect to specimens
coated by using electroless-plating.

Plating time 10 sec 30 sec 60 sec
(Thickness) (12.5nm) | (46 nm) (76 nm)
Wear analysis Ag Ag Ag
by EDS 0 wt% 1.03 wt% | 9.36 wt%
Cross section
area of wear 742pm’ | 422 pum’ | 4.30 pm’
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(d) Wear of specimen coated for 60 sec

Fig. 8 Wear analysis of specimens using AFM after
friction test: (a) glass, specimens coated for (b)
10 sec (12.5 nm), (c) 30 sec (46 nm) and (d) 60
sec (76 nm)
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