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In this study, Ag-based SnO2-reinforced electrical contact materials were produced by powder metallurgy
and mechanical alloying techniques. Elemental powder mixture containing 8 wt.% SnO2 was milled in a high-
energy planetary-type ball mill, to achieve homogeneously mixed composite powder, and subsequently pressed
in a closed die to obtain green compacts with a cylindrical shape and then sintered under vacuum to obtain
composites. Composites were then subjected to electrical wear tests under inductive loads to investigate the
arc-erosion performance of electrical contacts. Surface deterioration and mass losses of electrical contacts were
also evaluated, as a function of increasing switching number. Characterization of the starting and composite
powders, green compacts, composites and arc-originated surface deterioration was carried out using scanning
electron microscopy and energy-dispersive X-ray spectroscopy. It was found that powder particle size had decreased
with the increasing milling time. Density and hardness values of the composites had increased, whereas porosity had
decreased with the increasing sintering temperature. Optimum sintering temperature was determined as 900 ◦C.
The arc-affected zones became bigger with the increase of the number of switching operations. Furthermore,
comparison between surface morphologies and mass losses of arc-eroded specimens had revealed that the stationary
contacts exhibit higher rates of erosion than the movable contacts.
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1. Introduction

Electrical contacts are found in every electrical com-
ponent, and the proper operation of the contacts is al-
ways vital to the reliable operation of that component.
Therefore, electrical contacts should have certain charac-
teristics. For example, silver-based composites reinfor-
ced with ceramic particles are widely used in electrical
contact applications due to their superior combination
of strength at elevated temperature, good thermal sta-
bility, high hardness, better anti-welding properties, and
high electrical and thermal conductivity [1, 2]. The most
common metal oxides used in electrical contacts are cad-
mium oxide (CdO), tin dioxide (SnO2) and zinc oxide
(ZnO) [3–5]. Apart from this, refractory metals such as
tungsten (W) and molybdenum (Mo) are widely used in
Ag- or Cu-based electrical contacts [6].

To enhance arc-erosion performance of electrical con-
tacts, manufacturing parameters should be optimized.
Furthermore, studies are being performed with regards
to improving the arc-erosion performance by using some
minor doping additives, to form a ternary or complex
composite, and extending the contact life [7–9]. Cur-
rently, Ag-SnO2 composites have great potential in elec-
trical contact applications due to their environmentally
friendly nature, in contrast with the toxic and carci-
nogenic Ag-CdO electrical contact material. However,
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arc-erosion behavior of Ag8SnO2 contact material under
inductive load has not yet been investigated in detail.
Therefore, the primary purpose of the present study is to
optimize manufacturing parameters of Ag8SnO2 contact
material and to investigate its arc-erosion behavior under
inductive loads.

2. Experimental procedures

Elemental Ag (18.646 µm, 99.99% purity) and SnO2

(10 µm, 99.9% purity) powders were used for mechanical
alloying experiments (Fig. 1). Stearic acid was also added
to powder mixture as a process control agent. Elemen-
tal powder mixture containing 8 wt.% SnO2 was milled
in a high-energy planetary-type ball mill with a milling
speed of 300 rpm and a ball-to-powder weight ratio of
10:1, to achieve homogeneously mixed composite pow-
der. The composite powder was then consolidated in a
cylindrical die by applying a pressure of 350 MPa, fol-
lowed by vacuum sintering at various temperatures, na-
mely 700, 800 and 900 ◦C. After that, the physical and
mechanical properties of the composites, such as green
density, green porosity, sintered density, sintered poro-
sity and microhardness were determined. Composites
were then subjected to electrical wear tests using the
arc-erosion test rig [10, 11], at an operating voltage of
220 V, a frequency of 50 Hz, and switching current of
20 A. The switching frequency and delay time were se-
lected as 1 000 operations per hour and 2.6 s, respectively.
Arc-erosion experiments were conducted under inductive
loads for up to 40 000 operations. The mass-loss values
of the electrical contacts were determined at every 5 000
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operations using a semi-micro-analytical balance with a
precision of 10−5 g. Surface deterioration and mass los-
ses of electrical contacts were also evaluated as a function
of increasing switching number. Characterization of the
starting and composite powders, green compacts, com-
posites and arc-originated surface deterioration was car-
ried out using scanning electron microscopy (SEM) and
energy-dispersive X-ray spectroscopy (EDS).

Fig. 1. Morphology of as received (a) Ag and (b) SnO2

powders.

3. Results and discussion

Grains of Ag powder have had a spherical shape
(Fig. 1a), whereas those of SnO2 powder have had an
irregular shape (Fig. 1b), from a morphological point of
view. Besides, SnO2 powder has a smaller particle size
than that of Ag powder. Figure 2 shows the morphologi-
cal evolution of the Ag8SnO2 powder mixture at different
stages of milling process. In the early stages of the mil-
ling process, ductile Ag components were flattened by
ball-to-powder collisions, mainly by cold welding. It can
be seen from Fig. 2a–c that the cold welding event is do-
minant over fracturing and the particle size reduction is
at an insignificant level throughout this period (Table I).
This is the cause of the flaky Ag particles remaining in
the powder morphology. The trails of fracturing have ap-
peared after 7 h of milling (Fig. 2d–f) and the flaky pow-
der particles have started to get fragmented into smaller
pieces. As a consequence of this gradual refinement in
powder particle size, average particle size was reduced to
4.831 µm (Fig. 3).

Fig. 2. Morphological evolution of the Ag8SnO2 pow-
der mixture after milling for (a) 0.5, (b) 2, (c) 4, (d) 7,
(e) 16 and (f) 25 h.

TABLE I

Average particle size (d(0.5), [µm)]) as a function of milling
time (MT, [h]), for Ag8SnO2 composite powder.

MT 0 0.5 2 4 7 10 16 20 25
d(0.5) 18.65 16.32 16.20 15.97 13.69 13.52 10.65 7.41 4.83

Fig. 3. Average particle size of the Ag8SnO2 composite
powder.

EDS mapping analysis, which contains back-scattered
electron image (Fig. 4a), spectra (Fig. 4b) and the dis-
tribution of the elements in the mapping zone (Fig. 4c),
was mainly performed on the green compact, to assess the
homogeneity of the reinforcement particles in the matrix.
Red, green and blue colors represent the distribution of
the Ag, Sn and O elements in the selected mapping zone,
respectively. It is clear from Fig. 4c that homogeneous
distribution is obtained in the green compact, so the mil-
ling duration of 25 h is found to be sufficient. Prolonged
milling duration promotes powder contamination, which
is not desirable for electrical contact applications. The-
refore, the powder mixture was not milled beyond 25 h.

Fig. 4. EDS mapping analysis of the Ag8SnO2 green
compact, (a) back-scattered electron image of the map-
ping zone, (b) spectra in aforementioned zone, (c) dis-
tribution of the elements in the mapping zone.
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Fig. 5. Microstructure of the Ag8SnO2 composites
obtained by sintering at (a) 700, (b) 800 and (c) 900 ◦C.

The physical and mechanical properties of the com-
posites for increasing sintering temperature are listed in
Table II. The effect of different sintering regimes, namely
temperatures of 700, 800 and 900 ◦C on the microstruc-
ture of the Ag8SnO2 composites is shown in Fig. 5.
Accordingly, the highest porosity value (3.17%) was ob-
served in the specimens sintered at 700 ◦C (Fig. 5a).
The amount of the porosity gradually decreases with in-
creasing sintering temperature (Fig. 5b) and the mini-
mum amount of porosity (1.59%) is obtained from the
composites sintered at 900 ◦C (Fig. 5c). It was also found
that the density and microhardness values of the compo-
site had increased with increasing sintering temperature,
and the maximum density (9.92 g/cm3) and microhard-
ness values (78 HV) were obtained at sintering tempera-
ture of 900 ◦C (Table II).

Mass-loss values obtained from the arc-erosion tests
are listed in Table III. Figure 6 shows the curves of the
variation in the mass loss with the number of switching
operations for both stationary and movable contacts.

TABLE II

Physical and mechanical properties of Ag8SnO2 com-
posites produced at increasing sintering temperature.
Theoretical density, green density and green porosity of
the samples were 10.08 g/cm3, 9.74 g/cm3 and 3.37%,
respectively

Sintering
temperature

[ ◦C]

Sintered
density
[g/cm3]

Sintered
porosity

[%]

Hardness
(HV 0.1)

700 9.76 3.17 45
800 9.80 2.78 56
900 9.92 1.59 78

The mass loss in both types of contacts had increased
with the increase in the number of switching operations.
In addition, the mass loss in the stationary contacts was
higher than that in the movable contacts.

TABLE III

Mass loss [mg] values of stationary and movable electrical
contacts with increasing switching number for Ag8SnO2.

Type of Switching number
contact 5000 10000 15000 20000 25000 30000 35000 40000
Station. 8.26 15.90 22.25 27.09 29.74 33.69 37.28 39.28
Movable 5.57 9.93 12.72 15.76 18.26 20.80 23.01 26.52
Total 13.83 25.83 34.97 42.85 48.00 54.49 60.29 65.80

Fig. 6. Mass loss versus switching number for both sta-
tionary and movable contacts.

The mass loss during the initial stage constitutes a fai-
rly high portion of the total mass loss, especially in the
stationary contacts, due to the surface roughness charac-
teristics of the contacts. In the first 5 000 cycles, nume-
rous cavities, microcrack trails and partly melted regi-
ons were observed at the surface of stationary contacts
(Fig. 7a), whereas arc-originated particles were deposi-
ted on the surface of movable contacts (Fig. 7b). With
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increasing operation number, some deep craters were for-
med on movable contacts (Fig. 7c–d). After 25 000 cy-
cles, liquid metal had filled the voids on movable contacts
(Fig. 7f) while shallow craters were observed on statio-
nary ones (Fig. 7e). In the later stages of switching ope-
rations, some of the wear particles (Fig. 7h) were trans-
formed from the movable contacts upon the craters of the
stationary contacts (Fig. 7g).

Fig. 7. SEM micrographs showing the surfaces of both
contacts, tested at 20 A, for different switching numbers:
(a, b) 5 000; (c, d) 20 000; (e, f) 25 000; (g, h) 40 000.

4. Conclusions

Powder particle size has decreased with increasing mil-
ling time. Average particle size was reduced to 4.831 µm
after milling duration of 25 h. Fine and homogeneous
distribution of the reinforcement particles (SnO2) in the
Ag matrix was successfully provided by MA technique.
Therefore, milling duration of 25 h was found sufficient to
achieve homogenization and to inhibit powder contami-
nation. Vacuum sintering was found to be advantageous
to obtain composites with fairly low porosity (1.59%).
The amount of porosity gradually decreases with increa-
sing sintering temperature. Moreover, density and micro-
hardness values increase with increasing sintering tempe-
rature. As a result, the optimal physical and mechanical
properties were obtained from the specimens sintered at
900 ◦C. Therefore, optimum sintering temperature was
determined to be 900 ◦C. The mass losses in both sta-
tionary and movable contacts have increased with the
increase in the number of switching operations. Compa-
red with the movable contacts, the stationary contacts
exhibited a higher mass loss at up to 40 000 switching
operations.
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