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Abstract – The electrical contact characteristics including temperature rise, contact resistance and arc 
erosion rate of the Ag-SnO2 materials with increased SnO2 content were investigated during the 
repeated make-and-break operations. The thickness of arcing melting layer reduces by half and the arc 
erosion rate decreases more than 70% under 10000 times operations at AC 10 A with the SnO2 content 
increasing from 15 wt.% to 45 wt.%, on one hand, temperature rise and contact resistance increase 
obviously but could be reduced to the same order of conventional Ag-SnO2 materials by increasing the 
contact force. The microstructure evolution and the effect of SnO2 on the arc erosion, contact 
resistance were analyzed. 
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1. Introduction 
 
Ag-SnO2 materials have been widely used as electrical 

contacts in low-voltage switches because of their non-toxic 
and good arc erosion resistance [1-4]. The SnO2 content in 
commercial Ag-SnO2 material was usually in the range of 
10-15 wt.%, which leads to insufficient arc erosion 
resistance in higher current instrument [5, 6]. For the low 
voltage switches with high rated current, like interrupters, 
Ag-W or Ag-WC contact materials with the W (WC) 
content as high as 90 wt.% have to be used [7-9]. 

Increased SnO2 content could be expected to signi-
ficantly improve resistance to arc erosion, which is critical 
to the life of the switches and their rated current capacity. 
On the other hand, as the SnO2 content increases, the 
materials might exhibit higher temperature rise and contact 
resistance [10, 11]. In the previous studies, we reported the 
preparation methods of Ag-30 wt.%SnO2 and measured 
its hardness and conductivity [12, 13]. Nevertheless, the 
electrical contact properties including contact resistance, 
temperature rise and arc erosion rate have not been 
measured but are crucial to commercial usage, and the 
corresponding relationship between electrical contact 
characteristics and the content of SnO2 is also needed to be 
studied. 

In this paper, temperature rise, contact resistance and arc 
erosion rate of the Ag-45 wt.%SnO2 were investigated. The 
surface and cross-section microstructure after make-and-
break operations were analyzed. It is aimed to study the 
variation trends of electrical properties as the SnO2 
increases, and their correlations to arc erosion resistance. 

2. Experimental Process 
 

2.1 Ag-45SnO2 preparation 
 
Pure SnO2 powders were prepared by chemical 

precipitation technique. The ammonium was instilled in 
stannic chloride solution to get the precipitate and it was 
then calcined to be oxidized [12]. The SnO2 powders were 
homogeneously mixed with commercially pure Ag 
powders with size less than 75 μm and then high-energy 
ball milled in a Spex-8000 miller. The parameters of high-
energy ball milling process are listed in Table 1. The milled 
powders were annealed at 400 ℃ for 2 h to release stress, 
subsequently cold pressed under 100 MPa and sintered at 
900 ℃, followed by hot pressed at 700 ℃ under 20 MPa. 

 
Table 1. High-energy ball milling parameters 

Ball-to-powder 
ratio 

Milling rotation 
speed 

Milling  
time 

Milling  
media 

20:1 480 rpm 1 h alcohol 

 
2.2 Contact characteristics and temperature rise test 

 
A testing platform for electrical contact characteristics 

was used to simulate the practical make-and-break cycles 
as illustrated in Fig. 1. Such test platform consisted of the 
upper static part and the lower moving part which was 
supported by a computer controlled vibration exciter. The 
micrometer on the top was used to record and set the 
relative position of contacts. A force sensor was here to 
monitor the contact force during operations. The cylindrical 
contacts were embedded into brass holders and the 
thermocouple was attached to the upper one. Then the 
holders were tightened to the insulators. By this platform, 
experiment condition like contact force, frequency and 
currency could be arranged. Temperature and force could 
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be monitored in real time. Vibration excited was used to 
push up and down the lower test holder to simulate the real 
operations. 

In this test, contact frequency was set at 60 Hz. The 
normal contact force ranges from 10 N to 100 N. The 
temperature rise was measured under AC 10 A for 30 
minutes. The contact resistance was measured at DC 100 
mA using low dc resistance tester by 4-point probe method. 
Both temperature rise and contact resistance of Ag-SnO2 
samples were measured at every 2000 times of make-and-
break operations in overall 10000 times operations. 

 
2.3 Microstructure characterization 

 
The microstructure of Ag-SnO2 contact materials and the 

arc erosion surface as well as cross-section after make-and-
break operations were characterized by JSM-6510 and 
JSM-7000F (JEOL, Ltd., Tokyo, Japan) filed-emission 
scanning electron microscopy (SEM), which is attached 
with a backscattered electron detector and an energy 
dispersion spectrometer (EDS). 

 
 

3. Results and Discussion 
 

3.1 The microstructural characteristics of Ag-45SnO2 
materials 

 
Fig. 2. shows the microstructure of Ag-45SnO2 after 

sintering and hot pressing. By the use of EDS analysis, it 
can be found that the bright area is silver-rich region and 
the dark area is oxides-rich. As the figure shows, silver and 
oxides distribute uniformly. The inset image illustrates the 
typical characteristic of silver-rich and oxide-rich zones, in 

which the SnO2 nano powders stick on the Ag matrix. 
 

3.2. The electrical contact properties  
 
The contact resistance and temperature rise are labeled 

as Rc and ΔT respectively, and shown in Fig. 3. The 
contact resistance of Ag-15SnO2 remains at a lower level 
during the whole operations, while the Ag-45SnO2 keeps 
growing until 4000 times, and then becomes several times 

 
Fig. 1. Low-voltage make-and-break test platform 

 
Fig. 2. Microstructures of Ag-45SnO2 composites 

 

  
Fig. 3. Contact resistance and temperature rise varies with 

arcing times of Ag-15SnO2 and Ag-45SnO2 
 

 
Fig. 4. Contact resistance varies with contact force 
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bigger than that of Ag-15SnO2 but still at the same order. 
For the temperature rise, both two increase at the beginning, 
and finally stabilize at 50 °C for Ag-15SnO2 and 100 °C for 
Ag-45SnO2. The contact resistance and temperature rise 
vary with the number of operations in the same pattern. As 
Fig. 4. shows, the contact resistance reduces with the 
contact force increasing. As contact force increases to 50 N, 
the resistance reduces to about 10 mΩ, which is at the same 
order of that for Ag-15SnO2 contacts. 

SnO2 is non-conducting oxide with lower thermal 
conductivity compared with Ag, it would cause main 
resistance, generate heat and such heat is difficult to 
convey. There is much more Ag in Ag-15SnO2 than that in 
Ag-45SnO2, so the former keeps lower both in contact 
resistance and temperature rise. The contact resistance of 
Ag-45SnO2 reduces by a higher contact force. The 
contact resistance is mainly determined by the hardness 
and contact force, which control the true mechanical 
contact area on the surface. Since the hardness would 
grow as more addition of SnO2, Ag-45SnO2 owns higher 
resistance at low contact force, but such weakness could be 
diminished as the contact force increasing [13, 14]. 

 
3.3. Arc erosion rate 

 
Fig. 5. shows the arc erosion rate variation with the 

number of operations for Ag-15SnO2 and Ag-45SnO2. It 
could be found that the arc erosion rate of Ag-45SnO2 
decreases, about 70%, compared with Ag-15SnO2. The arc 
erosion in low current usage is mainly due to the splash of 
Ag drops after repeated make-and-break operations [15]-
[17]. With the addition of SnO2, the viscosity of molten 
pool would increase as more oxides particles could 
suspend in the molten pool [18], which results in the 
decreasing in silver splash during arcing process, and thus 
decreases the arc erosion rate for Ag-45SnO2. 

 
3.4 Arc erosion behaviors 

 
Figs. 6. show the surface morphology of Ag-15SnO2 and 

Ag-45SnO2 after 10000 make-and-break operations. Both 
are characterized by craters, bulges, holes and Ag drops. In 
Ag-15SnO2 materials, Ag drops melted by arc stick to the 
surface in sphere or near sphere shape. While in Ag-
45SnO2 materials, the Ag drops and the craters on the 
surface are fewer, and some holes appear. 

Figs. 7. are the cross-section of Ag-15SnO2 and Ag-
45SnO2 materials after 10000 times operations. It can be 
noticed that the oxides-rich layer appears on the surface, 
and the cracks appear between the arc-erosion layer and 
substrate. The oxides-rich layer is approximately 20 μm 
thick in Ag-15SnO2 and 10 μm in Ag-45SnO2. 

The formation of arc erosion surface is complicated, 
involving factors like Lorentz forces, surface tension, and 
the microstructure of contact materials [19-21]. The above 
different characteristic could attribute to the increasing of 
SnO2 content. In low current situation, the arc erosion is 
mainly due to the splash of molten metals during the make-
and-break operations, and then craters and metal drops 
form.  

SnO2 is stable and difficult to resolve even under arcing 
process [22-24], so the SnO2 particles would increase the 
molten pool viscosity. As SnO2 content increases, the 
viscosity of the molten pool also increases, which restrains 

 

 
Fig. 6. The arc erosion surface of (a)Ag-15SnO2 and 

(b)Ag-45SnO2 after 10000 times arcing 

 
Fig. 5. Arc erosion rate varies with arcing times of Ag-

15SnO2 and Ag-45SnO2 
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the splash of Ag drops and therefore restrains the 
occurrence of craters and drops. 

As the SnO2 content increase from 15 wt.% to 45 wt.%, 
the thickness of arcing melting layer reduces by half 
because a higher SnO2 content provides a more stable 
microstructure under arcing [25-29]. Since the melting 
layer is thinner, the material owns a better arc erosion 
resistance and more stable electrical properties. 

 
 

4. Conclusion 
 
The effect of SnO2 on electrical contact characteristics in 

increased SnO2 content Ag-SnO2 materials have been 
investigated in make-and-break operations. Comparing to 
the Ag-15SnO2, the Ag-45SnO2 behaves higher temperature 
rise and contact resistance which are diminished by 
increasing the contact force from 10 N to 50 N. The 
increasing SnO2 content effectively reduces the splash of 
the Ag drops and the arc erosion rate reduces about 70%. 
The thickness of arc melting layer of Ag-45SnO2 is only a 
half of Ag-15SnO2, which shows the former one owns a 
better arc erosion resistance and more stable microstructure 
under arcing. 
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