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Abstract: Arc erosion morphologies of Ag/MeO(10) electrical contact materials after 50000 operations under direct current of 19 V 
and 20 A and resistive load conditions were investigated using scanning electron microscope (SEM) and a 3D optical profiler (3DOP). 
The results indicated that 3DOP could supply clearer and more detailed arc erosion morphology information. Arc erosion resistance 
of Ag/SnO2(10) electrical contact material was the best and that of Ag/CuO(10) was the worst. Arc erosion morphology of 
Ag/MeO(10) electrical contact materials mainly included three different types. Arc erosion morphologies of Ag/ZnO(10) and 
Ag/SnO2(10) electrical contact materials were mainly liquid splash and evaporation, and those of Ag/CuO(10) and Ag/CdO(10) were 
mainly material transfer from anode to cathode. Arc erosion morphology of Ag/SnO2(6)In2O3(4) electrical contact materials included 
both liquid splash, evaporation and material transfer. In addition, the formation process and mechanism on arc erosion morphology of 
Ag/MeO(10) electrical contact materials were discussed. 
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1 Introduction 
 

Ag/MeO electrical contact materials have been 
widely used in switching devices because of their 
excellent properties in minimizing contact welding and 
arc erosion during operation [1]. Because contact failure 
has caused serious accident, the reliability of contact was 
one of the most important factors. The interaction 
between the arc and the contact pair was a complex 
phenomenon involving several mechanisms of material 
erosion and deposition [2]. Arc erosion had many 
influencing factors, such as electrical factors [3−5], 
mechanical factors [6,7], material factors [8,9] and 
environmental factors [10]. Arcing can produce changes 
in contact surface morphology and composition [11]. 
Surface morphology changes also caused changes in 
contact resistance, which generally increased with 
repeated arcing [12]. So, it was desirable to clearly 
understand the relationship between surface morphology 

and arc erosion. It was the key to obtain the useful and 
detailed information on contact surface morphology for 
clearly understanding the relationship between arc 
erosion and morphology. Conventionally, mass change of 
electrodes was measured for indirectly evaluating 
changes in the contact surface configuration caused by 
operation of the contact. Although this was still a useful 
technique, sufficient mass change may not exist to enable 
accurate measurement in some cases. In addition, mass 
change was not likely to provide sufficient information 
regarding contact surface configuration, because it can 
not describe the contact profile. For example, when both 
a peak and a crater were formed on the same electrode, 
mass gain associated with the peak and mass loss 
associated with the crater might cancel each other, 
resulting in only a slight total mass change. Furthermore, 
traditional two-dimensional morphology detection 
method (SEM) has been used to give good qualitative 
results [13], but it was difficult to truly characterize the 
arc erosion surface profile of electrical contact materials.  
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Thus, it was desirable to directly obtain information on 
contact surface profiles. Some techniques currently 
available for evaluating contact surface configuration 
mainly are scanning tunneling microscopy (STM), 
atomic force microscopy (AFM), scanning laser 
microscopy (SLM) and three-dimensional optical profiler 
(3DOP). STM and AFM can provide us with high spatial 
resolution on the order of nanometer ranger or less [14]. 
However, their probe is typically not designed to move 
over several hundreds of micrometers in Z-direction. 
Accordingly, they are not suitable for evaluating 
electrical contacts that operate with a load current of 
several amps or more, because they typically have pips 
and craters formed thereon with the height or depth on 
the order of several hundreds of micrometers. Moreover, 
STM and AFM are not suitable for low-magnification 
observation, and therefore, they will require very long 
period of time if used for evaluation of a contact 
electrode with the diameter of several millimeters. 
SWINGER and SUMPTION [15] has confirmed that 
three-dimensional optical profiler (3DOP) enables us to 
successfully obtain various useful data including clear 
three-dimensional surface images of contact electrodes 
after operations with electrical loads, as well as 
numerical measurements of resultant arc damaged 
surface (for example, the carter depth, and the pip height, 
the transferred or eroded volume). 

In order to clearly understand the influence of alloy 
components on arc erosion morphology of Ag/MeO(10) 
electrical contact materials. In this work, the arc erosion 
morphology of Ag/MeO(10) electrical contact materials 
was studied using a three-dimensional optical profiler 
(3DOP). Furthermore, the formation process and 
mechanism on arc erosion morphology of Ag/MeO(10) 
electrical contact materials were discussed. 
 
2 Experimental 
 

Ag/10%ZnO, Ag/10%CuO, Ag/10%CdO, Ag/ 
10%SnO2 and Ag/6%SnO24%In2O3 electrical contact 
materials were prepared by atomization−internal 
oxidation−sintering−extrude method. Process flow 
diagram was as follows: composition design→melting→ 
atomization → internal oxidation → compression 
moulding → sintering → extrusion → drawing → rivet. 
The form of contacts is shown in Fig. 1. The movable 
and stationary contacts have a curved surface. 

Arc erosion experiment was finished by electrical 
performance testing machine that was jointly developed 
by FuDa Alloy Material Co., Ltd. and Xi’an Jiaotong 
University. The experimental conditions are shown in 
Table 1. 

Mass losses were measured using an electrical scale. 
By using the scale, mass changes more than 0.1 mg can 

 

 

Fig. 1 Shape of contact 
 
Table 1 Experimental conditions 

Parameter Value 

Circuit condition DC 19 V, 20 A, resistive load

Frequency/Hz 0.67 

Number of operations 50000 

Switching mode DC mode 

Contact force/N 0.98 

Surrounding gas Air 

Electrode spacing/mm 2 

 
be measured in accuracy. Microstructure was 
characterized by an optical microscope (L150), two- 
dimensional and three-dimensional morphologies were 
characterized by a scanning electron microscope 
(JSM−6390A) and a 3D optical profiler (WYKO- 
NT9100), respectively. 
 
3 Results 
 
3.1Microstructrue and physical performances 

Optical microstructure of Ag/MeO(10) electrical 
contact materials was represented in Fig. 2, where oxide 
particles were uniformly distributed on silver matrix. 
Particle size of ZnO and CuO was smaller than that of 
CdO, SnO2 and SnO2In2O3. Physical performances of 
Ag/MeO(10) electrical contact materials were 
represented in Table 2, where physical performances 
(relative density, electrical resistivity, hardness, tensile 
strength and elongation) of Ag/MeO(10) were different 
due to the difference of alloy components. Relative 
density of Ag/SnO2(10) electrical contact material was 
the largest and that of Ag/CdO(10) electrical contact 
material was the smallest. Electrical resistivity, hardness 
and tensile strength of Ag/SnO2(6)In2O3(4) electrical 
contact material were the largest and those of  
Ag/CuO(10) electrical contact material were the smallest. 
Whereas elongation of Ag/CuO(10) electrical contact 
material was the largest and that of Ag/SnO2(6)In2O3(4) 
electrical contact material was the smallest. Ag/MeO 
electrical contact material belongs to metal matrix  
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Fig. 2 Optical microstructures of Ag/MeO(10) electrical contact materials: (a) Ag/ZnO; (b) Ag/CuO; (c) Ag/CdO; (d) Ag/SnO2;      

(e) Ag/SnO2In2O3 

 
Table 2 Physical performance of Ag/MeO electrical contact materials 

Material Relative density/% Electrical resistivity/(μΩ·cm) Hardness (HV0.3) Tensile strength/MPa Elongation/%

Ag/ZnO(10) 99.89 2.25 90 279 20 

Ag/CuO(10) 99.69 2.0 80 245 30 

Ag/CdO(10) 99.12 2.01 90 290 20 

Ag/SnO2 (10) 99.90 2.04 97 297 20 

Ag/SnO2(6) In2O3(4) 99.40 2.4 115 367 18 

 
composites with particle reinforce, whose hardness and 
tensile strengthen were dependent on reinforce phase 
(oxide particle) size and dispersion strengthening effect. 
Small particle size and excellent dispersion strengthening 
effect will result in the increase of hardness and tensile 
strength. At the same time, both oxide particle size and 

dispersion strengthening effect were the main influence 
factors of electrical conductivity of Ag/MeO electrical 
contact materials. Electron must pass through more oxide 
particles under the metal matrix composites with small 
particle size and good excellent dispersion strengthening 
effect, which resulted in the electrical resistivity 
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increasing due to the required energy increasing. In 
addition, electrical conductivity and hardness of oxide 
particle also had an important influence on electrical 
conductivity, hardness, tensile strength and elongation of 
Ag/MeO electrical contact materials. Densification 
degree of powders mainly depended on extrusion and 
drawing process. Densification process of powders was 
actually exhaust process. Dispersion distribution of oxide 
particles can supply more exhaust passage, which will 
result in higher relative density of Ag/MeO electrical 
contact materials. 
 
3.2 Mass change after arc erosion 

Mass of movable and stationary contact will change 
under the action of arc erosion due to evaporation and 
splash erosion. In addition, material transfer occurring 
between movable and stationary contact during arc 
operation will also result in their mass change. Mass 
change to some extent reflected the degree of arc  
erosion. Mass change of Ag/MeO(10) electrical contact 
materials after 50000 operations was represented in   
Fig. 3. Mass change on cathode was different from that 
on the anode. Masses of Ag/CuO(10) and Ag/CdO(10) 
contact materials on cathode were increased, while 
masses of other Ag/MeO(10) contact materials were all 
decreased after arc erosion. Mass change of 
Ag/SnO2(6)In2O3(4) on cathode was the smallest   
(−0.4 mg), while that  of Ag/ZnO(10) on anode was the 
smallest (−0.3 mg). Mass change of Ag/SnO2(10) on 
cathode was the largest (−1.5 mg), while that of 
Ag/CuO(10) on anode was the largest (−3.7 mg). 
 

 

Fig. 3 Mass change of Ag/MeO(10) electrical contact materials 
after arc erosion (“–” means mass decrease; “+”means mass 
increase) 
 
3.3 Arc erosion morphology 
3.3.1 Two-dimensional macro-morphology 

The two-dimensional macro-morphologies of 
Ag/MeO(10) electrical contact materials containing 
different alloy components (ZnO, CuO, CdO, SnO2 and 

SnO2In2O3) after 50000 operations were represented in 
Fig. 4. Surface morphology of Ag/MeO(10) contact 
material was changed under arc erosion action. Arc 
erosion spots were observed on both cathode contact and 
anode contact surface. For the same Ag/MeO(10) contact 
material, arc erosion morphology of cathode contact was 
different from that of anode contact. For the same 
electrode, arc erosion morphologies of Ag/MeO(10) 
electrical contact material containing different alloy 
components (ZnO, CuO, CdO, SnO2 and SnO2In2O3) 
were different, which indicated that alloy component had 
an important influence on arc erosion morphology of 
Ag/MeO electrical contact materials. Circle erosion spot 
was observed on both cathode and anode contact surface 
of Ag/ZnO(10) contact material, and erosion spot on both 
cathode and anode contact was relatively flat. Several 
large convex peaks were observed on Ag/CuO(10) and 
Ag/CdO(10) cathode contact surface, while several large 
concave pits were observed on Ag/CuO(10) and 
Ag/CdO(10) anode contact surface. Many small convex 
peaks were observed on Ag/SnO2(10) and 
Ag/SnO2(6)In2O3(4) cathode contact surface, while many 
small concave pits were observed on Ag/SnO2(10) and 
Ag/SnO2(6)In2O3(4) anode contact surface. The result of 
Fig. 4 indicated that surface change of Ag/CuO(10) and 
Ag/CdO(10) contact materials was the most serious and 
that of Ag/SnO2(10) contact material was the slightest. 
Consequently, arc erosion of Ag/CuO(10) and 
Ag/CdO(10) contact materials was the most serious and 
that of Ag/SnO2(10) contact material was the slightest. 
Arc erosion resistance of Ag/SnO2(10) contact material 
was better than that of other Ag/MeO(10) contact 
material in this experiment. 
3.3.2 Three-dimensional macro-morphology 

Three-dimensional macro-morphologies of 
Ag/MeO(10) electrical contact materials containing 
different alloy components (ZnO, CuO, CdO, SnO2 and 
SnO2In2O3) after 50000 operations were represented in 
Fig. 5. 

Three-dimensional morphology of Ag/MeO(10) 
electrical contact materials clearly reflected the change 
details of surface after arc erosion, which was very 
helpful to analyze the influence of arc erosion on 
Ag/MeO(10) electrical contact materials. Contact area of 
Ag/ZnO(10) between cathode and anode was larger and 
surface change was smaller. Deformation was observed 
on Ag/ZnO(10) anode surface due to the action of 
contact force and arc erosion. Surface morphology of 
Ag/CuO(10) and Ag/CdO(10) was seriously changed 
after arc erosion. Cathode surface of Ag/CuO(10) and 
Ag/CdO(10) was changed from curved shape to peak 
shape. Anode surface of Ag/CuO(10) and Ag/CdO(10) 
was changed from curved shape to crater shape. Four 
large peaks were observed on Ag/CuO(10) cathode 
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Fig. 4 Two-dimensional macro-morphologies of Ag/MeO(10) electrical contact materials after arc erosion: (a, b) Ag/ZnO; (c, d) 
Ag/CuO; (e, f) Ag/CdO; (g, h) Ag/SnO2; (i, j) Ag/SnO2In2O3 
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Fig. 5 Three-dimensional morphologies of Ag/MeO(10) electrical contact materials after arc erosion: (a, b) Ag/ZnO; (c, d) Ag/CuO; 
(e, f) Ag/CdO; (g, h) Ag/SnO2; (i, j) Ag/SnO2In2O3 
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contact surface, while four corresponding pits were 
observed on anode contact surface. Five small peaks 
were observed on Ag/CdO(10) cathode contact surface, 
while corresponding five pits were observed on anode 
contact surface. Arc erosion of Ag/CuO(10) and 
Ag/CdO(10) contact material belongs to point contact, 
which means that arc mainly gathered in several contact 
points and then resulted in serious arc erosion. Surface 
morphology change of Ag/SnO2(10) contact material was 
the same as Ag/ZnO(10) contact material. But the contact 
area of Ag/SnO2(10) between cathode and anode was 
larger than that of Ag/ZnO(10), and surface change and 
deformation were slighter than those of Ag/ZnO(10). So, 
the arc erosion of Ag/SnO2(10) contact material was 
slighter than that of Ag/ZnO(10). Several very small 
peaks were observed on Ag/SnO2(6)In2O3(4) cathode 
surface and several corresponding small pits were 
observed on anode surface. At the same time, contact 
zone was observed between cathode and anode surface. 
So, arc erosion of Ag/SnO2(6)In2O3(4) contact material 
included not only point contact but also area contact. 
Consequently, arc erosion resistance of Ag/SnO2(10) 
contact material was the best and that of Ag/CuO(10) 
contact material was the worst. 
3.3.3 Information on contact surface profiles 

Information on contact surface X and Y profiles of 
Ag/MeO(10) electrical contact materials after 50000 
operations on center point was represented in Fig. 6 and 
Fig. 7, respectively. The change of X profile was smaller 
than that of Y profile on cathode surface of Ag/ZnO(10) 
electrical contact material. The change of X profile and Y 
profile was small and similar on anode surface of 
Ag/ZnO(10) electrical contact material. The results of 
contact surface profiles indicated that the arc erosion on 
cathode of Ag/ZnO(10) electrical contact material was 
more serious, which was consistent with the result of 
mass change. Peaks were observed on cathode surface 
profile, craters were observed on anode surface profile of 
Ag/CuO(10) and Ag/CdO(10) contact materials. It 
indicated that arc erosion resulted in the material transfer 
from anode to cathode of Ag/CuO(10) and Ag/CdO(10) 
contact materials. At the same time, it also explained the 
reason of Ag/CuO(10) and Ag/CdO(10) contact materials 
mass increasing on cathode. The change of X profile and 
Y profile was slight and similar on cathode surface, while 
the change of X profile was larger than that of Y profile 
on anode surface of Ag/SnO2(10) electrical contact 
material. The change of X profile and Y profile was slight, 
but a small peak was observed on cathode surface profile 
of Ag/SnO2(6)In2O3(4) contact material. While the 
change of X profile and Y profile was large on anode 
surface of Ag/SnO2(6)In2O3(4) contact material. It 
indicated that the arc erosion on anode was more serious 
than that on cathode of Ag/SnO2(6)In2O3(4) contact 
material. 

 
4 Discussion 
 

Arc erosion of electrical contact material was a kind 
of very complicated physical phenomena. Influence 
factors of arc erosion mainly included electrical factors 
(voltage, current and load), material factors (physical and 
chemical properties, fabrication method and additive), 
mechanical factors (contact shape and size, electrode 
spacing and arc movement) and environmental factors 
(temperature, humidity, environmental media and 
pressure). In this work, the influence of material factor 
(alloy components) on arc erosion of Ag/MeO(10) was 
investigated. The above results indicated that alloy 
components had an important influence for 
microstructure, physical performance, mass change of 
arc erosion and arc erosion morphology of Ag/MeO(10) 
contact materials. So, it was desirable to discuss the 
influence of alloy components on arc erosion process and 
mechanism of Ag/MeO(10) electrical contact materials. 

Opening or breaking a contact pair in a low voltage 
switching system usually results in an arc being drawn 
between the contact pair. In the opening process, gas 
between electrode spacing became conductor from 
insulators due to the gas ionization and then resulted in 
the arc discharge. Arc discharge made the temperature 
rising and then led to arc erosion. At the same time, the 
collision between moveable and stationary contact will 
cause mechanical wear and bounce, which results in the 
arc time extending. In the breaking process, contact 
resistance increased due to the decrease of contact force 
and actual conducting area. At the instant of contact 
surface separation, the heat generated by electrical 
contact resistance will be concentrated to a very small 
range area and then make temperature rise quickly to 
metal melting point and boiling point. Finally, it may 
cause the explosive vaporization. Whether in opening or 
breaking process, arc will be generated between 
electrodes. Arc will repeatedly erode the contact surface 
and then result in the change of contact surface 
composition and morphology and temperature rising. 
The changes of contact surface composition mainly 
include floating, sinking and enrichment of the second 
phase particles with high melt point in the arc molten 
pool, enrichment of the matrix component, and surface 
contamination. Changes of surface morphology mainly 
include the melting, splash, liquid flow, evaporation and 
solidification of material. 

The above results indicated that alloy component 
had an important influence on the arc erosion of 
Ag/MeO(10) electrical contact materials. Arc erosion 
morphology of Ag/ZnO(10) and Ag/SnO2(10) electrical 
contact materials was similar, and that of Ag/CuO(10) 
and Ag/CdO(10) electrical contact materials was similar. 
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Fig. 6 Information on contact surface X profiles of Ag/MeO electrical contact materials at center point: (a, b) Ag/ZnO; (c, d) Ag/CuO; 
(e, f) Ag/CdO; (g, h) Ag/SnO2; (i, j) Ag/SnO2In2O3 



Chun-ping WU, et al/Trans. Nonferrous Met. Soc. China 26(2016) 185−195 

 

193
 

 
Fig. 7 Information on contact surface Y profiles of Ag/MeO electrical contact materials at center point: (a, b) Ag/ZnO; (c, d) Ag/CuO; 
(e, f) Ag/CdO; (g, h) Ag/SnO2; (i, j) Ag/SnO2In2O3 
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Arc erosion of Ag/ZnO(10) and Ag/SnO2(10) electrical 
contact materials was mainly liquid splash and 
evaporation, and that of Ag/CuO(10) and Ag/CdO(10) 
electrical contact materials was mainly material transfer 
from anode to cathode. Arc erosion of Ag/SnO2(6)- 
In2O3(4) electrical contact materials included both liquid 
splash, evaporation and material transfer. Arc erosion 
process schematic diagram of Ag/MeO(10) electrical 
contact materials in breaking process was represented in 
Fig. 8. When contact material moved from connect to 
disconnect position, contact force and actual conducting 
area necessarily gradually decreased, which resulted in 
the contact resistance increasing and contact surface 
temperature rising. So, when the contact materials began 
to break, contact surface melted and formed molten 
metal bridge between cathode and anode due to the 
contact resistance increasing and contact surface 
temperature rising. With the increase of spacing between 
cathode and anode, the metallic phase arc generated and 
discharged since the metal vapor between electrode 
spacing freed from the contact surface. Charged particles 
were mainly electron, metal ion and metal atoms. Metal 
ion and electron moved to cathode and anode surface 
under the action of electric field force, respectively. The 
metal ion deposited on cathode surface and formed peak, 
while the electron bombarded the anode and then 

resulted in the further rising on anode surface. So, the 
material transferred from anode to cathode (see Fig. 9), 
which can lead to the change of electrode spacing and 
cause the ration change between connect and break and 
finally lead to the failure of contact. 
 
5 Conclusions 
 

1) More detailed information of arc erosion 
morphology can be obtained by using 3D optical profiler, 
since it not only can characterize three-dimensional 
morphology but also can truly characterize the arc 
erosion surface profile of electrical contact materials, 
which is helpful to analyze arc erosion mechanism of 
electrical contact materials. 

2) Arc erosion morphology of Ag/MeO(10) 
electrical contact materials after 50000 operations under 
direct current of 19 V and 20 A and resistive load 
conditions mainly includes three types. Arc erosion 
morphology of Ag/ZnO(10) and Ag/SnO2(10) electrical 
contact materials was mainly liquid splash and 
evaporation, and that of Ag/CuO(10) and Ag/CdO(10) 
electrical contact materials was mainly material transfer 
from anode to cathode. Arc erosion morphology of 
Ag/SnO2(6)In2O3(4) electrical contact materials included 
liquid splash, evaporation and material transfer. 

 

 

Fig. 8 Arc erosion process schematic diagram of Ag/MeO(10) electrical contact materials in breaking process 
 

 

Fig. 9 Schematic diagram of material transfer from anode to cathode 
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3) In this experimental conditions, the arc erosion 
resistance of Ag/SnO2(10) electrical contact material was 
the best and that of Ag/CuO(10) electrical contact 
material was the worst. 
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摘  要：通过扫描电镜和三维光学轮廓仪观察 Ag/MeO(10)触头在直流 19 V、20 A 和阻性载荷条件下操作 50000

次后的电弧侵蚀形貌。结果表明：三维光学轮廓仪可以提供更清晰和详细的表面侵蚀形貌信息。在相同的测试条

件下，Ag/SnO2(10)触头的抗电弧侵蚀性能最强，而 Ag/CuO(10)触头的抗电弧侵蚀性能最差。Ag/MeO(10)触头的

电弧侵蚀形貌主要有三种类型。Ag/ZnO(10) 和 Ag/SnO2(10)的电弧侵蚀形貌主要是液体喷溅和汽化，Ag/CuO(10)

和 Ag/CdO(10)触头的电弧侵蚀形貌主要是材料从阳极到阴极的转移，而 Ag/SnO2(6)In2O3(4)触头的电弧侵蚀形貌

则既有液体喷溅和汽化又有材料的转移。此外，讨论不同 Ag/MeO(10)触头的电弧形貌的形成过程和机理。 

关键词：Ag/MeO 触头；合金组元；电弧侵蚀形貌；三维光学轮廓仪 

 (Edited by Yun-bin HE) 
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