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Abstract: In this work, an Ag-Ti,SnC composite was fabri-
cated by the hot-pressing sintering method, and the erosion
behavior of Ag-Ti,SnC with volume percentages of 10-40%
was studied at a load voltage of 10kV. The arc life and
breakdown current were observed at about 31-36 ms and
39 A, respectively. The cathode spot traveled the fastest on
the surface of the Ag—40vol% Ti,SnC composite. Due to
emission center model, the temperature of the minor pro-
trusions on the cathode surface increased, resulting in Ag
ions, Ti ions, and Sn ions being generated. Combining with
the ionized oxygen, Ag,0, AgO, TiO,, and SnO, were formed
on the eroded Ag-Ti,SnC surface after arc erosion. The
research results will broaden the application range of
Ag-Ti,SnC electrical contact material and enrich the arc
erosion mechanism.
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1 Introduction

Satellite relays, rocket long-distance signal transmission,
and circuit conversion essentially employ electrical contact
materials. Arc erosion will degrade the material structure,
reducing the service life of the material with considerable
costs to the national economy. During arc combustion, the
following features will be present: (1) The arc will travel on
the material surface once it starts, where the higher the arc
concentration and the harsher the erosion action on the
material, the slower the motion speed. (2) The molten pool
flow will accelerate through a combination of arc plasma
force, static pressure, and other factors, resulting in splashing,
pores, and bulges. The electrical contact material will repeat
the molten pool creation, material splashing, material solidi-
fication, and pore formation processes after several arc
erosion [1]. The electrical contact mechanical strength and
conductivity of the material will be dramatically diminished,
resulting in circuit breakdown, with a significant impact on
signal transmission accuracy and efficacy. The microstruc-
ture of electrical contact materials will have an impact on
arc combustion properties, and a good microstructure will
accelerate arc movement and scatter the arc throughout
the material surface. As a result, it is critical to choose the
right electrical contact material.

By altering the preparation procedure, researchers
have increased the arc erosion capabilities of materials.
The contact materials prepared by internal oxidation exhib-
ited fine and uniformly dispersed reinforcing phases, good
reinforcing effect, excellent resistance to arc corrosion, and
anti-melt welding [2-4]. However, oxygen diffusion was dif-
ficult to control, and the phenomenon of uneven oxidation
was prone to occur. The improper selection of temperature
during internal oxidation led to the inconsistency in oxide
particle size and the decrease in electrical properties [5]. The
powder metallurgy was commonly used in the fabrication of
electrical contact materials. Compared with the internal oxi-
dation and chemical coprecipitation methods [6], AgSnO,
materials prepared by powder metallurgy showed less arc
erosion and a shorter arc life [6,7]. The powders, such as Ag
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and MAX/Ag and SnO,/Ag, CuO, and In,03, were first mixed
by ball milling for some time, then the mixture was cold-
pressed into the green bodies under a certain pressure.
Thereafter, the green bodies were sintered for some hours
at a certain temperature with flowing Ar [8-11]. Prior to
sintering, the powder mixture was also annealed to release
milling stress [12]. Ag and ZnO powders were first formed by
cold isostatic press, and then the bulk materials were pre-
pared by hot isostatic pressing [13]. In addition, due to the
low sintering temperature and fast speed, Ag—WC, AgSnO,,
W-Cu-Ni electrical contact material via spark plasma sin-
tering exhibited a high density and uniform structure [14-16].
AgZn0 and Ag-TisSiC, electrical contact material prepared by
hot pressing sintering method also showed similar advantages
[17,18]. Vacuum-assisted material extrusion was performed to
eliminate matrix voids and improve the bonding quality of
deposited layers by reducing heat loss and entrapped air
during manufacturing [19-21]. The mechanical properties of
the material obtained by vacuum-assisted material extrusion
were improved compared with conventional methods, which
may be introduced in the fabrication of electrical contact
materials.

Adding additives and changing the distribution of addi-
tive CuO can greatly reduce the arc erosion of AgSnO, mate-
rials [12], which was another means to improve the material
performance. Furthermore, adding Bi,Os;, Y, or NiO was
shown to improve the electrical contact properties of AgSnO,
materials [4,22,23]. The physical properties of AgSnO,BiO3
electrical contact materials can be improved through a com-
bination of the melting atomization method and in situ reac-
tion [24]. The addition of Ni was found to improve the arc
erosion performance and dielectric strength of AgTiB, and
CuCr materials, respectively [25]. After adding graphite to a
CuW alloy, the arc was found to originally occur on the Cu-
specific crystal orientation transferred to graphite, which
greatly enhanced the arc erosion ability of the CuW alloy
[26]. Carbon nanotubes have been shown to effectively pro-
mote arc dispersion in TiB,/Cu materials and greatly reduce
the arc energy of TiB,/Cu materials [27]. Furthermore, an
increase in W content can reduce the fusion welding force
of Al,0;—Cu (Cr, w) materials and shorten the arc life [28].
However, additives can complicate the composition of elec-
trical contact materials, making the preparation process dif-
ficult to control stably. Moreover, additives will increase the
difficulty of material preparation and add to the production
cost. Therefore, it is urgent to develop a new electrical contact
material without additives.

MAX phase is a class of layered ternary compounds with
unique metal and ceramic properties, where M corresponds
to the early transition metal, A represents the A group ele-
ment, and X represents carbon or nitrogen [29,30]. Compared
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with metals, MAX phase materials exhibit higher mechanical
strength. The electrical and thermal conductivity of MAX
phase are better than those of ceramics. In addition, the
good mechanical processing performance of MAX phase
materials is popular with researchers. Sun et al. claimed
that the metal and MAX phase material did not diffuse
or react at high temperatures without additives, proving
that metal-MAX composites were suitable for electrical
contact materials [8]. The typical representative of MAX is
Ti;SnC material. The electrical resistivity of Ti,SnC material
is 0.22 yQm. The temperature coefficient of resistivity is
0.0032K™, and the coefficient of linear thermal expansion
is 10 x 10°K™. The Young’s modulus is 228 GPa and the
Vickers hardness is 3.5 GPa [29]. Recently, Zhou et al. calcu-
lated the interface energy of Ag and Ti,SnC using first prin-
ciples based on density functional theory, it was expected to
become a substitute for the new generation of electrical
contact materials [31]. Therefore, it is feasible to choose
Ti,SnC as the reinforcing phase of Ag matrix as the elec-
trical contact material [8,32-34]. Our previous work
showed that Ti3AlC,/Ti3SiC, material could protect the
Cu/Ag matrix [18,35,36].

In this work, Ag—(10-40 vol%) Ti,SnC composites were
fabricated by the hot pressing sintering method, and the
erosion behavior of the Ag-Ti,SnC contact material in an
air atmosphere was systematically studied.

2 Materials and methods

Ag powder (>99.9% purity, 200 mesh, Sinopharm Chemical
Reagent Co., Ltd) and Ti,SnC powder (>98%, 200 mesh,
Laizhou Kai Kai Ceramic Materials Company Ltd) with dif-
ferent contents were first put into a sealed plastic bottle
with a diameter of 80 mm and a height 0of 100 mm, and then
the plastic bottle was placed and fixed inside a V-type
mixing machine (VH5). The speed of the mixing machine
containing the sealed plastic bottle was 120 rpm, maintaining
for 2 h. The phases of the raw materials and the mixture were
detected by X-ray diffraction (XRD, SmartLabSE, Japan) with
Cu Karadiation at 40 kV and 50 mA, as shown in Figure 2. The
three-strong peaks ((111), (200), and (220)) of the Ag powder
(JCPDF No. 87-0597) are labeled in Figure 2(a). The three
strong peaks of the Ti,SnC powder (JCPDF No. 29-1353) were
located at the crystal planes of (002), (100), and (103), as indi-
cated in Figure 2(b). The peak intensity of the Ti,SnC of the
mixture in Figure 2(c) increased with the increase in the
Ti,SnC content, which was much weaker than the Ag phase.
These results were consistent with the ratio of raw materials.
Then, the mixture was placed into a high-strength graphite
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Figure 1: Curves of R, vs length of (a) Ag-10vol% Ti,SnC, (b) Ag-20 vol% Ti,SnC, (c) Ag-30vol% Ti,SnC, and (d) Ag-40 vol% Ti,SnC.

mold and coated with BN on the inner wall. The mold was
placed inside the hot-pressing sintering furnace (ZT-40-20Y,
Shanghai Chenhua Science Technology Corp., Ltd), and 30 MPa
of pressure was applied. After drawing air in the furnace to 10~
Pa, argon gas was injected into the furnace. Subsequently, the
mold was heated to 700°C and held for 30 min. Finally, for the
phase detection and arc erosion test, the bulk was polished to a
mirror surface using abrasive paper, and an optical micro-
scope was employed to record the surface morphologies of
the polished samples. The arithmetical mean deviation of
profile (R,) of polished Ag-Ti,SnC samples, measured via
Surface roughness tester (MarSurf PS 10) is displayed in
Figure 1, where the value of R, is less than 0.1 um. The
sintered density and relative density of Ag-Ti,SnC compo-
site, via Archimedes method are listed in Table 1. The arc
erosion test was carried out using self-made arc erosion
equipment. During the test, the polished sample and W
rod were chosen as the cathode and anode, respectively,
where a load voltage of 10 kV was applied to the electrodes.
For details on the arc erosion progress, see the study by
Huang et al. [37]. After the arc erosion test, a high-resolution
oscilloscope (ADS1102CAL) was used to record the test para-
meters. Three-dimensional laser scanning confocal micro-
scopy (3D LSCM, VK-X1000) was carried out to analyze and
reconstruct the characteristics after the arc erosion test. To
compare the composition changes of the sample, Raman spec-
troscopy (Lab RAM-HR) was used to determine the composition
before and after arc erosion testing. The compositional changes

Table 1: The sintered density and relative density of Ag-Ti,SnC
composite

Ti,SnC content Sintered density Relative
(vol%) (g/cm®) density (%)
10 9.758 97.1

20 9.081 93.8

30 8.515 92.8

40 7.878 90.2

and microstructures of the samples were recorded by a field-
emission scanning electron microscope (FE-SEM, SU8020)
equipped with energy dispersive spectroscopy (EDS).

3 Results
3.1 Microstructure of fabricated samples

After sintering, the mixed powders turned to bulk, as
shown in Figure 3(al). As presented in Figure 3(a2), the
sample had a mirror surface with a 15 mm diameter, and
the height was about 3 mm. The XRD patterns of the sam-
ples (Ag-10-40 vol% Ti,SnC) are shown in Figure 3(b). We
observed that no other phase was detected on the surface,
indicating that the silver powder did not react with the
Ti,SnC powder after sintering. From lines (5)-(8), the peak
intensity of the Ti,SnC phase increased with the increase in
the Ti,SnC content. The Raman spectroscopy results of the
polished sample are shown in Figure 3(c), and the laser
acted inside the yellow rectangle in the inset. The 247 cm™
peak was labeled in the spectrum, which belonged to Ti,SnC
[38], indicating that the gray phase was Ti,SnC. The optical
micrographs of the Ag-Ti,SnC composite are displayed in
Figure 4. The gray phases were evenly distributed on the
surface, and we observed that with an increase in Ti,SnC
content, the gray phase increased gradually.

3.2 Arc parameters of eroded Ag-Ti,SnC
cathodes

The current-time curves of the Ag-Ti,SnC composite are
shown in Figure 5, where the vertical axis indicates the
current value in the figure. Once an arc occurs, the current
reaches the maximum first and is called the breakdown
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Figure 2: XRD patterns of (a) the Ag powder, (b) Ti,SnC powder, and (c) mixture of Ag with 10-40 vol% Ti,SnC powder.
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Figure 3: (a1) The sintered block; (a2) the polished samples; (b) XRD pattern of the Ag—(10-40 vol%) Ti,SnC composite; and (c) Raman spectroscopy of
the Ag-40 vol% Ti,SnC composite.

Figure 4: Optical micrographs of (a) Ag-10 vol% Ti,SnC; (b) Ag-20 vol% Ti,SnC; (c) Ag-30vol% Ti,SnC; and (d) Ag-40vol% Ti,SnC composite.
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Figure 5: Current-time curves at a load voltage of 10 kV for the Ag-Ti,SnC composite with Ti,SnC of (a) 10 vol%, (b) 20 vol%, (c) 30 vol%, and (d)

40 vol%.

current. The breakdown current of the Ag-Ti,SnC com-
posite was around 39 A with Ti;SnC content from 10 to
40vol%. When the current value was close to zero, the
arc was extinguished. The period from the beginning of
arc erosion to extinction is called arc life. The values of
arc life and breakdown current are displayed in Table 2.
The arc life of the Ag-Ti,SnC composite remained about
31-36 ms. The arc energy was related to the arc life, break-
down current, and load voltage, which can be calculated
using equation (1) [39].

E=UlIt, @

where E is the arc energy (]), U is the load voltage (kV), I is
the breakdown current (A), and ¢ is the arc life (ms). The
calculation results are listed in Table 2. The breakdown
current of Ag—40vol% Ti,SnC was 39.6 A, which was much
lower than Ag—40 vol% TiSiC; (50.2 A) [18]. Similarly, the arc
energy of the Ag-Ti,SnC composite was about 12-14 K],
which was also lower than Ag-Ti;SiC, at the same load
voltage [18]. The electric current of AgZnO [13], AgSnO,
[11], AgCuO [40], AgCuOIn,03Sn0, [10], AgWC30 [41], AgTiB,
[25], AgTiB,WO5 [42], Al,05-Cu/(W, Cr) [28], and Ag-La,Sn,04/
SnO, [43] ranged from 10 to 30 A. The arc voltage of those
electrical contact materials varied from 12 to 4,500 V. The arc
current and voltages used in the above materials were
small, the arc energy was therefore far less than that of
Ag-Ti,SnC material (12478 J-14644 ]). However, due to the
smaller arc energy for one arc erosion, the experiment
was needed to be carried out tens of thousands of times
[10,11,13,25,40—49]. That is why only one time arc erosion
experiment was carried out here, where a single arc

Table 2: Arc parameters of the Ag-Ti,SnC composite at a load voltage
of 10 kv

Ti,SnC content (vol%) 10 20 30 40
Breakdown current (A) 39.2 39.6 38.8 39.6
Arc life (ms) 34.26 36.98 34.53 31.51
Arc energy (x10%)) 13.430 14.644 13.398 12.478

energy was sufficient to damage the surface of Ag-Ti,SnC
electric contact material, and the surface morphology and
composition could be analyzed.

3.3 Morphology and content on the eroded
surface

To observe the morphological characteristics after arc ero-
sion, 3D LSCM was used to record the overall morphology
and three-dimensional characteristics. The image shown in
Figure 6 was obtained by the laser and color mode, and the
eroded center areas are labeled by circles in the figure.
With an increase in Ti,SnC content from 10-30 vol%, the
erosion center area gradually became larger. As shown in
Figure 6(a)-(c), the arc was concentrated at one point,
forming a circle arc area on the surface. When the Ti,SnC
content increased to 40 vol%, an interesting phenomenon
occurred, and the arc area was no longer concentrated at
one point. After the arc started at one point, as shown by
the circle in Figure 6(d), it jumped on the Ag—40vol%
Ti,SnC composite surface very fast. The arc life of the
Ag-40vol% Ti,SnC composite was 31.51ms, which was
the shortest among the Ag-Ti,SnC composite. This phenom-
enon was consistent with the movement of the cathode spot,
which will be further discussed in Section 4.3. The three-
dimensional morphology is shown in Figure 7, and except
for Figure 7(c), the morphology of the Ag-Ti,SnC composite
after arc erosion was even without obvious bulges and
pores. The arc concentrated at one point on the Ag-30 vol%
Ti,SnC composite surface, causing the arc energy to concen-
trate at this point. When the arc was extinguished, numerous
bulges and pores formed on the surface.

To determine the chemical composition change of the
eroded Ag-Ti,SnC composite, the microstructure was further
amplified by a SEM, as shown in Figure 8, where the morphol-
ogies in Figure 8(b) and (c) corresponded to the morphologies
inside the same color rectangle in Figure 8(a). Many bulges
formed on the eroded Ag-Ti,SnC composite surface, as
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Figure 6: Micro-images of the eroded Ag-Ti,SnC with Ti,SnC content values of (a) 10 vol%, (b) 20 vol%, (c) 30 vol%, and (d) 40 vol% obtained in laser
color mode using a three-dimensional laser scanning confocal microscope.
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Figure 7: Three-dimensional morphology of eroded Ag-Ti,SnC with the Ti,SnC content of (a) 10 vol%, (b) 20 vol%, (c) 30 vol%, and (d) 40 vol%.
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Figure 8: (a) SEM of Ag-40 vol% Ti,SnC; (b) and (c) amplified images of (a); (d) the EDS result of point 1 in (b).

indicated by the arrows in Figure 8(b) and (c), and micro-
cracks are indicated by the circles in Figure 8(b) and (c). Spot
scanning acted at point 1 in Figure 8(b), and the results are
shown in Figure 8(d). After arc erosion, Ag, Ti, and Sn ele-
ments were detected on the eroded surface. Furthermore, N
and O elements were found in the EDS results, indicating that
oxides or nitrides were generated after the arc erosion test.

To further clarify the products after arc erosion, Raman
spectroscopy was carried out on the eroded area. The results
are presented in Figure 9, where the laser acted on the areas
in the yellow rectangles inside the insets. At the edge of the
erosion area in Figure 9(a), the peaks (247, 669, and 916 cm™)
of Ti,SnC were observed [38,50]. The peak at 1,049 em™ in
the Raman shift belonged to the Ag element (R0070754), and
the peak value of 1,121 em™? belonged to SnO, (R040072). The
results in Figure 9(a) indicated that a part of Ti,SnC decom-
posed and was oxidized at the eroded area. When the laser
acted at the yellow rectangle in Figure 9(b), the peaks of 885
and 1,054 cm™* were detected, which belonged to Ag,0 [51].
Except for Ag,0 (935 and 1,059 ecm™) [51,52], the peaks
belonging to AgO (302 and 990 cm™) [53,54] and SnO, (691
and 818 cm™?, R050502 and R040017) were found in the
Raman shift in Figure 9(c). As shown in Figure 9(d), the
peaks at 148, 202, and 516 em™? were attributed to TiO,
(R050363, R120013, and R070582), and the peak at 247 cm™*
was assigned to Ti;SnC [38]. The four characteristic bands at
335, 781, 870, and 967 cm™! were assigned to SnO, (R050502,
R040017, R050502, and R060563), and the 1,072cm™ peak

belonged to Ag,0 [52]. The Raman spectra in Figure 9 indi-
cated that the Ag-Ti,SnC composite decomposed and oxi-
dized to AgO, Ag,0, TiO,, and SnO,. No nitrides were
detected on the eroded surface.

4 Discussion

4.1 Generation of arc discharge

Gas discharge can be divided into non-self-sustained dis-
charge and self-sustained discharge. When the current
between the two electrodes was greater than a certain
value, the gas conduction process itself could produce the
charged particles needed to maintain conduction. This type
of gas discharge only required additional measures to pro-
duce charged particles and induce ignition at the begin-
ning. Once the discharge started, the additional measures
were canceled, and the discharge process could continue.
The discharge process itself could produce the charged
particles required to maintain the discharge, which was
called self-sustaining discharge [55]. The arc discharge
belonged to the self-sustaining discharge and the arc dis-
charge possessed the characteristics of lowest voltage,
maximum current, highest temperature, and strongest
luminescence. The charged particles that could maintain
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Figure 9: Raman spectra of the eroded Ag-Ti,SnC composite of (a) Ti,SnC and Sn0O,, (b) Ag,0, (c) AgO, Ag,0 and SnO,, (d) TiO,, Ti,SnC, SnO,

and Ag,0.

arc combustion consisted of electrons, positive ions, and
negative ions. These particles were mainly produced by two
physical processes, namely, gas ionization between the elec-
trodes and electron emissions on the electrode surface. At
the same time, this was accompanied by other processes
such as dissociation, excitation, and recombination.
Although Ag-Ti,SnC composites were polished to a
mirror face, the surface roughness of Ag-Ti,SnC is shown
in Figure 1. It can be seen that the value of R, was less than
0.1 um, meaning that there were still some minor protru-
sions existing on the cathode surface. According to the
emission center model, the field strength at the micro pro-
trusions on the cathode surface are very strong, and the
heat generated by the field electron emission current in the
area will increase the temperature at the micro protru-
sions. If the temperature is increased to a certain height,
the field emissions will change into blasting electron emis-
sions [56]. The minor protrusions existed on the cathode

surface. When a load voltage of 10 kV was applied to the
electrodes, the temperature of the minor protrusions increased.
If the energy were to exceed the work function of the surface
electrons, the electrons would escape from the surface. After
electrons escaped, the Ag-Ti,SnC cathodes with lost electrons
would become Ag ions, Ti ions, and Sn ions. The escaped elec-
trons and these positive ions together formed a metal vapor. In
1971, Boddy and Utsumi first discovered that under atmospheric
pressure, the arc combustion process was divided into two
stages, namely, metallic phase and gaseous phase [57]. There-
after, two main phases (metallic phase and gaseous phase) were
proven to be present in the break arcs of resistive circuits
spectroscopically [58]. In addition, the second gaseous phase
is not present in vacuum arcs [58]. Since metal ions are elimi-
nated in the process of inter-diffusion, the gas phase arc gener-
ated by ionization of the surrounding gas particles plays a
greater part. The electrons on the cathode surface could also
be emitted by light, an electric field, and particle collision [59].
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Furthermore, the charged particles that sustained arc combus-
tion were also ionized by gas. Under the action of an electric
field between the two electrodes, the electrons moved toward
the anode. During this process, the electrons collided with the
atoms in the air, causing atoms to ionize into positive and
negative ions, which was known as gaseous phase. In addition,
the gas particles could be ionized by heat and light. The transi-
tion boundary from metallic to gaseous phase was closely
related to arc voltage, air pressure, gas types, materials, and
so on [60-62]. Kiyoshi Yoshida and Sunao Tanimoto experimen-
tally studied the arc transition from metallic to gaseous phase in
Ag, AgCu, and AgSnO, [63,64]. The experiment was executed
within the range of the source voltage from 12 to 48V in air
condition. They concluded that the gaseous phase arc transit
was not caused in 24V or less [65]. Here the arc voltage was
10 kV, which was much more than 24 V. In addition, arc erosion
test was carried out under air condition. Therefore, the arc
combustion process of Ag-Ti,SnC, specifically the plasma cloud,
was formed by the combination of metal vapor and gas ioniza-
tion. Considering the complexity of factors affecting arc transi-
tion from metallic to gaseous phase, it is necessary to further
study the arc transition of Ag-Ti,SnC under air condition.

4.2 Movement of the cathode spot

During arc combustion, we observed a very bright plasma
region with irregular movement on the cathode surface,
which was called the cathode spots. These cathode spots
were the center of emitting electrons, ions, metal vapor,
and ejected droplets, which played a decisive role in the
erosion of electrode materials and the continuity of cur-
rent [56]. If a micro protrusion was completely consumed,
the cathode spot would appear at the nearest neighboring
protrusions until the arc was extinguished. When the con-
tent of Ti,SnC increased, the boundaries between Ag and
Ti,SnC increased, resulting in the formation of more pro-
trusions during the polishing process. Although the arc life
was about 31-36 ms, the increase in protrusions on the
surface of Ag-40vol% Ti,SnC could cause the cathode spots
to move to a longer distance than Ag-30 vol% Ti,SnC. In the
cathode spot area, molten pools formed, causing the
Ag-Ti,SnC cathodes to melt and splash. Under the action
of the Marangoni effect, bulge morphologies formed in
Figure 8(b) and (c) [66]. When the arc was extinguished,
the molten material solidified, and minor cracks and
bulges formed on the surface.

Influence of Ti,SnC content on arc erosion resistance in Ag-Ti,SnC composites
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4.3 Phase change after arc erosion

During arc combustion, Ag and Ti,SnC on the cathode sur-
face decomposed into Ag ions, Ti ions, and Sn ions, and
these ions combined with the O anions ionized in the air to
form TiO,, Sn0,, AgO, and Ag,0, as shown in Figures 8(d)
and 9. Due to good wettability between Ag and SnO, [32],
Sn0, was likely the new starting point for cathode spot
movement. Therefore, the movement range of the cathode
spots on the material surface was the largest on the surface
of Ag—40vol% Ti,SnC, resulting in the morphology shown
in Figure 6(d).

5 Conclusion

Ag-Ti,SnC composite was fabricated by the hot-pressing
sintering method. The erosion behavior of the Ag-Ti,SnC
composite with varying contents of Ti,SnC was studied.

1) The breakdown current of Ag-Ti,SnC composite is around
39 A with the Ti,SnC content varying from 10 to 40 vol%,
which is lower than that of Ti;SiC, (52.6 A) material in our
previous study. The arc energy of Ag-Ti,SnC composite is
about 12-14 k], which is also lower than that of Ag-TisSiC,
at the same load voltage.

2) The arc concentrates at one point on Ag—(10-30)vol%
Ti,SnC composite surface. The arc jumps on the Ag—40 vol%
Ti,SnC composite surface very fast. The arc life of
Ag-40vol% Ti,SnC composite is 31.51 ms, which is the
shortest among the Ag-Ti,SnC composite.

3) The morphologies of bulges and pores are formed on
the eroded surface of the Ag-Ti,SnC composite.

4) Metal oxides, such as Ag,0, AgO, TiO,, and SnO, are
detected on the surface.

5) During arc combustion, Ag and Ti,SnC on the cathode
surface decomposed into Ag ions, Ti ions, and Sn ions.
The arc combustion process of Ag-Ti,SnC was formed
by the combination of metal vapor and gas ionization,
which may be measured by spectrometric method sys-
tematically in the future.
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