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AgSnO; Electrical Contact Material Prepared by Spark
Plasma Sintering

XIONG Qingfeng, WANG Song, XIE Ming, CHEN Yongtai, ZHANG Jiming, WANG Saibei
(State Key Laboratory of Advanced Technologies for Comprehensive Utilization,
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Abstract: Ag-10%SnO, electrical contact material was prepared by spark plasma sintering. The
microstructures, fracture appearances, arc erosion surfaces and sintering process of the material were
investigated. The experimental results showed that there are three basic stages in the spark plasma
sintering process. During the sintering process, the shape and size of each particle changed with the
formation of grain boundaries. The SnO, particles distribute diffusely in Ag matrix, and there is no
particles gathering together in the matrix. The Ag-10%Sn0O, material thus prepared could keep the grains
fine and has high strength and good ductility due to fine grain strengthening. The tensile fracture
morphology of the material heated by SPS at 800°Cfor 5 min shows a great number of large and deep
dimples, in which the oxide particles exist. The fracture mode of the Ag-10%SnO, material is the
microporous polycondensation plastic fracture. The arc erosion surfaces of the material show a large
number of paste-like coagulum and bubbles.
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Silver-tin oxide materials have acceptable arc and practical processing and jointing properties. The
resistance, sufficient safety with respect to contact  material has been considered to be best substitute for
welding, comparable low material migration with low traditional AgCdO material! *. Ag-10%Sn0, material

contact resistance and good over temperature behavior,  is the focus of researches in contact materials in recent
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years. It has got a rapid development and has

gradually been applied to current contactors, power

relays and low-voltage circuit breakers™ "

. Many
researchers have been interested in how to fabricate
the Ag-10%Sn0O, electrical contact material more

including powder metallurgy, internal

[11-15]

efficiently,
oxidation and hot pressing . Recently, it was
reported that the spark plasma sintering (SPS)
technology can prepare the electrical contact material

118 In present study, the

successfully and efficiently!
authors attempted to obtain Ag-10%SnO, electrical
contact material by SPS. The microstructures, sintering
process, fracture appearances and arc erosion surfaces

of the material were comparatively investigated.

1 Experiment

Ag and SnO, powders with purity of more than
99.9% were used as the raw material in the experiment.
Fig.1 shows the SEM images of Ag and SnO, powders.
Ag powders are sphere-like and SnO, powders are
porous sponge-like. Ag and SnO, powders were mixed
with a certain mass ratio (Ag/Sn0,=90/10), and then
sintered into blocks of 15 mm by SPS-515S system
at 800°C for 5 min under 40 MPa. Microstructure
observations were carried out by Leica DM4000M
optical light microscope and Hitachi S-3400N scan-
ning electron microscope. The arc erosion experiment
was held by JF04C.

Fig.1 SEM images of the raw powders for Ag (a) and SnO, (b)
Bl 1 ¥ (2 SnO, (b) R gk R K3 R G A

The arc erosion experimental parameters are
showed in Tab.l. The tensile test was performed by
AG-ICI0KV tester at room temperature with a

crosshead speed of 2 mm/min.

Tab.1 Parameters of the arc erosion experiment

®1 BNRMLBRSH

Variables Magnitude
Voltage /V 17
Current/A 15
Distance between the contacts/mm 1
Closure pressure /cN 70
Contact frequency/(times/min) 60
Number of operation 10000

2 Results and discussion

2.1 Microstructure and physical properties of

AgSnO, material

SEM images of Ag-10%SnO, material prepared
by spark plasma sintering at 800°C for 8 min are
shown in Fig.2. The dark and gray parts are SnO,
particles and Ag matrix, respectively. The SnO,
particles exist diffusely in Ag matrix and there is no
particles gather together in the matrix. It can be
concluded that due to the rapid sintering of SPS
process, the original status of the material is
maintained and the particles do not grow up
excessively. The binding between Ag phase and SnO,
phase is very strong.
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Fig.2 Microstructure of Ag-10%Sn0O, material
2 Ag-10%SnO, # B HI T AR

Tab.2 shows the physical properties of the
Ag-10%Sn0, material by SPS at 800°C for 5 min
under 40 MPa. As we can see form Tab.2, the tensile
strength, elongation, density, resistivity, hardness of
the Ag- 10%Sn0, are 287 MPa, 21%, 9.85 g-cm™,
221 pQ-ecm, HV 90, respectively. Due to the
advantages of rapid sintering, short sintering time and
fast cooling of SPS technology, the Ag-10%SnO,
material could keep the fine grains and obtain high

strength and good ductility by fine grain

strengthening.

Tab.2 Physical properties of Ag-10%SnO, material by SPS
R 2 JBAEETHREK Ag-10%Sn0, PR YIE AR

Physical properties Magnitude
Tensile strength/MPa 287
Elongation/% 21
Density/(g-cm™) 9.85
Resistivity/(uQ-cm) 2.21
Hardness/HV 90

2.2 Spark plasma sintering process

Sintering is a fundamental process to densify the
Ag and SnO, powders. During the sintering process,
the shape and size of each particle change with the
formation of grain boundaries. This change is accom-
panied by the change of shape, size and fraction of
pores in the Ag matrix. Images of the SPS process of
AgSnO, material were shown in Fig.3.

Fig.3 Images of the SPS process of AgSnO, material

[(a). initial stage; (b). intermediate stage; (c). final stage]

B3 AgSnO, MBI RS FRETER
[(a). WIUEBYEL: (b). TFIHBNEL: (o). £ THYEL]

It can be found from Fig.3 that there are three
basic stages in the process of the spark plasma
sintering of AgSnO, material. As showed in Fig.3 (a),
in the initial stage, material is transported from
higher-energy convex particle surfaces to the
lower-energy, concave intersections between adjacent
particles to form necks. The powder particles of
AgSnO, material fuse together and the area of contact
gradually increases. Mass is only transported from the
convex to the concave areas and the relative density is

about 40%~50%. As showed in Fig.3 (b), in the

intermediate stage, the inter-particle necks grow. The
area of grain boundaries increase, the pore diameters
decrease, and the relative density increases to about
70%~85%. As showed in Fig.3 (c), in the final stage
pores are gradually eliminated and the relative density
further increases. The relative density is about 99%. In
present study, we obtained AgSnO, material with the
relative density of 99.7% by SPS at 800°C for 8 min
under 40 MPa.
2.3 Fracture appearances

Fig.4 shows the tensile fracture appearances of the
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AgSn0O, material sintered by SPS at 800°C for 5 min
under 40 MPa. The tensile fracture morphology shows
a great number of large and deep dimples. It is
illustrated that the severe plastic deformation occurs
Plastic
deformation takes place first at the crack tip and

before breaking failure of the material.

spreads across the solid as the applied load is increased

beyond general yielding. It can be also seen from Fig.4
(b) that the particles are occasionally separated and
pulled out, and the tear ridges leave behind in the large
feature
demonstrates that the SnO, particles combine firmly

and deep dimples. This deformation

with the Ag matrix. The fracture mode of the material is
the microporous polycondensation plastic fracture.

Fig.4 Fracture appearances of Ag-10%Sn0O, material

[(a). low magnification; (b). high magnification]
Bl 4 Ag-10%SnO, ¥kl O 5
[(a). MEAEHRF s (b). mfEHE ]

2.4 Arc erosion surface analysis

Fig.5 shows the arc erosion surface of the AgSnO,
material sintered by SPS at 800°C for 5 min under 40
MPa. The arc erosion surface shows a large number of
paste-like coagulum and bubbles. Because of the sticky
liquid metal and the fast solidification, there is no time
let liquid to spread out. The paste-like coagulum is
formed. As shown in Fig.5, we can clearly see the sags

and crests on the surface of the coagulum. This is
because the liquid metal splash and the liquid bridge
breaking formed by the action of the arc. With the melt
of the AgSnO, material, the oxygen in the air quickly
dissolves in the liquid Ag matrix. Due to the fast
solidification, the dissolved oxygen can not be
immediately discharged and then the bubbles are

formed.

Fig.5 Arc erosion surface of AgSnQO, material for anode (a) and cathode(b)

B 5 PR (2)FBI R (b)AgSnO, AR LI E MR T 50
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3 Conclusions

(1) Spark plasma sintering technology has been
used to prepare the Ag-10%SnO, material success-
fully. The SnO, particles distribute diffusely in Ag
matrix, and there is no particles gathering in the Ag
matrix.

(2) There are three basic stages in the process of
the spark plasma sintering of Ag-10%SnO, material.
During the sintering process, the shape and size of
each particle change with the formation of grain
boundaries.

(3) The tensile fracture morphology of Ag-10%
SnO, material shows a great number of large and deep
dimples, which means than the material has good
plastic deformation capacity. The arc erosion surface
of the material shows a large number of paste-like
coagulum and bubbles.
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