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Joining and properties of electrode for CoSb, thermoelectric materials
prepared by a spark plasma sintering method
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Abstract CoSb,-based skutterudite compounds are promising candidates as thermoelectric (TE) materials used in
intermediate temperature region. In this study, sintering of CoSb; powder and joining of CoSb, to copper-molybdenum
electrode have been simultaneously performed by spark plasma sintering technique. The Ti foil was used for preventing the
diffusion of copper into CoSb, and the Cu: Mo =3:7 Vol. ratio composition was -selected by the consideration of thermal
expansion coefficients. The insertion of Ti interlayer between Cu-Mo and CoSb, was effective to join CoSb, to Cu-Mo by
forming an intermediate layer of TiSb, at the Ti-CoSb, boundary. However, the formation of TiSb and TiCoSb intermediate
layers deteriorated the joining propetties by the generation of cracks in the interface of intermediate layer/CoSb, and
intermediate/intermediate layers.
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Cu-Mo AL Cu powder(99.9 %, Sigma-Aldrich,
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Fig. 15 Cu:Mo=3:7 F38] 249 Cu-Mo &2
AZ olgated AF 7oA 900°CoA 108 B3t

Table 1
Relative density and thermal expansion coefficient of sintered Cu-
Mo electrodes

Composition Relative Thermal expansion
(Cu: Mo, Vol. ratio)  density (%)  coefficient (10 K™
1:9 93 6.59

2:8 95 7.65

3:7 97 8.50

4:6 98 9.87

5:5 98 1121
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Fig, 1. Microstructure of () Ti/Cu-Mo interface and (B)EDS
line profile analysis of Ti/Cu-Mo interface joined at 900°C for
10 min.
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Fig. 2. Back-scattered electron images of CoSby/Ti interfaces
joined at various temperatures: (a) 550°C, (b} 580°C and (c)
600°C.
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Fig. 3. Back-scattered electron images of CoSby/Ti interfaces
joined at 580°C for various time: (a) 5 min, (b) 10 min and (c)
15 min.
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Fig. 4. Back-scattered electron images of CoSb,/Ti interfaces
after heat-treatment at 580°C for (a) 1 day and (b} 4 days.
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Table 2
EDS (Energy Dispersive X-ray Spectrometer) analysis results of
the marked areas in Fig. 3(c) and Fig. 4(b)

Position  Fig. 3(c) Fig. 4(b)
Element (At.%) Q@ ® @ 6 6
Ti - 32 100 32 33 49
Co 24 - - 32 -
Sb 76 68 - 68 35 51
Total 100 100 100 100 100 100

Fig. 5. Back-scattered electron images of CoSb,/Ti interface
after a tensile strength test.
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