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Abstract: The thermoelectric generator could convert the waste heat into electricity and reduce carbon dioxide
emissions. This meets the national development needs for energy conservation and emission reduction, and fi-
nally helps realize the carbon neutrality. The heat and electric conduction model was established to explain the
internal mechanism of high output power of the porous thermoelectric foam. The effects of geometry and poros-
ity on the fracture failure of the porous thermoelectric foam were also discussed. Then, the influential mecha-

nism of fracture on the energy conversion performance of the porous thermoelectric foam was revealed. The re-
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sults show that, the interfacial shear stress between the thermoelectric foam and the metal layer will decrease
with the porosity. As long as an internal crack of the porous thermoelectric foam starts to extend, it will not
stop until the device is completely broken. Moreover, the output power will first increase to the peak value and
then decrease with the crack propagation. This is because the crack propagation indirectly raises the porosity of
the thermoelectric foam and the contact area between the thermoelectric foam and the waste heat, and in turn
promotes the output power of the thermoelectric device. With further crack propagation, both the thermal con-
ductivity and the electrical conductivity of the thermoelectric foam will weaken, and the output power of the

thermoelectric foam will decrease.
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Fig. 1 Samples of the porous thermoelectric foam and the thermoelectric power generation

1 AT A B B

1.1 [EE#R

AL 2 s B 2L IR A8, &R 2 (1#F0 2#) 5 N B4R P R AL BRI B E — e, IF 54
fif gk R, ZH R R LI F IR R/ INMEAE 1P VR N AR A i rp AR R0, 43 2 2 7 ORI L~ 76 U E A6 B 1
T, a3 ORI, 7 M TR s B R I T, T4 Seebeck FL#AWN BUHGH R AT PR ER R A 4 [R] A0 K 28 | 56
AEEE 435I L, WA H R IS E ORI IR IR T, R PR N T, YR R BRI, &8 2 1# i
JE 55 PR AR (], AR F R P B i il BE A Ry T, TR S R FE T, A8,

[18]

2 ZALMK I B TR
Fig. 2 Schematic diagram of the circuit for the porous thermoelectric foam for power generation
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Table 1 ~ Material properties of dense lead telluride and copper!?*!

parameter value
thermal conductivity k; /(W -m™'-K™!) 1.73
electrical resistivity p, /(Q 7' -m™") 6.37 x107*
Seebeck coefficient S /(wV +K™) 274
thermal expansion coefficient at; /K™ 4.1 x107
Young’ s modulus £, /GPa 51.76
Poisson’ s ratio v, 0.28
thermal expansion coefficient oy /K™ 1.76 x107°
Young’ s modulus £, /GPa 119
Poisson’ s ratio v, 0.326
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Fig. 4 Distributions of interlaminar shear stress 7, and power output P, vs. the porosity
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