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Abstract: In recent years, some studies have found that thermoelectric materials exhibit ideal characteristics to realize energy
efficiency. Among thermoelectric materials, Bi,Te; compounds, discovered in the 1950s, exhibit the highest thermoelectric
conversion performance at room temperature, and their alloys have been widely applied in many fields, such as radioisotope
thermoelectric generators and polymerase chain reaction amplifiers. The compounds have become the most widely used commercial
materials. The connection between the electrode and thermoelectric material is typically achieved by welding in a thermoelectric
cooling device. If the thermoelectric element is in direct contact with a solder, they readily diffuse into each other. With a vigorous
diffusion reaction at the interface, many dislocations are generated, decreasing the shear stress and interface adhesion strength; and

eventually leading to the failure of the thermoelectric device. The addition of a Ni-based alloy barrier layer between the two materials
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is the most widely used method for solving this problem. However, the preparation of Ni-based alloys has the problem of
incompatible properties during the previous preparation process, which may produce defects and uneven coatings. Using a single
element as a barrier layer can reduce or even prevent these phenomena. The thermal spraying process has received increasing attention
owing to the advantages of simple operation, uniform coating, and large-area spraying, in large-scale projects, the thermal spraying
process can significantly facilitate construction progress. However, few studies on applying thermal sprays to synthesizes Ni plating
as a barrier layer have been conducted. Other, traditional methods of adding a Ni barrier layer, such as electroplating and plasma
sintering, may cause difficulty in controlling the interface coating thickness, and frequent oxidization of the coatings. The effect of
Ni-spray coatings of different thicknesses on the interface of bismuth telluride was evaluated by accelerating the aging methods, and
some problems arising from thermoelectric devices in the operating process were investigated based on the degree of diffusion of the
material interface through annealing and thermal cycling experiments. Ni layers with various thicknesses were prepared by thermal
spraying, and annealing experiments were performed for 24, 72, and 144 h at 200 °C. First, the effects of p-type and n-type bismuth
telluride materials with various Ni layer thicknesses on the coating hardness and anti-diffusion effect were investigated, and p-type
and n-type samples were prepared in thermoelectric devices for operating performance tests. The results show that the annealing
process minimally influences the Ni coating hardness of p-type materials, with the hardness fluctuating within 10%. In contrast, the
process can significantly decrease the Ni coating hardness of n-type materials by 56.36%, indicating that Ni is a superior choice as a
diffusion barrier in p-type bismuth telluride materials of almost all the elements in Big4Sb; ¢Te;. However the blocking effect of the
n-type material is not evident, and the Ni barrier can only weakly block the diffusion of elements except Te in Bi,Te,;Seq3. The
electrical resistance in the internal resistance of Ni-plated devices can change by less than 5% after 25 000 thermal cycles,
significantly increasing the service life compared to non-Ni-plated devices.

Keywords: Bismuth telluride; non-diffusion layer; Ni plating; thermal spraying
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Table1 Arc spray parameters

Spray the Spray height/  Wire feed current/  Spray voltage /
sample cm A \
p-type 18 70-80 30
n-type 18 70-80 30

(a) 20 pm

(b) 30 um
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Table2 Ni/Bi,Te,;Se3 Interfacial diffusion layer composition by atomic content
Nickel coating thickness / Atomic percent / at.% Main phase
Hm Ni Bi Te Se Sn
20 53.94 15.22 28.88 1.93 0.03 Ni(Bi,Te)
30 64.63 5.05 29.23 1.10 - Ni(Bi,Te)
45 49.38 13.79 35.54 0.75 0.53 Ni(Bi,Te)
c #3 Sn/Ni/BiyTey;Seys KRN ATREE
Table3 Sn/Ni/Bi,Te,;;Sey; joint hardness before annealing
Nickel coating thickness / um 20 30 45
> Joint hardness of Sn / Ni/ Bi,Te;7Seos3 / HV 3 61 53 55
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Fig. 2 Ni/Bi,Te,;Se; interface line scanning energy

spectrum analysis of spraying 20 pm Ni without annealing
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Table 4 Ni/ Bij4Sb;¢Te; interfacial diffusion layer composition by atomic content

Atomic percent / at.%

Nickel coating thickness / um Main phase
Ni Bi Te Sb Sn

20 33.20 5.96 43.04 19.25 - Ni(Te, Sb)

30 51.02 16.92 33.60 - - Ni(Te, Bi)

45 55.26 5.31 28.18 11.64 - Ni(Te, Sb)
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Table 5 Hardness diagram of Sn / Ni/ Bij4Sb ¢Te;
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Nickel coating thickness / pm 20 30 45

Joint hardness of Sn/ Ni/ Big4Sb;¢Te; /HVj3 50 54 63
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