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Fig. 1 XRD patterns for Bi;-,CuSeO(a) and BiCu,;-,SeO(b) bulks

% 1 Bi,_CuSeO tHRHF 4 i
Table 1 Related physical properties of Bi;_,CuSeO

x alA c/A Grain size/pum Ry/(cm*C ™" P10 em®)  py/(cm>V ST
0 3.928 8.927 8.59 -0.01 0.012 10.29
0.02 3.921 8.914 2.83 -5.25 0.014 18.17
0.03 3.922 8.914 2.54 -1.33 0.052 5.07
0.04 3.924 8.918 2.73 -0.38 0.059 4.44
0.05 3.923 8.920 3.65 -1.51 0.043 12.35
#&2 BiCu,,SeO HFAHLEF
Table 2 Related physical properties of BiCu,,SeO
y alA c/A Grain size/pum Ry/(cm>C ™" PI(10* cm®)  pp/(cm>V-STh
0 3.928 8.927 8.59 —0.01 0.012 10.29
0.02 3.923 8.913 2.11 -2.03 0.033 30.24
0.03 3.923 8.914 3.08 —2.44 0.027 25.07
0.04 3.921 8.911 2.55 -2.33 0.027 4251
0.05 3.921 8.916 3.14 -0.83 0.076 13.75
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Fig. 2

Micro-morphologies of
cross section for Bi;_,CuSeO:
(a) BigosCuSeO; (b) BijoesCuSeO;
(c) Bipe;CuSeO; (d) BijoesCuSeO;
(e) BiCuSeO
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Fig. 3  Micro-morphologies of

cross section for BiCu;,SeO:
(a) BiCug5Se0; (b) BiCuygeSeO;
(c) BiCug¢;SeO; (d) BiCuyegSeO;
(e) BiCuSeO
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Fig. 4 Change curves of resistivity with increasing temperature: (a) Bi;-,CuSeO; (b) BiCu,,SeO
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Fig. 5 Change curves of Seebeck coefficient with increasing temperature: (a) Bi;-,CuSeO; (b) BiCu;-,SeO
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Fig. 6 Change curves of power factor with increasing temperature: (a) Bi;-,CuSeO; (b) BiCu;-,SeO
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Microwave ultra-fast synthesis and influence of Bi/Cu vacancies on
electrical transport properties of BiCuSeO oxyselenides

LI Yu, YANG Hao-yue, ZHENG Rui, LEI Ying, JIANG Xiao-wu, GU Jun

(School of Metallurgical Engineering, Anhui University of Technology, Ma’anshan 243032, China)

Abstract: The series of oxyselenides thermoelectric compounds Bi;_,CuSeO and BiCu,,SeO (x, y=0, 0.02, 0.03,
0.04, 0.05) were successful synthesized in 4 min via microwave heating for the first time, and the corresponding
bulks were subsequent fabricated with spark plasma sintering at 650 C for 5 min. The phase composition,
microstructure and electrical transport properties were investigated. The analysis of XRD patterns show that the
diffraction peaks for all samples are matching to tetragonal BiCuSeO standard card. However, some samples
contain small amounts of impurities. The analysis of microstructure shows that the grains of samples with vacancy
show needle-like and strip-like, with average grain sizes of about 2—4 pm. The analyses of electrical transport
properties show that the seebeck coefficients of samples with vacancy are slightly lower than that of non-vacancy
BiCuSeO, nevertheless, the vacancy treatment significantly improves the conductivity. Bi vacancy concentration
has an irregular influence on the resistivity of Bi;_,CuSeO samples, and the resistivity of BiCu,-,SeO samples
decrease regularly with the increase of Cu vacancy concentration, respectively. In general, the vacancy treatment
can greatly improve the comprehensive electrical performance, namely, enhance the power factor, the maximum
power factors for BiyoCuSeO and BiCusSeO are 395.1 and 481.5 uW/(Kz'm), respectively, which are 2.1 times
and 2.5 times compared to that of the non-vacancy BiCuSeO.

Key words: BiCuSeO; microwave synthesis; Bi/Cu vacancy; resistivity; power factor
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