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Phase and elemental analysis
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Figure S1: Powder XRD patterns of the Bi;_,Ba,CuSeO (z = 0, 0.075, 0.125, 0.175) samples after MS and
PLS. Bragg’s reflections for the BiCuSeO phase are indicated by gray ticks on the top part of the figure.

Table S1: Refined lattice constants from Rietveld analysis of X-ray diffraction data and EDS results for the
Bi;_,Ba,CuSeO (z = 0, 0.075, 0.125, 0.175) samples grounded in different powder-to-ball mass ratios after
MS

pOWder—t.O—ball Nominal composition | a,b (A) c (A) (Bl,—'— Ba):Cu:Se Ba/(Bi + Ba) dcs (A)
mass ratio ratios

BiCuSeO 3.929  8.931 1.08:0.86:1.05 0 201
1:10 Bio.925Ba0_075CuSeO 3.946 9.013 1.05:0.93:1.02 0.07 344
' Big.g75Bag.125CuSeO | 3.953  9.041  1.04:0.96:1.01 0.12 269
Big.g25Bag.175CuSeO 3.959  9.074 1.03:0.99:0.98 0.16 256
BiCuSeO 3.928  8.948 1.02:0.94:0.99 0 250
1:20 Big.925Bag.g75CuSeO 3.939  8.992 1.01:0.99:0.98 0.07 219
' Biovg75BaO,1g5CuSeO 3.947 9.030 1.02:0.99:0.99 0.12 209
Big.g25Bag.175CuSeO 3.954 9.064 1.01:0.99:0.99 0.16 225
BiCuSeO 3.926  8.950 1.03:0.99:0.98 0 225
1:40 Big.925Bag.o75 CuSeO 3.943  9.000 1.02:0.99:0.99 0.07 213
' Big.s75Bag.125CuSeO 3.950 9.041 1.02:1.00:0.98 0.11 196
Bio.825Ba0.175CuS€O 3.957 9.075 1.02:1.00:0.99 0.17 210
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Particle size distribution
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Figure S2: Particle size distribution of BiCuSeO powders milled at different powder-to-ball mass ratios.
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Microstructure characterization

Figure S3: SEM micrographs of the polished surfaces for Bi; _,Ba, CuSeO (x = 0.075, 0.125, 0.175) powders.
The dark areas are CuQO phases.
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Figure S4: SEM micrographs of the fractured cross-sections for BiCuSeO bulk samples.

S4



Thermal conductivity and figure of merit
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Figure S5: Concentration and powder-to-ball mass ratio dependence of the (a, b) total thermal conductivity
Ktot, (¢, d) lattice thermal conductivity kj.; and (e, f) electrical thermal conductivity k., and (g, h) figure
of merit 2T for Bi;_,Ba,CuSeO (xz = 0, 0.075, 0.125, 0.175) samples consolidated by PLS. Literature data
for other Bi;_,Ba,CuSeO-based oxyselenides are also shown for comparison (Bhaskar et al.,! Feng et al.,??
Hong et al.,* Lan et al.,” Liu et al.,% Jiang et al.,” Kim et al.,® Lei et al.,>'? Li et al.,'"!? Liang et al.,'?
Park et al.,'* Luu et al.,'® Pei et al.,'® Novitskii et al,!” Wen et al.,'® Yang et al.,'® Zeng et al.?). All
displayed data points correspond to values obtained at 300 K.

S5



References

(1)

Bhaskar, A.; Lai, R.-T.; Chang, K.-C.; Liu, C.-J. High thermoelectric performance of BiCuSeO prepared

by solid state reaction and sol-gel process. Scripta Materialia 2017, 134, 100-104.

Feng, B.; Li, G.; Pan, Z.; Xiaoming, H.; Peihai, L.; Zhu, H.; Yawei, L.; others Effect of synthesis
processes on the thermoelectric properties of BiCuSeO oxyselenides. Journal of Alloys and Compounds

2018, 75/, 131-138.

Feng, D.; Zheng, F.; Wu, D.; Wu, M.; Li, W.; Huang, L.; Zhao, L.-D.; He, J. Investigation into the

extremely low thermal conductivity in Ba heavily doped BiCuSeO. Nano Energy 2016, 27, 167-174.

Hong, H.; Kim, D.; Park, K. Enhanced thermoelectric properties of Na and Mg co- doped BiCuSeO.
Ceramics International 2022, 48, 19618-19625.

Lan, J.-L.; Liu, Y.-C.; Zhan, B.; Lin, Y.-H.; Zhang, B.; Yuan, X.; Zhang, W.; Xu, W.; Nan, C.-W.
Enhanced thermoelectric properties of Pb-doped BiCuSeO ceramics. Advanced Materials 2013, 25,
5086-5090.

Liu, Y.-c.; Lan, J.-L.; Zhan, B.; Ding, J.; Liu, Y.; Lin, Y.-H.; Zhang, B.; Nan, C.-w. Thermoelectric
Properties of Pb-Doped BiCuSeO Ceramics. Journal of the American Ceramic Society 2013, 96, 2710—
2713.

Jiang, L.; Han, L.; Lu, C.; Yang, S.; Liu, Y.; Jiang, H.; Yan, Y.; Tang, X.; Yang, D. Cu2Se as textured
adjuvant for Pb-doped BiCuSeO materials leading to high thermoelectric performance. ACS Applied
Materials & Interfaces 2021, 13, 11977-11984.

Kim, D.; Hong, H.; Park, K. High thermoelectric properties of p-type BiCuSeO co- doped with Ca2+
and Ba2+. Journal of Alloys and Compounds 2021, 876, 159969.

Lei, Y.; Zheng, R.; Yang, H.; Li, Y.; Yong, C.; Jiang, X.; Liu, R.; Wan, R. Microwave synthesis
combined with SPS sintering to fabricate Pb doped p-type BiCuSeO oxyselenides thermoelectric bulks

in a few minutes. Scripta Materialia 2021, 199, 113885.

Lei, Y.; Yang, H.; Qiu, J.; Li, Y.; Gao, F.; Yong, C.; Tao, L.; Song, G.; Wang, N.; Peng, S.; others
Synergistic optimization of electrical-thermal properties of dual vacancy Bil- x-yPbyCul- xSeO by
improving mobility and reducing lattice thermal conductivity. Journal of the European Ceramic Society

2022, /2, TAT5-7480.

S6



(11)

(12)

(13)

(15)

(16)

(17)

(19)

(20)

Li, F.; Li, J.-F.; Zhao, L.-D.; Xiang, K.; Liu, Y.; Zhang, B.-P.; Lin, Y.-H.; Nan, C.-W.; Zhu, H.-M.
Polycrystalline BiCuSeO oxide as a potential thermoelectric material. Energy € Environmental Science

2012, 5, 7188-7195.

Li, J.; Sui, J.; Pei, Y.; Barreteau, C.; Berardan, D.; Dragoe, N.; Cai, W.; He, J.; Zhao, L.-D. A high ther-
moelectric figure of merit ZT} 1 in Ba heavily doped BiCuSeO oxyselenides. Energy & Environmental

Science 2012, 5, 8543-8547.

Liang, X.; Xu, R.; Kong, M.; Wan, H.; Bai, W.; Dong, D.; Li, Q.; Xu, H.; Li, Z.; Ge, B.; others Raising
the thermoelectric performance in Pb/In-codoped BiCuSeO by alleviating the contradiction between

carrier mobility and lattice thermal conductivity. Materials Today Physics 2023, 34, 101084.

Park, K.; Kim, D.; Hong, H.; Jung, G.; Pi, J. Influence of Ba2+ doping on the thermoelectric properties
of BiCuSeO fabricated by spark plasma sintering. Ceramics International 2019, 45, 9604-9610.

Luu, S. D.; Vaqueiro, P. Synthesis, structural characterisation and thermoelectric properties of Bi 1- x

Pb x OCuSe. Journal of Materials Chemistry A 2013, 1, 12270-12275.

Pei, Y.-L.; Wu, H.; Wu, D.; Zheng, F.; He, J. High thermoelectric performance realized in a BiCuSeO
system by improving carrier mobility through 3D modulation doping. Journal of the American Chemical

Society 2014, 136, 13902-13908.

Novitskii, A.; Serhiienko, I.; Novikov, S.; Kuskov, K.; Pankratova, D.; Sviridova, T.; Voronin, A.;
Bogach, A.; Skryleva, E.; Parkhomenko, Y.; others Thermoelectric properties of Sm-doped BiCuSeO
oxyselenides fabricated by two-step reactive sintering. Journal of Alloys and Compounds 2022, 912,
165208.

Wen, Q.; Zhang, H.; Xu, F.; Liu, L.; Wang, Z.; Tang, G. Enhanced thermoelectric performance of
BiCuSeO via dual-doping in both Bi and Cu sites. Journal of Alloys and Compounds 2017, 711,
434-439.

Yang, D.; Su, X.; Yan, Y.; Hu, T.; Xie, H.; He, J.; Uher, C.; Kanatzidis, M. G.; Tang, X. Manipulating
the combustion wave during self-propagating synthesis for high thermoelectric performance of layered

oxychalcogenide Bil-x Pb x CuSeO. Chemistry of Materials 2016, 28, 4628-4640.

Zeng, X.; Ma, Z.; Li, W.; Yang, B.; Qian, Y.; Luo, Y.; Yang, J.; Liu, Y.; Jiang, Q. Entropy engineering
for superior performance in BiCuSeO by band flattening and all-scale hierarchical microstructures.

Chemical Engineering Journal 2023, 474, 145663.

S7



