Advances in Condensed Matter Physics H#tERAYH 253, 2015, 4, 10-17 Hans XM
Published Online February 2015 in Hans. http://www.hanspub.org/journal/cmp
http://dx.doi.org/10.12677/cmp.2015.41002

Thermoelectric Properties of Scaled-Up
Double-Filled (Ba,Yb)yCo04Sb12 Skutterudites

Haidong Song!2, Yefeng Bao?, Xiaoya Li2"*

"Hohai University, Nanjing Jiangsu

’CAS Key Laboratory for Energy Conversion Materials, Shanghai Institute of Ceramics, Chinese Academy of
Science, Shanghai

Email: “xyli@mail.sic.ac.cn

Received: Jan. 22™, 2015; accepted: Feb. 3", 2015; published: Feb. 10", 2015

Copyright © 2015 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

Abstract

It usually needs about two grams thermoelectric materials to study their performance, while more
are needed to develop and apply their devices. To obtain high performance scaled up barium and
ytterbium filled skutterudites, we scaled up (Ba,Yb)yCo4Sb1: (y = 0.1, 0.12, 0.15) skutterudites by
melting, quenching, annealing and spark plasma sintering, and studied the effects of the added
amount of barium and ytterbium on the phase composition, filling fraction of barium and ytter-
bium and thermoelectric properties of the materials. Results show that the scaled up (Ba,Yb),Co04Sb1:
materials consist of mainly skutterudite phase and trace amount of YbSb phase. With the added
amount of barium and ytterbium increasing, the real filling fraction of barium and ytterbium in-
creases, the resistivity and the absolute Seebeck coefficient of the skutterudits decreases and the
lattice thermal conductivity of the materials drops sharply. The maximum ZT for the (Ba,Yb),C04Sb1:
material reaches 1.31 at 850 K, close to the highest value reported.
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Figure 1. X-ray diffraction patterns for the scaled up (Ba,Yb),Co,Sh;, samples
1. &% (Ba,Yb),Co,Shy, B9 X LTS EIE

Figure 2. Backscattered electron image for the scaled up (Ba,Yb),Co,Sh;, sample, showing secondary phase exists

2. &% (Ba,Yb),Co,Shy, # SEM BRF BREZIBEH

Table 1. Summary of nominal and actual compositions, density, electrical resistivity (p), Seebeck coefficient (S), thermal
conductivity (), lattice thermal conductivity (k. ), and power factors (PF) for the scaled up (Ba, Yb),Co,Sh;, samples at room
temperature

7= 1. MEH|%&(Ba Yh),Co,Shy, HIE XA EPRESD . BERERBHEE(p), BNERH(S). ASERKN). REH
TR () RINEEF(PF)

Nominal compositions (BaYb)o.1Co4Shy, (BaYb)o.12C04Sbs, (BaYb)o.15C04Sby,

Actual compositions Bag.10YD0.00C04Sb12 21 Bap.12Yb010C04Sh1213 Bap.15Yb012C04Sh1215
Density/g-cm™ 7.651 7.427 7.565
p/*x 107°Qm 4.26 4.10 3.41
S/v-K* -138 -131 -115
WW-m Kt 3.63 3.58 3.65
k/W-m K 191 1.78 1.50
PF/uW-cm -K2 385 35.8 32.7
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Figure 3. Temperature dependences of electrical resistivity
for the scaled up (Ba, Yb),Co,Sb;, samples
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Figure 4. Temperature dependences of electrical resistivity

for the scaled up (Ba, Yb),Co,Sb;, samples
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Figure 5. Temperature dependences of power factor for
the scaled up (Ba,Yb),Co,Sh;, samples
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Figure 6. Temperature dependences of thermal conductivity

for the scaled up (Ba,Yb),Co,Sh;, samples
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Figure 7. Temperature dependences of lattice thermal
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