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Abstract: In this study, we investigate the effect of high-energy ball milling on thermoelectric transport properties in
double-filled CoSb; skutterudite (Ing,Ybo1C0sSb12). Ing2Ybo1Co4Sbiy powders are milled using high-energy ball
milling for different periods of time (0, 5, 10, and 20 min), and the milled powders are consolidated into bulk

samples by spark plasma sintering. Microstructure analysis shows that the high-energy ball milled bulk samples are

composed of nano- and micro-grains. Because the filling fractions are reduced in the bulk samples due to the

kinetic energy of the high-energy ball milling, the carrier concentration of the bulk samples decreases with the ball

milling time. Furthermore, the mobility of the bulk samples also decreases with the ball milling time due to

enhanced grain boundary scattering of electrons. Reduction of electrical conductivity by ball milling has a decisive

effect on thermoelectric transport in the bulk samples, power factor decreases with the ball milling time.
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Fig. 1. SEM (scanning electron microscopy) micrographs of
fracture surfaces of high-energy ball milled Ing,YboCo4Sby> bulk
samples; (a) Milled for 0 min (SM 0, reference sample), (b) 5
min (SM 5), (c) 10 min (SM 10), and (d) 20 min (SM 20).
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Fig. 2. (a) Carrier concentrations and (b) mobilities of high-
energy ball milled Ing>Ybo;CosSby, bulk samples as a function

of ball milling time at room-temperature.

—_

EERCERL PN
S AYYe| 2717} Batol

XY alga)

= =0 il fe)

ZRBA G0l F7tstHA ARl ARB[A At
o

[§]



A7 AR 583 =7A, A28A A|1235 pp. 852-856, 20154 12

1400 @ sMo
— (a) @ sMs
‘e @ sM10
E 1200 @ sM20
2 ]
2 10004 @4 °
) Qo
-.E ° . %
3 8004 @9 .8 : ® 0 o o
€ Ll B 2 2 o 9
S 600 9 90 g o ©
™
g 4004
i e 000009 ?
R eo o o 9
w 2004
=160 (b)
¥ 180 03
E )
= -200-
i =
2 o e
O 220+ - Q
@
g o ° 9 o 3
8 -240- = @ o o
¥ * 2
2 260+ Qo
g o
a 280 L LI
'300 T T T T T T
300 400 500 600 700 800
Temperature [K]

Fig. 3. Temperature dependent (a) electrical conductivities and
(b)  Seebeck coefficients  of
Ing,Ybg1Co4Sby, bulk samples.
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Fig. 4. Temperature dependent power factors of high-energy
ball milled Ing,YbyCo4Sb;, bulk samples.
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