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Research on Skutterudite-type Thermoelectric Materials for On-board Waste Heat Recovery System
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ABSTRACT

Skutterudite-type thermoelectric materials
were researched with the goals of enhancing
the performance of a lightweight and compact
thermoelectric waste heat recovery system and
scaling-up to mass production. Measures such as
reducing the starting material cost and purity and
increasing the manufacturing process yield were
promoted, and prospects were achieved for mass
production scale manufacturing of high performance
thermoelectric materials (P-type thermoelectric
properties ZT > 0.8, N-type thermoelectric properties
ZT > 1) at approximately 1/100 the current proto-
type manufacturing cost. Material nano-structuring was
performed to enhance the properties, and the results
showed that rare-earth metals added to skutterudite-
type thermoelectric materials oxidize easily, and that
the carrier concentration in the materials changes due
to this oxidation, which has an acute effect on the
thermoelectric characteristics. The effects of material
nano-structuring in an environment that suppresses
oxidation and adjustment of the carrier concentration
enhanced the thermoelectric properties by 23.8%.
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Fig. 1 Schematic illustration of skutterudite-type
crystal structure
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Fig. 2 Thermoelectric performance versus purity of
starting materials for using gas-atomization
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Fig. 3 Thermoelectric performance and oxygen
concentration versus gas-atomized powder
radius

— 204 —



BHEMOES XTLET Ty TIVE A NRBBIHFOME

HEROK T 2 ME, B Foom b, KEdpEIcks~
ZAY g MZkoT7a a4 THIEL TV 728D &R
100 430 1 FEIK T 2 MEASTREL 75 5 72,
ZOBBEBET2BHERBHIORBERE Y 2 7 LITH K
L, #EDOWIED 5 TRE D ABEH T ~OLIRE K ELE T
H2US 5 cycle OMEET — FEHfl 44858 U =a @,
IV VGBI O FIHIERSI R & & O B R A ok &

14
S P-type
=12 1
Ry
c 10
K}
QO
o 8 e
c ] €
s 34 N H E
96 [ S i} ©
g = = . [an]
= i) [} 2 ©
Q 4 c (2] = D
o ) kel ) kel
> (&] L O w
> o o o o
S S
o 2 S & & S
L < S © S
O p
14
S
< 12 1+— N-type
&
c 10
Q
QO
® 8 £
5 g g §
B [5) )
2 6 1 £ g @ 5
g 2 ) 2 o)
8 4 [} kel [0} kel
S (&) L (&) L
o o =} [=} o
2 2 S S I ]
L © < © S
0 p

Fig. 4 Energy conversion efficiency of P-type and
N-type sintered skutterudite thermoelectric
materials 200 mm in diameter
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Fig. 5 Resultant ZT properties for developed
skutterudite thermoelectric materials that
can be mass produced
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Fig. 6 EBSD images of N-type skutterudite
thermoelectric materials, and resultant Fig. 7 Temperature dependence of thermoelectric
grain size properties derived from ball-milling process
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Table 1  Oxygen concentration of thermoelectric
materials before and after ball-milling
treatment

Before milling

After milling

Oxide content

0.14

0.32

(Wt%0)

Table 2 Chemical composition analysis results for
each point derived by EDX equipped with

TEM
Point (6] Yb Fe+Co Sb Others
a 0.8 0.8 34.3 63.1 Bal.
b 31.1 23.9 17.8 27.2 Bal.
c 19.3 2.8 21.9 44.9 Bal.
(atom%)
1.60E+05
g 1.40E+05 L 2
()
‘6’ 1.20E+05
=
£ 1.00E405 F—.
S 8.00E+04
2
g 6.00E+04
_g 4.00E+04 B N-type w!th m|II|nlg.
3 @ N-type without milling
U 2.00E+04
0.00E+00 T T
0.1 1 10 100

Fig. 8 Electric conductivity versus average grain size

Average grain size, r (um)

at RT. Except for the data with an average
grain size of 15.28 pm, the other data were
derived after several ball-milling processes

i

Fig. 9 TEM image of ball-milled materials
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