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0.20)�S}Kjß[TwU(�ØYm�V�̧ 9 MPa

WXôjY�;XôYZq[\]��J;[\]ß[

^�í_�7]�^��Qq 0.1 Pa`;�_V�[\
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��)ghijO�<V;�kablOZq�)m
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& 5 min#¹jó-�pV��[\]	�æqr 300 �

V;¹j�EF�g#¦q¹j�sF��:>Õ��

�t�R&�H�u,&�r ��ß��s�jÕ�

FO#;EFvw>m��],ß[G�DH�OI�

PLABOX-100, Sinter Land INC./xÚQ�I�	� 630 
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>CuSe>BiCuSeOD&�I¹º
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Pr 0.167 nmQ±C¿�Pr 0.168 nmQjo��#

����$°¸��±�Y°j Kα1� Kα2å°#ì

. Jade 5.0PDELL/Materials Data, Inc.Q·ö]sF
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Fig.2  FE-SEM images of the cross-sections for Co
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 bulks: (a) x=0.05, (b) x=0.10, (c) x=0.15, and (d) x=0.20 

 

��������	�
���������� Fe

�������Co

3.8-x

Fe

x

Ni

0.2

Sb

12

�������� 

!"#$�%& x=0.05	 x=0.10������'()

1~3 µm*+,��-) 2 µm�%& x=0.15	 x=0.20

������'() 1~2 µm*+,��-) 1 µm�

./0%& Co

3.65

Fe

0.15

Ni

0.2

Sb

12

	 Co

3.6

Fe

0.2

Ni

0.2

Sb

12

�

����1$2�345 Co

3.65

Fe

0.2

Ni

0.15

Sb

12

[11]

 ��

����678��������9:;��<"�

=�>;45?@�� =A�����;5BCD

	EFGHCD�=�I6CDJ�*��JK�L

MI6NO�PQR�S	T�I6CD�UVLM

45�678�����;UVWXY45*ZEF

�[\]^�678�������_`

[30]

�a2�


bcdeF�Hfgh�ij#$�������

k2lc%&�m6nD� 

o 3 ) Co

3.65

Fe

0.15

Ni

0.2

Sb

12

8��pqr� EDS

stu�vo 3 �wxy Co*Fe*Ni*Sb qr,z

tu�Co*Fe*Nitu{|}~��� 5 minLM4

5^4 5 min�7ZEF�]^�w��qrtu,

z�678�� 

2.3  ������� 

o 4 ) Co

3.8-x

Fe

x

Ni

0.2

Sb

12

8��7�D*���

A�	�DiF�S"�\���vo 4a�wxy�

��S"�����%&�7�D9�lc���y

��� n����n������ Fe��<"��I�
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Fig.4  Temperature dependence of Co
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:        

(a) electrical resistivity, (b) Seebeck coefficient, and  

(c) power factor 
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Fig.5  Temperature dependence of Co
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:        

(a) electronic thermal conductivity, (b) lattice thermal 

conductivity, and (c) total thermal conductivity  
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vo 5b�wxy�a2eFHf�S"�Iµ�

h���%&��mn6A�9�#$�a2Ö�M

Ì÷ø�./0%&��mn6D�¥$2ù��

CoSb

3

[3]

�a2 Ni ���ö ) 0.2*Fe ����\

g$���<"b�m6nD�¢£g$�j��a

2úû¨ü�9Ú��R��ýþb�mn6A��

¢£°9�¥��2<"

[12,32]

�a2�
bcdeF

�Hfgh��mn6D�¡+,�����¢£�

�Ù��_bg��S"���% Co

3.65

Fe

0.15

Ni

0.2

Sb

12

��Ø$��m6nD�¼Õài����Ø$��

�����
Hf)¼n6ìí�ú��	�S"'

(ò�Ø$�m6nD) 2.8 W·(m·K)

-1

� 

vo 5c�wxy�a2�mn6Dbñn6D


ç»¼n�V�ijñ6nD��\��;�m6n

D�\���Ï�%& x=0.05, 0.10, 0.15, 0.20�Ø$

6nDtÙ) 3.78*3.80*3.73*3.88 W·(m·K)

-1

� 

2.5  ��	
 

o 6 ) Co

3.8-x

Fe

x

Ni

0.2
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8��67×Ã�S"

�\���vo 6 �wxy�67×Ã ZT �S"�

��µ�Á*� Fe��<"���µlc�;�Di

F�\��_å�¹ Ni ���� R�Fe ����

ïð´7�N��b6ìí�N�¢£g$�
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3.7

Fe

0.1
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0.2

Sb

12

8�� 773 K ��ØÁ67×Ã

0.50��2êëèé� Ni§��¨©ª Ni

0.2
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3.8
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12

�67×Ã 0.45

[35] 
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Fig.6  Thermoelectric figure of merits of Co
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x
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(x=0.05, 0.10, 0.15, 0.20)

8��%& Xf��f�;§_ CoSb

3

_ß��f�
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Abstract: A series of single phase Ni/Fe double doped skutterudite compounds Co

3.8-x

Fe

x

Ni

0.2

Sb

12 

(x=0.05, 0.10, 0.15, 0.20) were 

synthesized by 5 min microwave heating for the first time. The resulting ingots were pulverized and sintered by spark plasma sintering to 

fabricate bulk samples, and their phase composition, grain size, element distribution, thermoelectric transport properties were investigated. 

The XRD patterns show that all samples are consistent with single phase of CoSb

3

. The FE-SEM morphologies reveal that the size of 

Co

3.8-x

Fe

x

Ni

0.2

Sb

12 

(x=0.05, 0.10, 0.15, 0.20) matrix grain is about 1~3 µm, and the average size is about 1~2 µm. The EDS elemental maps 

reveal uniform Co, Fe, Ni, and Sb distributions. The electrical transport properties are further improved by Ni/Fe double doping, with the 

highest power factor of 2.667×10

3

 µW·(m·K

2

)

−1

. The influence of Fe doping on lattice thermal conductivity is not significant, but there is a 

relationship between lattice thermal conductivity and grain size, and boundary scattering is the dominant scattering mechanism. The lattice 

thermal conductivity of Co

3.65

Fe

0.15

Ni

0.2

Sb

12 

is 2.8 W·(m·K)

-1

. The Co

3.7

Fe

0.1

Ni

0.2

Sb

12

 has the highest ZT of 0.50 at 773 K, which is 

obviously larger than that of Ni/Fe single or double doped samples produced via traditional techniques. 

Key words: skutterudites; microwave synthesis; doping; electrical transport properties; thermoelectric figure of merit 
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