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calculated from the Rietveld refinement 

Atoms Wyck. X Y Z Occ. Beq. 

Sm/Eu/Ba 1(a) 0 0 0 1 1 

B 6(f) 0.21 0.5 0.5 1 1 
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Fig.4  Raman scattering spectrum of Sm

0.6

Eu

0.2

Ba

0.2

B

6

 

 

� Eu & BanoDE���Sm

1-2x

Eu

x

Ba

x

B

6

(x=0.1, 0.2, 

0.3)8��Ea��],�� ]I¡¢�£�� x


 0.3�¤¥¦£§�01
(19.3±1.2) GPa,(243±16) 

MPa�a¨©ª Duygu«

[14]

¬­ PLSyzE SmB

6

®

¯{�°10.1 GPa±�e²³,yz´µ¶·�6¸¹

º�Eu & Ba²»no¼½ SmB

6

& Sm²»¾¿À�

ÁÂÃ�ÄÅÆÇw�È³:;����&ÉÊËÌ

Í��ÎÏÐÑ� Eu4Ba ²»�Ò¥EÓ��£�

��6ÔÕÖ×�ÁÂÃØ]Ù£���ÎÏÙ8�

2ÉÊE95Ó�Ù£�¿ÀÈ³ ]Ú©����

ÛÜ SmB

6

[9]

, BaB

6

[15]

�ÝÞß�`àP�áÝ 2~10 

eV�Dâã× SmE 4däå, BE 2päåo��2

Uæ�ç BaE 3däå, BE 2päåo�è­é �

: % Ba > B < Z U   E ê . ë � # á �

Sm

1-2x

Eu

x

Ba

x

B

6

(x=0.1, 0.2, 0.3)�]�£� 

vìíÈ³îïð�v»59ñò�óÈ³fô

õhU£E�Óöà^¬­÷ô�v�è
øùv�ú

ìí3­£hûü�@: 3&à^ý��Sm

1-2x

Eu

x

Ba

x

B

6 

(x=0.1, 0.2, 0.3)8���þò°25 �±�E�Óö�

Eu & BanoDE��Hp����I�ª SmB

6

E�

Óö(388 µΩ·cm)

[16]

�:% Eu & Bano SmB

6

Ú©	

[�áö���ab��	
���E�Óö��


�ò]Eñ©��H
����: �stE'(á

�����Qª[�8)�	���Eþò�Óö

(La

0.6

Sm

0.4

B

6 

� 98.7 µΩ·cm

[17]

�Gd

0.1

Ce

0.9

B

6 

� 35 

µΩ·cm

[18]

)�Sm

1-2x

Eu

x

Ba

x

B

6

õh�©E�Óö�h�

è
øùv�úìí��3­��

�
������������	
�� 

h��:%��	
���ìíE���>[�

Áï�h���Áï��£�����!

[ 1 9 ]

�2

Sm

0.4

Eu

0.3

Ba

0.3

B

6

�c� 1523~1773 Kp59	ù�B

���
���`ab���í�wE�£[B�� 

250 500 750 1000 1250 1500 1750 2000

A

1g

E

g

�

�

I
n
t
e
n
s
i
t
y
/
a
.
u
.
 

Raman Shift/cm

-1

T

2g

���������	
�
��

�

Yobs-Ycalc

   •��Yobs

�

�

       Ycalc

  Bragg Position

�

20       40       60       80   

2θ/(º) 

I
n
t
e
n
s
i
t
y
/
a
.
u
.
 

Yobs 

Ycalc 

Yobs-Ycalc 

Bragg position 

 



� 3�                                ������	
� Sm

1-2x

Eu

x

Ba

x

B

6

�
��������                     �1023� 

 

 

 

 

 

 

 

 

 

 

 

�

 

 

� 5  Sm

0.8

Eu

0.1

Ba

0.1

B

6

� SEM ���EDS ��� EDS 	
��
 

Fig.5   SEM image (a), EDS spectrum (b) and EDS mapping (c) of Sm
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Abstract: High-purity and dense Sm

1-2x

Eu

x

Ba

x

B

6

�x=0.1, 0.2, 0.3�polycrystals were prepared by a boron/carbonthermal reduction-hot 

pressing sintering (BCTR & HP) integrated process. The effect of Eu & Ba co-doping in the SmB

6

 matrix on the structure, mechanical and 

electrical properties of Sm

1-2x

Eu

x

Ba

x

B

6

 bulks was investigated. The results show that the Sm

1-2x

Eu

x

Ba

x

B

6

 polycrystals produced by BCTR 

& HP integrated process provide a simple cubic (CsCl type) single-phase structure. As the doping amount of Eu & Ba increases, the lattice 

constant increases, which contributes to the enhancement of mechanical properties and the decrease of resistivity. The thermionic emission 

performance results show that the Eu & Ba doping can improve the emission characteristics of SmB

6

 cathodes, and the emission current 

density and zero-field current density of Sm

0.4

Eu

0.3

Ba

0.3

B

6

 cathodes are 35.1 and 21.4 mA·cm

-2

 under the applied voltage of 1 kV at 1773 K, 

respectively. Meanwhile, the average effective work function is 3.6 eV at 1523~1773 K, and it can be used as a “direct heating” cathode 

benefited by its inherent high resistivity, which simplifies the heater structure and has great application prospects. 

Key words: boron/carbonthermal reduction-hot pressing sintering; Sm
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x

Ba

x
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 cathode; structure; property 
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