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¶ 1  GHU ScOP WS· XRD¶¸ 

Fig.1  XRD patterns of Sc doped W powder after reduction 

 

���Y°	L��
W	¬E¹º�©��
 Sc

2

O

3

!

� 1
��í·¸�¯¹ó¨!����	·¸� Wd

Sc& O 3­}~� Ö¹!¹±
 87.52%	5.27%	

7.21%	²�³´¯¹gó	�� Sc�¹ºTbc�	

�X�{¯¹�µ{�!¶g2�T	n­ Sc

2

O

3

õ

$©���£�����¬E¹º�£��¥��


�·¸	X�Gí·��`a� Sc

2

O

3

�£��-�

bcDE	ù; Sc

2

O

3

bc¹º�
�¾�! 

�3
��íSc��W·¸��È¹º¸`!��

��	��íSc��W·¸����8¹=º}¹º	

�¹º��»2�0.2~2 µm�¯	�8�¹º��¼	

·¸½b�È
1.03 µm!ÉGI�Sc��W·¸��

¾¿	�80%���À©G1.2 µmnW�Á	�8Ð

X��bW�! 

-Â4ú����	Ã`þ����ðò¯*u

Îù;�È¹ºÄ�	}~¹ºbc��[$� Sc

2

O

3

�� W·¸!n­·¸X�G���`aOJ
��

��K8	Åù�8¹ºbc��[$��BCDE


�£¾���! 

�������
����

� 4 
.´[%��K8uÎ�BCDE
�¾

� SEM�ª���K8 1450 �ª
�¾� EDS�d

e��	��� 4ad4bd4c¹±
[%��K8 1400	

1450	1500 ��de�fAÆL 1ÇÈ�
�¾��

�[Ü3i!����	[%��K8
 1400 �ª	


�¾��{�¹��É	\Ê��Ê./¹	��

.ËÌ	�Í.ÃÎ	¿���K8�J	��ef

�LWÏÚL³[%��K8
 1450 �ª	
�¾�

��mÌ	��¶1bc�©	��|��Ð«�{

����É	Ô
���Ñ¹ºbc	�Ñ3ÒÓ¶ 

20 30 40 50 60 70 80

Sc

2

O

3

�

�

�

�

��

�

�

 

 

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

2θ /(

o

)

�

�

PDF:42-1463 Sc

2

O

3

PDF:04-0806    W

W



µ1768µ                                        ¹®�º56».¼                                            � 49� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¶ 2  GHU ScOP WS· TEM½¾³ EDSo¿ÀDy 

Fig.2  TEM image (a) and EDS mapping of Sc doped W powder after reduction (b~e) 
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Table 1  Content of Sc-doped W powder after reduction 
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¶ 3  GHUScOPWS·Q��stÁÂ 

Fig.3  Particle size curves of Sc doped W powder after reduction 
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¶ 4  ÃªVWXDÄ£Q\]^_`a�i SEM½¾³XDÄ£ 1450 �� EDSo¿ÀDy 

Fig.4  Surface SEM images of the cathode by microwave sintering at 1400 � (a), 1450 � (b), 1500 � (c) and EDS mapping analysis  

corresponding to Fig.4b (d~f) 
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¶ 5  VWXD1450 �Q\]^_`a�iÅ8��stÁÂ 

Fig.5  Internal pore size distribution curve of scandium dispenser 

cathode matrix by 1450 °C microwave sintering 

�WdBadSc&O 4­}~!�7b����	
���

�W4f

7/2

X2­rx}	¹±íG30.55&36.04 eV�	

¹±Éê�W

0

&W

6+

!W 4f

5/2

XW­rx}	���

�íG32.76 eV�!��30.55&32.76 eV�£íTWì

ö}£í	Z�£36.04 eVîÉêZKÂÃíÀ¯�

£�U3¯�Zï}W!�7c

���Ba 3d�rx

}¹�	����	Ba 3d

5/2

�779.30&779.52 eV��

��¹±XBa

0

&Ba

2+

�rx}��	�Ba 3d

3/2

�£�

794.30&795.25 eV	���794.30 eV��£Ba

δ+

�ð


T��)�Q �ñò}�Ba!�7d

���Sc 

3d������	��401.60 eV�����rx}�

ð

����È�©�õ$��Sc

2

O

3

�Sc

3+

!óô	

��7e��	�
����O��3­.´3ñ�rx

}	¹±TO

2-

dO

ξ-

&O

2

2-

!¹�ð
	�528.32 eV�

����rx}TO

2-

�Mn£	�529.48 eV��Mn

£õÄGñò}�O

ξ-

	Ô�531.30 eV�����O�

rx}�ð
TO

2

2-

��

[17]

! 

2.3   ������ 

è
�� 1150  �

b

l)WÒª«í	OKK    

850 �

b

�Ö�
��¸`	g�§KK1150 �

b

ö·

l)<Üj����|l)ª«Ð«�Ú~	���

��8��!Y<ç�
��`30 minl)íoÐÎO

�������	
"�1150 �

b

l)ª«÷¬	
�

����Ï�678J

div

&�`�+ø·01	�
�

l)2 hí	�678:;�L9J

div

=40.36 A/cm

2

	� 

 

0.01 0.1 1 10

0.00

0.04

0.08

0.12

0.16

 

 

D
i
f
f
e
r
e
n
t
i
a
l
 
I
n
t
r
u
s
i
o
n
/
µ
m
·
m
L
·
g

-
1

Pore Size Diameter/µm 

Average pore diameter:

          0.46613 µm

a 

b 

c 

d 

e 

f 

2 µm 

W 

Sc 

O 



µ1770µ                                        ¹®�º56».¼                                            � 49� 

 

 

 

 

 

 

 

 

 

¶ 6  \]^_`a9q³´SEM½¾ 

Fig.6  Scandium dispenser cathode (a) and SEM images (b, c) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¶ 7  \]^_`anoQXPS¸ 

Fig.7  XPS spectra of atoms on scandium dispense cathodes surface: (a) whole spectrum, (b) W 4f, (c) Ba 3d, (d) Sc 2p, and (e) O 1s 
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¶ 8  Ãª§p�ÆQ lgI-lgUÁÂ 

Fig.8  lgI-lgU curves with different activation time 

 

 

 

 

 

 

 

 

 

 

¶ 9  ÃªÄ£ÇQ lgI-lgUÁÂ 

Fig.9  lgI-lgU curves at different temperatures 

 

 

 

 

 

 

 

¶ 10  §pU`anoQ AFM½¾ 

Fig.10  AFM images of the cathode surface after activation 

 

 

 

 

 

 

 

 

 

 

¶ 11  §pU`anoQ AES¸ 

Fig.11   AES spectrum of the cathode surface after activation 
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Preparation of Scandium Dispenser Cathode by Microwave Sintering and Its Electron 

Emission Property 

 

Liu Wei, Li Junhui, Wang Jinshu, Zhou Fan, Yang Yunfei, Pan Zhaoliu, Wu Hao, Li Shilei 

(Key Laboratory of Advanced Functional Materials, Ministry of Education, Beijing University of Technology, Beijing 100124, China) 

 

Abstract: Uniform scandium doped tungsten powder was prepared by sol-gel method combined with reduction process, and then the 

scandium doped impregnated cathode was successfully prepared by microwave sintering. The characteristics of Sc-doped tungsten powder, 

the microstructure of cathode sponge matrix, the emission properties, and the surface behavior of the active substance were analyzed. The 

result shows that the scandium doped tungsten powder has the average size of around 1 µm and Sc element is uniformly distributed. The 

morphology of the sponge skeleton is spherical, the pore distribution is uniform, the average pore diameter is about 0.46 µm, and scandium 

is evenly distributed in the matrix. The cathode prepared by the microwave sintering method exhibits good emission properties, e.g., the 

current density of this cathode reaches 137.59 A/cm

2

 at 950 °C

b

, and the emission slope is 1.431. The atomic ratio of Ba:Sc:O on the 

cathode surface is 1.8:1:2.2 after activation, and a large amount of nanoparticles are present on the cathode surface, which promotes 

emission of the cathode. 

Key words: tungsten; scandium dispenser cathode; thermionic emission; microwave sintering 
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