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Fig.1  Schematic of the preparation of porous tungsten matrix 

by spark plasma sintering 

Ûy�N

0

@ Na=�×qTrgè������8£

@�����s8£�tu GB 1479-84�ì� SK-1002

Ævw5knQ�eô�Gèï'(�È���êë

67@5é��ì� TC500òxayz^{� Lecof

Q�èï'(È����ò�£�ì� PM33GT-17

¦|z^{� Quantachrome InstrumentsfQ£DE�

FG�âEE`�� 

������	
�

���������	
��
��

B 2 KC�eô�Gèï'(:Ï}8^?�k

�@Nø5£f%��èï����¡~�� ?�

k��89����èï��kI"zq?�k�9

x 2.4 g/minJ���èï�F"·� ���� 98%�

���èï ���Ìeô�Gúûy�à��£o

�

[18]

�������eô�G"<l�à��£�.

j�x��Ìeô�Gúûy���Jµ�q���

���^�~#�7abef�� �J�����

Ìeô�Gúûy���Jµ¢C?�k�����

Ç?�k��������eô�Gúû�Jµ=��

¢×k���à��£89�¬­��þï wa�

0¸89��èï�� 

B 3 �����@ d?�k��eô�Gèï

'(È������������� ¡¢�{��

�*�_B 3aKC�q?�k�� 32.4 g/min/J^B

3bf��o�£��¥eô�Gèï'(È�Mè��

���ha���������q?�k�89� 4.83 

g/min J�eô�Gèï'(È�è����D^B

3dfzdXª�èï�����M�����0128

9?�k�� 2.4 g/min̂ B 3ef�����E���� 

 

 

 

 

 

 

 

 

 

 

 

 

� 2  `KaL3bcdeJ?K/0L8OP 

Fig.2  Influence of powder feed rate and carrier gas flow rate on 

the spheroidization ratio of tungsten powder 
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Fig.3  Morphologies of the original W powders (a) and treated powders at feed rates of 32.4 g/min (b), 18.5 g/min (c), 

4.83 g/min (d), 2.40 g/min (e), and 1.35 g/min (f) 
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Fig.4  Morphologies of the treated powders at carrier gas flow rates of 2.5 L/min (a), 4.0 L/min (b), and 6.0 L/min (c) 
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Table 1  Apparent density and flowability of the original W 

powders and spherical W powders 
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Fig.5  Microstructures of the porous tungsten matrix from original W powders (a, c) and spherical W powders (b, d) 

a 

b 

c 

d 

10 µm 

10 µm 

1 µm 

1 µm 



�612�                                           ��
�� !�"                                           � 48� 

 

 

 

 

 

 

 

 

 

 

 

� 6  )*��?K;<8>?@A8��Z[MN 

Fig.6  Pulse emission performance of the barium tungsten 

cathode based on different porous tungsten matrix 

from different W powders 
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Porous Tungsten Matrix for Ba-W Cathode Prepared by Plasma Spheroidization 

Process and Spark Plasma Sintering 

 

Hu Ke, Qiu Zhentao, Yang Xinyu, Zhang Jiuxing 

(Hefei University of Technology, Hefei 230009, China) 

 

Abstract: Porous tungsten matrix for Ba-W cathodes was prepared by plasma spheroidization process combined with spark plasma 

sintering (SPS). The effect of plasma spheroidization process parameters on the spheroidization efficiency and properties of the W powders, 

microstructure of the porous W matrix sintered by SPS as well as the emission performance of the corresponding Ba-W cathode was 

investigated. The results show that spherical W powders with smooth surfaces and good sphericity can be obtained when the powder feed 

rate and carrier gas flow rate are 2.4 g/min and 4.0 L/min, respectively. The spheroidization efficiency is above 98%. The apparent density 

and flowability of the spherical W powders are greatly enhanced after plasma spheroidization. Compared to those of the matrix from raw W 

powders, the structure and distribution of pores within the porous W matrix from the spherical W powders are significantly improved after 

SPS, and the open porosity increases from 18.3% to 19.7%. The saturation pulse current density of the Ba-W cathode from spherical W 

powders is 11.2 A/cm

2

, which is higher than 8.7 A/cm

2

 of the Ba-W cathode from raw W powders. 

Key words: plasma spheroidization; spherical W powders; SPS; Ba-W cathode; electron emission performance 
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