
� 23 � � 2 � Vol.23 No.2

2 0 0 9 � 4 � CHINESE JOURNAL OF MATERIALS RESEARCH April 2 0 0 9

� � � � � �

��������	
Æ���
��� ∗

��� � � 	
(��������������� �� 100083)


 � ���	�����
���	����������	����	��
�	

�
 97.9%������� 1 µm

�	
����
	��, ���
��
	��
��
. �	�����
�	
��, 	���
�	�����
�, �

��������������
�	. ���
���	�	���	�, 	�����
�	������������
�

���, �����
���.

��� ����, �, 	
��, �
�	, 	���

��� TG146 �� � 1005-3093(2009)02-0113-05

Fabrication and characterization of ultra-fine grained pure
tungsten by two fast resistance sintering technologies

ZHOU Zhangjian∗∗ DU Juan MA Yao
(School of Materials Science and Engineering, University of Science and Technology Beijing, Beijing 100083)

* Supported by National Nature Science Foundation of China No.50634060 and the National Basic Research
Program of China under grant No.2007ID102.
Manuscript received October 22, 2008; in revised form January 6, 2009.
** To whom correspondence should be addressed, Tel:(010)62332472, E–mail:zhouzhj@mater.ustb.edu.cn

ABSTRACT Pure tungsten with ultra-fine grain size has been fabricated by a novel sintering method
combined resistance sintering with ultra high pressure in the absence of any additives. The relative density
of the fabricated material is 97.9% and the average grain size is less than 1 µm. the density of the sintered
sample is mainly contributed by the applied ultra high pressure, while the resistance sintering benefit
for high mechanical properties of the sintered material. Compared to another fast resistance sintering
technology�spark plasma sintering�, resistance sintering under ultra high pressure shows the advantage
of not only retaining the fine grain size, but also further refining the grain size during consolidation.
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CD SPS  ���:2<6D6.
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67
7E>� (89�#)  Æ7�:& 1 µm, #:

�' 99.8%. ;�#3$ 50 MPa :�=8:$B&

8� 20 mm <: 10 mm  :;, <=E:;)">

9?=�@:9)A��F:; '() F<>
G?2<:5, ;:5G@4!=>H:B%$IA
:�=2<(6��, :��65 H B 1 CD.

;�#3E;!8�& 20 mm  >?@,%,

!�B<I>F SPS1050 B460.(��A2
<460.(���, =B: 6 Pa, ��:�&

40 MPa, ��8:& 1400 J� 1500 J, ��,3

& 5 min.

+! Archimedes GH!K/��� 9:; +

! LEO–1450 BIC6D2<+C�DCL; !

HVA–6 BJJ�-K:EK%G@ K:; $6(
L�KEB1+!L%MN!KKG@ EM�:,
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6=R:LN �%S26��. ..G@$(6
��P=, ;�@�9:�� O:O9 13% MP.

P$:�& 9 GPa ,, O';� 9:QKD6�,
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Fig.1 Schematic illustrations of pressure and current

orientation
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Fig.2 Relationship between pressure and density
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Table 1 Relative density, hardness and bending strength of sintered pure W

Sintering method RSUHP SPS

Sintering conditions 0 kW, 60 s 18 kW, 60 s 23 kW, 60 s 23 kW, 90 s 1400 ] 1500 ]

Relative density/% 94.85 96.63 97.93 97.96 75.10 93.88

Micro hardness/HV 458.3 665.9 776.5 753.2 410.9 565.3

Bending strength/MPa 271.3 465.2 532.6 – 301.1 538.6
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Fig.3 Morphology of W powders and sintered samples by RSUHP

P 4 SPS Z_VZVc\e]
Fig.4 The fracture morphology of 1 µm W powder consolidated by SPS
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