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Fig.1  Morphologies of powders: (a) Cu powder, 

(b) W powder, and (c) mixed powder 
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Fig.2  The relationship between the relative density and 

the pressure of the cold-pressed compacts 
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Fig.3  The relationship between the relative density and 

the milling time of the cold-pressed compacts 
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Fig.4  The relationship between the relative density and 

the milling time of the extruded samples 

a 

b 

150 µm 

10 µm 

c 

10 µm 

350  400  450  500  550  600  650 

Forming Pressure/MPa 

74

73

72

71

70

69

R
e
l
a
t
i
v
e
 
D
e
n
s
i
t
y
/
%
 

0    2    4    6    8    10 

Milling Time/h 

78

74

70

66

62

58

54

50

R
e
l
a
t
i
v
e
 
D
e
n
s
i
t
y
/
%
 

0    2    4    6    8    10 

Milling Time/h 

100

96

92

88

84

80

R
e
l
a
t
i
v
e
 
D
e
n
s
i
t
y
/
%
 



w740w                                           �r
������                                           � 38� 

[7Z+G=JS-�.ÈÉÑÒ�â(äåà��

ë+	X�� 98.8%����½+Í�8�7



��

W-40Cu �������� 

2.3.1  �������� 

râëÈÉA§Õ´ÑÒ��(äåà�st�

uóz�Âv�+ 5�=S-�äåà��G� W�

wÂÌ'�!r��xy�¡ë!Ð�����	


�	
�Éz�
����>J Ö×��{|��

é�7��1}(|áÂÃ@��³´7@(äåâ

ÝG����~×���yµ��KL7Í7���

@���7!�¤�ØÏ�=�½+7¡ë���×

	���a�a(�>�Ð�������7 

 

 

 

 

 

 

 

 

 

 

 

 

x 5  :;5/6723H�?@A<��$��� 

Fig.5  The SEM metallographs of the extruded samples milled 

for different time: (a) unmilled, (b) 4 h, (c) 7 h, 

and (d) 10 h 
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Fig.6  The relationship between the specific conductivity 

and the milling time of the extruded samples 
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Fig.7  The relationship between the hardness and the milling 

time of the extruded samples 
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The Influence of Mechanical Milling on Microstructure and the Properties 

of W-40Cu Composite by Hot Extrusion 

 

Li Daren, Yu Yang, Liu Zuyan, Wang Erde 

(Harbin Institute of Technology, Harbin 150001, China) 

 

Abstract: The mixed powder of W-40Cu ball-milled for different time was cold-pressed into a compact, then it was hot-extruded into 

W-40Cu composite. The effects of the mechanical ball milling on the microstructure and the performance of the composite were 

investigated. The results show that ball milling for long time has unbenefical effect on the microstructure and the performance of the 

composite. With prolonging of ball milling, the inhomogeneity of tungsten phase size within the composite appears obviously, the density 

and specific conductance of the composite decrease, and the hardness increases. 

Key words: W-40wt%Cu; mechanical milling; hot extrusion  
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