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93W-4.9Ni-2.1Fe(I5JK%, LM)/NO�PQ��-./012345 Y

2

O

3

1=>RF6SRTUV/NO

=>WX06Y4Z[C\]^>_`a*b 1480 c;<=>TdDEe�aYf0�bgRFLhiSRTUVj

AdDE&�kl�\]�SRTUG 30 minT�dDEmnG 5~8 µm�SRTUG 60 minT�dDEG 8~10 µm^

2345opq0r Y

2

O

3

stuvwkxyzADEC&��hi/CdDEmn6{|Z[}~��b 1480 c

=> 60 minT�dDEG 3~4 µm���DEmnJ��}~^

����-./0�opq0r�HDd/�Y4Z[

�������TF123 ������A �����1002-185X(2010)02-0314-04

��������	
����������

����������� !"#$%%&'()

*

[1,2]

+,-����./0W1Ni1Fe2��345

6789:�;�<=>1500~1550 �?@ABCD

EFG��H��IJKL�M;WNOPQR

STUB@K��WNOVWXY��.�40~60

µm

[3]

�Z�����[�\�]^_)*`abc

d8"e+��NOVWfdPNOghfd�78

ij/kl56�YYjmWNO�nZYYo���

p�1q�rs�2����

[4,5]

�tZ�78ij

/klu�56vw�px���/���!"y

z{|}�+ 

~�����>ij/kl����56vw{

h�z�Y����H�����m/�����

X�{�

[6,7]

+����m�jm56�OPNO�

����NOVW����	
������+�

/������mu�56�OPNOVWj��

��56�;�W(Ni , Fe)i�P���P�N@

[8]

�

u�56	
 �AB���>?@AB����

� �NOKL¡Y�¢!£m����+¤¥/�

�YVW¦)���§¨VWXY�>¦)AB�

���NO©��ª«¡m���klW-Ni-Feu�

56¬|d8®+E¯°�±²³K��y«�

>����´µ¶·¸m¹� �jm�N

[9,10]

��

º»¼�VWX�§¨+ 

±½¾78����mP´µJ� Y

2

O

3

{�v

wij���u�56��78¿2À:�;P?@

ABvwª Ф25 mmjN���¦)���56�´

µJ�¶·¸m¹1ABÁ�PÂÁÃÄ�jN��

�¦)KLÅÆ+ 

��������

Ç¾È*�\ÉÊ;ºÈ�51EM;ËÌÍ51E

M;ËÌÎ5�HÏÐO�S¥�2.91, 2.66, 3.97 µm�

MÑ���Ò�Ò�56;ÓÔÕ1Ö×+Ö´µ

Y

2

O

3

56�ÏÐO��5.00 µm�MÑØÙ�SÚÛÜÝ+ 

0W1Ni1Fe3456Þ93W-4.9Ni-2.1Fe�S�

ßà5�S¥´µ 0P 0.04%Y

2

O

3

(Ù�Sá )�>

QM-2SP16MÑ��âã��MÑ�äå�200 r/min�

���æMÑ���56¸m�>�ÛçèÂéê

âã�MÑÃÄ�40 h+ 

0Övë��MÑu�5678¿2Àìí:

v�î¦ï:ð�>ñèÂéèò�ABvëABð�

ABÁ��1360~1480 ��ABÃÄ�30~60 min+ 

AB§¨��óô78õö�+÷8MeF3Aø

�@IJùâãAB=§¨IJKLúû+>JOEL 

JSM-6360LVøüýþ�IJùâãu�56;Óú

û+>X������âãu�56XRDSÚ+ 



� 2�                   �  �8*-./062345 Y

2

O

3

VABHDd/NOZ[C\]                     �315� 

 

������	
�

���������	
�����

Õ2/����mvwW-Ni-Feu�56;Ó+

��Õ1PÕ2��	ª�����m=56;���

�
�Su�56�Z�56;ïPO�y��X

Y��56��hYYbµ�56O�YYjm�

HÏÐO��2.75 µm�56�O���ï+Õ3/�

���mu�56XRDÕ����56�����

m=�Ni1Fe34Äy��@������NOVW

�78Scherrer��âã��� 

D=0.89λ/B

1/2

cosθ  

��D�NOY��λ�X���c�B

1/2

����

�� �!"�#��θ�T$%��&+����

'Ãu�56NOVW�28.8 nm�(/��56>

����m����)*ÑM�å+,056,

-��56O�PNOVW��nZ;�Y�./

“È�m”�h�01MÑÃÄqc, (2@�3

4\53467�h�>ÑM8u9,:;<

ê@�¿=>�>�;�>�Ä
�ôÈ�B��

u��IJB?�@AÈB�
3456;Ó�y

�È�Ä�CD+ 

 

 

 

 

 

 

 

 

 

 

� 1  ���/��C SEM�� 

Fig.1  SEM image of W-Ni-Fe original mixture powder 

 

 

 

 

 

 

 

 

 

� 2  -./0��C SEM�� 

Fig.2  SEM image of MA W-Ni-Fe powder 
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� 3  -./0��C XRD�� 

Fig.3  XRD pattern of MA W-Ni-Fe powder 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 4  93W-4.9Ni-2.1Fe MA�� 1360 c(a)6b 1480 �(b)= 

> 120 minC<Z[ 

Fig.4  Metallographs of MA 93W-4.9Ni-2.1Fe powder sintered at 

1360 c (a) and 1480 c (b) for 120 min 
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� 5  93W-4.9Ni-2.1Fe MA��b 1480 �=> 30 min (a)6 

60 min (b)C<Z[ 

Fig.5  Metallographs of MA 93W-4.9Ni-2.1Fe powder sintered at 

1480 c for 30 min (a) and 60 min (b) 
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� 6  b 1480 c=>�SRTUVd/XFC\] 

Fig.6  Effect of holding time on density of tungsten alloy  

sintered at 1480 c 
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Fig.7  Metallograph of MA 93W-Ni-Fe powder with addition of 
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Effect of Mechanical Alloying and Trace Y

2

O

3

 Addition on Microstructure of 

Fine-Grain Tungsten Heavy Alloy Rods 

 

Liu Tao, Fan Jinglian, Huang Boyun, Qi Meigui, Tian Jiamin 

(State Key Laboratory for Powder Metallurgy, Central South University, Changsha 410083, China) 

 

Abstract: Fine-grained 93W-4.9Ni-2.1Fe tungsten heavy alloy rods with diameter of 25 mm were fabricated by mechanical alloying (MA), 

trace Y

2

O

3

 adding, cold isostatic pressing and sintering. The tungsten grain size of the as-sintered alloy was 3-4 µm. The effects of MA, 

addition of trace Y

2

O

3

 and sintering process on the densification and microstructure of the alloy were studied. It is indicated that the 

tungsten grains were spheroidized during liquid phase sintering at 1480 ºC, and at this temperature the sintering time greatly affects the 

control of tungsten grains growth. The grain size of the tungsten alloy sintered at 1480 c for 30 min was 5-8 µm. The grain size of the 

tungsten alloy was 8-10 µm when the sintering time was 60 min at 1480 c. The addition of trace Y

2

O

3

 further prevents the tungsten grain 

growth, effectively refining the tungsten grain and inducing a homogeneous microstructure. The tungsten grain size of tungsten alloy 

sintered at 1480 c for 60 min with addition of Y

2

O

3

 was 3-4 µm and more uniform. 

Key words: mechanical alloying; rare earth oxide; fine-grain tungsten heavy alloy; microstructure 
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