
� 38� � 6� ��������	                               Vol.38, No.6

2009�      6�                         RARE METAL MATERIALS AND ENGINEERING           June 2009

�����2008-10-26

���	����	
��
(50276023)����
���
(DB200701049)��������
(EC200701021)����


��
���� ! 1980�" #$ %& ������'(
�)*+�, �� �� 330063 -./0791-3953300, E-mail: 

bowenxiong@163.com

W � W-Mo ������ Nb/Nb

5

Si

3

�	


��
�����

���

1

����

1

�� �

2

�	 


1

���


3

(1. ������ �� �� 330063)

(2. ��*+�, �� �� 330099)

(3. 01
��� 23�4��56789 :; <= 430074)

� ��>?@ABCDESPSF�4 G Nb-20Si Nb-20Si-10W H Nb-20Si-10W-10Mo IJKLMCD NOPQ

M W H W-Mo G Nb/Nb

5

Si

3

RS'(TUVWXYZ[>?\]-^ESEMF_`TUVW X abcadEXRDF

efgVh -BijU_efEEPMAFKLheef[Dklm/CDJngGopqr 99.59%�W stuvw

xyz Nb/Nb

5

Si

3

RS'(1 {TUVW|}~��W-Mo xy�TUVW}mT~� ��M�� Nb g W H

MoRSxyX Nbgxy� �{}�e Nbxyz Wg1 z Nb

5

Si

3

g1|}��xy��[

����@ABCD���Sh�TUVW�Nb/Nb

5

Si

3

RS'(

�������TG146.4

+

16 ������A �����1002-185X(2009)06-1112-04

��������	
���
��������

���	�������������������

� !"�#$

[1,2]

%Nb

5

Si

3

&'(��)*+2515

,-�./01+7.16 g/cm

3

-234���56

[3~5]

�

789:������&';<�=>?@%A

Nb

5

Si

3

&'/�B�C52.D�EFG56�HI

#$�J�Nb

5

Si

3

KLMC5NOP)*.�� Nb

QRST&'(OU�?@� Nb/Nb

5

Si

3

VWQR�

�%XYZ[\]�+Spark Plasma Sintering, ^_

SPS-KL<.`�]�ab2./�]��1cd

ef563g��h01���Carrillo-HeianZij

>8klTmdef Nb/Nb

5

Si

3

QR��

[6]

% 

noC5p Nb �Fq�Lrst1Iu�B�

C5�

[7.8]

�!"vw

[9~13]

xyz{R|}KL~��

�t}9>�������56�Az{R|}I�

�XYZ[\]� Nb/Nb

5

Si

3

VWQR��56�v

w���%�#$��#$�)|� W 2 W-Mo �  

���XYZ[\]� Nb/Nb

5

Si

3

VWQR����

���% 

��������

��V�:�� Nb�+44 µm�99.9%-�Si�+74 

µm�99.6%-�W�+50 µm�99.5%-2 Mo�+110 µm�

99.5%-%�V��������dT Nb-20Si�

Nb-20Si-10W2 Nb-20Si-10W-10Mo%V���<��

���� ¡�R 24 h��R��¢q�15 mm�£

¤¥&��< SPS-1050¦XYZ[\]�¢§���

¨	©=]��ª��1: 150 ,/min�]��1:

1500 ,�]�ab: 10 min��«¬­F�®¯°±

: 6 kN% 

«¬��> HF:HNO

3

=3:1 ��²��³´�>

MeF-3 ¦µ¶·¸¹+OM-
JSMT-200 ¦º»Y¹

+SEM-¼½¾¿���·¸���> D/max-ÀB¦

XÁÂÃÁÄ+XRD-�Å���p�T�> JXA-800R

¦Y\Æ�+EPMA-�����¸ÇT��Å%È

>ÉÊË¿VÌÍ"«¬01% 

����	
���

���  W �����	
� Nb/Nb

5

Si

3

�
����

����� 

Î 1: Nb-20Si2 Nb-20Si-10W]�«¬�·¸

��%�Î 1 KÏf¾de�����h0�Ðy·

�ÑÒÓ<%MÔÕ]�GÖp��SPS '×Ø'�

Ù*�noÚÛYÜ�9>�<]�ÝW§Þßà� 



� 6�                       ���@/WHW-MoG@ABCD Nb/Nb

5

Si

3

RS'(TUVWXYZ                   �1113� 

 

 

 

 

 

 

 

� 1  Nb-20Si (a)H Nb-20Si-10W (b)CD'(XTUVW 

Fig.1  SEM images of composites for (a) Nb-20Si and 

(b) Nb-20Si-10W 
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Fig.2  EPMA spectra of Fig.1b two points of SPS composite  

from Nb-20Si-10W sample: (a) point 1and (b) point 2 

 

 

 

 

 

 

 

 

 

� 3  Nb-20Si-10WCDIJX XRD�� 

Fig.3  XRD pattern of SPS composite from Nb-20Si-10W 

sample 

 

 

 

 

 

 

 

 

� 4  Nb-20Si-10W-10MoRS'( SEM�� 

Fig.4  SEM image of SPS composite from Nb-20Si-10W-10Mo 
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Fig.5  EPMA spectra of Fig. 4 four points of SPS composite  

from Nb-20Si-10W-10Mo sample: (a) point 1, (b) point 2, 

(c) point 3, and (d) point 4 
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� 6  Nb-20Si-10W-10MoCDIJX XRD�� 

Fig.6  XRD pattern of SPS composite from Nb-20Si-10W-10Mo 

sample 
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Abstract: Nb-20Si, Nb-20Si-10W and Nb-20Si-10W-10Mo samples were prepared by a spark plasma sintering (SPS), the effects of W and 

W-Mo additions on the microstructure of Nb/Nb

5

Si

3

 composites were mainly investigated. The microstructures were examined by scanning 

electron microscope (SEM). X-ray diffraction (XRD) was used for phase identification of the samples. The compositions were analyzed by 

electron-probe micro-analysis (EPMA). Results indicate that Nb/Nb

5

Si

3

 composites up to 99.59% of theoretical density are fabricated. W 

can be perfect solid-solutioned in Nb/Nb

5

Si

3

 composites, and the microstructure of Nb/Nb

5

Si

3

 composites is not changed, but the 

microstructure of Nb/Nb

5

Si

3

 composites is obviously changed after addition of W-Mo, Nb monophase, the solid solution of W and Mo in 

Nb, and the solid solution of partial Nb in W appear, but the solid solution phenomena of Nb

5

Si

3 

is not detected. 

Key words: spark plasma sintering; in-situ synthesis; microstructure; Nb/Nb
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