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Table 1  Related information for raw material 

 WC Ni SiC 

Average 

particle 

size 

0.91 µm 0.8 µm 20 nm 

Purity/% 99.8 99.94 99.09 

Source 

Nanchang 

Cemented 

Carbide Co., 

Ltd 

Shanghai 

Sinopharm 

Chemical Reagent 

Co., Ltd 

Institute of Metal 

Research, Chinese 

Academy of 

Sciences 
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Table 2  Experimental instruments and equipments 

Main step Equipment name Equipment type 

High energy ball mill GN-2 

Preparation 

Vacuum sintering 

furnace 

GVQ2-2 000 

Metallographic sample 

pre-grinding machine 

M-2 

Pretreatment 

Metallographic sample 

polishing machine 

PG-2A 

Vickers hardness tester HVS-50 

Universal mechanical 

tester 

WDW-50 

EDS Axis Ultra DLD 

Performance 

test 

FESEM Nova nanosem 450 

 

 2""3�4�56"

Table 3  Proportion of component in alloy (ω/%) 

Sample number WC Ni SiC 

1 90.00 10.00 0.00 

2 89.75 10.00 0.25 

3 89.50 10.00 0.50 

4 89.25 10.00 0.75 

5 89.0 10.00 1.00 

 

�B���µ§£û���80 ����=�"	


_��ó_�����µ§�þ
� 74 µm�¦�

���WÚ¿��������µ§�¨"3 

"����øùú�Y¨o���µ§�"µ�

��)�Yò��Y��Ió�� Φ13 mm×5 mm�

���45 mm×5 mm×5 mm�À� f3=���Y

o�!"�ó#$�T�%0&�'(3 

�%0&�ò)�}~ SiC���WC-Ni-SiC�

���* T�âã�b��b��ó�ñ� 1450


1500 ��+� 15 min�Ï�Y�ÃÄ SiC,-� WC- 

10Ni�����b§3 

�b§þ.�
/001'(�T��P2*3

�"3�Ä4ºArchimedes»56�2* fqr+

�³�" HVS-507ä��8�9L 196 N:;�+

� 10 s�2* f�ØÙ��³�"�<�2* f

�­®¯�ºù=>��� 5?=»³�"@=×A�

2* f�N×���BC 30 mm³�"DE�F{

GO�HI 1:1õJôYK�� 20%�LMÐ��M�

r fh�T������ÖN� 3 min�=��":

ÓOPQ¤Rr���� fT�äå)SåT��

�PU©����VWóX���3 

������	
�

�����WC-Ni-SiC ����	
��
� 

�Y Ni {ÃÄ SiC � WC-Ni-SiC ��ÍÎ��

��óX8Y¨�	���P�WC-Ni-SiC����

�x�SW3Z-�� EDS�PQåTéóX[\3

] 18
PB��Y¨�, 0.5%ÃÄ SiC�WC-10Ni

�������µ§)S{VW EDS�PQó^3Á

] 1a Z-_`��Y¨� WC-Ni-SiC ������

µ§Ú¿abõ���3¼8��ÃÄ SiC �,û�

SiC Ð���qÚ¿c WC Ú¿Ó!defg�~Ö

cB�h~Ð"�i WCÚ¿Ó!���j)klm

���
PB��|�
PÐ"±�i WCÚ¿nb

¾�SZ�� SiC{B��h~Ð"±i WCÚ¿�

��ogpLi7�>n)[�q�rsB)���

ab�t� 1 µm�ÏtÚ¿ab� 200~300 nm3>

Á] 1bVW EDS�PQ]Z-_`�NiVWóX�

��qr�u4½�v�t�Ôw3¼ZPc
PB

�ÌL�µ§�h�P{Gx�Á>i NiÚ¿yz{

Ó|}	ê3é~VW�óXõ�����] 1c~1e

�í��	t�Ôw3 

���������������

] 2 � 1450 �âã�b�}~ÃÄ SiC ,-�

� WC-10Ni���� SEM)S��3Á] 2aZ-_

`�Ü, SiC�WC-10Ni������
�Gx�r�

WC¾¿ab�t}���ncabq Nib�}��

+³Õ,ûÃÄ SiC��� 0.25%Ö������ WC

¾¿ab	4��t�z WC¾¿���Ð"}i73

ÕÃÄ SiC,û�� 0.5%{�� 0.5%Ö�WC¾¿{

abqóXqr���n WC ¾¿Nb��+�WC

¾¿abi7�t��] 2c
2d
2e�í3é�SZ

P8��� SiC�´qÚ¿����óX� WC�§

�¾�'�-����ÃÄ SiC�û WC¾Ib��

i WC¾I	4��¾I�j�'�
P����[

�(���� WC ¾I)��i��ÍÎ�bè+3�

��ZP8���´q SiCÚ¿� WC�§¾�'}

�{���²u� WC¾¿��P���� WC¾¿

¾����Á>¹Y� WC ¾¿À�3zÕÃÄ SiC 



�568�                                           ��?��� !"                                           � 48� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 1  I 0.5% SiCR WC-10Ni<=>?@>�� EDS� ¡ 

Fig.1  SEM image (a) and EDS mapping of the WC-10Ni composite powder with 0.5% SiC: (b) Ni, (c) C, (d) W, and (e) Si 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 2  1450 ZR.�/0d� SiCyER WC-10Ni<=>? SEM¢£ 

Fig.2  SEM microstructures of WC-10Ni alloy with different SiC contents vacuum sintered at 1 450 Z: (a) 0.00%, (b) 0.25%, 

(c) 0.5%, (d) 0.75%, and (e) 1.0% 
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� 3  1450 Z.�/0R WC-10Ni–0.5SiC<=>? SEM¤¥�*¦� 

Fig.3  SEM image (a) and EDS spectra (b, c) for WC-10Ni-0.5SiC vacuum sintered at 1450 Z 
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� 4  d�FG/0R WC-10Ni-0.5SiC<=>?W�¢£ 

Fig.4  SEM images of surface of WC-10Ni-0.5SiC cemented 

carbide sintered at different temperatures: (a) 1450 Z 

and (b) 1500 Z 
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� 5  d�FG.�/0 WC-10Ni-SiCabGw SiCyE§m

¨© 

Fig.5  Relative density curves changed with SiC contents for 

WC-10Ni-SiC vacuum sintered at different temperatures 
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� 6  d�FG.�/0 WC-10Ni-SiCRuv<G 

Fig.6  Vickers hardness of WC-10Ni-SiC vacuum sintered at 

different temperatures 
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� 7  d�FG.�/0 WC-10Ni-SiCR}~�Q 

Fig.7  Fracture toughness of WC-10Ni-SiC vacuum sintered at 

different temperatures 
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� 8  d�FG.�/0 WC-10Ni-SiCR��;G 

Fig.8  Bending strength of WC-10Ni-SiC vacuum sintered at 

different temperatures 
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Vacuum Sintering and Performance of SiC Doped WC-10Ni Cemented Carbide 

 

Xue Ping, Zhang Jianjun, Ai Yunlong, He Wen, Liang Bingliang, Chen Weihua 

(Nanchang Hangkong University, Nanchang 330063, China) 

 

Abstract: Nano SiC particle dispersion strengthened WC-10Ni cemented carbide composites were fabricated by high energy ball milling 

(HEBM) and vacuum sintering (VS). The effects of SiC content and vacuum sintering temperature on the microstructure and room 

temperature mechanical properties of SiC doped WC-10Ni cemented carbide composites were investigated. The results show that the 

well-combined and highly-densified (nearly 99.2%) WC-10Ni-SiC composites can be obtained by the VS technique at 1 450 and 1500 ºC. 

The addition of SiC can not only restrain the growth of WC grains and play a role in refining grains, but also accelerate the densification of 

WC grain sintering. Also the Vickers hardness of the prepared composite materials improves to 16.49 GPa with the increase of SiC content. 

Their fracture toughness and flexural strength increase first and then decrease with the increase of the SiC addition. When the content of 

the SiC is 0.5wt%, the fracture toughness and flexural strength of WC-10Ni-SiC cemented carbide composites are 12.7 MPa·m

1/2

 and 

1126.1 MPa, respectively. 

Key words: WC-10Ni cemented carbide; vacuum sintering; SiC doping; mechanical properties 
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