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¶ 1  �·BdbG?@HIJ$FWC-8CoXYIG XRD

¶¸ 

Fig.1  XRD patterns of WC-8Co cemented carbides with different 

carbon contents in the raw powders 

DçÆê�¯«á�#&i£o�/0����¹

º SEM¿
éDÆê�4|}s+&.°�i£n

5.64%
ÇÈ~�ÏÐ\]/0
 WC-8Co ����

n5&«á VC WX£o�»\]����éDÆê


|}$	 2 `²³ VC WX£
 WC-8Co ����


 SEM÷6$1���&WC'(�7�8#�9�

�:;<�&=�� VC WX£
>X&WC '()

*?@A+&x��
DçÆê���@B3$Ü VC

WX
¹º%�� £
3>9@'(Ì	 2a%CQ

DþÎ�E VC WX£n 0.2%� 0.5%F&WC '()

*� Co �«�snGH�E VC WX£,^ 0.8%I

Ñ&�#�JCoKLÌ&	 2d2e%MßNODþÎ

�+PQ
RST WC'(Ì&	 2f2g%�ßNO

DþÎ&¬=�Í£� VCWX£
>X�>X$��

���7� VC WX£
½j
Ç.1/ WC '(


9@^_�¯UV$�W�\]XY WC-Co ~�Ï

Ð% WC Z(��¬9@n[

[4]

&9@
 WC Z(8

ÒT�²A!�T���¥�
�5&Ç\]^_`&

WC '(9@�aUá�n[&b�+'( WC %


W� C� Co�%aU]^&mc�@
 WC67

á�$E VCWX£s+Ì&²,^ 0.5%ÎF&@�

Í
 VÇ\aU�W� Co%&Ad� W� CÇ\


aUá�^_&: WC'(9@Ad&'()*A+$

W � C Ç\� WC '(
á�^_ef{£m�Ç

!&.°&WC C9n�Tg� WC 'hz�4
i

��:;<�

[5]

$ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¶ 2  �· VC`ab WC-8CoXYIG SEM¹º 

Fig.2  SEM images of the specimens with different VC contents: 

(a) 0.0%, (b) 0.2%, (c) 0.5%, (d, f) 0.8%, and (e, g) 1.0% 
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¶ 3  `a VCG WC-CoXYIc VCG�©¼½¶¾¿

À WCWv SEMÁÂ 

Fig.3  Schematic diagram of the VC distribution in the cemented 

carbides with VC addition (a); SEM morphology of WC 

grain with facets (b) 
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¶ 4  WCÃÄWvwx�BdbK VC`abG�C 

Fig.4  Variation of mean grain size with carbon content and 

VC addition 

 

 

 

 

 

 

 

 

 

 

 

¶ 5  �· VC`ab�GÃÄWvwx�© 

Fig.5  Variation of mean grain size with different VC contents 
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¶ 6  �· VC`ab WC-8CoXYIGXyKz{|p 

Fig.6  Hardness (a) and fracture toughness (b) of WC-8Co 

cemented carbides with different VC contents 
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¶ 7  �· VC`abG WC-8CoXYIG{ÅÆÇÁÂ 

Fig.7  Crack propagation morphologies of cemented carbides 

with different VC contents: (a) 0.0%, (b) 0.2%, (c) 0.5%, 

(d) 0.8%, and (e) 1.0% 

 

 

 

 

 

 

 

 

 

 

 

¶ 8  �· VC`abG WC-8CoXYIGÈW{ÅÉÊ 

Fig.8  Changes of fraction of transgranular cracks of WC-8Co 

cemented carbides with different VC contents
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¶ 9  �·BdbJLG���y� VC`abG�CËÌ 

Fig.9  Changes of transverse rupture strength with different VC contents under different carbon contents of powder: (a) 5.56%, (b) 5.60%, 

(c) 5.64%, and (d) 5.68% 
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¶ 10  ÍC$F WC-8Co IG���y#ÎÏÐÑG��

�y�Xy�CGeÉ 

Fig.10  Comparison of the transverse rupture strength and hardness 

values of prepared WC-8Co cemented carbides with those 

reported in the references for the same composition 
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 11  ��������� Mises���������� 

Fig.11  Finite element simulation of Mises stress states with different microstructure morphologies: (a) inhomogeneous WC grains, 

(b) homogeneous WC grains, and (c) high WC grain contiguity 

 

��������	
��������3�Co��

������� 11c���� !"#�$%&'WC

�	()*+,�-.'/�0123+456'7

WC �	()*+8'9 Co �����: WC �	

;<���-.'/�=>?@/�0123A��

B�C�D'EFGHIJK 0.8%L�M� 2dN2e

OP�'QR1�SCo TUV2'WXY Co ���

Z��'[�� WC�	\))]'^_/�01`

a�bcd,,eF�7 VCEFIA�QR'Co�

����'WC()*8'��fgA��hij WC

�	<�/�01��4�k(W, V)C

X

lmnop WC

�	�q VC HI+A�M 0.2%m 0.5%�L'r�

VC stu Co 1'vwAI� VC :xyz{|(W, 

V)C

X

l':}~�*B��� WC�	��,K�'

�� WC �	�{p��Z,��� VC EFIWX

Ynop"� WC �	�M� 3 OP����� 11b

/����� !"#�D'6���1 WC�	�

��z��{|+�=>��-/�01'q WC�

xa�|4nop�'����"���Id,,e

F'�������|Z�����}�y(W, V)C

X

ld���WC/Co�WC/WCxy'��|4���'

��� ¡�¢�£¤�eF

[22]

��_�¥'Q¦�

VCEFI§¨©Iª¨'�«¬�	®8NWCm

Co�����N(W, V)C

X

l� WC{¯m WC/WC°

WC/Coxy��A�J±�²³QR'��u�f´

�QR�µ�� 

�����VC �����	
�����������

�����

M¶O·'̧ Q¹º©HI4 5.64%NVCEFI

ZJK 0.5%L?»¼"½¾�WC-8Co²³QR¿�

À~��ÁÂÃ*m��²*�^_'$�ÄÅÆ4

ÇÈÉ VC�QRÊË°�Ë»Ì������ 

� 12ÍV�Z� VCHIÅÆ�Á»Ã*ÎË*

�ÏÐÑÒ��$%V'3 �ÅÆ�Á»Ã*�ÎË

*�Ó�V2Ôg8�e,�ÕÖ'×ØÙ 600 ÚL

�Á»Ã*�uÊË'§ÛÜÝÞ1ÁÂÃ*ÎË*

Ó�ßàá?�ÕÖâãZ�

[23]

�Ø1'ZH VC E

FG� WC-8CoQR��	®ä,'ÊËm�Ëj

Á»Ã*�ÏÐä8'q VCEFI4 0.5%'CHI

4 5.64%L²³QR:ÊËÁ»Ã*4 4065 MPa' 

600 Új�Á»Ã*4 4914 MPa���uåEF VC

ÅÆ'EFAI VCÅÆ: 600 ÚL�Á»Ã*Ó�

[46æ'çèJKÊËÁ»Ã*é& 4593 m 4914 

MPa��êÓ�� 35.4%m 20.9%��Ø1'VC EF

I4 0.5%L'Á»Ã*ÎË*�ÏÐä,'ÊËN400

m600 ÚjÁ»Ã*�4Åë1�ä�ì'�:200 Ú 

 

 

 

 

 

 

 

 

 

 

 

 12  ��VC� !WC-8Co"#$��%&'()*(+, 

Fig.12  Compressive strength curves of WC-8Co cemented carbides 

with different VC contents at different temperatures 
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Effect of VC Addition and Carbon Content on Mechanical Properties of Ultrafine 

Cemented Carbides at Room and High Temperatures 
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Abstract: Using VC and WC-8Co composite powder prepared by in-situ reduction carbonization as raw materials, ultrafine WC-Co 

cemented carbide was prepared by sinter-HIP technology. The influences of the VC content and the carbon content of the composite 

powder on the phase composition, microstructure, and mechanical properties of the cemented carbides were investigated. The results show 

that the grain size, hardness and fracture toughness of cemented carbides are mainly affected by the VC content. These properties change 

monotonically with the increase of VC content. The change of transverse rupture strength with VC content is related to carbon content. The 

compression strength decreases first and then increases with the increase of temperature. With the optimized carbon content of WC-8Co 

composite powder in the range of 5.60wt%~5.68wt% and the VC addition no more than 0.5wt%, the ultrafine cemented carbides with high 

comprehensive performance were prepared. The highest value of TRS is 4482 MPa at room temperature, and compression strength is 4914 

MPa at 600 

o

C. Based on the characteristics of the microstructure and the stress distribution, simulated by the elastic-plastic finite element 

model, the law of performance change and the mechanism of its performance were analyzed. 

Key words: ultrafine cemented carbide; VC addition; carbon content; high temperature compression strength; mechanical properties 
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