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¦ 1  §¨©1ª« SEM¬­ 

Fig.1  SEM images of main raw material powders: (a) WC powders, (b) Ni powders, and (c) Fe powders  
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Table 1  Characteristics of raw powders  

Powder WC Ni Fe Mo VC 

Purity, ω/% ®99.9 ®99.9 ®98.5 ®99.9 ®99.5 

Oxygen, ω/% 0.15 0.30 0.50 0.25 0.79 

Carbon, ω/% 6.13 0.35 0.80 0.01 17.72 

Fsss/µm 0.55 1.00 1.00~6.00 3.00 1.15 
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Table 2  Nominal composition of cemented carbides (ω/%) 

Alloy  WC Ni Fe Mo VC 

a Bal. 11.25 3.75 0 0.5 

b Bal. 11.25 3.75 0.25 0.5 

c Bal. 11.25 3.75 0.5 0.5 

d Bal. 11.25 3.75 1.0 0.5 

ÏÃ 180 min'rtu��@�_� 30q(w 0.59 mm)

xyç�zxD���� 150 MPa ��lr@�_{

�&7�|Ë�Z}ê� (ê�ó, 1400 ��ê�Ï

Ã 60 min��l 5 MPa ) #$&�������~A' 

�����7��� TM 3030 ±+,����

-����� MIRA3 LMH ±�M�+,����-

����*����������� X’ Pert powder

± X������;��ß��&' 

rAB�/&<=� 20 mm × 6.5 mm × 5.25 mm

� b~A��������d" (ISO 18754) �;�

�~A�C,����=ë�"�~AB��ë+,, 

e� WDW-100 �n~��ç��~��>� 14.5 

mm��� HVS-50�����,��~AB�,�Õ

�t��6� (Ø�í�l 294 N�5 s)���(1)W�

f}
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¦ 2  JK MosN= WC-Ni-Fe-Mo/"= XRD¦° 

Fig.2  XRD patterns of WC-Ni-Fe-Mo with different Mo 

contents  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¦ 3  JK MosN= WC-Ni-Fe-Mo/" SEM±² 

Fig.3  SEM images of WC-Ni-Fe-Mo alloy with different Mo contents: (a) 0%, (b) 0.25%, (c) 0.5%, and (d) 1.0% 
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¦ 4  JK MosN= WC-Ni-Fe-Mo/" SEM³´µ'¶±² 

Fig.4  BSE images of WC-Ni-Fe-Mo with different Mo contents: (a) 0%, (b) 0.25%, (c) 0.5%, and (d) 1.0%  
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� 3  WC-Ni-Fe-Mo �������	
 

Table 3  Microstructure analysis of WC-Ni-Fe-Mo cemented carbides 

Alloy Total carbon content of WC, ω/% WC grain size/µm Porosity Non-combined carbon Remark 

a 6.13 0.46 A02B02 C00 Fe-Ni pool 

b 6.14 0.42 A02B02 C00 Fe-Ni pool 

c 6.15 0.40 A02B00 C00 Fe-Ni pool 

d 6.16 0.54 A02B00 C00 Fe-Ni pool 

WC 

(Fe,Ni) 

WC 

(Fe,Ni) 

WC 
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1 µm 
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¦ 5  JK MosN= WC-Ni-Fe-Mo/"=|m*uvw 

Fig.5  Density and porosity of WC-Ni-Fe-Mo with different Mo 

      contents 

À'78�WC 
�<=�Ü
���ß�ë+,��

[¬­7æ'��ÞrE 3 ß�����ñ�WH�4

RVÀMoKt����ë+,¿WC
�,0³TQ

i'ß��ßàL
�<=�1Ï���ß
�òt]

Ø�ncÙ�í��¦�ð%(*����ë+,'À

Ï�Mo�×Øn<
��ß (Fe, Ni) ��»¼à½�

Õíàb���îï+
S�'8�� {��jï�

nè�¶C,(Öc�`]+����ë+,

[23]

'ß d

��ßMoKtçTè]ØÏ��`PàL
�,�v�

×¶P�ë+,èË�ù d ��þ]c�*�¶C,-

���+,�eP�ë+,þ*`®×ØMo� a��' 

) 7 ³´9 4 RVÀ Mo Kt��ß��6��

Ü
ÊË'W�	°�V×Ø Mo� a ��c{�*

���6�� 28.17 MPa·m

1/2

' { MoKt�]Ø�

a�b�c�����6�
Þnèó 17.01 MPa·m

1/2

�

%c{�vàL
�<= d �����6�1�Öó

25.32 MPa·m

1/2

'W8� { MoKt�]Ø����

��6�ÕnèqÖ*�M¿����ë+,Ü
Ê

Ë�³'§��` Mo �×Øõ�T;a,ñn	



��íàb('����îï+
�ù���ß�


�¬Ü��J]Ø9������ð%×¶ a ��

° c ��ß��6��ÇÈèË'���àL��a

ÀA�©¬­P��6��>���T\�ÀÏ�
 

 

 

 

 

 

 

 

 

 

 

¦ 6  JK MosN WC-Ni-Fe-Mo/"=Fm*���m 

Fig.6  Hardness and bending strength of WC-Ni-Fe-Mo with 

      different Mo contents  
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� 

Table 4  Mechanical properties of WC-Ni-Fe-Mo cemented carbides  

Alloy Density/g·cm

-3

 Porosity/% Hardness, HV/MPa Bending strength/MPa Fracture toughness/MPa·m

1/2

 

a 13.83 0.09 14700 3238 28.17 

b 13.82 0.07 14400 3590 22.33 

c 13.80 0.06 14600 4245 17.01 
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� 7  �� Mo��� WC-Ni-Fe-Mo	
����� 

Fig.7  Fracture toughness of WC-Ni-Fe-Mo with different Mo 

contents 
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1) WC-Ni-Fe-Mo 
����#$%&'(�


WC $) (Fe, Ni) *'$%+�Mo �,-./01

WC-Ni-Fe23
�4 WC ���56789:��

;<�=>?@A WC ���BC
�4 Mo DE�

F-�
�������G
 0.46 µmHIJKL 0.4 

µm��M Mo,-EF-N 1.0%O�
�4PQ WC

��:��RS������F�L 0.54 µm� 

2) 
�4 Mo�,-�TUVWXY�?ZA[

01
�4\]^�Q_�BC
�4 Mo DE�F

-�
��X`=abJK�Rc=d�"��
�

c=
 13.83 g·cm

-3

efJKL 13.80 g·cm

-3

�Bg>

" 13.89 g·cm

-3

� 

3) BC Mo h WC-Ni-Fe 
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��ijk=l"�gJK��
������mA

nop$q�M Mo�,-EG 0.5%O�
���r

s�tu�?��vw2=G 14 600 MPa�ijk=

G 4245 MPa�����G 17.01 MPa·m
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Microstructure and Properties of WC-Ni-Fe-Mo Cemented Carbides  
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Abstract: WC-Ni-Fe-Mo cemented carbides with fine properties were prepared by low pressure sintering. The effects of Mo content on the 

microstructure and properties of WC-Ni-Fe-Mo cemented carbides were analyzed. The results show that the addition of Mo has obvious 

influence on WC-Ni-Fe cemented carbides. The addition of Mo can refine WC grains to a certain extent by inhibiting the dissolution and 

precipitation of WC grains in WC-Ni-Fe cemented carbides. With the increase of Mo content, the porosity of the alloys decreases gradually. 

The density of alloys first decreases and then increases, while the bending strength has the opposite trend. When a trace amount of Mo is 

added, the hardness of alloys is relatively stable, the bending strength increases obviously, the fracture toughness gradually decreases. 

When the Mo contents further increases, the hardness and bending strength are both decreased, and the fracture toughness increased. 

WC-Ni-Fe-Mo cemented carbide with 0.5 wt% Mo has the optimum properties, which can be comparable to those of WC-Co cemented 

carbides with the identical binder ratio. The maximum value of its hardness (HV), bending strength and fracture toughness are 14 600 MPa, 

4245 MPa, 17.01 MPa·m

1/2

, respectively. 

Key words: WC-Ni-Fe; Mo addition; cemented carbide; low pressure sintering; mechanical property 
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