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Table 1 Nominal composition of different alloys

Mass fraction/% Fe/Ni

Alloy No. )
WC Fe Ni ratio

1 80 10 10 1:1

2 80 13.3 6.7 2:1

3 80 15 5 3:1

4 80 16 4 4:1
5 80 17 3 85:15
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Fig. 1 XRD patterns of different cemented carbides
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Fig. 2 Volume shrinkage rate and relative density of different

cemented carbides
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Fig. 3 Microstructure of WC-10Fe-10Ni (alloy 1) after
corrosion and composition of binder phase: (a) Etched
microstructure of alloy 1 by selective corrosion of WC phase;

(b) EDS pattern of binder phase
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Table 2 Composition of binder phase of WC-20(Fe-Ni)

Mass fraction/%

Alloy No.
w Fe Ni
1 6.15 48.23 45.62
2 5.48 63.54 30.98
3 5.02 71.56 23.42
4 4.80 76.51 19.19
5 4.62 81.25 14.13
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Fig. 4 SEM images of different cemented
carbides: (a) Alloy 1; (b) Alloy 2; (c) Alloy 3;
(d) Alloy 4; (e) Alloy 5
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Fig. 5 Bright field TEM image(a) and diffraction spot image(b) of cemented carbide with Fe/Ni ratio of 3:1
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Fig. 6 Cumulative WC grain size distribution of different
cemented carbides: (a) Whole; (b) Enlarged detail of square 1;
(c) Enlarged detail of square 2
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Fig. 7 Bending strength of different cemented carbides
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Fig. 8 Hardness of different cemented carbides
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Fig. 9 Fracture toughness of different cemented carbides
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Fig. 10 SEM images of fracture surfaces
of different cemented carbides: (a) Alloy 1;
(b) Alloy 2; (c) Alloy 3; (d) Alloy 4;
(e) Alloy 5
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Fig. 11 Polarization curves of different cemented carbides
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Table 3 Electrochemical corrosive results of sintered alloys

Alloy No. Peor/V Jeon/(107°A-em )
1 -0.015 0.093
2 —0.141 3.95
3 -0.122 6.93
4 -0.126 10.1
5 -0.112 15.4
3 #Hig
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B, % Fe/Ni LW RTET 3:0 B, A4 P saE Ak
T AEMEERAE Fe/Ni ELiH M AKIIE K,
ZAHMEAE Fe/Ni LUK T 4:1 I RWTE &5 7 Fe/Ni LAy
85:15 I, HTA&matAz, WP, Fe/Ni
bl 3:1 NG &4i A 1 e iy, T aaEg.
FE . WrEPE 2y Bk #3047 MPa. 934HV A1 23.3
MPa-m'?.

3) A& RERE S Fe/Ni LLIE KT AT T
B, 4 Fe/Ni LW 1:1 39K F) 85:15 B, &4 H &
WA 0.093 X107 A/em® ETHE] 154X 107° A/em?.
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Effects of Fe/Ni ratio on microstructure and properties of
WC-Fe-Ni cemented carbide

ZHANG Wen-wen, LUO Bing-hui, GAO Yang, BAI Zhen-hai

(School of Materials Science and Engineering, Central South University, Changsha 410083, China)

Abstract: WC-Fe-Ni cemented carbides with five kinds of Fe/Ni ratio were prepared by 1450 ‘C sinter-HIP sintering to
study the effects of Fe/Ni ratio on the microstructure and properties by SEM, XRD, mechanical performance test and
electrochemical test. The results show that with the increase of Fe/Ni ratio, the grain size firstly decreases and then
increases. The grain size reaches the finest (1.24 pm) with Fe/Ni ratio of 3:1. And with the increase of Fe/Ni ratio, the
changing trend between bending strength and grain size is inverse, the hardness increases continuously, both of fracture
toughness and sintering density firstly increase and then decrease. When Fe/Ni ratio is 3:1, fracture mode is mainly
intergranular fracture. Except for the alloy with Fe/Ni ratio of 3:1, more transgranular fracture appears. The acidic
corrosion resistance ability gets worse continuously. When Fe/Ni ratio is 3:1, WC-Fe-Ni alloy exhibits optimum
properties, the hardness, bending strength , fracture toughness and corrosion current density are 3047 MPa, 934HYV, 23.3
MPa-m"? and 3.98 X 10~ A/em?, respectively.

Key words: WC-Fe-Ni cemented carbide; Fe/Ni ratio; WC grain size; microstructure; mechanical property; corrosion

property
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