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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, /% =99.9 =99.9 =98.5 =99.9 =99.5
Oxygen, /% 0.15 0.30 0.50 0.25 0.79
Carbon, /% 6.13 0.35 0.80 0.01 17.72

Fsss/pum 0.55 1.00 1.00~6.00  3.00 1.15

®2 AEHMEIT

Table2 Nominal composition of cemented carbides (/%)

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

I 1] 180 min .o T4 IRV & KA 30 H (24 0.59 mm)
i W HEAT B R, S 150 MPa (1915 1B A R
JERE, SARIEIARReSE (Bedhih% 1400 'C, keghimf
8 60 min, k77 5 MPa) il e i Al it & il

HENHALUESCRH T™M 3030 B3T3 1 B 1%
BERLI; KA MIRA3 LMH 37 % S 6 i+ B s
MEE A G A RO S 454 . R X0 Pert powder
T XS S AT B G 52 A 4 rhAH AR

FERE AT B AR S 20 mm x 6.5 mm x 5.25 mm
M b FE, SRR HE KL (ISO 18754) e &
SR FE I B s R = m 2 il R 1 T
{FFH WDW-100 Jj G i 5 HL2EAT Ik, #EPER 145
mm; K] HVS-50 4 [ 5 Afohs 55 4SO St A 5, JF
MW I Ongskse )y 294N, 5s), H(1)IHE
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Fig.2 XRD patterns of WC-Ni-Fe-Mo with different Mo

contents

K3 K[A Mo % =[] WC-Ni-Fe-Mo % 4x SEM 5
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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K4 R Mo &1 WC-Ni-Fe-Mo & 4: SEM 75 B B 7 1
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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Table 3 Microstructure analysis of WC-Ni-Fe-Mo cemented carbides

Alloy Total carbon content of WC, w/% WC grain size/pm 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
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Fig.5 Density and porosity of WC-Ni-Fe-Mo with different Mo
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Table 4 Mechanical properties of WC-Ni-Fe-Mo cemented carbides
Alloy Density/g-cm™ Porosity/% Hardness, HV/MPa Bending strength/MPa Fracture toughness/MPa-m"”
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
d 13.89 - 11900 3453 25.32
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Microstructure and Properties of WC-Ni-Fe-Mo Cemented Carbides

Zhang Fan'?, Zhang Jinxiang'*, Wen Xiaogiang'?, Xiao Yingyi', Pu Jian'
(1. Ganzhou Nonferrous Metallurgy Institute, Ganzhou 341000, China)
(2. Tungsten and Rare Earth Functional Alloy Materials Engineering Laboratory of Jiangxi, Ganzhou 341000, China)

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'?, respectively.

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