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Table 1 Characteristics of the raw powders for the (Ti,W,
Mo, Ta,Nb,Zr)(C,N)-(Co,Ni) based cermet

Particle size Purity/

Impurity, /%

Powder
(Fsss/um) % O F.C:? S Ca
Ti(C\Ni.y) 1.3 99.6 <0.2 <0.1 <0.006 <0.003
wC 1.5 99.6 <0.1 <0.06 <0.006 <0.003
Mo-C 1.6 99.8 <03 <0.2 <0.006 <0.003

TaNbC 1.5 99.9 <0.25 <0.15 <0.006 <0.003

ZxC 1.6 99.9 <0.2 <0.05 <0.006 <0.003
Co 1.0 99.6 <0.3 <0.006 <0.003
Ni 1.2 99.9 <0.2 <0.006 <0.003

*F.C. = free carbon

% 2 (Ti,W,Mo,Ta,Nb,Zr)(C,N)-(Co,Ni) & & B f &£ #l
B S AN EE
Table 2 Chemical compositions and theoretical density of the
investigated (Ti,W,Mo,Ta,Nb,Zr)(C,N)-(Co,Ni) based
cermets

Theoretical
density/g-cm™

Binder/% (volume

Composition, /% .
P > e fraction)

54Ti(CoNy.,)-19WC-10Mo,C-

1 .82
2TaNbC-2ZrC-7Co-6Ni 0 68
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Fig.1 Sintering process curves of (Ti,W,Mo,Ta,Nb,Zr)(C,N)-

(Co,Ni) based cermet
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Fig.2 Changes of mass loss and shrinkage coefficient of cermet

during sintering and densification
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Table 3 Content of carbon, nitrogen and oxygen of cermet and its properties during sintering and densification

Process C,w/% N, o% O,0% MJ/kAm'  H/kAm" Mass loss/% HV;o/X10 MPa  Kic/MPa-m'"?
Original process 7.31 5.68 0.09 9 0 2.231 1565 8.62

1100 C 7.91 6.09 1.06 91 12.24 ~0.604

1200 C 7.69 6.19 1.05 86 13.36 -0.123

1250 C 7.54 6.06 0.86 83 13.84 0.412

1300 C 7.46 6.05 0.57 77 13.28 0.929

1340 C 7.23 5.8 0.16 36 4.8 2.024 -

1370 C 7.42 5.67 0.11 28 3.6 2.130 476 -

1400 C 7.42 5.56 0.03 19 1.76 2.007 1560 7.80

1430 C 7.43 5.55 0.03 12 1.6 1.965 1600 8.12

1460 C 7.26 5.64 0.03 9 2.08 2.150 1570 8.53

1490 C 7.41 5.69 0.04 11 2.24 2.242 1557 8.86

1520 C 7.28 5.61 0.04 16 0 2.201 1521 8.32

“-” Unmeasured
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Fig.3 Changes of content of carbon, nitrogen and oxygen of

cermet during sintering and densification
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Fig.4 Changes of magnetic saturation and coercive force of

cermet during sintering and densification
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Fig.5 Microstructure evolution of cermet during sintering and densification: (a) 800 C, (b) 1100 C, (¢) 1200 C, (d) 1250 C,
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Table 4 Composition and properties of cermet prepared with different sintering processes

Process C,w/% N, 0% O,w0/% MJ/kAm'  HJ/kAm' Mass loss/%  HV3/X10 MPa  Kjc/MPa'm'”?
Original process 7.31 5.68 0.09 9 0 2.231 1565 8.62
N,-800 Pa 7.29 6.08 0.05 11 1.84 2.152 1580 8.93

$4800 20:0kV 8.0mm x10.0k SE(M)

6 ARG T LA G B R R AL

Fig.6 Microstructures of cermet prepared under different sintering processes: (a) original process and (b) N, partial pressure sintering
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Fig.7 Grain size distribution statistics of cermet prepared under different sintering processes: (a) original process

and (b) N, partial pressure sintering
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Table S Statistical data of black core grain size of cermet
prepared under different sintering processes

Average grain  Minimum grain Maximum grain

Process . . .
size/um size/um size/um
Original
0.499 0.2 1.3
process
N»-800 Pa 0.359 0.137 0.977
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Sintering Densification Process of (Ti,W,Mo,Ta,Nb,Zr)(C,N)-(Co,Ni) Based Cermet

Xiang Zhongnan'?, Li Zhanjiang™*, Chang Fa*”, Dai Pingiang'>"*
(1. Fuzhou University, Fuzhou 350116, China)
(2. Xiamen Tungsten Co., Ltd, Xiamen 361009, China)
(3. Fujian University of Technology, Fuzhou 350118, China)
(4. Fujian Provincial Key Laboratory of New Material Preparation and Forming Technology, Fuzhou 350118, China)

Abstract: The sintering densification process of (Ti,W,Mo,Ta,Nb,Zr)(C,N)-(Co,Ni) based cermet was studied. The effects of sintering
process on composition, microstructure and properties were discussed. The results show that during the densification process of
(Ti,W,Mo,Ta,Nb,Zr)(C,N)-(Co,Ni) based cermets, the mass loss caused by sintering basically ends at the solid phase sintering stage. When
the sintering temperature is above 1340 °C, the volume shrinkage and density of the alloy increase sharply due to the appearance of liquid
phase. The change of nitrogen content in cermet during the sintering process is consistent with the change of magnetic properties of the
alloy, and the nitrogen content has a significant effect on the formation of solid solution. When the sintering temperature is 1490 °C, the
comprehensive mechanical properties of (Ti,W,Mo,Ta,Nb,Zr)(C,N)-(Co,Ni) based cermets are the best, and the strength and toughness of
the cermets can be further improved by the appropriate control of N, partial pressure at sintering temperature.

Key words: cermet; sintering temperature; composition; microstructure; strength and toughness
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