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Effects of sintering process and Y,0; addition on
microstructure and mechanical properties of Ti(C,N)-based cermet

SUN Wan-chang, ZHANG Pei, LI Pan, SHE Xiao-lin, WEI Han-jun, ZHAO Kun, ZHANG Feng

(College of Materials Science and Engineering, Xi’an University of Science and Technology, Xi’an 710054, China)

Abstract: Ti(C,N)-based cermets were prepared by pressureless sintering method using TiC, TiN, Ni and Co powders as
main raw materials and Y,0; as additive. The effects of sintering process and Y,0; content on the microstructure and
mechanical properties of Ti(C,N)-based cermet were investigated. The results show that TiC, TiN, WC, Cr;C, and Mo
phases disappear gradually and diffuse into hard and rim phases by dissolution-precipitation process with increasing the
sintering temperature, finally, new Ti(C,N) hard phases and (Cr,W,Mo,Ti)(C,N) rim phases are formed, while the bonding
metals Ni and Co exist mainly in the form of Ni phases and the intermediate phases of TiCo and Co;W;C. The phase
structure evolution of Ti(C,N)-based cermet almost has no change with adding Y,0O; during sintering process. The
micro-hardness, bending strength and fracture toughness of Ti(C,N)-based cermet increase first, and then decrease with
the increase of Y,0; content. Ti(C,N)-based cermet achieves the best mechanical properties with 0.8% Y,0; (mass
fraction) addition, the micro-hardness, flexural strength and fracture toughness are increased by 7.9%, 45.8% and 6.1%,
respectively, when compared to those of the sample sintered at 1450 ‘C for 50 min.
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Table 1 Chemical composition and sintering process of Ti(C,N)-based cermets

Mass fraction/%

Sample No.
TiC TiN Ni Co C

Sinter process
Cr 3C2 Mo wC Y203

1 49.6 11 10
2 49.2 11 10
3 48.8 11 10
4 49.6 11 10
5 49.2 11 10
6 48.8 11 10

[ Y Y Y RV )

1 12 10 0.4 1450 °C, 50 min
1 12 10 0.8 1450 °C, 50 min
1 12 10 1.2 1450 °C, 50 min
1 12 10 0.4 1500 C, 50 min
1 12 10 0.8 1500 C, 50 min
1 12 10 1.2 1500 ‘C, 50 min
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Fig. 1 Pressureless sintering process of Ti(C,N)-based cermet
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Fig. 2 DSC-TGA curves of Ti(C,N)-based cermet without
Y203 (a) and with 0.8%Y203 (b)
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Fig. 3 XRD patterns of Ti(C,N)-based cermets without Y,0;

(a) and with 0.8%Y,0; (b)
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Fig. 4 SEM images of Ti(C,N)-based cermets with different Y,O; contents sintered at different temperatures: (a) 0.4%Y,0s,
1450 °C; (b) 0.8%Y,03, 1450 C; (¢) 1.2%Y,0;, 1450 C; (d) 0.4%Y,03, 1500 C; (e) 0.8%Y,0;, 1500 C; (f) 1.2%Y,0;, 1500 C
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Table 2 Performance parameters of different Ti(C,N)-based cermets after sintering

Sample Density/ Relative Type of Vickers hardness/ Bending strength/ Fracture toughness/
No. (grem™) density/% porosity GPa MPa (MPa'm'?)
1 5.56 90.7 A08B06C00 13.27 341.4 8.02
2 5.68 92.6 A06B04C00 13.75 453.0 8.16
3 5.64 92.1 A08B06C00 11.45 3323 7.65
4 5.73 93.4 A06B02C00 13.57 376.6 8.37
5 5.79 94.4 A04B00C00 14.84 660.4 8.66
6 5.76 94.1 A04B02C00 14.75 580.4 8.45

I E T3 s N U N ek TS D)L s il
Jj 14.84 GPa. 660.4 MPa 1 8.66 MPa-m"?, %Lt
1450 ‘Chesh 50 min FEREES T 7.9%. 45.8%F1
6.1%.
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M 1450 Cres ke s 10 B LR GAL . SR
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Fig. 5 Fracture micrographs of Ti(C,N)-based cermets with different Y,O; contents sintered at different temperatures: (a)
0.4%Y,03, 1450 °C; (b) 0.8%Y,0;, 1450 C; (c) 1.2%Y,05, 1450 C; (d) 0.4%Y,0;, 1500 C; (e) 0.8%Y,05, 1500 C; (f) 1.2%Y,0;,

1500 'C
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