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Abstract: To investigate the effect of Ta addition on the evolution of MC carbides in the Ni16Col0W8Cr5Al alloy during
homogenization at 1 200 “C and to elucidate the role of Ta in the stability of MC carbides, thermodynamic calculations, mi-
crostructural observations, image statistical analysis, and energy-dispersive spectroscopy (EDS) were used. The results
revealed the effect of Ta on the compositional changes and coarsening of MC carbides after homogenization at 1 200 °C for
10 h. Thermodynamic calculations indicated that the addition of Ta enhanced the stability of MC carbides and increased
their complete dissolution temperature. Statistical results showed that, after heat treatment at 1 200 “C for 10 h, both the
area fraction and size of MC carbides increased ; however, the changes in MC carbides in the 0Ta alloy were significantly
greater than those in the 2Ta alloy. EDS elemental mapping revealed that the distribution of C was essentially consistent
between the core and shell regions of the MC carbides, indicating that the core-shell structure mainly originated from the
different distributions of metallic elements, including Ti, Nb, Ta, W, and Mo, between the core and shell regions. After
Ta addition, Ta was evidently enriched in the MC-carbide regions and altered the distribution of Ti, Nb, W, and Mo, giv-
ing the particles a Ti-Nb-Ta multicomponent enrichment characteristic, thereby enhancing their stability and suppressing
their coarsening during homogenization. Overall, Ta addition improved the stability of the MC carbides and retarded el-
emental redistribution and carbide coarsening during homogenization.
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Table 1 Nominal chemical composition of the experimental alloys %
7l C Co Cr Mo W Al Ti Nb Fe Ta Ni
O0Ta 0.13 15.5 8.30 1.20 10.40 5.00 2.50 1.50 0.10 0.00 A
2Ta 0.13 15.5 8.30 1.20 10.40 5.00 2.50 1.50 0.10 2.00 A
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Fig. 1 Equilibrium phase fractions of 0Ta and 2Ta alloys as a

function of temperature
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Fig. 4 Optical micrographs of MC carbides in 0Ta and 2Ta alloys before and after homogenization: (a) 0Ta—as—cast, (b) 0Ta=5 h,

(¢) 0Ta=10 h, (d) 2Ta-as—cast, (e) 2Ta=5h, (f) 2Ta=10h
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Fig. 6 SEM-BSE images of MC carbides in 0Ta and 2Ta alloys in the as—cast state and after homogenization at 1 200 °C for 10 h:
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Fig. 7 EDS elemental mapping of MC carbides in 0Ta and 2Ta alloys after homogenization at 1 200 °C for 10 h: (a) 0Ta-10 h, (b)
2Ta-10 h
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Table 2 Chemical composition of MC—carbide cores in 0Ta and 2Ta alloys in the as—cast state and after homogenization at

1200 °C for 10 h %
EDS 454 (1) 0Ta #5735 2Tat 75 OTa #ALFH 10 h 2TaFAKEFR 10 h
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Nb 29~35 6.9~173 24~28 6.4~7.0
Mo 0.7~1.1 0.0~0.0 0.4~0.8 0.0~0.0
W 8.0~8.8 42~42 53~87 3.7~4.1
Ta 0.0~0.0 7.7~85 0.0~0.0 72~738
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Table 3 Chemical composition of MC—carbide shells in 0Ta and 2Ta alloys in the as—cast state and after homogenization at

A

%o

EDSZ54(5¢) 0Tat5 7 2Ta f5 745 OTaFALFE 10 h 2TaHAEFE 10 h
C 44.1 ~50.1 51.6~55.6 39.1~59.1 53.4 ~56.4
Ti 24.8 ~35.8 16.5~223 19.6~41.8 15.4 ~20.0
Nb 3.7~5.1 7.6~9.0 40~54 83~12.5
Mo 1.0~18 02~0.6 1.1~1.7 0.1~05
w 9.2~11.0 50~5.6 9.0~10.8 28~54
Ta 0.0~0.0 8.1~8.7 0.0~0.0 77~93
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