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Thermodynamic Calculation and Experimental Analysis on
Equilibrium Phases in Nickel Base Alloy Inconel 690

Feng Han, Song Zhigang, Zheng Wenjie, Chen Bin, Ji Xiangmin and Guo Zhipeng
(Institute for Structural Materials, Central Iron and Steel Research Institute, Beijing 10081)

Abstract The rules of equilibrium phases precipitation in typical nickel base alloy Inconel 690 (0. 015C, 29. 42Cr,
9. 10Fe, 0.26Ti,0. 16Al) melted by 1t vacuum induction furnace + ESR process and the effect of alloy chemical composi-
tion on M,;C, phase precipitation behavior have been studied by Thermo-Calc soft ware. The structure of solid solution and
sensitizing treated alloy Inconel 690 was tested and analyzed by SEM, TEM, SADP and EDS. Results showed that the main
equilibrium precipitates in alloy Inconel 690 were M,;C; and M(CN) ; as solid solution temperature was =1000 C, the
M,; C; dissolved completely. Calculated results indicated that the effect of carbon content in alloy on precipitation amount of
M,;Cq was greater than that of other elements in alloy.
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C Si Mn S P N Cr Fe Ti Al
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Fig. 1 Effect of temperature on precipitated amount of equilibrium phases in alloy Inconel 690 (a) ; partial enlargement (b)
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Fig.2 Cr-rich M,,C, carbide at grain boundary in alloy Inconel 690, TEM (a), indexing of diffraction pattern of M,,C, (b) ; struc-

ture of alloy Inconel 690, SEM (c), EDS spectra distribution of M(CN) in grains (d), 1050 °C 2 min,700 C 2 h
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Table 3 Effect of different element content on precipitated amount of M,,C, in alloy Inconel 690 at 700 °C /%
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Fig.4 (a) Relationship between carbon content and equilibrium phases in alloy Inconel 690; (b) effect of carbon content on precipi-
tated amount and complete solid solution temperature of M,;C, in alloy Inconel 690
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