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Table 1 Chemical composition of the tested alloy (/%)

C Cr Ni w Al Ti Fe
0.06 15.20 35.85 3.18 1.12 2.85 Bal.
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Fig.1 Microstructure images of Fe-Ni-Cr based superalloy: (a) grain size, (b) high magnification morphology of precipitated phases,

and (c) y’ phase micromorphology
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Fig.2  Relationship between precipitation phase content and
temperature (a) and its partial higher magnification (b)

for Fe-Ni-Cr based superalloy
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Table 2 Calculated temperatures and chemical compositions corresponding to the maximum amount of equilibrium
precipitation phases in Fe-Ni-Cr based superalloy (/%)

Phase Temperature/ 'C C Cr Ni W Ti Al Fe
y 1294 0.01 15.25 35.96 3.15 2.63 1.12 41.87
MC 931 16.64 0.09 trace 11.35 71.92 Trace Trace
y' 532 — 0.27 76.56 0.18 13.43 4.84 4,72

Laves 400 — 9.78 0.49 62.64 Trace — 27.09
o 463 — 48.67 3.67 7.10 — — 40.57

M23Cs 587 5.35 80.34 0.34 7.47 0.004 — 6.49
n 400 — 0.004 77.92 — 21.18 0.13 0.78
a-Cr 400 Trace 92.58 0.01 0.28 Trace Trace 7.13
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Microstructural Characteristics and Thermodynamic Calculation on Equilibrium
Precipitated Phases of a New-type Fe-Ni-Cr Based Superalloy

Shi Zhaoxia !, Yan Xiaofeng *, Pei Binghong ?, Duan Chunhua ', Zhao Minghan *, He Yunhua ?
(1. Central Iron and Steel Research Institute, Beijing 100081, China)
(2. Pangang Group Jiangyou Changcheng Special Steel Co., Ltd, Jiangyou 621700, China)

Abstract: The microstructural characteristics of a new-type Fe-Ni-Cr based superalloy were observed by ultra high resolution field
emission scanning electron microscopy. The possible equilibrium precipitated phases and the effects of elements on the melting point and
the precipitation behaviors of different phases were calculated by Thermo-Calc software. The results show that higher C content can
increase quantities of MC and M»3Cs carbides and precipitation temperatures. However, with the increase of Ti content, which is the main
former of MC, there is no obvious change in precipitation amount of MC, but its precipitation temperature range is significantly extended.
More Ti and Al can raise the precipitation amount and precipitation temperature of y’ phase, and the effect of Al is more remarkable.
Lower Al content or higher Ti content can dramatically increase the precipitation amount and precipitation temperatures of » phase. The
formation of MC is not obviously promoted by higher content of W, which is also a forming element of the MC. Higher Al, Ti and W
content can decrease the initial melting point, especially Al and Ti.

Key words: Fe-Ni-Cr based superalloy; microstructural characteristics; precipitation behavior; thermodynamic calculation
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