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Fig.1 Microstructure of the alloy before long-term aging: (a) SEM
image, (b) EDS spectrum of bulk MC, (c) TEM image and
SAED pattern of nano-scale MC, (d) TEM image of
spherical y', (¢) TEM image and SAED pattern of cellular y’,
and (f) TEM image and SAED pattern of o phase
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Fig.2 SEM images of the alloy after aging at 750 °C for different time: (a) 500 h, (b) 1000 h, and (c) 2000 h
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Fig.3 TEM images and SAED patterns of precipitates in the alloy aged at 750 ‘C for 2000 h: (a) a-Cr phase, (b) intragranular ¢ phase,

(c) grain boundary block o phase, and (d) grain boundary strip o phase
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Fig.4 SEM image (a) and EPMA images of elements Cr (b), Fe (c), Mo (d), Ti (e), and Nb (f) for the alloy after long-term aging at
750 ‘C for 2000 h
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Table 1 Mass fraction of y’ in the alloy after aging at 750 C

for different time

Mass fraction of each element in y'/% Mass

Aging
time/h Ni Fe Cr Nb Ti

fraction of

y'1%

0 7.048 0.240 0.352 0.436 1.277 0.415 9.768

500  9.661 0.333 0.178 0.511 1.470 0.540 12.693
1000 10.449 0.349 0.209 0.565 1.516 0.588 13.676
2000 11.021 0.368 0.224 0.592 1.586 0.626 14.417

Grain boundary

y’ phase
Aging time

Ko KN ZOLRE D y AR AR = &
Fig.6 Diagram of y' precipitates evolution during long-term

aging
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Fig.7 SEM images of grain boundary o phase and intragranular
o phase, a-Cr phase in the alloy after aging at 750 C for
different time: (a, b) 500 h, (c, d) 1000 h, and (e, f) 2000 h
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Fig.8 Diagram of ¢ phases evolution during long-term aging
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Fig.9 Strength and hardness of the alloy after long-term aging at
750 °C for different time
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Microstructure Evolution of New Superalloy 21Cr-32Fe-41Ni During Long-Term Aging
at High Temperature

Li Tianyu, Wang Limin
(Research Institute of Special Steels, Central Iron and Steel Research Institute, Beijing 100081, China)

Abstract: Fe-Ni based alloys serve in high temperature environment for a long time, so the microstructure stability at high temperature is
one of the important indexes of the alloys. The microstructure and properties evolution of a new Fe-Ni based superalloy 21Cr-32Fe-41Ni
at 750 °C for different aging time were investigated by scanning electron microscope (SEM), transmission electron microscope (TEM),
electron probe microanalysis (EPMA) and chemical phase analysis. The results show that the precipitates in the alloy are mainly y’, o, a-Cr,
and MC phases after long-term aging. The mass fraction and size of the dispersed spherical y’ in the matrix are increased rapidly within
500 h aging. With the increase in aging time from 500 h to 2000 h, the increase rate of mass fraction and size of y’ gradually decreases.
During the long-term aging process, the o phases are distributed along the grain boundaries in block or strip shape and within grains in
needle or strip shape. The distribution of a-Cr phases in the grains is the same as that of ¢ phases. With the increase in aging time, the
number of ¢ and a-Cr phases is increased and they are gradually coarsened. The o phases with discontinuous distribution along the grain
are gradually connected, and there is a tendency to develop into a network distribution. With the increase in aging time to 2000 h, the
strength of the alloy increases first and then decreases, and reaches the peak after aging for 500 h. While, the hardness keeps increasing.
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