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Aged Microstructures of a Low Thermal Expansion 41 Fe—29Ni—22C0-4Nb-2Cr-1Ti—0.5A1-0.5Si Superalloy
Kiyoshi KUSABIRAKI, Mika AOKI and Shigeoki SAJl

Synopsis : 41Fe—29Ni-22Co-4Nb-2Cr-1Ti—0.5A1-0.5Si alloy (alloy 929C) is the latest low thermal expansion superalloy with a good resistance to
SAGBO (Stress Accelerated Grain Boundary Oxidation) embrittlement at elevated temperatures. This alloy is strengthen by the precipitation
of ¥' (Ni,(ALTi); L1,) phase in the alloy matrix. This study was carried out to elucidate the relation between the age-hardening and the

growth of ¥’ precipitates in alloy 929C by micro Vickers hardness test and transmission electron microscopy.

The results obtained in this study are as follows:

(1) Comparing with the similar superalloys like alloys 909 and 929, the age-hardening rate in alloy 929C is slow, its peak hardness is

high, and the overaging is suppressed.

(2) Age-hardening proceeds with growing y’ precipitates and the hardness reaches to the maximum in the size of ¥’ precipitates 11~

13 nm. After reaching to the maximum value the hardness decreases gradually according to the coarsening of v’ phase. Though the ¥’ precip-

itates in the alloy 929C are relatively stable, they transform gradually to a stable 17 phase with increasing aging time but never transform to £

phase unlike alloys 909 and 929.

(3) The growth kinetics of the ¥’ precipitates are explained by Ostwald ripening theory of volume diffusion controlled growth. The ap-

parent activation energy for the growth of ¥’ precipitates was estimated to be 259 kJ/mol which was nearly equal to those of diffusion of Ti or

Fe atoms in y-iron or nickel.

(4) The y’ phase precipitates in sphere in the early stage of aging and shifts to in cubic with increasing aging time. The ¥’ precipitates

with the size of 150~200nm change to a star-like form with eight horns according to the growth of (111), . direction.

Key words: iron and nickel base alloy; superalloy; age-hardening; precipitation; gamma prime phase; eta phase; kinetics; Ostwald ripening.
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Table 1. Chemical composition of alloy 929C. (mass%)

Fe Ni Co Nb Cr Ti Al
40.25 29 22.39 3.97 1.93 1.25 0.58
Si Mn C B P S
0.48 0.1 0.03 0.004 0.002 0.001
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Fig. 1. Morphology of y' precipitates.
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Fig. 2. Variations in micro Vickers hardness of alloy 929C
with aging time at various aging temperatures.
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Fig. 4. Transmission electron micrographs of alloy 929C aged at 993K for 0.36ks: A, 3.6ks: B, 36 ks : C and 360 ks : D.
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Fig. 5. Transmission electron micrographs of alloy 929C aged at 1033K for 0.36ks: A, 3.6ks: B, 36ks:C and 360 ks : D.
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Fig. 6. Transmission electron micrograph and its selected-
area electron diffraction pattern of alloy 929C aged
at 1073K for 43.2 ks. Beam along [001],.
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Fig. 7. Transmission electron micrograph and its selected-
area electron diffraction pattern of alloy 929C
aged at 1073K for 720ks. Beam along [001], and
[010],,.
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Fig. 8. Relations between increased hardness and mean
diameter of v’ precipitates in alloy 929C.
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Fig. 9. Diameter of y' precipitates versus cubic root of
aging time for alloy 929C at various temperatures.
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Fig. 10. The logarithm of 7K' versus the reciprocal of the
absolute temperature 7T for growth of y’ precipi-
tates in alloy 929C.
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Fig. 11. Transmission electron micrographs of alloy 929C
aged at 1073K for 9ks: A and 36ks:B. Beam
along [100],,..
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Fig. 12. Transmission electron micrographs of ¥’ precipi-
tates extracted from alloy 929C aged at 1063K for

180ks.
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Fig. 13. Relations between mean diameter a and d/a.
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Fig. 14. TTT diagram of 7 precipitation for alloy 929C.
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