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Precipitation Behaviors of y’, € and 1 Phases in Fe-Ni—-Co-Nb Based Superalloys

Kiyoshi KUSABIRAKI, Hidekazu Topa, Hajime KOMATSU and Shigeoki SAJl

Synopsis : An Fe-38Ni-13Co—4.7Nb—1.5Ti-0.4Si alloy (alloy 909) and an Fe-29.5Ni-19.7Co-4.0Nb-1.3Ti~0.6A1-0.4Si alloy (alloy 929) are the latest

low thermal expansion superalloys. This study was carried out to elucidate the relation between the age-hardening and the precipitation be-

haviors of ¥’, € and 7 phases in these alloys by micro Vickers hardness test and transmission clectron microscopy.

The results obtained in this study are as follows;

(1) In aging at 893K hardening proceeds gradually with aging time and reaches to the maximum hardness; the hardness after aging for

720ks in alloys 909 and 929 are HV400 and HV460, respectively. The rate of hardening increases with increaseing aging temperature. After

reaching to the maximum hardness the hardness decreases gradually because of the coarsening of 7’ phase and the precipitation of € and 7

phases. The precipitation and growth rates of these phases in alloy 929 are lower than those in alloy 909.

(2) The precipitation in alloy 909 follows in a sequence of supersaturated y phase — ¥’ phase — Widmanstitten £ phase — cellular 7

phase. That in alloy 929 follows in a sequence of supersaturated y phase — 7’ phase — Widmanstétten (¢+ 1) phases.

( 3 ) The main constituent elements of the £ and 7] phases in these alloys are Ni, Co, Nb, Ti, and Fe and Ni, Nb, Co, Fe, and Si, respective-

ly. The € phase contains more Co and less Ni contents than the 77 phase. There is no distinct difference in the composition between the Wid-

manstitten and cellular 1 phases.

Key words : Incoloy 909; iron and nickel base alloy; superalloy; age-hardening; precipitation; gamma prime phase; epsilon phase: eta phase: extraction

replica.
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Table 1. Chemical composition of the alloys. (mass%)

Fe N i Co Cr Nb Ti Mn

Alloy 909 | 40.72 38.70 | 13.53 0.04 470 | 1.54 0. 04
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Alloy 929 | 44,42 JZQ.SI 18. 66

0. 41 0. 04 0. 005 0. 004 ‘ 0.001
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Fig. 1. Variations in micro Vickers hardness of alloy 909
with aging time at various aging temperatures.
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Fig. 2. Variations in micro Vickers hardness of alloy 929
with aging time at various aging temperatures.
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Fig. 3. Transmission electron micrographs of alloy 909 aged at 993K for 360s: A, 3.6ks: B, 36 ks: C and 360 ks: D.
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Fig. 4. Variations of lattice parameter a, of matrix as a function of aging time for alloy 909.
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Fig. 5. Transmission electron micrograph and its selected-
area electron diffraction pattern of € phase extract-
ed from alloy 909 aged at 993K for 720ks. Beam
along [001]..
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Fig. 6. Optical micrograph of alloy 909 aged at 1073K for
720 ks.
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Fig. 7. Transmission electron micrograph and its selected-
area electron diffraction pattern obtained from an
area A of alloy 909 aged at 1073K for 720ks.
Beam along [110], and [100],.
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Fig. 8. Transmission electron micrographs of alloy 929 aged at 993K for 360s: A, 3.6 ks: B, 36ks: C and 360 ks: D.
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Fig. 9. Transmission electron micrographs of alloy 929 aged at 1033K for 360s: A, 3.6 ks: B, 36ks: C and 360 ks: D.
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Fig. 11. Transmission electron micrograph and its select-
ed-area electron diffraction pattern obtained from

an area A of alloy 929 aged at 1073K for 3600 ks. X
Beam along [110], and [100],.
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Table 2. Chemical composition of € and 77 phases extract-
ed from alloys 909 and 929 aged for 360 ks at
993K and 1073K.

Alloy Alloy 909 Alloy 929
Tenp. 993K 1073K 993K 1073K
Ni 59. 02 59. 23 51. 783 55. 38
Nb 15. 17 13. 08 15. 97 10. 53
Cof| 14.53 13. 71 20. 36 16.55
€
Ti 7. 63 9. 686 6. 54 11. 70
Fe 3. 26 4, 21 4, 20 3. 73
Si 0. 39 0. 21 1. 19 0. 56
Al - - - 1. 55
N i 48. 36 39, 81 37. 39
Nb 18. 29 18. 17 18. 41
Co 13. 71 20. 20 20. 4686
n
Ti 1. 66 1. 86 2. 13
Fe 9. 59 9. 69 13. 02
Si 8. 40 10. 27 8. 12
Al - - 0. 48
1300 T T
12001 E
x
-
£38n3% 909
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% 1000} & :
£
@
—
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Fig. 14. € and n precipitation curves for alloy 909 and
alloy 929. Subscripts s and f mean start and finish,
respectively.
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