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Precipitation and Growth of & Phase in Ni-15Cr-8Fe-6Nb Alloy

Kiyoshi KUSABIRAKI, Shin-ichi ARAIE, Itaru HAYAKAWA and Takayuki O0OKA

Synopsis :

The precipitation and growth behaviors of & phase in Ni-base superalloy, modified Inconel X-750 type
alloy (X-750 M), have been investigated mainly by optical and transmission electron microscopy.

The morphology, the crystallography and equilibrium transformation temperatures of the cellular and the
Widmanstétten precipitation of 7 phase to 8+ 7 phases have been discussed.

The obtained results are as follows :

(1) The hardness of X-750 M aged in various conditions closely related to the size and the quantity of 7”

and 0 precipitates.

(2) The orientation relationship between 7 and & phase in the cellular and the Widmanstitten precipitates

was

1111,/ 10101, <110>,/<100>5.

(3) The interlamellar spacing in each precipitation mode was inversely proportional to the degree of
undercooling below the equilibrium transformation temperature of 7 phase to &+ 7 phases.

(4) According to the theory of diffusion controlled eutectoidal growth, the equilibrium transformation
temperatures of the cellular and the Widmanstitten precipitation were estimated to be 1279 and 1313K,
respectively. These temperatures were consistent with the experimental tendency.

Key words : nickel-base alloy; superalloy; NizNb; & phase; transformation; precipitation; cellular precipi-
tation ; discontinuous precipitation ; Widmanstitten precipitation.
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Table 1. Chemical composition of specimens (mass% ).
Ni Cr Fe Nb Ti Al Mo Si Mn C B P S N 0
X-750 70.98 15.43 8.40 0.83 2.53 0.80 <0.01 0.11 0.11 0.041 <0.001 0.002 <0.001 0.0010 0.0019
X-750M | 68.62 15.00 7.95 6.02 0.004 0.024 0.02 0.11 0.11 0.036 0.0001 0.005 <0.001 0.0010 0.0051

Photo. 1. Optical micrographs of X-750 aged at 993K for 3.6 : A, 36: B
and 360ks : C and X-750 M aged at 993K for 3.6 : D, 36 : E and 360ks : F.
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Photo. 2. Optical micrographs of X-750M aged at 1 073K for 0.36 : A, 3.6 : B,

18 : C and 36ks : D.

Photo. 3. Optical micrographs of X-750M aged at 1 123K for 0.36 : A, 1.8 : B,
3.6 : C and 36ks : D.
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Photo. 4. Transmission electron micrograph of
X-750M aged at 943K for 540ks. '

Beam along [110] y and [100] 5
A : Bright field image
B : Selected-area electron diffraction pattern

Photo. 5. Transmission electron micrograph and
its selected-area electron diffraction pattern
obtained from the framed area of X-750M aged at
1 033K for 180ks.
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Photo. 6. Transmission electron micrograph and

its selected-area electron diffraction pattern
obtained from the framed area of X-750M aged at
1 123K for 180ks. ‘
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Photo. 7. Reflective electron image and concen-
tration profiles of Ni and Nb obtained by EPMA on
the cross section of X-750M aged at 1023K for
540ks.
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