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Effect of Tensile Orientation on Rafting of ¥’ Phase in Single Crystal Ni-base Superalloy, CMSX-2

Nobuhiro MIURA, Yoshihiro KONDO and Takashi MATSUO

Synopsis

: Change in the shape in coarsening of the cuboidal ¥’ phase during creep of the single crystal nickel-base superalloy, CMSX-2, with the three

different pole orientations, nearly [001], [011] and [T11] to stress axes. The volume fraction of ¥’ precipitates was nearly equal to 70%.

Creep tests were conducted at temperatures of 1173, 1273 and 1323K. At higher stresses, there were no significant differences in the time to

rupture and the minimum creep rate between the [001] and [011] crystals, while, crystal with [111] orientation shows two times larger mini-

mum creep rate. SEM observations of three planes for each single crystal were conducted as follows, for (001), (100) and (010) planes in
[100] crystal, for (011), (100) and (01T) in [011] crystal, and for (T11), (211) and (01T) in [111] crystal. Consequently, it is confirmed that
the cuboidal ¥’ turns its shape to the platelet which is evolved along the (001) plane for three single crystals. TEM observations showed that

the connection of cuboidal ¥ occurred to [020] and [200] directions, and the ¥’ plate was formed parallel to (001) plane, irrespective to the

crystal orientations. The rafting in the single crystals with [011] and [111] orientations to stress axis has not been reported. So the reason of

the formation of the rafting in the single crystals with [011] and [111] orientations was discussed.

Key words : superalloy; single crystal; creep; ¥’ phase; rafted structure.
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Table 1. Chemical composition of a single crystal nickel-
base superalloy, CMSX-2.

Cr Co Al Ti Mo Ta W Ni
7.8 4.6 56 1.0 0.5 6.0 8.0 Bal.
111
®
oo1 Z£2 011

Fig. 1. Orientation of creep specimens with standard stere-
ographic triangle.

(100)

Fig. 2. Scanning electron micrographs of a single crystal
nickel-base superalloy, CMSX-2, after heat treat-

ment.
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Fig. 3. Stress—time to rupture curves of the specimens
with the [001], [011] and [111] oriented single
crystals.
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Fig. 4. Creep rate—time curves of the specimens with the

[001], [011] and [T11] oriented single crystals
creep ruptured at 352.8 MPa.
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(100)

Fig. 5. Scanning electron micrographs of the (001), (100)
and (010) planes of the specimen with the [001]
oriented single crystal creep ruptured at 1173K-
352.8 MPa.

(011)

(100)“

Fig. 6. Scanning electron micrographs of the (011), (100)
and (011) planes of the specimen with the [011]
oriented single crystal creep ruptured at 1173K-
352.8 MPa.
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Fig. 7. Scanning electron micrographs of the (I111), (017)
and (211) planes of the specimen with the [111]
oriented single crystal creep ruptured at 1173K-
352.8 MPa.

Table 2. Morphology of ¥’ phase with various tensile di-

rections.
Tensile direction
[001} [011) [111]
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{parallel to (001) plane) (parallel to {100] direction)
Present study Plate-like ¥ Plate-like y' Plate-like '

(parallel to (001) plane)

(100)
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(100)

b) [011]
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Table 3. Observed angle between the growth direction of
y' phase and tensile axes of the [001], [011] and
[T11] oriented specimens compared with calculat-
ed angle between the tensile axes and {100}

planes.
[011-(100)  [011]-(01T)  [111]-(211)  [111]4017)
Measured 45.2 89.9 42.2 56.1
Calculated 45 90 39.2 54.7

(211)
c)[111]

Fig. 8. Schematic illustrations of angle between the growth direction of 7' phase and the stress axis of observed planes with the
[001],[011] and [T11] oriented specimens creep ruptured at 1173K-352.8 MPa.
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Fig. 9. Transmission electron micrograph of the [001] ori-
ented specimen creep ruptured at 1173K-352.8
MPa, where B=[100].
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Fig. 10. Transmission electron micrograph of the [001]
oriented specimen creep ruptured at 1173K—352.8
MPa, where B=[010].

Stress axis

Fig. 11. Transmission electron micrograph of the [011]
oriented specimen creep ruptured at 1173K-
352.8MPa, where B=[100].
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Fig. 12. Transmission electron micrograph of the [011]

oriented specimen creep ruptured at 1173K-352.8
MPa, where B=[011].

Fig. 13. Transmission electron micrograph of the [111]
oriented specimen creep ruptured at 1273K-186.2
MPa, where B=[211].
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Fig. 14. Transmission electron micrograph of the [T11]
oriented specimen creep ruptured at 1273K-186.2
MPa, where B=[011].
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Fig. 15. Schematic illustrations of the orientation between the growth direction of ¥’ phase and the tensile direction of the [001],

[011] and [T11] oriented specimens.
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