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Influence of crystal orientations on creep behaviors of
single crystal nickel-based superalloy

TIAN Su-gui', YU Li-li', ZHANG Shu', YU Hui-chen®, QIAN Ben-jiang', XIAO Li'

(1. School of Materials Science and Engineering, Shenyang University of Technology, Shenyang 110870, China;
2. Beijing Institute of Aeronautical Materials, Beijing 100095, China)

Abstract: By means of the measurement of creep curves and microstructure observation, the microstructure evolution
and creep behaviors of [001] and [011] oriented single crystal nickel-base superalloy during tensile creep were
investigated. The results show that, after fully heat treated, the microstructure of [001] and [011] oriented single crystal
nickel-base superalloy consists of the cubical y’ phase embedded coherent in the y matrix and arranged regularly along the
(100) orientations. During creep, the cubical y’ phase in [001] orientation alloy is transformed into the N-type rafted
structure along the direction vertical to the applied stress axis. However, the cubical y’ phase in [011] orientation
superalloy is transformed into the strip-like rafted structure along [001] orientation during creep, and the orientation of
the rafted y' phase is 45° relative to the direction of the applied stress axis on (100) crystal plane. Thereinto, the normal of
the expanding lattice on the different crystal planes of the cubical y’ phase is thought to be the growth direction of the
rafted phase. In the ranges of the applied stresses and temperatures, compared to [011] orientation alloy, [001] orientation
alloy has a better creep resistance and a longer creep life. In the later period of high temperature creep, the rafted y’ phase
in [001] and [011] orientations alloy is gradually coarsened and twisted. The dislocations shearing the rafted y’ phase and
slipping within the y matrix channels are thought to be the deformation mechanisms of [001] and [011] orientations alloys,
respectively.
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Fig.2 Creep curves of [001] orientation nickel-base superalloy

in different conditions
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Fig.3 Relationship between strain rate and stress during

steady state creep
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Fig.4 Microstructures of different orientations single crystal alloys after full heat treated: (a) [001] orientation; (b) [011] orientation
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Fig.8 Morphologies in different regions of [011] orientation alloy after tensile crept up to fracture under applied stress of 160 MPa
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