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Reasonable design of heat resistant alloys for the use of
power plants aimed at reduction of environmental burdens

Yoshinori Murata

(Nagoya University)

Abstract:

In order to decrease carbon-dioxide emission, it is important for increasing the efficiency of fossil
power plants. Advanced nickel-based superalloys make it possible to increase the efficiency due to
their excellent heat-resistant performance. Nickel based superalloys compose of two phases, i.e.,
gamma-prime (y ) phase as the strengthening phase and gamma () phase as the matrix. The
gamma-prime phase changes its shape from cubic to plate (rafted structure) in-service period of the
superalloys in power plants. This rafting phenomenon is essentially related to the anisotropic
relaxation of the lattice misfit between the y and y ' phases due to the creep strain under the
external stress. In this study, in order to simulate comprehensively from the formation to collapse
processes of the rafted structure by the phase-field method, a new idea that the anisotropy increases
with simulation time is employed in the calculation of the elastic strain energy in alloy. This idea
corresponds to the phenomenon that creep strain increases with creep time. The results obtained in
this study are in good agreement with the microstructural change observed in practical Ni-based alloys

and give a useful guide to design the superalloys.
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Fig.1 Results on two-dimensional phase-field simulation showing the change of
the y’ phase for f,=0.5 at 1273K. Time expressed here are reduced

simulation time (black area: y phase, white area: y ’phase) .
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Fig.2 Comparison between the microstructure in a practical
nickel-based superalloys, (a), and the simulation result, (b).
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Fig.3 Change in elastic strain energy with
the shape change of the y’phase.
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Creep strain, €p

Fig.4 Elastic strain energy in plate-like
7’ phase subjected to creep strain.
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