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Abstract

A phase field model is coupled to strain gradient crystal plasticity based on dislocation densities. The
resulting model includes anisotropic plasticity and the size-dependence of plastic activity, required when
plasticity is confined in region below few microns in size. These two features are important for handling
microstructure evolutions during diffusive phase transformations that involve plastic deformation occurring
in confined areas such as Ni-based superalloys undergoing rafting. The model also uses a storage-recovery
law for the evolution of the dislocation density of each glide system and a hardening matrix to account
for the short-range interactions between dislocations. First, it is shown that the unstable modes during
the morphological destabilization of a growing misfitting circular precipitate are selected by the anisotropy
of plasticity. Then, the rafting of γ′ precipitates in a Ni-based superalloy is investigated during [100]
creep loadings. Our model includes most of the important physical phenomena accounted for during the
microstructure evolution, such as the presence of different crystallographic γ′ variants, their misfit with the
γ matrix, the elastic inhomogeneity and anisotropy, the hardening, anisotropy and viscosity of plasticity. In
agreement with experiments, the model predicts that rafting proceeds perpendicularly to the tensile loading
axis and it is shown that plasticity slows down significantly the evolution of the rafts.
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1. Introduction

Materials properties, especially mechanical, are strongly dependent on the microstructures, most often
involving several phases. For these properties to remain permanent, the stability of the microstructures
must be ensured. This requirement is particularly challenging when the materials are exposed to severe
conditions, such as high temperatures, loading, or both in the worst cases. Indeed, under such conditions,
microstructures are likely to evolve driven by the diffusion of alloying species and by plasticity, most often
in a coupled manner.

This is the case of Ni-based superalloys used in components of engines or gas turbines submitted to high
temperature. The properties of these alloys are inherited from their particular microstructure which consists
of a high volume fraction of strengthening γ′ precipitates (L12 ordered structure) embedded in a face-centered
cubic (fcc) solid-solution γ matrix. They are optimized using thermal treatments promoting the formation of
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