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ABSTRACT 

The formation of microstructures ensuing from phase transformations at the solid state is still an 
active field of research. Indeed, although many studies have been devoted to this topic for a long 
time, puzzling issues are still remaining, in particular when coupling with mechanics is involved.  

This is the case for the formation of acicular microstructures known as Widmanstätten, that consist in 
parallel plates growing in colonies, as observed in many common metallic alloys such as Ti base 
alloys, brass or steels. Even though these microstructures are known to contribute to the reduction of 
fatigue resistance, their growth mechanism is not totally clarified. Recently, new valuable insights 
have been brought by 2D phase field calculations [1,2]. First, they have shown that the anisotropy of 
elasticity generated by the eigenstrains associated with the change of lattice structures is the main 
ingredient for explaining two essential features of the Widmanstätten structures [1]: (i) the acicular 
shapes of the plates; and (ii) the particular kinetics of the diffusion controlled growth that displays a 
constant lengthening in isothermal conditions contrary to the usual √t law. Second, the phase field 
calculations have shown that isotropic plasticity does not change the picture qualitatively in the 
situations investigated [2]. 

In this contribution, following a similar path, we will present new phase field calculations that bring 
additional insights into the growth process.  
First, we will show that during growth, the shape and size of the plate tips, either 2D or 3D, are the 
same as in equilibrium and simply result from the minimization of the elastic energy and of the 
interface energy. This is opposed to the usual belief that the shape and size are resulting from the 
dynamical process, as it would be the case if the anisotropy were only carried by the interface energy. 
This new result opens the route for a new theory of Widmanstätten tip selection that does not rely on 
an ad-hoc criterion such as the hypothesis of maximum growth as initially proposed by Zener [3] and 
usually used nowadays. 
Second, on the basis of the sizes predicted by the previous calculations, we will highlight the 
necessity to account for processes that relax partially the elastic strains. Along this way, we will 
discuss the role of the relaxation by the concentration field as well as the role of plasticity as 
described by crystal plasticity. 
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