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Coupling a grand potential ternary phase field model to the thermodynamic landscape of the Na_2O-SiO_2-MoO_3 nuclear glass

 

A nucleation and growth regime is known to occur in the processing of the ternary nuclear glass compound Na O-SiO -MoO , which separates into two liquid phases. Because this produces inhomogeneities in the glass, our goal is to predict the kinetics and topology of phase separation.

We present a methodology to couple CALPHAD data to a grand potential phase field model [1] for a ternary material. The phase field theory describes the dynamics of a fully resolved interface in a twophase material. It has a strong thermodynamic consistency and the inclusion of CALPHAD data allows for the quantitative description of a real material. Our phase field model is also coupled to the Navier-Stokes equations to take into account hydrodynamics effects.

The OpenCALPHAD software and a database of the Na O-SiO -MoO system [2] are used to construct simplified representations of free energy densities for a given tie-line of the glass. While this strategy (alternative to [3]) cannot reproduce spinodal decomposition, it yields a simple yet precise description of phase coexistence as relevant for the nucleation and growth regime.

Using Lattice Boltzmann simulations, we study the evolution of large populations of droplets and confirm that the Gibbs-Thomson condition contained in the phase field induces Ostwald ripening. [3] Vaishnvi Tiwari. "A consistent approach for coupling lumped-parameter and phase-field models for in-vessel corium to thermodynamic databases." PhD thesis. Université Paris Saclay, Nov. 2019. 
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 1 Figure 1: Snapshot pictures of a small part of the phase field at the start (left) and end (right) of a simulation of ripening with 6115 two-dimensional droplets. References [1] Mathis Plapp. "Unified derivation of phase-field models for alloy solidification from a grandpotential functional." In: Phys. Rev. E84 (3 Sept. 2011), p. 031601 [2] Sébastien Bordier. "Modélisation thermodynamique des phases insolubles dans les verres nucléaires : application à la vitrification du molybdène et des produits de fission platinoïdes." PhD thesis. Université Aix-Marseille, 2015.