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flux and gradient flow). Neglecting the change of molar volume between phases and 

internal stresses, the local equilibrium contribution is defined by the contribution from 

bulk phases (grains) and the contribution from the diffuse interface (the latter takes into 

account takes into account the additional energy associated with the relaxation of the 

diffusion flux and gradient flow).  

The evolution equations for fast crystallization are written using multi-phase inter-

polation functions among growing poly-crystallites. The equations for diffusional mass 

transport and multi-phase evolution are written in a form suitable for numerical and 

analytical solutions [3,4].  
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Using a new phase field model for fast polycrystalline crystallization [1], an anal-

ysis of fast and slow crystallization regimes is provided using analytical methods sug-

gested in Refs. [2,3]. Fast regimes of crystallization are analyzed when the crystal 

growth velocity is of the order of or greater than the solute diffusion speed in a bulk 

metastable phase. The latter regime represents diffusionless (chemically partitionless) 

crystallization, when the grains are growing with the initial nominal concentration. In 

the limiting slow crystallization regime, the developing model [1] is reduced to the 

equations and solutions, as obtained by the quantitative and thermodynamically con-

sistent multi-phase field model [4,5].  

Figure 1 shows the traveling wave velocity for the various relaxation time for the 

gradient flow of the phase field. Such a behavior of )( GV  is consistent with the data 

of numerical molecular dynamics simulation [6] and recent advancements on kinetics 

of fast interfaces [7]. The difference between velocities for different  occurs at mod-

erate and large values of driving forces, namely, at G   > 0.2. At small G   , the 

influence of relaxation time  is negligible. 
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Fig. 1. Velocity of the travelling-wave solutions for the various driving forces G . 

 

The obtained analytical solution in a form of traveling wave can be considered as 

a benchmark for the numerical solution of multi-grain problem of rapid solidification. 

The developed system of equation can be applied in a wide spectrum of practical issues, 

e.g.: rapid solidification processing in quenching from the liquid state, fast recrystalli-

zation in laser annealing, grain’s refinement or coarsening in containerless technolo-

gies. 
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