Amorphization Kinetics under Electron Irradiation
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Electron irradiation affects the kinetics of phase transformations not only because of the diffusion increase due to Frenkel’s pairs production, but also due to activation processes at the interphase boundaries. In paper [1] a new model for the kinetics of phase transformations under electron irradiation was developed. We apply it to consider the electron-irradiation-induced amorphization as a particular case.

We assume that nucleation of a new phase occurs due to accumulation of radiation damage in defective regions, including e.g. point defects complexes, a dislocation core sector, a boundary, a triple joint or other structure defects which substantially increase the local free energy. The growth (dissolution) rate of an amorphous precipitate contains contributions both from thermodynamic driving force and relaxation of irradiation-induced nonequilibrium atomic configurations at the crystal-amorphous boundary. These contributions are denoted 
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where R is the radius of an amorphous precipitate. We argue that contributions 
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 have different signs. The thermodynamic driving force “pushes” the boundary atoms to the phase with the minimal free energy (the crystalline one). Irradiation, on the contrary, “pushes” the atoms to the amorphous phase, if the probability of relaxation of the nonequilibrium boundary atomic states into the amorphous phase is higher than into the crystalline one. Therefore, the next criterion for the irradiation-induced amorphization is obtained:
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(2)
Using criterion (2), the critical electron flux, needed for amorphization at a certain temperature, and the irradiation dose required for amorphization are derived.

The formulae derived are applied to fit the experimental results on the electron-irradiation-induced amorphization of Zr3Fe [2].
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