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Early flash sintering experiments suggested that athermal amounts of interstitials and vacancies (Frenkel pairs) 
emerge in the bulk.  Indeed, this would offer an explanation of the flash phenomenon. In a series of papers [1-3] 
we developed a theoretical picture, how this may happen. By solving coupled Boltzmann equations for electrons 
and phonons, describing an electrical current with momentum transfer to the crystal lattice [3], we found a strong 
proliferation of short wavelength lattice vibrations. The deviation from a thermal Bose-Einstein distribution is 
surprisingly strong, regardless of the details of the electron-phonon matrix elements. The electrical current 
drives the lattice vibrations out of equilibrium. With non-equilibrium molecular dynamics simulations [1], where a 
phonon mode is permanently excited with a certain rate, we demonstrated that Frenkel defects are generated in 
molar concentrations far above equilibrium, provided three conditions are fulfilled: The phonon mode must be 
near the Brillouin zone edge, the excitation rate must be within a window in the TeraHertz range, and the 
temperature must be above the Debye temperature, but sufficiently below the melting point.  We postulate that 
these conditions can be achieved by a suitable electrical current. The proliferation of lattice vibrations near the 
Brillouin zone edge may be the reason for the generation of athermal Frenkel defects.The non-equilibrium 
molecular dynamics simulations were done for aluminum [1] and for rutile TiO2 [2]. In the latter case, interstitial-
vacancy pairs of Ti as well as of O are formed. In agreement with experiment we found that the mean-square 
displacements of the vibration amplitudes of the Ti and O atoms are specifically enhanced. 
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