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Abstract

Thanks to their high electrochemical activity combined with a good ionic and electronic conductivity, La1-xSrxCoyFe1-yO3 (LSCF) based materials are commonly used as oxygen electrode in Solid Oxide Cells (SOCs) [1]. The reaction mechanisms for the oxygen reduction/oxidation in LSCF play a key role not only on the cell performances but also on its durability. Indeed, LSCF is subjected to a decomposition in operation that can significantly affect degradation effects occurring at the LSCF electrode contribute to the overall cell lifetime [START_REF] Laurencin | Degradation mechanism of La0.6Sr0.4Co0.2Fe0.8O3-δ/Gd0.1Ce0.9O2-δ composite electrode operated under solid oxide electrolysis and fuel cell conditions[END_REF]. However, despite their importance, the reaction pathways taking place in the electrode are still not precisely understood especially in electrolysis mode. The mechanism for the oxygen reaction are based on fast kinetics associated to the dioxygen adsorption/desorption at the surface, incorporation/ex-corporation into the bulk, diffusion of adsorbed species on the surface and diffusion of oxygen ions towards the electrolyte. To better unravel these intricate phenomena, the reaction mechanisms in the bulk and at the LSCF surface have been studied at atomic scale via Density Functional Theory (DFT). First, the bulk properties of the parent material, La1-xSrxFeO3, have been investigated and coupled to a thermodynamic model able to predict accurately the oxygen vacancy concentration as a function of pressure and temperature [START_REF] Hartmann | First-principle Study of Hole Localization in La1-xSrxFeO3-δ[END_REF]. Then a slab model of LSCF has been built to explore the different possible reaction scenarios for the oxygen reaction in LSCF. The results of the DFT simulations have been discussed and used to better validate the reaction pathways implemented in an original elementary kinetic model developed for the LSCF electrode [START_REF] Effori | An Elementary Kinetic Model for the LSCF and LSCF-CGO Electrodes of Solid Oxide Cells: Impact of Operating Conditions and Degradation on the Electrode Response[END_REF]. After this first study, the coupling of the two models has been undertaken. For this purpose, the calculated activation energies with DFT are used to estimate the kinetic rate constants along with the diffusion coefficients trough Kinetic Monte Carlo (KMC) simulations. The multiscale approach will be finally integrated in a modeling package able to simulate the cell performance and its degradation upon operation [START_REF] Da Rosa Silva | A dynamic multi-scale model for solid oxide cells validated on local current measurements: impact of global cell operation on the electrodes reaction mechanisms[END_REF] .
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