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Description
• General context
The ECOREVE project (ANR-18-CE05-0036) deals with the steam electrolysis at high temperature using
Solid Oxide Cells (SOCs). The aim is to optimize the microstructure and architecture of the electrodes to
improve the SOCs performance and durability, which is a major technological challenge.
To guide electrode fabrication and optimization, electrochemical properties can be modeled through the
generation of numerical microstructures, validated on real three-dimensional electrode reconstructions.
Indeed, electrodes have a fine and complex microstructure that plays a key role in cell performance and
durability. Simulations at the microscopic scale can be conducted, as a guide for the analysis of the role of
the microstructure as well as the relationship between the elementary reaction mechanisms at the electrodes
and the degradation phenomena of the cells.
• Objectives
In this general context, the objective of this internship is to model and characterize the microstructure of
SOCs electrodes. Previous works have been already done on spatially homogeneous microstructures.
Nevertheless, degradation phenomena of the cells can generate some heterogeneity within the
microstructure with the appearance of phase gradients. Some image processing, analysis and modeling
tasks will then needed:
o Image filtering and segmentation in order to identify the different phases. Classical techniques
of thresholding and watersheding will be used.
o Morphometrical characterization of the different phases. Different features will be computed
such as volume fraction, size distribution, tortuosity and spatial dispersion.
o Geometrical modeling of the microstructures. Some tools from stochastic geometry
(specifically truncated random fields) will be investigated.
o Fitting to the real data in order to get a representative model of the microstructures.
Optimizations tools will be carried out to fit the model to the real data.
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Figure 1: Electrode degradation after operation in electrolysis mode at high temperature (images
acquired at ESRF).
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