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Stochastic 3D microstructure modeling for
three-phase electrode materials with an emphasis on

transport relevant characteristics
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We use parametric stochastic 3D microstructure modeling to generate digital twins representing the complex
microstructure of three-phase electrode materials observed by tomographic imaging. For this purpose, we
consider two models based on methods of stochastic geometry. The first model is based on random networks,
while the second one is based on excursion sets of two independent Gaussian random fields [1]. Both models,
for which we have derived new relationships between model parameters and morphological characteristics,
are fitted to 3D image data representing anodes in solid oxide fuel cells consisting of nickel, a ceramic phase
(Yttrium-stabilized zirconia) and pores. Model validation is performed with respect to the transport relevant
microstructure characteristics mean geodesic tortuosity and constrictivity, i.e., a geometrically defined radius
of the characteristics bottleneck normalized by the median value of the continuous phase size distribution.
Moreover, permeability of the pore space and effective conductivities of the solid phases are numerically
simulated using Fourier methods [2]. This allows us to investigate quantitative relationships between mor-
phological characteristics and effective properties, which is an essential question in the field of heterogeneous
materials [3], for the considered anode materials. Additionally, we show that excursion sets of two correlated
Gaussian random fields can be used tomodel themicrostructure of gas-diffusion electrodes consisting of silver,
polytetrafluorethylen and pores [4]. We present a method for parameter estimation by means of two-point
cross-coverage probability functions. After having fitted the model to 3D image data, model validation shows
that mean geodesic tortuosity and the geometrically defined radius of the characteristic bottleneck are nicely
reproduced.
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