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Recent advances in non-invasive imaging techniques such as X-ray Computed Tomography have
made it possible to enhance material characterization and discovery methods by using big-data about
porous materials, i.e., acquired images themselves and the characteristics evaluated from the images.
In this study, one characterization method and two material discovery methods have been proposed by
combining machine learning algorithms with Computational Fluid Dynamics (CFD) simulation
techniques. To demonstrate the usefulness of the proposed methods, the permeability and filtration
efficiency of porous material were considered.

Firstly, a method to select important geometrical features of porous material to predict material
properties of interest has been proposed, which is a combination of four feature selection techniques.
Moreover, CFD-based analysis with emphasis on the new geometrical indices determined by the
proposed method has been conducted to elucidate the relevant transport phenomena induced by the
new features. For both the permeability and filtration efficiency, the proposed method identified new
structural features that can detect peculiar and undesirable transport phenomena.

Secondly, a material discovery framework has been proposed to explore the materials with
intended performance and their manufacturing recipes, which aims to accumulate the data on
manufacturing recipes, structural features, and material properties by employing a genetic algorithm.
The framework was applied to aerosol filter discovery. By analyzing the accumulated data, it was
found that preferable material structures could be designed based on the evolution history data.

Finally, another material discovery methodology based on pore connectivity optimization has
been developed. For a pore-throat network that is an approximated representation of pore space, the
location and diameter of pores are fixed, while connectivity of pores (i.e., existence of throats) is
changed, enabling to adjust pore connectivity with the same porosity and pore diameter (i.e.,
macroscopically same structure). The usefulness of the method was demonstrated through a material
discovery for aerosol filter.
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