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Simulating the transport of gasses or liquids through porous media is challenging when the complex geometry
of real systems is to be considered, especially when transport is accompanied by sorption and/or chemical
reactions. This complexity challenges traditional numerical solvers in their ability to capture the intricate
details of the system in an accurate yet feasible manner.

This contribution focuses on creating a mesh-free modeling framework for studying the reactive transport of
volatile organic compounds through the complex micro-structure of papers. Previous studies [1] show that
due to the chemical and physical interactions the organic volatiles exhibit sorptive behavior during their mi-
gration through the cellulose-based porous medium. This behavior is influenced by a combination of material
properties, including the polarity of the organic compound, its diffusivity in the porous and solid phases of
the paper, and the paper’s micro-structural features such as porosity and tortuosity.

The underlying physics of the process is described by a system of non-linear partial differential equations
(PDEs). The PDEs account for the diffusion of organic volatiles through the paper material as well as the
adsorption and desorption of the compounds on the paper’s surface. Due to the non-linearity of the PDEs
and absence of analytical solutions in most of the cases, the inverse problem of determining the material
properties based on experimental data is difficult to solve using regression models. In our previous work
[2], we demonstrated on an example of dimethyl-sulfoxide (DMSO) migration through paper, how physics-
informed neural networks (PINNs) can be successfully applied to solve inverse and forward problems in the
case of one-dimensional transitive transport through paper.

Based on experimental migration data for DMSO and n-C14H30, current work extends this approach to two-
and three-dimensional systems by incorporating micro-structural information obtained via micro-CT mea-
surements of paper into the framework of PINNs domain. In this fashion the geometrical features of paper
material are implicitly included in the formulation of the governing PDEs. We further decompose the domain
of the solution functions into two parts: one representing the porous phase of the paper micro-structure, and
the other representing the solid phase. We use separate PINNs to search for the solutions in each phase, merg-
ing them together at the interface by applying boundary constraints that govern the sorption process. On
the one hand, this approach allows for a more accurate representation of the physical system based on the
real geometrical data. On the other hand, using multiple PINNs is beneficial for the systems with complex
topology where the solution functions show discontinuities on sharp interfaces and therefore require more
flexible approximation functions.
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