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Abstract

The effective diffusivity of two-dimensional, anisotropic porous materials with surface diffusion is stud-

ied. The continuum model of Albaalbaki and Hill (2012), which couples diffusion in the bulk and surface

domains via interfacial exchange fluxes, is implemented to couple the phases. Using a cell model, a new

analytical solution is developed for aligned fibres with elliptic cross-sections and arbitrary orientation

with respect to the mean gradient. The anisotropic boundary-value-problem is solved using an isotropic

approximation to furnish concentration distributions in the three phases. Therefore, the model is more

accurate near the isotropic limit and at lower inclusion volume fractions. When surface diffusion is signif-

icant, the present anisotropic model reproduces the isotropic model of Albaalbaki and Hill (2012) for unit

aspect ratio and a variety of physical parameters. For a sphere with negligible surface flux, the model

agrees with Maxwell’s theory, and reproduces the model of Akbari et al. (2013) with various aspect ratios.

To test the model for several parameters and other aspect ratios, direct numerical computations of the

effective diffusivity, using spatially periodic unit cells, are undertaken, and a comparison with experi-

mental data is presented. This model serves as a two-dimensional solution for the effective diffusivity of

dilute anisotropic structures with surface diffusion.

Keywords: effective diffusivity, porous media, surface diffusion, anisotropy, analytical model

1. Introduction

The effective diffusivity, which combines the effects of different diffusion types, such as void, solid

and surface diffusion, is important for many applications. It determines the reaction rate in catalytic

monoliths [15]. Reactant- and product-diffusion in porous catalysts are controlled by void diffusion

through a network of irregular shaped pores, the structures of which are commonly characterized by

the pore-size distribution. Gas diffusion in polymer electrolyte fuel cells plays an important role in

electrochemical reactions and affects power density [11, 29]. In nano-structured materials, which have a
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