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Tuning porosity to improve efficiency of adsorption columns
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Abstract: Assessing and improving the performance of adsorption columns
is crucial for various applications. To this end, several mathematical models
have been developed over recent years to describe the adsorption process
using a set of partial differential equations. These equations capture the
evolution of contaminant concentration in the fluid traveling along the filter
and the amount of contaminant captured by the adsorbent (see, for instance,
[1], [2]).

Traditionally, adsorbents are manufactured using pellets of similar sizes,
resulting in a media with roughly constant porosity. However, both ex-
perimental and analytical evidence suggest that using porosity-graded ad-
sorbent media can enhance performance. In this talk, we will explore the
impact of porosity gradients on breakthrough curves, which describe the
time evolution of contaminant concentration at the outlet and serve as the
industry-standard measure of adsorption performance.

We will begin by deriving the governing equations under the assumption
of axial porosity gradients, corresponding to columns where grains of dif-
ferent sizes are arranged in layers. We will then demonstrate how various
porosity functions influence the profiles of the breakthrough curves.
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