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Mixing in porous media and microfluidic devices can play a crucial role in various processes, including in-
situ mining of minerals, geothermal heat extraction, and efficient operation of microreactors. However, such
environments typically support flow at low Reynold’s numbers, so achieving controllable mixing can be chal-
lenging. To address this, electric fields can offer an externally adjustable way to enhance mixing through
electrokinetic flow. We explore the interaction between electroosmotic and pressure-driven flows in hetero-
geneous porous media through experiments using Hele-Shaw cells. Specifically, we focus on the relationship
between cell heterogeneity, flow recirculation, and mixing. When a charged surface comes into contact with
an electrolyte solution, a diffuse layer of counter-ions forms, creating the electric double layer that screens
the surface charge. Applying an external electric field parallel to the solid surface induces electroosmotic
flow via an effective slip at the solid surface. In regions of high permeability, pressure-driven flow dominates,
whereas, in narrow spaces, electroosmotic flow prevails, leading to recirculating flows between high- and
low-permeability zones. By harnessing the interaction between these two flow mechanisms, we characterize
electroosmotic mixing in porous media.
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