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Shock electrodialysis (SED) is an emerging electrokinetic purification method which is able todeionize solutions. This process only requires power for moving fluids through porous media,which avoid the need for high temperature (distillation) or high pressure (reverse osmosis, RO)systems. SED is essentially based on ion concentration polarization phenomenon. Concentrationpolarization is an interphase phenomenon which typically occurs when there is a mass transportlimitation for the faster diffusing species in the fluid phase compared to the transport in the selectivelayer. Consequently, there is a reduction of the faster diffusing component in the boundary layernext to the selective layer and thus creating a depleted zone near the interphase. If a porousmaterial is next to the interphase, now concentration polarization becomes higher due to the addeddiffusion limitation provided by the porousmaterial and thus reducing evenmore the concentrationof the faster diffusing species in the interphase. In our previous work, it was shown it is possible toextract a less concentrated electrolyte solution by continuous flow experiments in a miniaturizedcell [1]. For this purpose, a biocarbon obtained through the pyrolysis of compressed residuesfrom the sugarcane harvest was used as a porous phase to improve the polarization of the ionconcentration. Through this system, the conductivity of a 0.1 mM KCl feed solution can be loweredby 25 percent over a period of 4 h working at a flow rate of 0.7 ccm and 5.0 V of applied voltage.This process was reversible by coming back to normal soon after the voltage was shut off. Differentconcentration ratios between the feed and the dilute phases can be obtained by changing the flowrate. This is an important advantage in terms of microfluidic device designs where operating flowrates are typically a few microliters. On the other hand, the separation performance between thefeed and the more dilute outlet stream was improved by using a less permeable biochar material.In this work, the effect of increasing the ion capacity of the porous phase was studied by performingexperiments through pulses of low concentration solutions (Fig. 1A). For this purpose, a zeolitematerial layer was included between two biochar disks. Fig. 1B shows the conductivity responsewhen a pulse (1 cc) of low concentration solution (2 µS/cm) was injected into the feed. In the firstinjection, voltage was not applied. Voltage was switched on during the second injection. In thislatter case, a significant depleted concentration stream at the cell outlet was observed. This isassociated with the improved ion capacity of the porous phase due the presence of the zeoliticmaterial.
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Figure 23: (A) Experimental setup; (B) Dynamics response of the outlet conductivity for 1 cc pulsesin the cell feed. Inset: The schematics of the cell.
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Using a machine learning genetic algorithm (ML-GA), we present a novel approach for designingcapillary-driven microfluidic networks. The technique is based on a simple 1D numerical tooldeveloped in MatLab Simulink designed to generate the data required to train the ML-GA rapidly.We validated this tool using analytical and experimental data from a Y -shaped capillary network.We defined the (ML-GA) objective to obtain the optimal set of geometric parameters that producesthe closest matching volume versus time (defined as an input of the model). We trained theML-GA with 20 generations of 10,000 simulations and found the best solution to the inversedesign problem. The optimization took less than 4 hours, and the findings were confirmed usingexperimental data. This paper demonstrates the applicability of the provided approach for therapid and reliable design of sophisticated capillary-driven devices, allowing users to optimize theirdesigns using a simple 1D numerical tool and machine learning technology.
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