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This project focused on developing a COMSOL model to facilitate investigating CO2 adsorption/desorption designs that are suitable for future integration into plant growth facilities and Environmental Control and Life Support System (ECLSS) for a microgravity environment. 
A COMSOL model was completed that successfully predicted the adsorption curves measured during the previous CIF 2017 project (Mars CO2 Capture using Sorbent fiber Materials for In-situ Resource Utilization (ISRU)) that used the Polymers of Intrinsic Microporosity (PIM-1) material to test the collection of CO2 from a Martian atmosphere. The model shows CO2 capture by the adsorption bed, as well as the CO2 front breaking through the bed, thus allowing an engineer to understand how the bed is performing and decide how they want to operate the system. A separate Excel model was also developed for predicting the pressure drop across the bed based on its diameter, thickness, and the desired flow rate through the system allowing an engineer to virtually investigate different designs before building them. We found that it should be possible to design adsorbent beds with very low pressure drops (under 2 pascal (Pa)) if the diameter of the adsorbent bed is held at 50 cm or above with a thickness of 4 cm or less. This would be sufficient to meet the needs of 1 m2 of plants, removing more than 33 g/day of CO2 from the crew compartment. We were unable to extend the model to adsorption at other temperatures or desorption due to a lack of data on the PIM-1 material at different isotherms. Predicting power requirements of a system is dependent on the final design, which proved to be beyond the scope of this project. Nonetheless, the models indicate that it is possible to design adsorbent beds with very low pressure drops (less than 2 Pa) that would require very little energy (less than 40 Joule (J)) to move the required air through the adsorptive bed.
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