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A process which is being investigated for In-Situ Resource Utilization (ISRU) on Mars   at Kennedy Space Center (KSC), involves the use of the Reverse Water Gas Shift (RWGS) reaction. In the reaction carbon dioxide (CO2) an abundant resource on Mars, is reacted with hydrogen (H2) which must be supplied from earth The reaction which occurs over a copper catalyst to form water (H2O) and carbon monoxide (CO) at 673 K is constrained by equilibrium, requiring additional processing equipment to bring the overall conversion of the system close to unity and avoid the loss of H2.. This is achieved by passing the exit gases from the reaction to a condenser to remove the water and then to a hollow fiber polymeric membrane, which preferentially permeates hydrogen and carbon dioxide. From the membrane, the reactants can be recycled using a gas compressor back to the reactor entrance while the byproduct carbon monoxide can be vented or further processed

This technology has been proven feasible from the work dome at KSC, however the use of the recycle compressor is costly in terms of mass and the presence of moving parts gives rise to issues of reliability. An alternative configuration has been studied in which the recycle stream is replaced with multiple stages involving the reactor, condenser and membrane. This paper will present the results from simulation studies of this modified staged process and demonstrate the technological feasibility of the process.

