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	Steam reforming of methane is the most common technology to produce hydrogen from fossil fuels in the industry [1]. In industrial reformers, the reaction is usually carried out at 800 to 1000°C along with high feed pressure [2]. In order to perform the reaction in a less harsh condition with sufficiently high methane conversion, in situ product removal is a theoretically effective approach. Numbers of groups have conducted research on Pd-based, hydrogen permeable membranes [3]. Although these membranes have desirable performance at lower temperature, the cost and susceptible to other chemicals prevent them from large-scale application [4]. Under such scenario, ceramic membranes become a more attractive option from an economic perspective.
[bookmark: _GoBack][bookmark: OLE_LINK45][bookmark: OLE_LINK46]	A membrane reactor with a tubular ceramic-carbonate dual-phase membrane and commercial nickel-based catalyst has been built in order to perform steam reforming reaction of methane. The membrane consists of two phases: a porous samarium-doped-ceria (SDC) ceramic support and an infiltrated carbonate phase. CO2 will permeate through the carbonate phase and thus achieve in situ removal. Our preliminary data show that the membrane has excellent CO2 permeation performance and stability, which indicate great potential of commercialization. CO2 flux measured under PCO2=0.5 atm reaches 0.23 to 0.5 ml∙cm-2∙min-1 at 800 to 900°C, and CO2 permeance measured under the same condition ranges from 4.4×10-8 to 7.6×10-8 mol∙m-2∙s-1∙Pa-1. Stability results show that CO2 permeance of the membrane maintained around 4.5×10-7 mol∙m-2∙s-1∙Pa-1. CH4 conversion is 55.7% and CO2 recovery is 39.6% at 900°C with CH4 flow rate 4.4 ml/min and H2O/CH4=4.0. The effects of steam to methane ratio and helium flow rate on the sweep side were also investigated. Methane conversion increases with increasing H2O/CH4 ratio, while CO2 recovery follows the reverse trend. Methane conversion is also elevated by increase the sweeping gas (helium) flow rate, as it facilitates CO2 removal. From our thermodynamic simulation, with H2O/CH4>3, the equilibrium conversion can reach over 95%. The in situ CO2 removal facilitates the water-gas shift reaction, which occurred simultaneously with methane reforming, and thus further increase hydrogen production. With 90% CO2 recovery, hydrogen concentration in the product stream can reach 93% after steam condensation. Further refined experiments will be carried out and the results will be used to verify the simulation results.
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