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Supplementary Figure 1 Sample preparation process. (a) Schematic, (b) planar view and (c) cross section view of WC thin film deposited on SiNx coated Si; Schematic of (d) WC/ScDZ/Pt and (e) WC/ScDZ/LSCF electrolyte supported SOFCs; (f) planar view and (g) cross section view of WC anode on ScDZ electrolyte substrate.
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Supplementary Figure 2 A schematic of the customized low-temperature SOFC test station.
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Supplementary Figure 3 Electrochemical flow reactor. (a) Schematic of the custom-designed electrochemical flow reactor system. The gas flow system consists of 4 gas cylinders each connected to a mass flow controller. The outflow from each MFC is connected to a single ¼” tube, which is directed to a three-way valve.  The valve can be set to either send the fuel gas stream to another three-way valve and on to the gas-out tubing line, which leads to the analyzer, or to the gas-in tubing line that feeds the gas stream into a ¼” alumina tube. The fuel gas stream then passes through this inner tube down to the electrolyte membrane, where the reaction takes place, and then continues back up around the inner alumina tube through a ½” outer alumina tube and to the gas flow out line through the second three-way valve, and on to the GC for analysis. The alumina tubes are sealed with Ultra-Torr vacuum fittings into stainless steel fittings to keep the entire system enclosed and free from leakage. The bottom half of the ½” alumina tube extends into the furnace to control the temperature at the reaction surface. The cathode wire extends from the outer surface of the electrolyte membrane through the furnace and is connected to the potentiostat leads. The anode wire extends from the inner surface of the electrolyte membrane up through the ¼” alumina tube and out of the top of the tube through a tight Teflon fitting to where it is connected to the potentiostat leads. (b) Enlarged view of the interior of the reactor tube. The fuel gas flows down through the inner tube to the surface of the anode, where the reaction occurs. The gas flows out up between the inner and outer tube walls. Silver mesh with an extended silver wire acts as the electrode lead to the potentiostat, with the mesh attached to the surface of the anode with silver paint to ensure good electrical contact. A similar electrode is used on the reverse side of the electrolyte to make an electrical connection between the LSCF cathode and the potentiostat. The electrolyte is sealed onto the outer tube with alumina cement, allowing oxygen anion transport across the electrolyte when current is applied across the electrodes. 
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Supplementary Figure 4 Oxygen transport through the electrolyte membrane as a function of applied current. Plot of the oxygen concentration (in parts per thousand) in 20 ml/min of Ar as a function of the current applied across the electrolyte membrane. By modulating the applied voltage with the potentiostat, the current and therefore the oxygen flux from outside to inside the reactor tube can be controlled. The oxygen concentration was measured by GC with the reactor tube held at 600 °C to ensure adequate conductivity of the oxygen anions through the electrolyte. There is a linear relationship between the oxygen concentration and the applied current, with a slope of 3.45 mL of O2 per min per ampere (sccm/A). An ideal flux of oxygen anions across the electrolyte, with each molecule of O2 requiring the transfer of 4 e-, would have a flow rate of 3.48 sccm/A. The small loss we measure is likely due to a combination of leakage, resistance in the electrode-electrolyte interface, and oxidation of the electrolyte or the electrodes. The anode in this case is silver mesh, ensuring that the only reaction occurring on the electrode surface is the recombination of oxygen anions to oxygen molecules.
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Supplementary Figure 5 Composition and microstructure of WC anode measured in 100% CH4. (a) X-ray diffraction scans from the WC anode before and after fuel cell testing in 100% CH4 and (b) FESEM image of WC anode after fuel cell testing in 100% CH4. The asterisks in the XRD patterns indicate diffraction peaks from the substrate.
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Supplementary Figure 6 Composition changes during fuel cell test. W 4f XPS spectra taken from 80 nm thick WC anodes with 1% porosity before (a) and after (d) fuel cell test, 4% porosity before (b) and after (e) fuel cell test and 16% porosity before (c) and after (f) fuel cell test. The W 4f regions were fitted using CasaXPS software.
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Supplementary Figure 7 Stability of WC/ScDZ/LSCF SOFCs. The OCV of a WC/ScDZ/LSCF fuel cell measured at 500 °C in 80%H2-20%CH4 at 20 ml/min over 48 hours. The OCV remains stable at 1.15 V over the course of the experiment. 
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