Electrochemical Performance of SOFCs with LSCT Catalytic Layers Decorated with Exsolution-Derived Nanoparticles
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Solid oxide fuel cells (SOFCs) are climate-friendly devices that can directly convert the electrochemical energy of a fuel and oxidant into electrical energy. They consist of three main elements: anode, solid electrolyte and cathode. Each component should meet specific requirements to operate effectively within the SOFC system. For example, electrode materials need to have high ionic and electronic conductivity, catalytic activity and a suitable thermal expansion coefficient. Unfortunately, state-of-the-art Ni-YSZ anodes perform well only when the SOFC is fuelled by hydrogen due to carbon deposition and sulphur poisoning during long-term operation. For SOFC technology to be profitable, it must operate over long cycles and use alternative fuels, such as methane, biogas, or ammonia. For this reason, novel, perovskite-based anode materials should be developed. 
One of the main novel strategies pursued to this end is exsolution, which leads to the formation of nanoparticles on the surface of material’s grains. Nanoparticles fabricated in this process are partially anchored within the material, thereby preventing agglomeration and carbon deposition. Additionally, these nanoparticles can act as catalytic centres, thereby improving the anode's overall catalytic activity. There are three possible scenarios for exsolution to take place. One of them is simple exsolution, where the B-site cation diffuses onto the host material surface and, under reducing conditions, forms nanoparticles. The second is bimetallic exsolution, in which perovskite materials are doped with two cations on the B site. These two cations diffuse onto the surface simultaneously and, again under reducing conditions, form an alloy on the material's surface. The third is the topotactic ion-exchange exsolution, in which the material is first doped at the B site. Then the co-called guest cation is deposited on the surface of the material, and during reduction, the cation with lower segregation energy is exsolved on the surface and forms an alloy with the guest cations. At the same time, the guest cations are expected to exchange positions in the host lattice with the B site cations [1].
In this work, (La,Sr,Ce)0.9(Ni,Ti)O3-δ (LSCT) materials have been proposed as an additional catalytic layer for SOFC to improve their performance. LSCTs were synthesised by the standard solid-state reaction route and then reduced in hydrogen at 900 °C to facilitate the exsolution of Ni nanoparticles according to first scenario described above. The obtained materials were characterised using XRD and SEM techniques. Additionally, electrical measurements in hydrogen and synthetic air were performed for comparison to assess the material's conductivity and activation energy. Then the materials were milled into a fine powder and mixed with organic binder ESL 404 to obtain a smooth paste, which was brush painted on the anode site of a prefabricated cell from the National Taipei University of Technology (NTUT). The cell with the layer was sintered at 1000 °C in air for 2 h and further tested in the Fiaxell Open Flange setup, supplied with hydrogen on the anode side and synthetic air on the cathode side. First, the cell was heated up to 900 °C in an argon atmosphere on the anode side. The gas was then switched to hydrogen, and a reduction was carried out for 10 hours to induce exsolution. Subsequently, the cell was cooled, and at 800, 750, 700, 650, and 850 °C, the open-circuit voltage (OCV) was measured, current–voltage (I–V) characteristics were recorded, and electrochemical impedance spectroscopy (EIS) measurements were performed. 
Studies using hydrogen as a fuel indicate the high potential of this anodic catalytic layer. Therefore, as a next step, it would be worth investigating these materials under operating conditions with hydrocarbon fuels.
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