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The “TuffCell” is a bipolar plate-supported solid oxide fuel cell that produces electrical power by the galvanic combination of oxygen with hydrogen or other fuel.  The SOFC anode support must be both conducting and porous.  Porosity is required to ensure that hydrogen gas can flow through the anode support.  SOFC anode supports have traditionally been composed of nickel, but the use of stainless steel as a support while also using a thinner anode will provide increased structural integrity.  The process for building the support layer starts with making a stainless steel slurry.  The slurry composition includes stainless steel powder, binder, plasticizer, solvent, and in some cases pore former.  The slurry is allowed to mix thoroughly and is then made into a tape cast using a doctor blade.  The tape cast is dried and then placed into the dilatometer for twenty hours where it is exposed to air, nitrogen, and hydrogen to sinter.  The weight percent of each slurry component must be such that the slurry meets certain criteria when cast and sintered.  In casting, these criteria include an even cast (i.e. the stainless steel cannot separate from the other components during the cast), a strong and flexible dried cast, and a slightly grainy texture.  In sintering, the stainless steel layer must not shrink more than the other layers of the cell and must also be porous, with pores approximately 20 microns in diameter.  An even cast is the result of optimal slurry viscosity for the given components.  Modification of flexibility and strength is accomplished by varying the binder to plasticizer ratio.  Porosity can be achieved with a large stainless steel powder particle size and no pore former, or with smaller particles plus pore former (this method warrants varying the volume ratios of stainless steel and pore former to find the optimal porosity).  In addition to finding the optimal weight percents of each of the slurry components, it is necessary to determine which plasticizer/binder/solvent trio best casts, sinters, and interacts with the other components of the cell.  When xylene/butanol is used for a solvent, compositions with a combination of large stainless steel mesh size and smaller stainless steel mesh size in conjunction with 12% solvent and a plasticizer to binder ratio of 1:5 or 1:7 have proved most successful.

