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Abstract:

A new solid oxide fuel cell (SOFC) stack design is proposed, based on a cell concept consisting of a porous YSZ support structure on both sides of a thin YSZ electrolyte, making it a bi-electrode supported cell (BESC).  The porous YSZ support regions are fabricated with graded porosity, which can be optimized for fuel and air flow.  A thin ceramic interconnect layer is deposited on both sides of the cell to create a repeat unit.  Multiple repeat units are laminated together and the edges of the porous support regions are impregnated, in the green state, with ceramic sealant to provide a dense, hermetic seal. The all ceramic stack is sintered and the active electrode materials are impregnated following the high-temperature sintering process.

I. Description of the problem or objective:

A majority of solid oxide fuel cell developers are pursuing a planar cell geometry with an anode supported cell design (ASC) and metal interconnects.  The major challenges of the ASC technology are its fabrication, reliability and sealing to metal interconnects in stacks.  The thin electrolyte, normally 10-15 microns thick, is supported on a thick NiO-YSZ cermet which is 700 to 1000 microns thick.  The anode/electrolyte bi-layer is sintered first, followed by application of a thin cathode, usually 25-50 microns thick, which is fired on at a lower temperature.  There are a number of problems for the ASC cell and stack design; 1) shrinkage matching of the thick NiO-YSZ cermet and the thin YSZ are critical and producing flat parts is critical for assembling them in stacks, 2) as the anode is reduced from NiO to Ni metal there is a volume change which can generate stresses within the anode, sometimes leading to failure of the thin YSZ electrolyte, 3) the anode is sensitive to leaks of oxygen which can cause oxidation of the Ni metal to Ni-oxide resulting in a sudden expansion of the anode and failure of the cell, 4) to provide enough strength the anode must be very thick which can lead to diffusion problems in the anode making it hard to achieve high fuel utilization required for commercial applications, 5) the cells are fragile and can not tolerate high loading which is required for some of the compression type seals used with the ASC stacking technology.

II. Description of innovation to solve the problem:

The present invention addresses these problems by using a new stack design based on a bi-electrode supported cell (BESC) concept.  The BESC cell design and fabrication method, which were the subject of earlier invention disclosures (Inv. # ___ and # ___), use a porous YSZ support structure on both sides of a thin electrolyte.  The porous electrode support structure also provides for the support of a thin ceramic interconnect and also allows for dense edge seals, with matched thermal expansion, to prevent mechanical loads from being transmitted to the electrolyte.  The cell and stack, in the green sate, are all ceramic, allowing for sintering temperatures to be optimized for densification of the electrolyte and interconnect without concerns of reactions of YSZ with the electrode materials.

To manufacture the BESC cells, YSZ tape is freeze-cast to create a graded pore structure in the tape.  Two pieces of the green tape are cut into the desired shape and then the surface of the tape, with the smallest pores, is coated with a thin layer of YSZ ink.  The two sections of tape are laminated together so that the two dense YSZ thin films are together, followed by sintering of the part at high temperature to create the thin, dense electrolyte sandwiched between the porous support regions.  The porous regions are then infiltrated with suitable materials to provide the active anode and cathode region.

To produce a stack of the BESC cells the sequence of fabrication steps are slightly altered.  Using a stack with a cross-flow geometry as an example, a stack would be produced by taking the “green” BESC tape, cutting it into squares, coating the surface with fine pores with a thin YSZ ink layer and then laminating the two wet surfaces of tape together to make a support-cell.  Both surfaces of the support-cell, with the coarse pores, are coated with a thin ink of ceramic interconnect, such as doped-LaCrO3, to make a repeat unit.  The repeat units are laminated together to provide a stack and the porous outer edges of the cells are infiltrated with a ceramic sealant to provide the air and fuel distribution channels.  The all ceramic stack is sintered at high temperature to densify the thin electrolyte and interconnect layers.  In the final steps of fabrication, one side of the stack is masked off so that only the fuel channels are exposed and active anode materials, such as Ni metal, are infiltrated into the porous anode region.  The anode channels are then masked and the air channels are infiltrated with active cathode materials, such as Sr-doped LaMnO3.

III. Unique or novel features, benefits of application:

The BESC cell and stack concept provide a numberr of advantages when compared to other planar SOFC designs.  The freeze-tape casting technology, which allows for graded porosity to be incorporated into the green tape in a single step, greatly simplifies the manufacture of the BESC cells and adds processing flexibility which can be used to optimize the BESC cell and stack for optimum performance.  Some of the advantages of the BESC stack design are; 1) the thin electrolyte and porous support are all made of YSZ, making fabrication and sintering less challenging, 2) 
the porous YSZ support structure will protect the thin electrolyte from the stresses created by the conventional Ni metal anode which has a higher coefficient of thermal expansion (CTE), 3) the porous YSZ supports can be infiltrated at the outer edges, with YSZ or other ceramic or glass materials with matched CTE, to provide for hermetic seals that are fully dense once sintered, 4) the ceramic interconnect is supported so that a thin, dense layer of LaCrO3 can be used, reducing the electrical resistance, 5) gas channels are provided by the graded porosity in the YSZ support, which allows the ceramic interconnect to be flat, without channels or grooves, making fabrication and sintering less complex, 6) both interfaces at the electrolyte/elctrode support and interconnect/electrode support are rough with a large amount of surface area to provide intimate contact with the active electrode materials which reduces interfacial resistance, 7) filling the porous support structures with active electode materials, after sintering, provides intimate electrical contact between the cell and the interconnect, a major problem of other designs, reducing the internal stack resistance, 8) an anode with graded porosity will be less susceptible to diffusion limitations and should achieve high fuel utilization which is a problem with traditional anode supported cells with a uniform pore structures, 9) a wider selection of cathode and anode materials, some with CTEs higher than YSZ, can be used since the materials will not see the normal high sintering temperature used in the first sintering step for the YSZ electrolyte and support, 10) because of the symmetrical cell design which reduces stresses, alternative electrolyte materials with higher ionic conducitivity, such as (LaSr)(GaMg)O3 can be used, 11) the stack can be operated at higher temperatures since it uses more traditional ceramic interconnect materials, with proven long life and stability, rather than metal interconnects, 12) the YSZ support structure in the cell makes both the electrodes and the seals more tolerant of thermal and oxidation-reduction cycles.

IV. Potential commercial applications:

The most critical technical challenges facing all planar SOFC stack developers are the ability to provide gas-tight seals and to provide good electrical contact between the cell and the interconnect.  The BESC cell and stack concept may provide an advantage in both of those areas. 

The BESC stack design is based on a cell with a graded, porous YSZ support structure.  While there are many ways to manufacture ceramics with a porous structure, developing a graded porosity is more difficult and other techniques are ultimately more complicated and more expensive.  The freeze-tape casting process is ideally suited for this application and this design since it is so simple and straightforward, keeping the stack design less complicated and less expensive.  All of the major SOFC developers pursuing a planar cell and stack design use tape casting as the basis for their cell manufacturing technology.  These companies include Siemens-Westinghouse, GE and Delphi, all of which may be able to incorporate this technology into their particular designs.  The bi-electrode supported cell concept may be the key to producing more reliable cells and ultimately, lower cost cells, by reducing manufacturing costs and increasing yields of quality parts.

