Fabrication of thermoelectric oxide modules
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Waste heat from automobiles, factories, and similar sources offers a high-quality energy source equals to about 70% of total primary energy, but is difficult to reclaim due to its source amounts being small and widely dispersed. Thermoelectric generation systems offer the only viable method of overcoming this problem by converting heat energy directly into electrical energy irrespective of source size and without the use of moving parts or production of environmentally deleterious wastes. The requirements placed on thermoelectric materials needed for this task, however, are not easily satisfied. Not only must they possess high conversion efficiency, but must also be composed of non-toxic and abundantly available elements having high chemical stability in air even at 1000K. Though CoO2-based oxides with layered structures have been reported to show good p-type thermoelectric properties at high temperature in air [1(3]. Moreover recently, perovskite LaNiO3 (Ni-113) has been reported to show negative Seebeck coefficient (S) and low resistivity () values (~1.0m cm) [4]. Given that the Ca3Co4O9 (Co-349) phase shows high S values but not so low  values, the Ni-113 phase with its low  should pair well with the Co-349 phase.
Different versions of thermoelectric unicouples composed of Co-349 and Ni-113 bulks or thin films were fabricated. In the bulk unicouples p- and n-legs are connected using Ag paste containing p- and n-type oxide powders, prepared from the same bulks, respectively. Open-circuit voltage (Vo) of the unicouple connected using Ag paste containing 6wt.% of the oxide powders reaches 100mV at a hot-side temperature (TH) of 1073K and a temperature difference (T) of 500K in air. Internal resistance (RI) of this unicouple is 26m at TH of 1073K in air and decreases with increasing temperature. Maximum output power (Pmax) increases with TH and reaches 94mW at TH of 1073K (T = 500K). This value corresponds to a volume power density of 663mW/cm3. Bulk thermoelectric modules consisting of 10 couples were fabricated using the same method with bulk unicouples. The dimensions of the modules are 3cm squared and 0.7cm thick. Power generation of 100mW was succeeded at TH of 883K (T = 300K) in air.
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