Search for New n-type Thermoelectric Cobalt Oxides
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The potential application of oxides as thermoelectric elements used for high temperature application has first been demonstrated by Terasaki et al. [1] in NaxCoO2. The coexistence of a small resistivity together with a large thermopower and a small thermal conductivity makes NaxCoO2 a good example of a ‘phonon glass and electron crystal’ [2]. The peculiar transport properties in this oxide are mainly linked to the presence of CoO2 layers corresponding to a layer of tilted edge-shared CoO6 octahedra. In the CoO2 layers, a mixture of Co3+ and Co4+ is responsible for the metallicity and might be responsible for the large thermopower [3]. 

Following this study, the transport properties of a related family, the misfit cobalt oxides have been investigated by several groups [4, 5]. In this family, CoO2 layers similar to the ones in NaxCoO2 are separated by NaCl-like layers. By different substitutions, promising results have been obtained for p-type thermoelements [6]. Even though many different kinds of substitution have been attempted in these materials to dope them with electrons, n-type misfit materials are still lacking.

The richness of the cobalt oxides is due to the different valence states (Co2+, Co3+ and Co4+) and spin states (Low, Intermediate or High spin states) that can be found depending on the structure. To find new n-type thermoelectric oxides, we have investigated different structures of cobalt oxides apart from the misfit structure. The 3D perovskite LaCoO3 is insulating and exhibits a large and positive thermopower. By doping with only a few percent of tetravalent cations such as Ce4+ or Th4+, a spectacular change of sign of the Seebeck coefficient can be induced, from +600 to –300V/K at 300K. The thermal conductivity is small, less than 2Wm-1K-1. The resistivity is slightly smaller in the substituted samples than in the undoped one, reaching 1.cm at 300K and is decreasing with temperature [7]. Such kind of substitution is thus a powerful way to induce n-type oxides. Similarly, substitutions are now attempted in other cobaltites to induce Co2+ in the Co3+ matrix. We will present results in the 1D Ca3Co2O6 chains as well as in the 112 YBaCo2O5+x compounds. 
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