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Correlating Microstructure and Thermal Conductivity of Porous Ceramics – What is Known, What is Needed ?
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Department of Glass and Ceramics, Institute of Chemical Technology, Prague, Czech Republic
ABSTRACT: Thermal conductivity is a key property for the application of ceramics at high temperatures (refractories, thermal barriers, catalyst supports, solid-oxide fuel cells). Porosity, either as a residue from processing or deliberately introduced (e.g. using partial sintering, pore formers or foaming), is the main factor affecting this property, far more important than e.g. pore size. In this contribution we explain the model-based relations that can be used to predict the porosity dependence of the thermal conductivity of porous ceramics, giving a brief account of recent advances in the analytical modeling of conductivity–porosity relations. It is shown that a growing body of experimental evidence confirms our exponential relation as a valid prediction for porous ceramics prepared using pore-forming agents, whereas the power-law prediction remains a useful guide in the case of cellular microstructures. However, partially sintered microstructures still defy a simple treatment. It is shown that, for comparable porosity values, the thermal conductivity of partially sintered microstructures is always below that of other types. The reason is pore shape, more precisely, the surface geometry of the pore space. A microstructural parameter is proposed that is easily accessible via image analysis and might be useful for parametrizing conductivity–porosity dependence curves.          
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