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Abstract

Exemplified for Yttria stabilized Zirconia (YSZ) transport phenomena in oxides exposed to large electric fields are
discussed as occurring in solid oxide electrolysis cells (SOEC) and during flash sintering of oxides. The effect of high fields
is twofold. First it generates large differences of oxygen activity within the sample leading to electron and hole generation
or n- and p-type regions. Second it determines the characteristic time for attaining steady state transport. By assuming that
this time is a measure of the onset of rapid sintering, yields onset temperatures as a function of the electric field strength
which are in good agreement with experimental results. If YSZ is able to interact with surrounding oxygen gas, electrons
are produced at regions near the positive electrode and vice versa holes near the negative electrode by desorption or
absorption of oxygen molecules from the gas phase. To maintain charge neutrality a current of double charged oxygen ions
has to be transported from the p- to the n-region which is accomplished by polarizing the oxide. For oxygen exchange with
the environment being suppressed leads either to the formation of oxygen gas at interfaces or in voids leading to failure of
SOECs. At high electric fields the electrodes start to react with the oxide as shown for a Ni/YSZ/Ni cell, where NiO is
formed at the positive electrode and the intermetallic compound Ni3Zr is formed at the negative electrode by decomposition
of YSZ. In this case the charge transfer number of oxygen is very small. This may be explained by the formation of single
charged oxygen ions counteracting the transport of double charged oxygen ions, thus leading to an internal short circuit.
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