Complex thermal evolution of size-stabilized tetragonal zirconia
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Zirconium oxide (ZrO2), in different temperature ranges, is stable in three different structures: one monoclinic (room temperature-1175°C), one tetragonal (1175-2370°C), and one cubic (2370-2680°C). The room temperature polymorph, the mineral baddeleyite, has no practical application, while the two high-temperature polymorphs are used in a variety of technical applications such as, for instance, solid electrolytes in solid oxide fuel cells and sensors. Both the high temperature phases are not quenchable at room temperature, so that they need to be structurally stabilized to be of practical use. This is has been traditionally exploited by introducing doping bivalent or trivalent cations in the zirconia lattice. However, it is reported that the high-temperature tetragonal phase can also be size-stabilized at room temperature without doping, provided that nano-crystalline ZrO2 is produced with a size smaller than a critical value of around 20–30 nm [1-3]. 

In the present work, size-stabilized ZrO2 samples were synthesized and then treated at high temperature. X-ray diffraction patterns were collected in-situ during the heating and the cooling stages, to check for their structural and microstructural evolution. The aim was to reveal if, in our samples, tetragonal zirconia was a kinetically metastable phase or instead thermodynamically more stable than monoclinic zirconia in air below 1200°C as long as coarsening is precluded [3].

Samples having Y content between 0 and 4 apfu were studied to explore the effect of different doping content on the thermal behavior of the size-stabilized tetragonal zirconia. In all cases the Y content is lower than the minimum value for conventional stabilization with trivalent cations. 

The samples were heated in a hot chamber, mounted on a PANalytical MPD theta-theta diffractometer, up to about 1200°C in air and under moderate vacuum conditions, to check for any dependence of their thermal behavior of sample non-stoichiometry, which may be influenced by the lack of atmospheric oxygen. Particularly interesting, on the technological point of view, is the tetragonal/monoclinic phase transition at the working temperature of the solid oxide fuel cells (about 700 °C). In our set of measurements, tetragonal zirconia appears to be fairly stable up to the maximum temperature attained, but unstable under cooling conditions, with a strong dependence on the different vacuum conditions. 
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