High-Pressure Field Assisted Rapid Sintering of undoped nanocrystalline tetragonal zirconia 
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The stabilization of high-temperature phases, as a general phenomenon in nano-sized materials, has attracted considerable attention and detailed reports on the so-called size-induced phase transitions exist with particular focus on oxides materials such as TiO2, ZrO2, Al2O3 and several perovskites [1-3]. Zirconia (ZrO2) primarily exists in three different polymorphs at ambient pressure: monoclinic (room temperature-1175 °C), tetragonal (1175-2370 °C), and cubic (2370-2680 °C). The room-temperature monoclinic phase has no practical applications since its formation during cooling from the high-temperature tetragonal phase is associated with the volume expansion, which results in crumbling of the ceramic components. On the other hand, the high-temperature ZrO2 phases are suitable for various industrial applications such as solid electrolytes in solid oxide fuel cells and sensors, as a catalyst support, and as membranes and dispersed phase in composite materials. Hence, traditionally high-temperature ZrO2 phases have been stabilized at room temperature by doping trivalent cations in the ZrO2 lattice. 

The high-temperature tetragonal phase can also be stabilized at room temperature without doping provided ZrO2 is synthesized in its nanocrystalline form with a size smaller than a critical value of around 20–30 nm [4-6]. 

Several explanations have been proposed for this occurrence of tetragonal zirconia including differences in surface energy between the polymorphs, the influence of lattice strain, and the influence of lattice defects and/or water vapor. Only recently it was demonstrated that nanocrystalline tetragonal zirconia is not just kinetically metastable but can be truly thermodynamically more stable than monoclinic zirconia in air below 1200°C as long as coarsening is precluded [5].

The size-induced stabilization has been almost exclusively explored on nanopowders or, in some cases, in thin films. No attempt to retain such characteristics in bulk materials has ever been reported. On the other hand, the possibility to obtain bulk tetragonal, or cubic, zirconia with low or null dopant content would open the possibility to investigate the electrical properties of zirconia in conditions never explored before. The difficulty encountered in the preparation of bulk nanocrystalline materials, especially if very low level of porosity is needed, so far prevented the possibility to obtain dense ziconia samples with a grain size below the critical value for size-stabilization of the tetragonal phase. In this work we have applied the High-Pressure Field Assisted Rapid Sintering method (HP-FARS) [7-9], allowing very rapid (5 min) sintering cycles at high pressures (up to 1 GPa), to prepare nearly fully dense nanocrystalline ZrO2 with minimal grain growth. Through this approach the feasibility of consolidation of dopant free bulk tetragonal zirconia with relative densities exceeding 95% has been demonstrated. The grain size of the sintered material was negligibly larger than that of the starting powder (~ 10nm).
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