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Abstract: In order to obtain the distribution of dopants and long-term phase stability of nano-zirconia,
the thermodynamic stability and phase stabilization mechanisms of Ce/Y-doped nano-zirconia systems
in supercritical hydrothermal synthesis process were revealed by combining with multiscale
characterization methods and density functional theory (DFT) calculations at the atomic scale in this

work. The phase composition, crystal types, and elemental chemical states of nanoparticles were
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identified by X-ray diffraction, Raman spectroscopy and X-ray photoelectron spectroscopy. Through
systematic investigation of the crystal evolution law of nano-zirconia under varied doping ion types (Y
and Ce) and doping concentrations (molar fractions of 3, 6, 9, and 12), its electronic structure
reconstruction, oxygen vacancy formation energy, and defect synergistic effect were simultaneously
analyzed. Furthermore, a quantitative relationship between doping concentration, phase stability, and
defect evolution was established. The research results indicate that the defect formation energy for
monoclinic, tetragonal, and cubic phases all reduced as the doping concentration increased, so
facilitating structural transformation in the case of dopants. The critical mole fraction for the transition
of tetragonal phase to cubic phase for Ce-doped zirconia was 9. When it comes to Y-doped zirconia, the
critical mole fraction turn out to be 8.26. It was found that 6 molar fraction of Y/Ce doping under

400 °C and 25 MPa can achieve complete stabilization of tetragonal zirconia. The results can serve as a

foundation for developing next-generation high-performance zirconia-based nanocomposites.
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Fig.2 Structural models of different crystalline forms of nano-zirconia
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