Phase stability and pressure dependence of defect formation in Gd2Ti2O7 and Gd2Zr2O7 pyrochlore
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Dramatically different behaviors between isostructural Gd2Ti2O7 and Gd2Zr2O7 pyrochlore at pressures up to 44 GPa, in which the substitution of Ti for Zr significantly increases structural stability, were observed by x-ray diffraction techniques. Upon release of pressure, the Gd2Ti2O7 becomes amorphous. In contrast, the high-pressure phase of Gd2Zr2O7 transforms to a disordered defect-fluorite structure. First principle calculations for both compositions revealed that the response of pyrochlore to high pressure is controlled by the intrinsic energetics of defect formation. By comparing with ion irradiation experiments, a consistent trend in the phase stability and structural transformation processes for isostructural titanate and zirconate pyrochlores at high pressures and in high radiation fields. Pyrochlore compositions that can accommodate disordering are resistant to forming an amorphous phase at high pressures or high irradiation fluxes. The response of such structures to extreme environments, such as high pressures or irradiation fields, is directly related to the energetics of the disordering process. The performance of materials in extreme environments can be much improved by a consideration of the atomic-scale disordering mechanism and energetics.
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The replacement of Ti at the Zr-site significantly increases the critical transition pressure to the distorted high pressure phase from the ordered pyrochlore structure in the binary system of Gd2(Ti1-xZrx)2O7. Dramatically-different behaviors for the Gd2(Ti1-xZrx)2O7 system, depending on the chemical compositions, were found for the radiation damage-induced crystalline-to-amorphous structural transformation, that is the critical amorphization temperature, above which materials cannot be amorphized, increases significantly for Ti-rich compositions (see inset).
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