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Investigation of sodium-ion diffusion in NASICON
solid state electrolyte materials
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The sodium superionic conductor materials, also known as NASICON, have been a widely studied class of
solid electrolytes for Na-ion based all-solid-state batteries due to their high conductivity and facile synthesis
conditions. The aim of this work is to clarify the reason for extremely high conductivity exhibited by some
compositions, specifically by Na1+xZr2SixP3-xO12 (0 ≤ x ≤ 3), and to explain the role of the monoclinic to
rhombohedral phase transition for the material with x=2.4, which occurs at around 170℃, on the Na+-ion
occupancy. We also investigate the role of Al/Y and Sc substitution and the overall temperature dependence
of the ionic conductivity in the temperature range of 297-640K.
The quasi-elastic neutron scattering (QENS) is used to measure the spatial and temporal dynamic properties of
diffusion of Na+ ions in the crystal structure. The measurements were performed at the BASIS spectrometer
at the SNS, Oak Ridge National Laboratory in Tennessee, USA.
The Na+ ion diffusion mechanism can be described by the right choice of the diffusion model. Important
parameters, such as diffusion coefficients, activation energies, jump distances between the occupation sites
and residence times are extracted from the measured and modelled QENS data. Additionally, temperature
dependent X-ray diffraction data have been obtained and analysed. Information about interatomic distances
have been extracted in order to confirm the results obtained from the QENS data.

Author: PIVARNÍKOVÁ, Ivana

Co-authors: SEIDLMAYER, Stefan; Dr FINSTERBUSCH, Martin (FCJ); Mr DÜCK, Gerald (FCJ); Dr JALARVO,
Niina (ORNL); MÜLLER-BUSCHBAUM, Peter (TUMünchen, Physik-Department, LS FunktionelleMaterialien); GILLES,
Ralph

Presenter: PIVARNÍKOVÁ, Ivana

Session Classification: Energy Materials

Track Classification: Chemistry of Materials (Structure and Spectroscopy)


