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Preparation of Lithium lon Conductor Glass-Ceramic with High
Conductivity for Producing Lithium-Air and all-Solid-State Lithium-lon
Batteries

M. llibeigi', A. R. Fazlali!, M. Kazazi® and A. H. Mohammadi3+°

1- Department of Chemical Engineering, Faculty of Engineering, Arak University, Arak, Iran
2- Department of Materials Engineering, Faculty of Engineering, Malayer University, Malayer, Iran
3- Institute of Research in Chemical and Petroleum Engineering (IRGCP), Paris Cedex, France
4- Department of Mines, Metallurgy and Materials Engineering, Faculty of Science and Engineering, Laval University,
Quebec (QC), G1V 0A6, Canada
5- Department of Chemical Engineering, Faculty of Engineering, Durban Thermodynamics Research Unit, University
of KwaZulu-Natal, Durban, South Africa

Abstract: In this research, new lithium ion conductor glass-ceramics with NASICON-type structure (Liz+x+yAlxCryGezxy
(POg4)3, x+y=0.5) were synthesized using melt-quenching method and converted to glass-ceramics through heat treatment.
Influence of addition of different concentrations of aluminum and chromium in LiGez(POa)s glass-ceramic was investigated for
ionic conduction improvement. Substitution of Ge** ionsin NASICON structure by Al®* and Cr3* ions induced more Li* ions in
Az vacant sites to obtain charge balance and also changed the unit cell parameters. These two factors led to ionic conductivity
improvement of synthesized glass-ceramics. The glass-ceramics were characterized and the amorth structures were investigated
by X-ray Diffraction (XRD), Field Emission Scanning Electron Microscopy (FESEM), Energy-Dispersive X-ray spectroscopy
(EDX), Differential Scanning Calorimetry (DSC) and Complex Impedance Spectroscopy (CIS). The highest lithium ion
conductivity of 8.82x10° S/cm was obtained for x=0.4 and y=0.1 (Li15Al04Cro1Gers(PO4)3) crystallized at 850 °C for 8 h with
minimum activation energy of 0.267 eV.

Keywords: Solid electrolyte, NASI CON-type glass-ceramic, Lithiumion conductor, Lithium-air battery, All-solid-state battery
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1. Perovskite

2. Garnet

3. NASICON (Na Super Ionic CONductor)
4. LISICON (Li Super Ionic CONductor)
5. differential scanning calorimetry (DSC)
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