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In situ Magnetic Resonance Imaging of Solid-State Lithium-Ion Batteries
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Introduction

Rechargeable lithium-ion batteries (LIBs) are essential to accommodate energy storage demands. Developing suitable electrolytes for high-voltage, high-energy-density, and safe LIBs is important yet challenging. In situ characterization provides a real-time insight into the mechanism of battery charging and discharging (cycling), and can capture the metaphases, and probe diffusion, kinetics, and inhomogeneity of the batteries. Many in situ techniques have been developed to study electrode materials upon cycling [1]. 7Li Magnetic Resonance Imaging (MRI) is a non-destructive tool, able to map lithium ions inside batteries in real time [2]. However, there is no suitable in situ analysis tool to capture the Li microstructure inside the solid electrolyte. Here we make use of the high sensitivity offered by the 21.1 T magnet to look at dendritic structure on the Li metal and inside the ceramic electrolyte (Li7La3Zr2O12 (LLZO)) after cycling.
Experimental


A LLZO pellet was sandwiched by two identical Li metal foils (Fig. 1a&b) and assembled in a cylindrical battery [3]. The assembly procedure was carried out inside an Ar-filled glovebox. The 21.1 T NMR spectrometer, 2D 7Li gradient recalled echo (GRE) sequences and CSI imaging techniques were employed to study the Li//LLZO//Li symmetric solid-state batteries. The spectral dispersion at 21.1 T between the metal and LLZO resonances allows for high resolution.  
Results and Discussion


Fig 1c shows the 2D GRE images of the Li metal and LLZO resonances with corresponding chemical shift images in Fig 1d. The CSI provides additional information about the local environments. Bulk Li electrodes show a sharp peak at 250 ppm due to a Knight Shift from their conductive electrons. The solid-state electrolyte LLZO shows a relative narrow peak, indicating high Li+ mobility which facilitates the Li+ transport between two electrodes. Fig 1d & 1e provide additional spectroscopic information and assists to distinguish the newly formed Li microstructures from bulk Li metal and electrolyte LLZO. 
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Conclusions

In conclusion, the 21.1 T magnet offers the sensitivity and resolution needed to image LIBs. This non-destructive characterization method will be of great help for deciphering spatial distribution and chemical inhomogeneity within LIBs. Work is in progress to implement 1D CSI sequences as a faster way to look at the dendritic formation in cycled batteries. 
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Fig.1 a & b Symmetric Li//LLZO//Li battery: 2D GRE (c) and CSI (d) images of Li metal and LLZO, respectively. e: 7Li NMR spectrum of a pristine symmetric battery.








