Outgassing of Ni- and Li-rich Li ion battery cathode materials: the importance of impurities
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The inability to utilize the entire lithium content in Li-ion battery cathodes and achieve their full theoretical capacity is due, in part, to instabilities at elevated voltages (greater than ~ 4.2 V). To explore the mechanism of the undesirable decomposition in the overcharged, high-voltage limit, we are primarily interested in quantifying the individual and coupled high-voltage decomposition/transformations of the cathode – a lithiated transition metal oxide (TMO) –  and the electrolyte – most commonly carbonate blends (ethylene carbonate, diethyl carbonate, etc.) with lithium hexafluorophosphate (LiPF6) as the salt. Previous observations of high-voltage instabilities include TMO surface reconstruction, transition metal dissolution, electrolyte decomposition, and formation of surface species. The picture however is still incomplete, with the dependence on electrolyte and TMO composition not yet fully understood. 

A powerful in situ technique to study these instabilities is differential electrochemical mass spectrometry (DEMS), which provides quantitative detection of outgassed volatile species during electrochemical testing. By combining DEMS, isotopic labeling, and a surface carbonate titration, we show that the presence of a contaminant – residual lithium carbonate (Li2CO3) – on the surface of TMOs has a direct correlation with the amount of CO2 and CO evolved, and has a relationship with O2 evolution. By selectively isotopically labeling the residual surface Li2CO3, which remains in small quantities (~ 0.1 wt%) after synthesis, and not the carbonate electrolyte, we further show that up to 4.8 V vs. Li/Li+ on the first charge, carbonate electrolyte degradation negligibly contributes to gas evolution. For the battery research community, our results highlight the importance of quantification of surface contaminants and suggest that further research is needed to fully understand the long-term effects of trace surface Li2CO3.
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