Comparing Oxygen Release in O3- and O6-Type Lithium-Rich Layered Oxide Positive Electrodes Using OEMS
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As the demand for longer-lasting and lighter energy storage systems continues to grow, especially for electric vehicles and portable electronics, enhancing the energy density of batteries is essential. Lithium-rich layered oxides (LRLOs) are widely considered promising candidates for next-generation lithium-ion battery positive electrode materials due to their high energy densities and specific capacities, often exceeding 250 mAh g⁻¹. However, oxygen release in LRLOs, typically characterized by an O3-type layered structure, plays a critical role in the degradation of their electrochemical performance, ultimately limiting their practical application as high-capacity, high-energy-density positive electrodes. In this study, we investigate gas evolution in a representative O3-type material, Li1.2Mn0.6Ni0.2O2, and compare it with an O6-type stacking structure, Li5/6[Li1/6Ni1/6Mn4/6]O2.

Using online electrochemical mass spectrometry (OEMS), we demonstrate (Fig 1.) a pronounced suppression of oxygen evolution in the O6-type material, attributable to its intrinsically more stable structure. Upon charging to 4.7 V vs Li/Li+, the O3-type cathode releases 298.6 μmol g-1AM of oxygen, whereas the O6-type material generates only 3.5 μmol g-1AM under comparable conditions. Despite this stark difference, both materials deliver reversible subsequent discharge capacities exceeding 200 mAh g-1. In addition, we identify a significant contribution from surface-associated Li2CO3 to gas evolution, particularly in CO2 formation. To our knowledge, this work presents the first systematic investigation of gas evolution in an O6-type LRLO and highlights its strong potential as a next-generation high-energy positive electrode material.

[image: ]
Figure 1. Evolution profile of O2 (m/z = 32) and CO2 (m/z = 44) with the voltage-time curves of O3 and O6 materials cycled against delithiated LFP.
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