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European production of lithium-ion batteries (LIB) is set to reach 223 Gigawatts® in 2025,with a
global production around 1.5 Terawatts reported in 2022 largely due to to the increased sales of electric
vehicles.  As batteries age, 80% of remaining nominal capacity is considered the end of first life.
Understanding the aging mechanisms is crucial to developing better evaluation technigues to ensure reliability
and safety for battery use beyond their first life. These large format high capacity LIBs may be found in
passenger and commercial EVs and marine craft, and are being explored for additional applications in larger
vehicles, even aircraft.

This discussion is based on results from a battery life study performed on a large renowned Li-ion
pouch cell with an initial capacity of 64 Ah. We will examine electrodes harvested from cells cycled under
different conditions: each cell was cycled from 0-100% state of charge (SOC) at 0.75C cycle rate at 5°C,
25°C, and 45°C and mechanically confined. These results are compared to electrodes harvested from one
charagteiized, unconfined cell. The original cells are part of a larger battery life study consisting of over
100 commercial cells following a selected test matrix involving cell testing under varying temperature,
current and state-of-charge windows, both, with and without mechanical constraints on the cell.

Here we present electrochemical testing data for both the full cells and for half cells from the
recovered post-mortem electrodes. We will also discuss detailed electron microscopy, x-ray diffraction
(XRD) and synchrotron results. Some observed phenomena we will discuss including capacity loss,
decreased rate capabilities, and physical degradation pheonomena. Additionally, this study also looks at the
calendar aging of recovered electrodes.

While the effects of aging are not well understood, typical results found in aged cells are deterioration
of NMC cathodes? ® and increased resistance of the anode to lithiation* which may be due to loss of lithium
inventory, and “ion trapping”.

Acknowledgements
The authors would like to acknowledge the Research Council of Norwya for financial support for the following projects:
SUMBAT 322904, 2™ Life (320760), and Battmarine (281005).

References

1. reports, E. b. E. m. Europe's supply of battery cells is expected to significantly increase over the next decade,
according to the latest research from T&E (Transport & Environment). This could create a self-sufficient battery
market in Europe by as early as 2026-2028.; January 2023, 2023.

2. Zhu, J. G.; Darma, M. S. D.; Knapp, M.; Sorensen, D. R.; Heere, M.; Fang, Q. H.; Wang, X. Y.; Dai, H.
F.; Mereacre, L.; Senyshyn, A.; Wei, X. Z.; Ehrenberg, H., Investigation of lithium-ion battery degradation
mechanisms by combining differential voltage analysis and alternating current impedance. Journal of Power Sources
2020, 448, 227575.

3. Tian, F.; Ben, L. B.; Yu, H.L.; Ji,H. X.; Zhao, W. W.; Liu, Z. Z.; Monteiro, R.; Ribas, R. M.; Zhu, Y.
M.; Huang, X. J., Understanding high-temperature cycling-induced crack evolution and associated atomic-scale
structure in a Ni-rich LiINiCoMnO layered cathode material. Nano Energy 2022, 98, 107222.

4. Somerville, L.; Barefio, J.; Trask, S.; Jennings, P.; McGordon, A.; Lyness, C.; Bloom, I., The effect of
charging rate on the graphite electrode of commercial lithium-ion cells: A post-mortem study. Journal of Power
Sources 2016, 335, 189-196.



