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Abstract: To gain a broader market advantage for electric vehicles, it is imperative to enhance the
cycle performance and safety of lithium batteries. Understanding the mechanisms of electrolyte deple-
tion is crucial for developing durable batteries. This study employs ultrasonic non-destructive testing
to investigate changes in the internal electrolyte during battery usage. The study focuses on three com-
mon types of lithium—ion battery packaging available on the market: hard-shell cells, soft pack
cells, and cylindrical cells. These changes were examined in detail in both the length and thickness
directions. The results indicate that, regardless of whether high or low current is used for charging
and discharging, all three types of batteries exhibit similar electrolyte depletion characteristics. In
the length direction, the area near the electrode tabs is more prone to electrolyte depletion compared
to other areas, and the positive electrode is more susceptible to depletion defects than the negative
electrode. In the thickness direction, the middle layer of the battery is more prone to depletion than
the outer layers. This phenomenon is mainly due to the higher current density near the electrode tabs
caused by the electrical properties of the battery materials and structural design. This results in the ar-
ea near the tabs remaining in a state of overcharge and overdischarge during cycling, accelerating ag-
ing in this region. Additionally, the temperature in this region is relatively higher, causing the elec-
trolyte to react and be consumed, leading to depletion. Through detailed analysis of different battery
packaging types, it was found that certain specific features in battery structural design significantly

impact electrolyte depletion. Prismatic cells and cylindrical cells, due to their better structural rigidi-
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ty, demonstrate superior cycle stability under higher currents and harsher usage conditions. In con-
trast, soft pack cells exhibit relatively poorer cycle performance. This study not only reveals the spa-
tial distribution patterns and mechanisms of electrolyte depletion but also proposes several targeted
recommendations. These include prioritizing materials with lower resistance and higher thermal stabil-
ity, optimizing the design of electrode tabs to reduce local current density, and improving battery
packaging processes to enhance overall thermal management capabilities. By implementing these im-
provements, it is expected to significantly enhance the performance and lifespan of lithium batteries,
thereby advancing the development of the electric vehicle market. In summary, this study provides
important theoretical foundations and practical guidance for the design and optimization of lithium ion
batteries, laying a solid foundation for the widespread adoption and application of future electric vehi-
cles.

Key words: lithium—ion batteries; in-situ ultrasonic detection; electrolyte reabsorption; forma-

tion mechanisms
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Fig. 1 Appearance diagrams of various types of batteries

A-G: sample battery 1, fresh battery; sample battery 2, after 500

cycles of 1 C; sample battery 3, after 500 cycles of 3 C; sample battery
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Fig. 2 Ulirasonic transmission images

A-H: sample 1, fresh battery; sample 2 after cycling; sample 3 after cycling; sample 2 after cycling and rolling; sample 4 after cycling;
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Fig. 5 Current distribution compared to electrolyte consumption

A. current density simulation results, B=D. ultrasonic transmission images of sample battery 4, sample battery 2, sample battery 6( A. HLJ %5 B
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