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Online Detection of Early Thermal Runaway Gas
Characteristics: A Comparative Study of Two Types
of Lithium Batteries
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Abstract

The emission of gases during the thermal runaway of lithium-ion batteries (LIBs) significantly impacts energy
storage system safety, prompting exploration into gas detection technologies to understand gas generation
mechanisms and enhance safety warning technologies. In this study, we present a novel gas monitoring ap-
proach that integrates traditional gas sensors with Tunable Diode Laser Absorption Spectroscopy (TDLAS),
to detect gas venting before thermal runaway and even the first venting period. Two types of LIBs were
tested: fresh LFP 26650 cells and fresh NCM 18650 cells. These cells were subjected to controlled overheating
conditions to simulate a gradual thermal runaway process, where the early gas generation can be monitored
sufficiently. The effects of the LIB type on venting gas variation were studied, including critical thermal run-
away phase, gas concentration and detection response time. In particular, the real-time CH4 change curves
via TDLAS reveal distinct concentration values and early detection of CH4 before the initial venting event
in LFP cells, which the sensor cannot realize without disturbance. This highlights the strong potential for
verification of early gas venting characteristics through optical methods. Additionally, we delineate the re-
sponse time sequence of various gas sensors, crucial for establishing practical response thresholds in warning
systems.
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