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Thermal Characteristics of Lithium-ion Batteries during Overcharging
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Recently, the number of fire accidents of mobile products using lithium-ion batteries has increased year by year.
Overcharge is one of serious causes of thermal runaway for lithium-ion batteries resulting in firing, which occurs in
abuse or by malfunction of charging equipment. In order to prevent thermal runaway of lithium-ion batteries in the
case of overcharge, appropriate thermal management is required with accurate knowledge for heat generation
mechanism of lithium-ion batteries under such accident, and calorimetry is an effective method to characterize thermal
behaviors of lithium-ion batteries. In this article, some results of calorimetric analysis of commercially available
lithium-ion batteries during overcharging are introduced, where the heat generation is practically proportional to the
charging current and almost equivalent to the charging electric power. The electrolytic decomposition reaction of the
organic solvents with gas generation is the main reaction at the positive electrode in overcharge. It is noteworthy that
even in standard charging condition, a similar exothermic reaction proceeds as like overcharging in some degraded
batteries, and this might be one of reasons of thermal runaway.
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Fig.1 Trend in the number of fire accidents of three major
mobile products caused by lithium-ion batteries (according to a
report from NITEV).
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Fig.2 The numbers of situation of three major mobile products
in fire accidents caused by lithium-ion batteries (according to a
report from NITEV).
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Table 1 Calorimeters used for characterization of thermal
behaviors of lithium-ion batteries during charge and discharge.
Calorimeter Manufacturer ~ Sensitivity Temperature
range
C80, °
C80-22 Setaram 5~10uW  RT ~300°C
MMC-5211, . .
MNC-7211 Tokyo Riko 2nW 5~60°C
ARC Netzsch o 0’00.2_1 RT ~ 500 °C
C min
IBC 284 Netzsch 30 mW -30~60°C
4400 IMC CSC 0.2 uyW -40 ~ 110 °C
TAM III TA 100 nW 4~150°C
HDM-18650-6 Palmetrics 10 pW ambient
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Fig.3 Temporal variations of (a) voltages, J and (b) heat
generations, P of commercial lithium-ion batteries A during
constant current charging at 30 °C until overcharge region.
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Fig.5 Relation of convergence values of heat in overcharge at
30 °C and charging currents for commercial lithium-ion batteries
A.
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Fig.6 Temporal variations of spectral intensities normalized by
the maximum values, I, in mass spectroscopy for commercial
lithium-ion batteries A during 0.3 A constant current charging
until overcharge region. (a) Total ion chromatogram, TIC, (b)
mass number 28, (c) mass number 44, and (d) the other mass
numbers. The maximum intensity is written in the graphs for
each mass number in parenthesis.
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Fig.7 Variations of (a) voltages and (b) heat generations of
fresh commercial lithium-ion batteries B during charging at
25°C as a function of charging quantities of electricity, Qcpg.
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Fig.8 \Variations of voltage and heat generation of degraded
commercial lithium-ion batteries B during 1.35 A CC — 42 V
CV charging at 25 °C.
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Fig.9 Temporal variations of (a) voltage, and (b) charging
electric power and heat generation of further degraded
commercial lithium-ion batteries B during 1.35 A CC — 42 V
CV charging at 25 °C however CV charging is not performed.
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