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ABSTRACT
Understanding the behavior of Li-ion cells during
thermal runaway is critical to evaluate the safety of
these energy storage devices under outstanding
conditions. Li-ion cells possess a high energy density
and are used to store and supply energy to many
aerospace applications. Incidents related to the
overheating or thermal runaway of these cells can cause
catastrophic damages that could end up costly space
missions; therefore, thermal studies of Li-ion cells are
very important for ensuring safety and reliability of
space missions. This work evaluates the thermal
behavior of Li-ion cells before and after storage
degradation at high temperature using accelerating rate
calorimeter (ARC) equipment to analyze the thermal
behavior of Li-ion cells under adiabatic conditions.
Onset temperature points of self-heating and thermal
runaway reactions are obtained. The onset points are
used to identify non-self-heating, self-heating and
thermal runaway regions as a function of state of charge.
The results obtained can be useful to develop accurate
thermo-electrochemical models of Li-ion cells.
1. INTRODUCTION
Li-ion cells are an essential part of the power systems
for satellites, rockets and spacecraft, they serve as
energy storage devices and provide power during
eclipse time. Aerospace applications demand compact
and lightweight battery systems, this implies the use of
devices with a high energy density which due to their
high energetic components are not inherently safe. Liion cells possess a high energy density but can cause
catastrophic incidents that could end up costly space
missions, those incidents are mainly related to the
overheating or thermal runaway of Li-ion cells which
can lead to fire and explosion.
The thermal runaway behavior of a Li-ion cell is
dominated by the exothermic reactions between its
electrolyte and electrode materials [1-3]. Thermal
runaway occurs when the exothermic reactions go out of
control, thus the self-heating rate of the cell increases to
the point that it begins to generate more heat than what

can be dissipated [4,5]. Understanding the behavior of
Li-ion cells during thermal runaway is very important
for ensuring their safety and reliability.
The use of accelerating rate calorimeter (ARC)
equipment allows the thermal analysis of Li-ion cells
under adiabatic conditions [2, 3, 5-7]. ARC
measurements are useful to obtain onset temperature
points of self-heating and thermal runaway reactions.
Recently, safety concerns related to use of damaged or
degraded Li-ion cells have increased, mainly focusing
on the thermal behavior of degraded cells, however,
there are a few investigations on this matter. In this
work, the thermal behavior of non-degraded and
degraded Li-ion cells is analyzed by carrying out ARC
measurements. Degradation tests were conducted by
storing fully charged Li-ion cells at 80 °C. Thermal
mapping plots of degraded and non-degraded cells are
made, these plots are used to identify non-self-heating,
self-heating and thermal runaway regions as a function
of state of charge. The results obtained can be used to
develop accurate thermo-electrochemical models of Liion cells.
2. EXPERIMENTAL METHODOLOGY
Commercial 18650 Li-ion cells with a nominal capacity
of 2550 mAh were used in this work. The cathode and
anode electrode materials are LiCoO2 and graphite.
2.1 Storage degradation
Li-ion cells were fully charged (4.2 V) and stored in a
thermostatic chamber at 80 °C for 168 hours.
2.2 Accelerating rate calorimetry tests
Calorimetry tests were carried out at different state of
charges utilizing an accelerating rate calorimeter (ARC
2000TM, Columbia Scientific Industries). Once the cells
were set to the desired state of charge, they were place
inside the ARC cavity. A thermocouple was placed on
the surface of the cell to record its temperature. The
ARC tests were conducted following a Heat-WaitSearch method. During the heating step, the temperature
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Table 1. Onset temperature point of self-heating and
thermal runaway of non-degraded Li-ion cells.

of ARC’s cavity is increased in periods of 5 °C follow
by a waiting step of 30 min and a searching step of 5
min. If during the searching period a heating rate larger
than 0.05 °C min-1 is detected, it is considered that a
self-heating (exothermic) reaction has started, and then
the ARC shifts to adiabatic mode and tracks the cell’s
temperature until the end of the exothermic reaction. If
no exothermic reaction is detected, the next heating step
is initiated. The ARC tests were carried out at 0, 25, 50,
75 and 100% SOC.
3. RESULTS AND DISCUSSION

SOC (%)

Onset temperature of
self-heating (°C)

0
25
50
75
100

152.1
130.2
110.7
121.2
100.0

Onset temperature
of Thermal
runaway (°C)
173.4
172.1
165.3
144.9

Fig. 2 shows a thermal mapping plot of non-degraded
cells, this plot summarizes the ARC results. Non-selfheating, self-heating and thermal runaway regions are
identified as a function of SOC. In the non-self-heating
(blue bars) region, no exothermic reactions take place.
In the self-heating region (yellow bars) exothermic
reactions with a heating rate larger than 0.05 °C min-1
occur. In the thermal runaway region (red bars) the
heating rate of the exothermic reactions is larger than 1
°C min-1.

Fig. 1 shows the ARC measurements of non-degraded
Li-ion cells at 0, 25, 50, 75 and 100% SOC. A
temperature drop is observed at some SOCs, this likely
due to the volatilization of the electrolyte. From the
ARC measurements, onset temperature points of selfheating and thermal runaway reactions are obtained by
tracking the heating rate of the cells when an
exothermic reaction has been detected. We consider that
a self-heating reaction has started when the cell heating
rate is larger than 0.05 °C min-1, and thermal runaway
reaction starts when the cell heating rate is larger than 1
°C min-1.
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Figure 1. ARC measurements of non-degraded Li-ion
cells at 0, 25, 50, 75 and 100% SOC.
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Figure 2. Thermal mapping of non-degraded cells as a
function of SOC.
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Tab. 1 shows the onset temperature points of selfheating and thermal runaway reactions for non-degraded
Li-ion cells. It can be noticed that onset temperatures of
the exothermic reactions tend to decrease by increasing
the state of charge. This reflects the influence of the
state of charge on the thermal stability of the electrode
materials, where highly delithiated electrode materials
become more reactive [8].
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Figure 3. ARC measurements of degraded Li-ion cells
at 0, 25, 50, 75 and 100% SOC.
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Fig. 3 shows the thermal behavior of degraded Li-ion
cells during the ARC measurements at 0, 25, 50, 75 and
100% SOC. Tab. 2 summarises the onset temperature
points of self-heating and thermal runaway reactions for
the degraded cells. In the case of a degraded Li-ion cell,
a thermal runaway reaction was observed at 0% SOC.

to develop a thermo-electrochemical model of Li-ion
cells, which can be very useful to analyze the impact of
the state of degradation of a Li-ion cell on its thermal
stability.
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Table 2. Onset temperature point of self-heating and
thermal runaway of degraded Li-ion cells.
SOC (%)

Onset temperature of
self-heating (°C)

0
25
50
75
100

140.5
120.3
129.8
125.3
115.1

Onset temperature
of Thermal
runaway (°C)
168.2
173.9
163.8
167.6
153.4
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