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ABSTRACT

This study explores the theoretical potential of using thermal runaway in lithium-ion batteries for
propulsion systems. Lithium-ion batteries, essential in various applications, are prone to thermal runaway, a
phenomenon that can cause rapid temperature increases and energy release due to electrochemical and
chemical reactions within the battery. While traditionally considered a safety risk, recent research has
suggested leveraging this phenomenon for energy conversion and propulsion technology development. This
paper aims to construct theoretical models of electrochemical systems, analyze the relationship between
voltage and heat generation, and investigate how to control thermal runaway for desired thrust generation.
The study presents three key scenarios: a system without chemical reactions at low temperatures, a system
where chemical reactions occur at high temperatures, and a system involving rapid flow and high-speed
reactions. By analyzing the linear relationship between voltage and heat generation, the research demon-
strates the feasibility of controlling heat output through voltage adjustments. Additionally, the study
evaluates the potential of using the combustion of gases produced during thermal runaway for propulsion,
highlighting its applicability in space debris removal and other space-related activities. The findings suggest
that controlling the combustion mechanism during thermal runaway could lead to the development of a
novel electrochemical propulsion technology for the space industry.
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A, : Pre-exponential factor (n+1th order reaction) k : Reaction rate coefficien (n+1th order reaction)
[L"/mol” « s] [L"/mol” « s]

¢, : Specific heat capacity at constant pressure : Charge transfer rate constant (D/5) [m/s]

m

[J/ke « K]
¢ : Molar concentration [mol/m’] M : Molar mass [kg/mol]
¢y, Concentration of the species to be oxidized N : Mass flux [mol/m® « s]
[mol /m?]
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cpoq: Concentration of the species to be reduced
[mol/m?]
¢,,: Reference concentration of c,, [mol/m’]

. . . N
croq: Reference concentration of ¢, , [mol/m’]

¢, : Cathode surface concentration [mol/m’]
¢ : Concentration at the bulk solution [mol/m’]
D : Diffusion coefficient [m?/s]

E : Electric field [V/m]

E, : Activation energy [J/mol]

E : External voltage [V]

E,,: Equilibrium potential [V]

: Faraday constant [C/mol]

f, : Coulomb force [N]

A H,: Heat of reaction of a chemical reaction
[J/mol]

AH,: Heat of reaction of an electrochemical

reaction [J/mol]

!

¢ : The subscript i refers to the property of
the i-th chemical species

j : Current density [A/m’]
jo : Exchange current density [A/m’]

K : Thermal conductivity [W/m « K]

n : Number of electrons participating in the
reaction

p : Pressure of the mixture [Pa]

@.q: Quantity of electric charge [C]

R : Gas constant [J/mol « K]

: Central distance of two charges [m]

=

. Stoichiometric coefficient

w0

T : Temperature [K]
: Ton mobility [m?/V « s]

<

v Velocity vector [m/s]

z : Charge number of an ion

a, : Anodic charge transfer coefficient
6, : Diffusion layer thickness [m]

: Absolute permittivity of the mixture [F/m]

m

W : Viscosity of the mixture [Pa/m]
p : Density of the mixture [kg/m®]

v, : Reaction rate of a chemical reaction [mol/s]

v, : Reaction rate of an electrochemical reaction
[mol/s]
¢ : Electric potential [V]
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Fig. 1. Structures near electrodes in electrochemical systems.
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Fig. 2. (a) Open cell voltage of the electrochemical system is equal to the equilibrium potential. (b) When the
electrochemical system is connected to an external circuit, the measured voltage becomes smaller
than the open cell voltage. (c) When electric power is supplied, the measured voltage becomes bigger

than the open cell voltage.
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Table 1. Properties for the calculation of heat release
of electrochemical systems
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