
Influence of Electrode Kinetics on Lithium-ion Battery 
Characteristics

Hatim Machrafi1,2, Simeon Cavadias2

1. ULg, Thermodynamics of Irreversible Phenomena, Allée du Six-Août, 17, Liège 4000, Belgium;
2. UPMC, Laboratoire du Génie des Procédés Plasma et Traitement du Surface, ENSCP, Rue Pierre et Marie
Curie, 11, Paris 75005, France

Introduction: The purpose of this work is to
show whether an important difference in
Lithium solid phase and electrolyte
concentrations can be observed in a
Lithium-ion battery model, when
considering either Butler-Volmer kinetics or
Tafel kinetics at the electrodes (including a
boundary layer between the electrolyte and
the electrode particles). The mathematical
model is based on [1,2].

Also, interfacial electrical equilibrium is
assumed to exist in both the
electrolyte and solid active material
phases due to either large values of
their electronic conductivities or a
small size of active material particles.

Conclusions: We can see clearly the 
differences in the results between using 
the Tafel equation and the Butler-Volmer
equation. This implies that neglecting low 
overpotential is not to be suggested in 
Lithium-ion batteries of the kind studied 
in this work.
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Figure 1. Electrolyte concentrations for Butler-Volmer

kinetics (left) and Tafel kinetics (right); the legend shows 

the corresponding times in s.

Figure 2. Lithium solid phase concentrations in the 

anode for Butler-Volmer kinetics (left) and Tafel kinetics 

(right); the legend shows the corresponding times in s; 

solid lines for the surface and dashed lines for the center

Results: The current is considered to flow
through the tabs on the top of the two
electrodes. During discharge, the lithium
ions insert into solid particles of the positive
electrode and de-insert from the solid
particles of the negative electrode. It is
assumed that interfacial chemical
equilibrium exists in the electrolyte phase
due to a large value of the mass diffusivity
of the electrolyte.

Computational Methods: This study is
performed by using the Equations Based
Model with the following equations:
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Tafel kinetics
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