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The modeling of lithium-ion cells plays an important role in the electrification of many industries, such as
the automotive industry. Models with high accuracy and low computational complexity are essential for the
optimization of such applications.

To achieve this, a fully homogenized macroscale (FHM) model has been proposed [1]. This reduced model is
based on effective mass and charge transport equations in isothermal active particles and electrolyte.
In current-limited battery operation, and thus at low C-rates, the FHM model works very well. At high C-
rates, the predictions of the FHM model deviate significantly from those of the Direct Numerical Simulations
(DNS). A high C-rate leads to high current densities between the active particles and the electrolyte and thus
to steep concentration gradients near the interface. The resulting deviation between the inner concentration
and surface concentration can no longer be covered by the homogenized value. Consequently, the FHMmodel
is not applicable to diffusion-limited battery operation.

Therefore, we propose an extension of the FHM model based on Wang’s diffusion length concept for spheres
[2]. Here, the diffusion length is an additional variable that characterizes the correlation between the homog-
enized concentration and the surface concentration as a function of the C-rate.
This extension allows to consider the diffusion limitation within the active particles, thus allowing a reliable
application at higher C-rates.
The extended FHM model is validated using a direct numerical simulation (DNS) for the charge of a graphite
half-cell. Despite the non-spherical properties of the graphite electrode, the diffusion length concept can be
successfully applied. The concentrations and potential distributions of the FHMmodel are in good agreement
with the DNS results.

Participation
In-Person

References
[1] Arunachalam, H., & Onori, S. (2019). Full homogenized macroscale model and pseudo-2-dimensional
model for lithium-ion battery dynamics: comparative analysis, experimental verification and sensitivity anal-
ysis. Journal of The Electrochemical Society, 166(8), A1380
https://doi.org/10.1149/2.0051908jes

[2] Wang, C. Y., Gu, W. B., & Liaw, B. Y. (1998). Micro‐Macroscopic Coupled Modeling of Batteries and Fuel
Cells: I. Model Development. Journal of the Electrochemical Society, 145(10), 3407.
https://doi.org/10.1149/1.1838820

MDPI Energies Student Poster Award
Yes, I would like to submit this presentation into the student poster award.



Country
Germany

Acceptance of the Terms & Conditions
Click here to agree

Energy Transition Focused Abstracts

Primary author: Mr LOMBARDO, Giuliano (University of Stuttgart, Institute of Chemical Process Engineer-
ing)

Co-authors: Mr YUANZHEN, Wang (Max Planck Institute for Medical Research, Department of Cellular Bio-
physics); Prof. NIEKEN, Ulrich (Institute of Chemical Process Engineering, University of Stuttgart)

Presenter: Mr LOMBARDO, Giuliano (University of Stuttgart, Institute of Chemical Process Engineering)

Session Classification: Poster

Track Classification: (MS19) Elastic, electrical, and electrochemical processes and properties in
porous media


