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At present, the study of diffusion-controlled processes with volume and heterogeneous chemical reactions
plays an important role in various systems, in particular engineering ones, which include electric current sources.
Based on familiar equations, this work considers ion exchange processes in the porous spaces of the electrodes of
a lead-acid battery during its discharge. Allowance is made for electrochemical processes between the solid
electrodes and the electrolyte that fills the porous space. As distinct from the majority of works, allowance is also
made for the two-dimensionality of the process, which is due to the geometry of the apparatus and its physical
characteristics. An important feature of the work is that in the open zone between the electrodes, the mass transfer
is assumed to be convective, whose intensity is much higher than that of the diffusive one in the pores of the
electrodes. This allows one to ignore, at least as a first approximation, the resistance of the central zone of the
electric cell in the process of ion transfer. This, as one might say, limiting scheme, greatly simplifies the problem
of charge transfer through the central zone of the electrochemical cell. It is shown that the electrical conductivity
of the solid part of the electrodes plays an important role in the distribution of potentials both in the electrodes
themselves and in the porous space. Due to the high electrical conductivity, the negative electrode relative to the
positive one operates practically in a one-dimensional mode. It should also be noted that the additional resistance
of the separator has a noticeable effect on the operation of the positive electrode, which manifests itself at
relatively high currents, when the lack of the charging component becomes noticeable. Another important aspect
of the calculation is the determination of the distribution of poorly soluble and poorly conductive lead sulfate
(PbSO4), which affects the mass transfer process to a large extent, up to the termination of the discharge. It is
shown that at relatively high currents, the formation of the passivating product is concentrated on the outer sides
of the electrodes.

Keywords: lead-acid battery, anode, cathode, system of equations, porosity, potential, diffusion transfer

1. Dasoyan M. A., Aguf I. A. Current Theory of Lead Acid Batteries. Stonechouse Glos. Technicopy Limited,
1979. 371 pp.

2. Koshel M. D. Theoretical Foundations of Electrochemical Energetics. Dnipropetrovsk: UDKhTU, 2002. 430
pp. (in Ukrainian).

3. Gebhart B., Yaluriya Y., Mahajan R. L., Sammakia B. Buoyancy - Induced Flows and Transport. Berlin:
Springer-Verlag;
Washington: Hemisphere, 1988. 1001 pp.

4. Prikhodko A. A. Computer Technologies in Aerohydrodynamics and Heat and Mass Exchange.
Kyiv: Naukova Dumka, 2003. 379 pp. (in Russian).

5. Vahid Esfahanian, Torabi Farschad, Mosahebi Ali An improved model of lead-acid batteries for simulation
of VRLA batteries. Journal of Power

Sources Symposium. 2007.

9 pp. URL:

https://wp.kntu.ac.ir/ftorabi/Resources/Publications/ An%20Improved%20Mathematical%20Model %200f%20
Lead%E2%80%93Acid%20Batteries%20for%20Simulation%200f%20VRLA%20Batteries.pdf

(Last accessed on April 28, 2023).

6. Vahid Esfahanian, Pooyan Kheirhan, Hassan Bahramian, Amir Babac Ansori,
Goodarz Ahmadi The effects of electrode parameters on lead-acid battery
perfomance. Advanced Materials Research. 2013.



V. 651. Pp. 492 -498.
https://doi.org/10.4028/www.scientific.net/AMR.651.492

7. Gu H., Nguyen T. V., White R. E. A mathematical model of a lead-acid cell:
discharge, rest and charge. J. Electrochem. Soc. Electrochemical Science and
Technolodgy. 1987. V. 134. No. 12.

Pp. 2953 - 2960.

https://doi.org/10.1149/1.2100322

8. Shah A. A,, Li X., Wills R. G. A., Walsh F. C. A mathematical model for the
soluble lead-acid flow battery. J. of the Electrochemical Society. 2010. V. 157.
No. 5. Pp. A589 - A599.

https://doi.org/10.1149/1.3328520

9. Yeliseyev V. |. Mass exchange in a passivating near-electrode porous film.
Bulletin of Dnipropetrovsk University. Series: Mechanics. 2012. Iss. 16.
Pp. 132 - 138. (in Russian).

10. Vetter K. Elektrochemische KinetiK. Berlin-Heidelberg:
Springer-Verlag, 1961. 698 pp.
https://doi.org/10.1007/978-3-642-86547-3

11. Tenno R., Nefedov E. Electrolyte depletion control laws for lead-acid battery
discharge optimization. J. of Power Sources. 2014.

No. 270. Pp. 658 -667.

https://doi.org/10.1016/j.jpowsour.2014.07.154

12. Sulzer V., Chapman S. J., Please C. P., Howey D.A., Monroe Ch. W.
Faster lead-acid battery simulations from porous-electrode theory. Part I.
Physical model. Journal of the Electrochemical Society. 2019.

V. 166. No. 12. Pp. A2363 - A2371.
https://doi.org/10.1149/2.0301910jes

13. Yeliseyev V. 1., Sovit Yu. P. Change in the potential of a liquid battery on
external circuit closing. Bulletin of Dnipro University. Series: Mechanics.
2021. Iss. 25. Pp. 54 - 65. (in Ukrainian).

14. Bernardy D. M., Gu H., Schoene A. Y. Two-dimensional mathematical
model of a lead-acid cell. J. of the Electrochemical Society. 1993.

V. 140. No. 8. Pp. 2250-2258.

https://doi.org/10.1149/1.2220804

15. Nguyen T. V., White R. E., Gu H. The effects of separator design on the
discharge performance of a starved lead-acid cell. J. of the Electrochemical Society.
1990. V. 137. No. 10. Pp. 2998-3004.

https://doi.org/10.1149/1.2086148

Received on May 22, 2024,
in final form on June 21, 2024



