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ABSTRACT

The uncontrolled lithium dendrites penetrate into solid electrolyte is the major obstacle of the practical deployment
of all-solid-state batteries (ASSBs) [1,2]. In this study, we present a Peridynamic (PD) model for lithium dendrite
growth in solid electrolyte by coupling the Poisson-Nernst-Planck (PNP) system, continuum surface reaction
(CSR) and the mechanical effects. The PD formulation decouples nonlocal PNP and CSR equations via operator
splitting method, enabling natural accommodation of evolving dendrite interfaces without interface tracking or
mesh reconstruction. Benchmark simulations demonstrate high accuracy and convergence for ion transport and
lithium deposition processes. Applications to lithium electrodeposition reveal the model’s capability to capture
dendrite morphology evolution, showing a transition from reaction-limited dense growth to diffusion-limited tip
propagation with increasing Damkohler number. Further simulation of the penetration of lithium dendrites into
solid electrolytes is conducted. Results demonstrate that the growth of lithium dendrites in nanoscale pores
significantly amplifies the internal hydrostatic pressure, leading to tensile stress buildup in the electrolyte grain
boundary (GB) and ultimately causing intergranular and transgranular fracture. These findings indicate that the
proposed PD model can be effectively used in the designing of the dendrite-resistant solid electrolytes.

KEYWORDS

Peridynamics; lithium dendrites; lithium metal anodes; fracture; surface reaction

Acknowledgement: The computational resources provided by the Songshan Lake HPC Center (SSL-HPC) at Great Bay
University are highly acknowledged.

Funding Statement: This work is supported by the National Natural Science Foundation of China (Grant No. 12402211)
and the Natural Science Foundation of Guangdong province (Grant No. 2025A1515012032).

Conflicts of Interest: The authors declare no conflicts of interest to report regarding the present study.

References

1. Ning, Z, Li, G., Melvin, D. L. et al. (2023). Dendrite initiation and propagation in lithium metal solid-state
batteries. Nature, 618(7964), 287-293.

2. Lee, K, Kazyak, E.,, Wang, M. J. et al. (2022). Analyzing void formation and rewetting of thin in situ-formed Li
anodes on LLZO. Joule, 6(11), 2547-2565.

Copyright © 2026 The Author(s). Published by Tech Science Press.
@ This work is licensed under a Creative Commons Attribution 4.0 International License, which permits

unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.



