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Understanding the mechanisms of ion migra on at the atomic level is crucial for developing high-performance 

electrochemical devices. First-principles simula ons are powerful tools for calcula ng ion diffusion 

characteris cs, but they are computa onally intensive and cannot handle complex structures, such as 

interfaces. To overcome these limita ons, we present a new method based on topological analysis of 

procrystal electron density. This approach enables a more efficient explora on of ion migra on pathways. We 

demonstrate the effec veness of the methodology through three case studies: Li-ion transport across 

Li/Li6PS6Cl solid electrolyte interface and grain boundaries in Li3ClO electrolyte, and computa on of diffusion 

coefficients in spinel LiTiS2 electrode material.  The presented approach is not limited by these speciÞc cases 

and can be applied for calcula ng ion diffusion characteris cs in various crystalline ion conductors. 
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In our quest to advance rechargeable lithium metal electrodes for broader applica ons, we have developed a 

sophis cated grand poten al-based non-linear phase-Þeld model. U lizing the open-source so ware package 

MOOSE, this model me culously studies the electrodeposi on of lithium, per nent to lithium metal anodes, 

under varying condi ons of overpoten al and different opera ng temperatures. Through me culous two-

dimensional simula ons, we observed dynamic morphological evolu ons that alternately reveal dendrite 

growth or stable deposi on pa erns, con ngent upon the applied overpoten al magnitude and varying 

opera ng temperature. This comprehensive study elucidates the temporal and spa al distribu ons of 

overpoten al, highligh ng the interplay between ion transport and electrochemical reac ons. These 

interac ons culminate in diverse dendri c growth pa erns, fundamentally inßuenced by the opera ng 

condi ons.  
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To predict and study the electrochemical performances of a solid-state cell a pseudo-two-dimensional (P2D) 

ba ery model was developed considering single-ion conduc ng electrolyte. The P2D model considers two 

separated but connected one-dimensional domains: the Þrst one is cons tuted by the thickness of the cell 

components, and the second one represents the ac ve material par cle domain. In the Þrst domain charge 

and mass transport equa ons are solved for the solid and electrolyte phases and the Butler-Volmer equa on 

is used to simulate the electrochemical reac ons. In the ac ve material par cle, the conserva on of lithium is 

described by Fick's law and the equa on is solved along the radial dimension. The two domains are coupled 

based on the law of conserva on of species.  

Considering the solid-state cell, in contrast with the classical P2D model, the concentra on of lithium-ion in 

the electrolyte is assumed to be constant and diffusion and convec on processes within the electrolyte phase 

are ignored [1]. Therefore, in the solid electrolyte only charge transport is considered and modelled using 

Ohm�s Law: 

                                            𝑖 𝜎 𝛻𝜙   
 

il is the current density in the solid electrolyte [A/m2] 
σl is the conduc vity of the solid electrolyte [S/m] 
Φl is the poten al in the solid electrolyte [V] 

 

Furthermore, in this model the lithium electrode is considered as an inÞnite reservoir of lithium supply without 
any dimension; therefore, it is modelled as a boundary [2].  
 

[1] Wolff N. et al., �Model based assessment of performance of Lithium-Ion ba eries using single ion conduc ng electrolytes�, 
Electrochimica Acta, 2018, vol. 284, pp. 639  
[2] Sahapatsombut U. et al., �Modelling the micro-macro homogeneous cycling behaviour of a lithium-air ba ery�, Journal of Power 

Sources, vol. 227, 2013, pp. 143 
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The P4D model is realized as an approach in which the mathema cal equa ons describing the underlying 

physical phenomena are solved in the domains with their real dimensions. This feature dis nguishes this 

approach from the P2D model, developed by POLITO, which simpliÞes the geometry of the cell and represents 

the cell in two dimensions. In P4D, however, the equa ons are formulated in four dimensions: cell height, cell 

width, cell thickness, and the dimension related to the spherical par cle of the ac ve material.  Accordingly, 

similar to the P2D model, four sub-domains can be iden Þed in the P4D model: the metallic lithium as the 

anode, the argyrodite as the solid electrolyte, NMC622 as the cathode and aluminium as the current collector. 

While the electrolyte, cathode and current collector domains are modelled as cylinders, the lithium anode is 

implemented as a boundary. 

While the parameters obtained and used in the P2D model were used in the P4D to reproduce BoL, the P4D 

model requires further parametriza on for EoL. For this purpose, the speciÞc surface area of the electrode 𝛼  is parameterized. As 𝛼  gradually decreases during cycling, the contact loss between the ac ve material 

and the solid electrolyte increases, as o en reported in the literature. The increasing contact loss during 

cycling leads to limited reac on kine cs and therefore a higher overpoten al is achieved. As a result, the 

capacity reten on during cycling is reduced.  


