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Electrode microstructures play a major role in the 
determination of performance and life span of a battery1. 
Most commercial battery electrodes consist of four 
phases, active material, conductive additive, binders and 
electrolyte (see 2-4). Active materials are responsible for 
hosting Li ions. Transportation of Li ions occurs through 
the electrolyte. Because of the presence of conductive 
additives and binders, entire surface areas of active 
particles do not have access to the electrolytes. Hence 
directional lithiation (or delithiation) happens to (or from) 
the active particles. Depending on the crystal 
microstructure, anisotropic diffusion of Li ions is also 
possible inside the particles. Microstructural grain-grain 
boundary orientation introduces irregularities in 
concentration gradient, which can impact stress 
generation and fracture of active particles5. 
 

 

 
Figure 1: (a) Two dimensional cross sectional image of a 
representative electrode microstructure. (b) Small section 
of a representative electrode microstructure adopted to 
demonstrate the impact of Li diffusion on active particles. 
Presence of binders restricts the access of electrolyte to 
the active particles. Concentration profile after 
delithiation at 6C for 500s has been plotted in the figure. 
 
In our previous study a model was developed to capture 
the diffusion induced fracture in a single spherical active 

particle6. The model has been extended to incorporate the 
Li ion diffusion profile in realistic electrode 
microstructure. Diffusion induced fracture has also been 
captured successfully. Degradation in capacity due to 
fracture of active particles in an actual electrode 
microstructure will be analyzed in this study. 
 

 

 
Figure 2: Diffusion induced fracture in a representative 
electrode microstructure under directional delithiation at 
6C. (a) Time, t = 250s. (b) Time, t = 500s. 
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