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Very large mechanical stresses and huge volume changes emerge during intercalation and extraction 
of Lithium in battery electrodes. Mechanical failure is apparently responsible for poor cyclic 
behavior and quick fading of electrical performance, especially in energy storage materials for the 
next generation of Li-ion batteries.  A multi scale modeling of the phenomena that lead to 
mechanical degradation and failure in electrodes was the concern of a recent publication. The 
computational homogenization technique was tailored to model the multi physics events that coexist 
during batteries charging and discharging cycles. At the macroscale, diffusion-advection equations 
model the coupling between electrochemistry and mechanics in the whole cell. The multi-component 
porous electrode, migration, diffusion, and intercalation of Lithium in the active particles, the 
swelling of the latter were modeled at the micro-scale. A rigorous thermodynamics setting was stated 
and scale transitions formulated.  

An evolution of such a contribution is presented here. Novelties are relevant to: i) electroneutrality - 
that has been assumed (yet not imposed as for the balance equations); ii) Maxwell’s equations - that 
have been considered in a quasi-static sense in a rigorous way, whereas steady motion of charges has 
been taken for the mere estimation of the magnetizing field along the electrolyte/active particle 
interface; iii) time dependent scale transitions - that are formulated as required by the length/time 
scales involved in Li-ion batteries processes; iv) scale separation in time - that has been argued and 
finally neglected in the light of the fast ionic mobility in the electrolyte. The numerical 
implementation of this multiscale approach, accompanied by suited constitutive assumptions, is 
shown in a companion presentation. 
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