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Lithium-ion batteries are compact and possess a high energy density, making them an attractive 
power source for mobile devices such as cellphones and tablet PCs. They also have potential for 
hybrid electric vehicle applications. However, their functional mechanism, the migration of Li ions 
into and from a host material, results in high stress levels in the electrodes. Over several hundred 
charge-discharge cycles this leads to severe mechanical degradation of the electrodes and to a 
permanent capacity loss of the battery cell. 

In order to gain a better understanding of the mechanical processes taking place in the electrodes, we 
have recently developed a coupled three-dimensional constitutive model for bulk diffusion [1]. 
Thereby, the diffusion is enhanced by a drift term based on the gradient of the stress field. The 
governing equations' weak form thus contains second derivatives of the displacement field, requiring 
C1-continuous basis functions. Our implementation is hence based on the concept of Isogeometric 
Analysis (IGA) [2]. 

The additional drift term effects enhanced diffusion rates due to mechanical effects. This causes not 
only lower overall stress levels in the electrode material but also a stress relaxation effect. The model 
represents a scale-independent description of a particle’s mechanical behavior due to ionic diffusion. 
This limits its applicability to the description of nanostructured electrodes which have been shown to 
exhibit a higher resilience against diffusion-induced stresses. 

This talk is concerned with the extension of our model by surface mechanical effects. We describe 
the mathematical model and its implementation by means of IGA. Using a single electrode particle, 
we discuss the influence of particle size, charge rates, material parameters, and shape parameters on 
the stress levels in a single electrode particle. 
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