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Background: Why degradation? Why now?
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Background: What is battery degradation?
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Jacqueline Edge et al. (2021) 
https://doi.org/10.1039/D1CP00359C
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Our coupled degradation model
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Our coupled degradation model

Diffusion-limited 
SEI growth

Mechanical loss 
of active materialLithium plating

Particle 
cracking

Surface area to 
volume ratio

Mechanical stress 
governs both of these

Particle cracking exposes fresh 
surface area for rapid SEI growth
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Results: diffusion-limited SEI growth only
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PyBaMM’s SEI growth model assumes SEI to have two layers, but in this work it is simplified to include only one layer.  

Effect of varying solvent diffusivity in SEI far exceeds that of including two SEI layers instead of one

Low solvent diffusivity; one layer

Low diffusivity; two layers

High diffusivity; one layer



Results: SEI growth and lithium plating

8

𝑁௅௜ ≡ 𝑘௅௜ 𝑐௅௜ exp
𝛼௔𝐹

𝑅𝑇
𝜂௅௜ − 𝑐௘ exp −

𝛼௖𝐹

𝑅𝑇
𝜂௅௜ 𝜂௅௜ ≡ 𝜙௦ − 𝜙௘ − 𝐽௜௡௧𝛿ௌாூ𝜌ௌாூ

𝜕𝑐௅௜
𝜕𝑡

= −𝑎𝑁௅௜ − 𝛾଴𝑐௅௜
𝛿ௌாூ(0)

𝛿ௌாூ

Increasing kLi beyond 
10-9 m s-1 has no effect



Results: SEI growth on particle cracks
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Results: SEI growth on particle cracks
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Results: Loss of active material only
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Positive electrode makes little 
contribution to LAM because 
Young’s modulus is an order 

of magnitude higher

Negative electrode makes 
larger contribution because 
Young’s modulus is smaller

Relative values of 
LAM coefficients



Results: all mechanisms
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Cell cycled at low 
temperature 

degrades most

Cells cycled at high and low
temperatures have greater 

loss of lithium inventory



Results: all mechanisms
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Cell cycled at low 
temperature 

degrades most

Fast degradation at 
low temperature 
caused by loss of 
active material



Adapted from Edge et al. (2021) 
https://doi.org/10.1039/D1CP00359C



Key conclusions
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• For diffusion-limited SEI growth, varying the solvent diffusivity has a 
far greater effect than switching between one and two SEI layers

• A new partially reversible Li plating model is proposed. Both rate 
constants affect capacity loss in different ways

• SEI on cracks consumes more lithium than SEI on initial surface, in 
agreement with other models in the literature

• Pore clogging from SEI growth on cracks can cause sudden failure

• Loss of active material parameters require experimental validation

• Extreme temperatures cause more degradation than high currents

• Better physics than existing models, but more parameters to find



Thank you

Simon O’Kane: s.okane@imperial.ac.uk
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