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Abstract

We predicted the calendar aging and long-term lifetime of lithium-ion batteries using an electrochemical-based SEI growth
model. Numerical simulation was carried out employing the four different long-term SEI growth models (i.e., solvent diffusion
limited model, electron migration limited model, Li-interstitial diffusion limited model, reaction limited model), and we calcu-
lated the capacity fade and loss of lithium inventory during calendar aging. The result showed that the electron migration
limited model and Li-interstitial diffusion limited model showed lower capacity fade, while the solvent diffusion limited model
and reaction limited model reached 80% of capacity fade within 10 years. During calendar aging, the lower storage temper-
ature showed less capacity fade due to the hindrance of SEI growth rate. During cycling, the higher C-rate showed a shorter
life cycle; however, the differences were not significant.
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Figure 2. Schematic of four different transport mechanisms that cause
the SEI growth. i) Solvent diffusion, ii) Electron conduction, iii)
Li-interstitial diffusion, iv) Reaction.
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Table 1. Parameters Used in the Model
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Cathode Separator Anode
Thickness, mm 67 12 62
Particle radius, mm 3.5 24
Porosity 0.3 0.4 0.3
Active material ratio 0.445 0.61
Max. Li" concentration 35380 28746
Electrolyte
Initial concentration, mol/m’ 1000
Thermodynamic factor 1.34
Transference number 0.38
Conductivity, S/m 1.3
SEI
Li-interstitial diffusivity, m%s 2 % 10
Electron diffusivity 5 % 1070
Partial molar volume of Li,CO;, m*/mol 3.5019 x 10°
Initial Li-interstitial concentration, mol/m’ 10
45 x 10°

Solvent concentration, mol/m’
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Figure 3. Decrease in cell capacity during calendar aging. (a) capacity
vs time, (b) loss of lithium inventory vs time.
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