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Li-ion batteries are energy storage devices — no steady-state operation
We need to characterise dynamic processes: reactions, charge transport, diffusion, degradations, etc.
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Desired reaction: Li intercalation in graphite
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_ _ o Phase separation in Li-rich and Li-poor phases
Undesired reaction: Li plating
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Desired reaction: Li intercalation in graphite
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1. Model the interplay between graphite phase-separation and Li plating

2. Quantify Kkinetic and transport parameters

3. Develop model-guided fast-charging protocols
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*X. Lu et al., Nat. Comm. 14 (2023) 5127
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Model allows us to “look inside the particles”
(radial distribution & diffusion limitations)

Model captures full evolution at all times:

* electrolyte transport

 phase separation

* |ithium intercalation

* reversible plating

Strong validation of model and parameters
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Charge @ 2 mA cm™
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 Li intercalation occurs at phase boundaries  Li plating is (partly) reversible

« Plating takes place only on saturated graphite « Back-intercalation at the phase boundary
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Advanced fast charge protocol
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Graphite phase separation and Li plating kKinetics implemented in the model

Coupling with operando optical experiments for validation

Model-guided protocols enable fast-charging in 15 min

Non phase-separating anode materials (e.g., disordered carbon)
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