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Cell failure

Detrimental to cell safety

What is Lithium plating?

Li-ions deposit as metallic Lithium on the negative electrode during charge

Lithium Plating Quantification in Commercial Graphite∥LiFePO₄ batteries

Objectives & Motivations
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Capacity fade 
Impedance growth
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LAM

Kinetics

SEI

Li plating & dendrite formation

Graphite (NE) PE Aging 
modes

Effects of Lithium plating?

Detrimental to cell performance

Lithium plating identification is of critical 
importance in lithium ion battery systems 

Objectives: 
1. In situ detection and quantification

2. Decipher origins and effects of Li plating 



Lithium Plating Quantification in Commercial Graphite∥LiFePO₄ batteries

Our approach: combine testing & emulation
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Cell testing: normalized capacity evolution
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EV cycling (4C/DST) vs.
Constant current (4C/4C) [1,2]

Stage 1 Stage 2

EV cycling

- Complex degradation

- Two stages identified

- DST is detrimental

Need for advanced analysis: ICA

?

What happened?
Any warning signs?

Constant current cycling

Aging modes:

LLI

LAMdeNE

Cell degradation (%)

No signs of Li plating

Ratio 1.5:1
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Incremental Capacity Analysis
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Peak Area Analysis
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Degradation maps Graphite∥LiFePO₄ 
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LAMdeNE evolution: degradation effects
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Li plating origins → LAMdeNE

Li plating warning signature
(Peak ∫1  ↑)
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Emulation Stage 1: prior Lithium plating
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Emulation Stage 2: Lithium plating (cycle 750 → 1800) 
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Aging evolution with cycling
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Li plating effects:
- Increases LLI (x5)
- Increases cap. fade (x5)
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Conclusions

12

Degradation origins

- DST cycling accelerates capacity loss

- DST cycling induces large LAMdeNE

- Large LAMdeNE leads NE to over-discharge → Li plating

Lithium plating detection

- Use of ICA to detect new phases (peak ⓿)

- Use of Peak ∫❶ (↑) as an early indicator of Li plating

Aging mechanisms quantification

- Use of ICA and ‘alawa toolbox

- LAMdeNE > LLI (ratio 4:1)

- Li plating increases rate of LLI (x5) 

- Irreversible Li plating (80%) vs. reversible (20%)
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