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Objectives and motivations

To diagnose and predict battery behavior is challenging, mainly because
degradation is path-dependent
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Objectives and motivations

To diagnose and predict battery behavior is challenging, mainly because
degradation is path-dependent
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Laboratory testing cannot replicate the complexity of real usage.
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Need proper tools to understand, diagnose and predict cell behavior under
conditions or variations in history (causality)

A prerequisite: Ability to synthesize battery degradation from different modes and
sequences (A high fidelity mechanistic model)



Degradation Mechanismes:

Physical Characterization vs. EC Inference

Physical characterizations: Identify fading modes but Diagnostics: Tracking and quantifying the three

difficult to provide an overall quantification
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Adapted from: J. Groot, State of Health Estimation of Li-ion batteries cycle life test methods, 2011

fading modes through battery life
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Fading mode

Categorization and Quantification

Basis for diagnostics of cell degradation
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Mechanistic Battery Diagnosis and Prognosis

Graphical User Interface: the ‘alawa toolbox

Simple, fast, powerful and accurate diagnosis and prognosis tool
r. alawa simulation toolbox Elﬂlg
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A case study

Commercial LTO//NMC cell

2 cells, regular C/3 cycling, 1 cell experienced 1 overcharge
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Diagnostics of a LTO//NMC commercial cell

Mechanistic Model Construction

Half cell data obtained from commercial electrode sheets
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Diagnostics of a LTO//NMC commercial cell

Degradation Modes and Symptoms

Symptoms: voltage & capacity evolution @ C/25
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Diagnostics of a LTO//NMC commercial cell

Experimental verifications

¢ Less than 1% Q,, after 600 cycles
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Diagnostics of a LTO//NMC commercial cell

Causality of Overcharge

Combination of multiple degradation mechanisms
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Diagnostics of a LTO//NMC commercial cell

Cycle Aging After the Overcharge

500 cycles, ~ 10% additional Q, .
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Diagnostics of a LTO//NMC commercial cell

Observations of the Overcharge Phenomenon
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LTO//NMC cell diagnostic

Conclusions
From overcharge IC analysis: From aftermath IC analysis: B I e
- 15% LAM on both electrodes - 10% LAM on both electrodes R R
- 10% loss of lithium - No evident loss of lithium g7
- Electrolyte decomposition - Capacity fading slowing down § ::
- Gassing 2 |
- No electrodes damage or plating 7
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Possible scenario:

: Cycling volume changes Moving towards a
Electrolyte consumption yEUns NS 5
&/or pressure gradients stable aged state?
Gassing Gas migration
Altered contact between electrodes sheets Additional loss of contact Less and less new contact loss
Similar LAM on both electrodes LAM on both electrodes Less and less LAM
Slowing fadi t
Solid residues No additional decomposition OWills ldclitig tate
LLI by byproduct precipitation No more LLI

Further validation in progress

Such analysis would not have been possible without the ‘alawa toolbox
With its degradation emulation:

- It allowed to exclude some degradation modes

- It allowed quantifying every present degradation mode
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