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Improved non-invasive techniques for Li-ion batteries

Introduction
Noninvasive diagnosis & prognosis tools are needed to accelerate the
deployment of Li-ion and Na-ion batteries.

Simple cells are well understood but the reality if often more complex.
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Investigation of three types of blending:

et 8e
L
Blended electrodes ;;2;" +
i.e. electrodes with two or more active materials s L Y
TS NMC
(NMC/I_MO, Graphlte/SIOX...) LiMip 33MPg 5,006 5,0 LiFePOy NMC+LEP

Inhomogeneities
An inhomogeneous electrode could be seen as a blend

between electrodes not quite identical

Plating
When plating occurs, the NE becomes a blend

between the AM(s) and the charge carrier
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Improved non-invasive techniques for Li-ion batteries

Mechanistic modeling

General Principles
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Mechanistic modeling
Blended electrodes

In a blended electrode, each dV must consider the dQ from each component.
Summing the dQ/dV = f(V) responses.

Calculate IC constant current response for each component and sum them
Proposed in 2012
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Is it realistic? If not, how should it be handled? Impact of chemistries?
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Mechanistic modeling
Blended electrodes
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Mechanistic modeling
Blended electrodes

Blend simulations: Constant current vs. paralleling
3 case figures: Separated, overlapping, and partially overlapping responses
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Mechanistic modeling
Blended electrodes

Blend simulations: LAM,; quantification
Many studies do not differentiate the components upon aging
BUT LAM,. composition has a huge impact on electrochemical response:
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Mechanistic modeling
Lithium and Sodium Plating

Plating modeling is available in the modeling framework

BUT overly simplified with a OV infinite plateau.
Other problem is the lack of data for end-of discharges for high rates

Leads to inaccurate early plating predictions
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Mechanistic modeling
Lithium and Sodium Plating

Collaboration with
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Mechanistic modeling
Lithium and Sodium Plating

Preliminary results:

—‘0150 [ I\’ l I ‘ =—c:ftso
. 0.6 —ci5 {1 25
RPTs can be extended with . oo | o) — e
@ AN o
a rate dependent end of s 04 —oe | Bl I oz
discharge cutoff gl —= 135 |\ -
g 02 \ odaat |5 021\ W\ i
Rest dV/dt analysis showed N e ] %m \ \\\
. . . ok \ s B o NONNY "I“ \\\\
no sign of stripping o . | | NS
0 20 40 60 80 100 OO 0.1 0.2 0.3 0.4 0.5
Normalized Capacity (%) L Time (h)
Better plating modeling
with new parameter: the
plating resistance
)
E; :%;'WN':%. Energy nstiute M. Dubarry et al., ACS Energy Letters— under review



Mechanistic modeling
Inhomogeneous Electrodes

Inhomogeneities are a well-known issue
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Mechanistic modeling
Inhomogeneous Electrodes

Same strategy as for degradation: Inhomogeneity modes
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Mechanistic modeling
Inhomogeneous Electrodes

Paralleling should help but at which level?

Full cell level ? Electrode level?
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Mechanistic modeling
Inhomogeneous Electrodes

Summary

6/9 inhomogeneity modes have almost no impact on performance
BUT rate is affected, might influence degradation down the line...

3/9 inhomogeneity modes has impact. R most resemble what reported in literature.
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Mechanistic modeling
Inhomogeneous Electrodes

Summary

6/9 inhomogeneity modes have almost no impact on performance
BUT rate is affected, might influence degradation down the line...

3/9 inhomogeneity modes has impact. R most resemble what reported in literature.
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Mechanistic modeling

Inhomogeneous Electrodes
Summary

6/9 inhomogeneity modes have almost no impact on performance
BUT rate is affected, might influence degradation down the line...

3/9 inhomogeneity modes has impact. R most resemble what reported in literature.
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Mechanistic modeling
Inhomogeneous Electrodes

Quantification

Impossible for 6/9 when mild
randomly distributed variations

Might be possible at beginning of
regime for the SOC ones

For Ryg, resemble impact of rate
degradation factor
Quantification impossible
BUT simulation already implemented
Close to experimental observations
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Li-ion batteries Digital Twins
Mechanistic modeling

‘alawa

Validated Mechanistic Modeling Approach Under validation
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‘alawa: Hawaiian for “to diagnose by insight”
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Li-ion batteries Digital Twins
Graphical user interface: the ‘alawa toolbox

~ 200 registered users from >115 organizations worldwide
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Mechanistic modeling
Inhomogeneous Electrodes

Inhomogeneity modes £5%
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Mechanistic modeling
Inhomogeneous Electrodes

Inhomogeneity modes £50% of randomly distributed Rate,; and Ratey;
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Mechanistic modeling
Inhomogeneous Electrodes

Inhomogeneity modes £50% of randomly distributed R,z and Ry
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Mechanistic modeling
Inhomogeneous Electrodes

Inhomogeneity modes £5% of randomly distributed SOC,; and SOC,
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Mechanistic modeling
Inhomogeneous Electrodes

Inhomogeneity modes £2.5% of randomly distributed Offset and all together
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