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Cyclic steady states in diffusion-induced plasticity with applications
to lithium-ion batteries

Michagl Peigney

Université Paris-Est, Laboratoire Navier (Ecole des Ponts ParisTech, IFSTTAR, CNRS) , 6-8 avenue
Blaise Pascal, Champs-sur-Marne, 774,55 Marne la vallée cedex 2, France

Abstract

Electrode materials in lithium-ion batteries offer an example of fmedium;in which stress
and plastic flow are generated by the diffusion of guest atoms. In such amedium, deforma-
tion and diffusion are strongly coupled processes. For designingselectrodes with improved
lifetime and electro-mechanical efficiency, it is crucial to understand how plasticity and
diffusion evolve over consecutive charging-recharging cyeles. With such questions in mind,
this paper provides general results for the large-time bhehavior of media coupling plastic-
ity with diffusion when submitted to cyclic cheme-mechanical loadings. Under suitable
assumptions, we show that the stress, the plastic strain rate, the chemical potential and
the flux of guest atoms converge to a cyclic steadyystate which is largely independent of
the initial state. A special emphasis is laid en the special case of elastic shakedown, which
corresponds to the situation where the plastic strain stops evolving after a sufficiently large
number of cycles. Elastic shakedown is‘expected to be beneficial for the fatigue behavior
and — in the case of lithium-ion batteries = for the electro-chemical efficiency. We provide
a characterization of the chemo-mechanical loadings for which elastic shakedown occurs.
Building on that characterization, we/suggest a general method for designing structures in
such fashion that they opérate injthe elastic shakedown regime, whatever the initial state
is. An attractive feature of theproposed method is that incremental analysis of the fully
coupled plasticity-diffusion, problem is avoided. The results obtained are applied to the
model problem oféa battery electrode cylinder particle under cyclic charging. Closed-form
expressions are’obtained for the set of charging rates and charging amplitudes for which
elastic shakedewn oc¢curs, as well as for the corresponding cyclic steady states of stress,
lithium cencentration and chemical potential. Some results for a spherical particle are also
presented.

Keywords: ) lithium-ion batteries, diffusion-induced stress, shakedown, plasticity,
chemo=mechanical coupling, cyclic steady state

Email address: michael.peigney@polytechnique.org (Michaél Peigney)

Preprint submitted to Journal of BETEX Templates December 13, 2017



Download English Version:

https://daneshyari.com/en/article/7177584

Download Persian Version:

https://daneshyari.com/article/7177584

Daneshyari.com


https://daneshyari.com/en/article/7177584
https://daneshyari.com/article/7177584
https://daneshyari.com

