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MOTIVATION

➢ Dendrite formation within Li-ion 
batteries during cycling leads to poor 
performance, safety problems

➢ Prior research has shown that Li 
morphology greatly improves with stack 
pressure (up to 10 MPa)

➢ Excessive pressure causes high 
overpotential, likely from transport 
limitations

➢ Li anode roughness influences stress 
and overpotential distributions

➢ Primary focus: Exploring the impact of 
mechanical stress and roughness on 
electrochemical reactions and plating 
on lithium metal anodes

➢ Developed high-fidelity, 3D model of 
mechanics and electrochemistry at 
lithium-separator interface
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MODEL

Lithium metal

➢ 𝐻0 = 0.8 𝜇𝑚

➢ 𝐸𝐿𝑖 = 7.8 𝐺𝑃𝑎 [3]

[1] Kalnaus et al., J. Power Sources (2017)
[2] Finegan et al., J. Power Sources (2016)
[3] Zhang et al., JES (2019)

Electrolyte: 4M LiFSI-DME

➢ Favored for high salt 
concentration

➢ 𝐷𝑒 = 3.12 × 10−11 𝑚2/𝑠

Separator: Celgard 2325

➢ Porous polymer separator

➢ 𝐸𝑠𝑒𝑝 = 344.4 𝑀𝑃𝑎 [1]

➢ 𝜑0 = 0.39 [2]

𝐶0,𝐿𝑖+, 1𝐶

0 𝑉

1. Mechanics

3D, linear elastic model

2. Re-Meshing
Create conformal contact, 

convert gap to electrolyte block

3. Electrochemistry
Electrochemical response 
across system evaluated

4. Postprocessing
Extract reaction rate 

across Li anode surface

5. Move Interface
Interface moves proportionally to 

local reaction rate

𝑡 + Δ𝑡

EFFECT OF STACK PRESSURE

[1] Landesfeind et al., JES (2016)
[2] Monroe and Newman, JES (2005)
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PARAMETRIC STUDIES
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➢ Pressure induces interfacial stress

➢ Deforms separator, leading to decrease 
in porosity, tortuosity
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➢ Increases Li-separator contact area, 
through which ion transport is limited

➢ Impacts exchange current density 
through Butler-Volmer equation: [2]
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RESULTS

MOVING INTERFACE

➢ Ratio between peak and 
valley reaction rates depends 
heavily on local porosity

➢ Below: effect of porosity on 
ion transport through 
interface, as stack pressure 
increases from 0 to 10 MPa

➢ Reaction rate as function of 
distance from protrusion peak

➢ Ion transport completely 
inhibited at peak

➢ Outside of this region, spike in 
current density occurs

➢ In electrolyte-filled valley, 
reaction rate approaches 
constant

No impact of stress, 
porosity on ion transport 

through Li-electrolyte 
interfaceCurrent suppressed 

through Li-separator 
interface

Ion transport 
impacted far away 
from the interface

➢ Parametric studies investigated impact of pressure along with 
various material and electrochemical properties

➢ Protrusion height, separator modulus impact pore closure

➢ Certain ranges of electrolyte diffusivities, current densities for 
which plating is suppressed

➢ Second phase of model 
simulates Li plating

➢ State of stress changes as 
interface evolves

➢ Previous work has not
taken complexity of
separator morphology,
electrolyte into account

➢ Plating and stripping may
be modeled over full 
charge period

➢ 𝑃𝑎𝑝𝑝 = 1𝑀𝑃𝑎

➢ 𝐼𝑎𝑝𝑝 = 0.5 𝑚𝐴/𝑐𝑚2

➢ 𝜎𝐿𝑖,𝑦𝑖𝑒𝑙𝑑 = 16 𝑀𝑃𝑎

➢ Applied pressure, current 
density, and Li yield stress 
are parameters of interest

SAND2022-13924CThis paper describes objective technical results and analysis. Any subjective views or opinions that might be expressed in
the paper do not necessarily represent the views of the U.S. Department of Energy or the United States Government.

Sandia National Laboratories is a multimission laboratory managed and operated by National Technology & Engineering Solutions of Sandia, LLC, a wholly owned
subsidiary of Honeywell International Inc., for the U.S. Department of Energy's National Nuclear Security Administration under contract DE-NA0003525.


