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Simulating dendrite formation on Lithium metal anode (P-3AB)
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1. Introduction

Lithium metal is considered the ultimate anode for
energy-storage systems for its extremely high theoretical
specific capacity (3860 mAh g−1), the lowest redox potential
(−3.040 V vs the standard hydrogen electrode) and a low
gravimetric density (0.534 g cm−3) [1]. However, the main
issue associated with this electrode is the growth of metal
dendrites on its surface, also known as high surface area
lithium (HSAL), during charge/discharge cycles. Therefore,
there is a great interest in the study of the mechanism of
HSAL formation and the effect of the different variables
involved. A final goal is the possibility to tune these
variables to control the formation of HSAL. Such control
remains elusive probably because it requires important
feedback between theory and experiments, among other
challenges. Molecular simulations could help to improve
this feedback, although the construction of an ad hoc
model that connects the simulation parameters with the
experimental measures is required. In this work, we have
developed a computational model, based on that of Mayers
et al. [2], to simulate the HSAL growth on a planar
electrode.

Since the electrode works by draining lithium particles
from the SEI during electrodeposition, new particles must
be added to the system (where thermodynamical
properties are calculated, in the μVT thermodynamic
ensemble) during the progress of the simulation. A direct
way to accomplish such additions is the definition of a local
control volume in the simulation box, where new particles
will be created. The number of particles inside this
reservoir will be related to the chemical potential, and can
be controlled using any grand canonical simulation method.
Usually, the output properties of the simulation are
measured far from the reservoir, with the hope to avoid
any perturbation to the system given by its presence.
However, we show that it is not possible to uncouple the
system from the reservoir in the regime of deposition at
high potentials, since the concentration profiles will quickly
reach the reservoir position, no matter how far it is located.

2. Experimental

2.1 Simulation model

We considered the electrodeposition of Li+ cations onto
the surface of an implicit planar and square (100 Å × 100 Å)
Li metal electrode. Depending on the type of reservoir
used, height along the z axis of the simulation cell could

vary. Particles roam freely throughout the whole simulation
cell, with periodic boundary conditions in x and y axes,
within an implicit SEI. Ionic migration and interaction with
anions present in the solvent weren’t considered due to
charge screening on short distances, as in other models [2].
The system (Figure 1) spans from what is considered an
ideal electrode at z= 0 Å, to z= 100 Å, where it is connected
to the reservoir of lithium ions that maintain the system at
a constant chemical potential μ. The motion of lithium ions
follows Brownian dynamics.

Fig. 1. First and last snapshots of a simulation of HSAL growth.
Yellow box highlights the system volume and blue box, the
reservoir (type-1 in this case, see section 2.2).

2.2 Electrodeposition probability and reservoir types

The deposition is a random event with probability p that
may occur when a lithium ion approaches the implicit
electrode or a previously deposited metal atom. This
probability p can be connected to the measured
overpotential of the cell [2]. Varying p, ranging from 0.05 to
1.0, ten independent trajectories were simulated for each p
value. Different particle reservoirs to guarantee constant
μVT were also tested:

type-1: a large reservoir with variable volume, that
adjusts its height to keep its density at bulk values as
the simulation evolves, typically by compressing
itself and injecting ions to the system as needed [3],

type-2: one that adds bulk density slices on top of the
simulation box as density perturbation reaches its
boundary, resulting in a step wise growth of the
system size, and

type-3: one where particles in a control volume can be
created or destroyed after a certain number of
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grand canonical Monte Carlo moves per MD
simulation step [4].

In this work we present the effects of varying the
probability p in the resulting HSAL morphologies, and the
conclusions drawn from the different types of reservoir.
Characterization of our results includes anode surface
topography maps and current regime in the cell analysis.

3. Results

3.1 Dendrites

Fig. 2 shows three final snapshots from simulations for
different values of deposition probability p. Surface
topography maps of simulations are shown in Fig. 3. Both
these maps and the snapshots from Fig. 2 shows dendrite
formation. Quantitative analyses are ongoing.

Fig. 2. Dendrites formed for different p values.

Fig. 3. Surface topography maps for different p values.

3.2 Current profiles

Calculating the number of deposited Li atoms per time
step is equivalent to calculating the charge transferred per
time step. Thus, the first derivative of those results gives
the simulated current for each p value.

Fig. 4. Current for different values of p. The line at 2 10-2 ΔN/Δt is
drawn for reference.

3.3 Concentration profiles

Li+ concentration profiles alongside the z axis (normal
to electrode surface) are shown in Fig. 5 and 6 for different
reservoir types and at different simulation times.

Fig. 5. Li+ concentration profiles alongside the z axis for type-1
reservoir and p=1. Red: initial [Li+]. Yellow: [Li+] at half
simulation time. Green: final [Li+].

Fig. 6. Li+ concentration profiles alongside the z axis for type-2
reservoir and p=1. Red: initial [Li+]. Yellow: [Li+] at half
simulation time. Green: final [Li+].

4. Discussion

4.1 Dendrite growth and p

Observing the qualitative results shown in Figs. 2 and
3, we can see that our model shows dendrite growth, and
that as electrodeposition probability increases, so does
dendrite formation. This is in good agreement with
previous results [2], and implies that when the cell
overpotential grows, dendrite formation propensity grows
as well.
4.2 Reservoir type influence

From the shape of the current profiles, we can
conclude that within our model there is a change in the cell
regime as p increases: at lower values of p we observe a
charge transfer controlled regime, while at higher values
we find mass transfer control.

From the ion concentration profiles along the z axis
shown in Fig. 5, we can see that the perturbation due to
the deposition in the electrode quickly reaches the type-1
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reservoir, meaning that it will influence the dendritic
growth by altering the available concentration of ions.

In order to reduce the influence of the reservoir in the
dendritic growth, we performed simulations with the
type-2 reservoir. As evidenced by the plateau at the end of
the curves shown in Fig. 6, a minimum impact in the
density profiles can be achieved with this reservoir.
However, it requires a huge increase in the system size and
quickly becomes computationally too expensive.

Considering the difference between the ion diffusion
coefficients (D) in the SEI and the electrolyte, where DSEI <<
Delectrolyte, we conclude that type-1 or type-3 reservoirs may
be used in the model if their positions are associated with
the position of the SEI/electrolyte interface in the real
system.

5. Conclusions

We developed a Molecular Dynamics model to
simulate dendrite growth on a planar Li metal anode. We
correlate more dendrite formation with an increase in the
electrodeposition probability p value, which is related to
the applied cell overpotential, like in previous results. We
analyzed the physical meaning of the simulated particle
reservoir and its position as the distance from the
electrode surface.

With the definition of a density control volume in the
electrolyte, we demonstrate that any reservoir defined
within a fixed distance to the electrode will eventually
influence the dendrite formation in the system. The
reservoir position should be considered as a relevant
parameter of the simulation, that will be associated with
the SEI thickness in real systems. We have analyzed the
impact of this variable in the dendrite formation process.

Rather than being only a modelling trick to keep the
system in a grand canonical ensemble, we found that the
reservoir position plays a crucial role in the dendrite growth
and can be related to the position of the SEI-electrolyte
interface in the real system.
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