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ABSTRACT

Lithium-ion batteries inevitably experience global
mechanical loading during service, which significantly
affects the electrode-separator interfacial contact,
leading to spatial heterogeneity in current density and
reaction overpotential. These effects can promote
localized onset of lithium plating at the graphite anode,
especially under low-temperature conditions. Lithium
plating not only accelerates capacity fade and shortens
cycle life, but the resultant dendrites may also pierce the
separator, causing internal short circuits and potential
safety hazards. In this work, using a wound
NCM811/graphite pouch cell as a representative case, we
combine numerical simulation with experimental
characterization to systematically investigate the spatial
heterogeneity of lithium plating on the graphite anode
across different levels of global mechanical loading. The
results reveal that global mechanical load preferentially
compacts the wound region, significantly reducing
separator porosity and electrolyte transport capability,
thereby increasing ionic resistance and diffusion
limitation. These findings elucidate the mechanical-
electrochemical mechanisms governing lithium plating
and provide a theoretical basis for optimizing cell
structural design, stack-pressure strategies and the
prevention of lithium-plating-induced safety risks in
lithium-ion batteries.
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NONMENCLATURE
Abbreviations
NCM LiNixCoyMn,0O;
NCM811 LiNio.8C00.1Mno.102
SEM Scanning Electron Microscope
Symbols
L Length of the straight segment(um)
t Thickness of each layer(um)

Rp Particle radius(um)

& Volume fraction of the solid phase
Ee Volume fraction of the liquid phase
Os Solid phase conductivity(S-m™)

Oe Liquid phase conductivity(S-m™)

D. Liquid phase Li-diffusivity(m? -s7%)
D Solid phase Li-diffusivity(m? -s™)

v Poisson’s ratio

E Young’s modulus(MPa)

1. INTRODUCTION

Lithium-ion batteries are widely adopted as the
primary power source for electric vehicles owing to their
high energy density and long cycle life*. Nevertheless,
performance degradation and safety issues remain great
challenges for practical applications of batteries, among
which lithium plating has recently attracted increasing
attention?. Global mechanical loading can induce
lithium deposition by changing the microstructure,
interface contact state and lithium-ion transport kinetics
of electrode materials. When the applied pressure is too
low, the internal component contact is not sufficient,
increasing the interface resistance, thereby promoting
lithium plating®®. In contrast, excessive pressure
increases the internal stress, which may lead to
irreversible lithium loss and further promote lithium
plating. It is worth noting that under low temperature
operation, the global mechanical load effect tends to
intensify. At low temperature, the solid-phase Li diffusion
rate in graphite and the liquid-phase Li diffusion rate in
the electrolyte are significantly reduced™, which
aggravates the deposition of lithium. Lithium plating can
accelerate the performance degradation and endanger
safety >®). Although previous studies have preliminarily
explored the effects of temperature and current density
on lithium deposition, systematic research on how global
mechanical loading affects the spatial inhomogeneity of

# This is a paper for the 17th International Conference on Applied Energy (ICAE2025), December 8-12, 2025, Bangkok, Thailand.



lithium deposition formation is still limited. Therefore,
this study takes the wound NCM811/graphite lithium-ion
battery as the representative research object, conducts
different degrees of global mechanical load experiments,
and observes the spatial inhomogeneity of lithium
deposition on the graphite anode. In addition, a two-
dimensional model with the wound structure is
established to study the mechanism of spatial
inhomogeneity in the process of lithium plating under
global mechanical loading. These findings provide
guidance for mechanical design and operation strategies
to reduce the damage of lithium deposition in the wound
lithium-ion batteries.

2. EXPERIMENTS AND NUMERICAL METHOD
2.1 Experimental analysis

The lithium-ion pouch cell used in this study is the
ATL 854670(70 mmx46 mmx8.5 mm), with an NCM811/
graphite material system. It has a nominal capacity of 3.7
Ah, a working voltage range of 3.2-4.25 V, and utilizes a
LiPF; electrolyte.

Fig. 2 Two-dimensional wound lithium-ion battery
geometry

consists of the cathode, separator, and anode. The
relevant parameters are provided in table 1. The (s) in the
table represents the parameters for the straight-edge
section, while (w) represents those for the wound region.
The rationale for this piecewise definition will be
explained in detail in the following section.

Table 1 Parameters of the model.
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Fig. 1 (a) Physical image (b) schematic diagram

of the global compression device.

After pre-cycling activation at a rate of 0.1 C within
a voltage range of 2.8 V to 4.2 V, a global mechanical
loading is applied using the compression device as shown
in Fig.1. The device consists a three-layer aluminum
frame: rigid upper and lower clamping plates and a
middle precision positioning stage to secure the cell. The
load is applied through four symmetrically arranged ball
screw—nut assemblies with metric coarse thread with a
nominal diameter of 10 mm. A torque wrench is used to
provide continuous, stable axial pressure, ensuring
uniform surface loading. Cyclic performance tests are
then conducted on the battery under different levels of
global mechanical load (0.3 MPa, 0.5 MPa) at 273.15 K.

2.2 Numerical method

A two-dimensional model is established, as shown in
Fig.2, where the curved sections represent the wound
region. From the inner to the outer side, the structure

Parameters Anode Separator  Cathode
Geometric
L 3000 3000 3000
t’) 53.4 10 40
R, 6 / 6
&8 0.6 0.5 0.6
g8 0.4 0.5 0.34
Transport
ol 10 / 1
Oe 0.8(s) 0.8(s) 0.8(s)
0.5(w) 0.5(w) 0.5(w)
D. 10e-10(s) 10e-10(s) 10e-10(s)
7e-11(w) 7e-11(w)  7e-11(w)
Mechanical
v 0.32 0.4 0.25
E 120 75 150

To investigate the lithium deposition behavior at low
temperatures, the temperature dependence s
established using the Arrhenius equation:” is presented
below:

E,( 1 1
X(T) = Xyer - €xp f(T p - 7) €]

where X(T) is the temperature-dependent parameter, like
Ds, reaction rate coefficient K; T.r is the reference
temperature; X.sis the reference value at Trr; and E, is
the activation energy.

In addition, the lithium deposition overpotential®
can be expressed as follow:
N=¢s— e —Eeq (2)

where E., is the equilibrium potential.




3. RESULTS AND DISCUSSION

3.1 Spatial heterogeneity of lithium deposition induced
by mechanical loading

At 273.15 K, different levels of global mechanical
load (0.3 MPa, 0.5 MPa) are applied to NCM811 lithium-
ion batteries. After the cycling, the batteries are
disassembled, and the lithium plating on the anode is
examined by scanning electron microscope. As shown in
Fig.3, the application of global mechanical loading leads
to uneven lithium deposition on the anode. Lithium
plating preferentially occurs in the wound region of the
anode, and the plating phenomenon becomes more
obvious with increasing applied load.

the straight and wound sections are reasonably
partitioned and assigned liquid-phase conductivity and
liquid-phase diffusion coefficients, to capture the
mechanically induced transport non-uniformity.
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Fig. 4 Absolute value of volumetric strain
after applying global mechanical load

273.15K 0.3 MPa

273.15 K 0.5 MPa

Fig. 3 Morphological image of the anode after disassembly and SEM characterization results.

3.2 Pore closure in wound region restricting electrolyte
transport

After applying a global mechanical load to the
battery, as shown in Fig. 4, the compression in the wound
section is significantly greater than that in the straight
section. Due to the higher strain, the porosity of the
separator in the wound area is notably reduced
compared to the straight section),

This porosity reduction affects electrolyte transport
in two major ways: First, the available space for
electrolyte flow becomes smaller, reducing the number
of mobile ions in the electrolyte and the effective
conduction pathways, which in turn increases the
resistance to ion movement and decreases conductivity
in the wound area. Second, the weakened flow of the
electrolyte increases resistance to ion diffusion within
the battery, thereby reducing the diffusion coefficient of
the liquid phase.

Therefore, in the numerical model mentioned above,

3.3 Transport limitations exacerbate polarization and
induce spatially heterogeneous lithium plating

The decrease of ionic conductivity increases the ionic
resistance of Li* transport, while the decrease of diffusion
coefficient slows down the mass transport of Li* in the
electrolyte filled pores. In summary, these transport
limitations directly hinder the insertion kinetics of Li* in
porous electrodes. As shown in Fig.5 (a), the insertion of
Li* in wound area is slower than that in straight area. This
kinetic limitation can lead to uneven distribution of
current density, resulting in spatial variation.

As shown in Fig.5(b), the electrolyte concentration in
the wound section is higher than that in the straight
section. The elevated local concentration aggravates
concentration polarization and limits the effective Li*
supply, thereby further hindering Li* intercalation
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Fig. 5 Contour maps of (a) Lithium-ion insertion concentration (b) electrolyte concentration

kinetics. Meanwhile, the intensified polarization drives
the local electrode potential to lower values and can
reach the critical overpotential for lithium plating.

Once the local overpotential drops below the
lithium-plating threshold, Li* no longer preferentially
intercalates into the active material; instead, it
undergoes electrochemical reduction at the electrode
surface and deposits as metallic lithium. As shown in
Fig.6, the overpotential in the wound section drops
below 0 V (vs. Li/Li*) earlier than in the straight section,
which clearly suggests that lithium plating starts in this
region first.
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Fig. 6 Overpotential distribution diagram at the
end of constant current and constant voltage
charging.

4. CONCLUSIONS

By combining  numerical  simulation and
experimental verification, this study shows that the
externally applied global compressive load plays a
leading role in controlling the spatial evolution of lithium
deposition on the graphite anode at low temperatures.
The applied load preferentially compacts the wound area
and reduces its porosity, thereby reducing the effective
ionic conductivity and effective diffusion coefficient of
the electrolyte. The decrease of these parameters
aggravates the polarization and reduces the local
overpotential, which is ultimately lower than the lithium
plating threshold. This work provides a mechanistic
insight into mechanically induced spatially
inhomogeneous lithium deposition, and provides design
criteria and operating boundaries for pressure-tolerant
and low-temperature lithium-ion batteries.
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