Lithium deposition at the negative
electrode of lithium batteries

Current lithium-ion batteries (LIBs) based on graphite negative electrodes already could not meet the growing
energy demand for poor safety and limited energy density 1,2,3,4,5.50lid state ...

With the continuous exploration of high-tech fields such as deep space, deep ocean, and space stations, the
demand for high-safety, high-energy density, and long-cycling batteries is urgent. 1-3 Lithium metal batteries
(LMBs) are considered one of the most promising rechargeable batteries due to their high energy density. 4, 5
However, LMBs...

Many Li-ion cell aging mechanisms take place at the electrodes. Among these mechanisms, there is the
deposit of lithium at the graphite electrode in fast charging conditions of LIBs.

Non-uniform metal deposition and dendrite formation on negative electrodes during repeated cycling are
major hurdles to commercialization of batteries. Electrodeposited lithium in liquid ...

important in battery-powered vehicles.15,23 While performance effects are well studied, the mechanism by
which artificial SEls improve performance remains unclear. For example, Al 2 O 3 is a poor lithium-ion
conductor, but it can sustain lithium-ion diffusion under fast-charging conditions.23 To unravel the
mechanistic role of artificial SEIsin enhancing battery ...

Typicaly, abasic Li-ion cell (Figure 1) consists of a positive electrode (the cathode) and a negative el ectrode
(the anode) in contact with an electrolyte containing Li-ions, which flow through a separator positioned
between the two electrodes, collectively forming an integral part of the structure and function of the cell
(Mosa and Aparicio, 2018).

Lithium metal batteries offer high-capacity electrical energy storage but suffer from poor reversibility of the
metal anode. Here, the authors report that at very high capacities, ...

Table 1. Cell configurations to investigate the effects of lithium utilization on the stability of the lithium metal
negative electrode. Cell No. Area capacity of the LFP positive electrode/mAhcm &#185;2 Areal capacity of
the lithium metal negative electrode/mAhcm 2 Thickness of the lithium metal negative electrode/&#181;m
Lithium utilization/% 1 4. ...

One such process is the overcharge of the negative electrode causing lithium deposition, which can lead to
capacity lossesincluding aloss of active lithium and electrolyte ...

In zero-excess lithium metal batteries (ZELMBS), aso termed "anode-free" LMBs, Li from the positive
electrode is electrodeposited onto a bare current collector instead of the Li metal ...
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Here we report a dense Li deposition (99.49% electrode density) with an ideal columnar structure that is
achieved by controlling the uniaxial stack pressure during battery ...

1 Introduction. Lithium (Li) metal is widely recognized as a highly promising negative electrode material for
next-generation high-energy-density rechargeable batteries ...

During charging at low temperatures, high rates, and high states of charge, the deposition of metallic Li on
anodes occurs which leads to rapid battery aging and failure. 11,19,21,34,65-69 This Li deposition on anodes
can be detected in battery cells with a reference electrode. 19,65,68,70 However, commercia cells in
automotive or consumer electronics...

The simulation results show that increasing the diffusion coefficient in the y-direction (perpendicular to the
electrode plane) significantly increases the lithium deposition within the pores (Fig. 1 ¢) compared to the
lithium deposition within the porous electrode without increasing the diffusion coefficient (Fig. 1 a). However,
increasing the diffusion ...

However, lithium metal battery has ever suffered a trough in the past few decades due to its safety issues. ...
the N/P (negative/positive electrode capacity) ratio and the amount of electrolyte are considered by the
researchers. ... a-d) Top-view and e-h) side-view SEM images of the IMF matrixes removed from the batteries
after lithium ...

The processes that lead to capacity fading affect severely the cycle life and rate behavior of lithium-ion cells.
One such process is the overcharge of the negative electrode causing lithium deposition, which can lead to
capacity losses including aloss of active lithium and electrolyte and represents a potential safety hazard.

Lithium-ion battery electrodes based on commercia active material Ni 1/3 Co /3 Mn 1/3 O 2 were
successfully manufactured by the electrophoretic deposition (EPD) approach. These electrodes contained a
high density active material (90 wt. %), and the rest was carbon black as electrical conductivity enhancer
material (10 wt. %).

A typical lithium-ion battery cell, as shown in Fig. 2 (A), comprises a composite negative electrode, separator,
electrolyte, composite positive electrode, and current collectors [11, 12].The composite negative electrode has
alayered and planner crystal structure that is placed on the copper foil, which functions as a current collector.

Goodenough et a. described the relationship between the Fermi level of the positive and negative electrodesin
a lithium-ion battery as well as the solvent and electrolyte HOMO (highest occupied molecular orbital) and
LUMO (lowest unoccupied molecular orbital) in the electrolyte (shown in Figure 2) (Borodin et a., 2013;
Goodenough, 2018).

Deposition of metallic lithium on the negative electrode in preference to lithium intercalation is known to be a
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capacity loss and safety concern for lithium-ion batteries. Harsh charge conditions such as high currents (fast
charging) and/or low temperatures can lead to lithium plating.

lithium deposition, with the consequence that the full 372 mAh/g capacity of the graphite is not utilized. The
model predictions for graphite-based negative electrodes are compared with coke-based negative electrodes.
The main side reaction in the negative electrode during over-charge is given by Eq. 3, which can be written in
genera notation ...

As such, the circular feature observed in the therma spectrum can be attributed to the onset of lithium
deposition and complete lithiation of the graphite structure. Deposition of lithium on the negative electrode
requires more space compared to intercalation compounds, resulting in an increase in the overall battery
volume.

lithium deposition,with the consequence that the full 372 mAh/g capacity of the graphite is not utilized. The
model predictions for graphite-based negative electrodes are compared with coke-based negative electrodes.
The main side reaction in the negative electrode during over-charge is given by Eq. 3, which can be wr itten in
g enera nota...

In a practical battery, the positive/negative e ectrodes (including the collector) account for approximately 70
wt % of the total mass of the battery. Increasing the amount of extractable lithium per mass unit in the active
material or minimizing the proportion of inactive material (e.g., collector) at the electrode level can enhance
the energy ...

To investigate the negative electrode deposition behavior of lithium metal during charging and discharging,
different modified lithium metal negative electrodes were assembled into batteries and characterized using the
Land Battery Test System. ... Before the lithium deposition, batteries were activated for three cycles with a
small current ...

Li-ion batteries (L1Bs) widely power modern electronics. However, there are certain limitations in the energy
density, cyclelife, and safety of traditional lithium-ion batteries, which restrict ...

a Proposed growth mechanism for lithium deposition at electrodes with areal capacity ranging from low to
very high. SEI stands for solid electrolyte interphase. b Schematic illustrating impact of ...

Anode materials play a significant role in the batteries system. Li metal has emerged as the promising anode
material owing to their vital well-known merits, such as high theoretical specific capacity (about 3860 mAh g
-1), the most negative potential (-3.040 V vs. standard hydrogen electrode).Reports concerning lithium metal

anode materias show ...

In zero-excess lithium metal batteries (ZELMBS), aso termed "anode-free” LMBs, Li from the positive
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electrode is electrodeposited onto a bare current collector instead of the Li metal negative electrode commonly
used in LMBs. This enables high theoretical energy density and facile, safe, and low-cost assemb

The silicon electrodes were cycled against a lithium counter electrode in ethylene carbonate (EC): dimethyl
carbonate (DMC) 1:1 (w/w), vinylene carbonate (VC). The solvents used were obtained battery grade from
Merck (Darmstadt, Germany); the was obtained from Stella Chemicals (Japan) and the VC from Fluka (Buchs,
Switzerland). All the ...

Trigger: To predict the triggering of Li-deposition (Equation ) precisely, the anode potential U p computed by
battery models is first validated by the tests under moderate conditions without Li-deposition (0.02C, 0.2C,
and 0.5C) where the computational U-t curves can match with tests well (Figure S3a, Supporting Information).

So, the electrolyte’s reduction tolerance greatly affects the norma operation of low potential negative
electrode materials. It should be noted that battery voltage is not equal to electrode potential. Common ...

The nanostructured NiO negative electrode of lithium-ion batteries shows a capacity higher than 375 mAh g -1
at 10C rate, and this electrodes resumed its origina ... The inset SEM image (Fig. 19d) revealed that the
morphology of porous Fe 3 O 4 eectrode for 30 s deposition time was not changed after 20 charge/discharge
cyclesat acurrent ...

Silicon (S) is recognized as a promising candidate for next-generation lithium-ion batteries (LIBs) owing to
its high theoretical specific capacity (~4200 mAh g-1), low working potential (&1t;0.4 V vs. Li/Li+), and
abundant reserves. However, several challenges, such as severe volumetric changes (&gt;300%) during
lithiation/delithiation, unstable solid-electrolyte interphase ...

Lithium deposition on anode surfaces can lead to fast capacity degradation and decreased safety properties of
Li-ion cells. To avoid the critical aging mechanism of lithium deposition, its detection is essential. We present
workflows for the efficient detection of Li deposition on electrode and cell level.
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