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Pre-lithiation is critical for improving the energy density of lithium-ion batteries (LIBs) in practical
applications. The pre-lithiation of the high-capacity anode with a large surface area enhances the
initial coulombic efficiency (ICE) by compensating the lithium loss from the formation of solid
electrolyte interphase (SEI). However, pre-lithiation also affects cycle life, which has been paid little
attention to. Here, we first discuss the impact of pre-lithiation on the cycling stability of the full cells,
which is closely related to anode material, the degree of pre-lithiation, and the stability of SEI. Then we
provide suggestions on how to achieve both high energy density and long cycle life by pre-lithiation.
The understanding of the correlation between pre-lithiation and cycling stability sheds light on
achieving the optimal performance of lithium-ion batteries from pre-lithiation technology.
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Introduction
Lithium-ion batteries have been widely used in consumer elec-
tronics and are penetrating to electric vehicles and large-scale
renewable energy storage devices due to their well-balanced per-
formance in energy density, cost, and life span [1–3]. In recent
years, the ever-increasing “endurance mileage” anxiety stimu-
lates the ever-growing demand for the high energy density of
LIBs. A significant advance in electrode materials, as well as elec-
trode processing, has significantly increased the cell energy den-
sity [4–6]. However, almost all the employed electrode materials
are difficult to achieve their theoretical energy density values in
practical battery systems, attributing to the inevitable active
lithium loss occurring in the anode during cycling, especially
in the initial charge/discharge cycle [7].
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The loss of lithium in Li-ion batteries mainly includes two
aspects: (I) the Li consumption due to the initial formation of
solid electrolyte interface (SEI) on anodes. (II) the contact failure
of lithiated materials and the reformation of SEI due to the severe
volumetric variation during charge/discharge cycles. During the
initial charge/discharge process, the parasitic reactions occurred
between the electrode and electrolyte to form the SEI on the sur-
face of the anode, which irreversibly consumes the lithium ions.
The amount of active lithium consumed is closely related to the
reactivity between electrode materials and electrolytes [8–11].
Generally, the more specific surface area exposed, the more con-
sumption of the active lithium. In addition to the initial Li loss
from SEI formation, alloy (Si and Sn [12]) and conversion type
anode materials that experience a large volume expansion/
shrinkage (>100%) during lithiation/delithiation also continu-
ously consume Li. The increased internal stress leads to the crack
of SEI and particle pulverization. And the SEI regenerated on
fresh exposed surface not only consumes active lithium, but also
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FIGURE 1

The initial charge–discharge curves of the full cells with different anodes and the corresponding schematic diagrams of initial lithium loss. (a) NMC532kGr (b)
NMC532kSiOx [71]. Copyright 2021, The Royal Society of Chemistry.
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isolates lithiated active materials from subsequent cycling (Fig. 1)
[13,14]. All these factors lead to the decreased reversible capacity
and the diminished energy density of the batteries.

Because of the inevitable lithium loss and the limited active
lithium in the LIBs, pre-lithiation, which presets the extra Li
sources to the electrode, is a prerequisite to obtain the improved
initial coulombic efficiency and satisfactory energy density for
the practical application of most LIBs. As the most promising
technologies to promote the commercialization of the high
energy density batteries, pre-lithiation strategy has been inten-
sively investigated, which can be conducted by either electro-
chemically using half-cell, or chemically by directly contacting
the anode with the lithium metal/pre-lithiation reagents prior
to battery operation.[5,15–18].

Substantial reports have highlighted how the proposed pre-
lithiation technologies improve ICE of the full cells, which rep-
resents the irreversible active lithium loss of the battery during
the first cycle and is associated directly to the energy density
of the cell. [19–27]. However, little attention has been paid
to the influence of pre-lithiation on the cyclability. The pre-
lithiation implemented in the full cells will certainly deepen
the lithiation degree of the anode (even if it only compensates
the active lithium loss in the initial cycling). The deeper lithi-
ation degree will increase volume change, especially for alloy
anodes, which poses a challenge to the stability of the SEI.
Noting that the stability mentioned here is the structural
integrity challenged by volume expansion, rather than the
chemical stability affected by the components of SEI. The chal-
lenge would be pronounced for alloy/conversion type anode
materials. In this case, pre-lithiation may lead to more lithium
loss and the deterioration of cycling performance. However, if
the fracture toughness of SEI is high enough to accommodate
the volume variation, properly increasing the amount pre-
lithiation (below the point that leads to lithium plating) can
create an additional lithium inventory, improving the cycling
performance by compensating the lithium loss during the
cycling. As discussed above, the correlation between pre-
lithiation and cycling stability of the full cell is intricate. This
is a universal issue inevitably involved, which is often over-
looked in academic literature. Clarifying this issue and its cor-
responding mechanism is of great significance for guiding
practical industrial production.

Herein, by analyzing the published reports and our recent
findings, we established the correlation between the cycling sta-
bility and the pre-lithiation in full cells, as illustrated in Fig. 2.
The underpinning mechanism determined by the lithiation
degree and the SEI stability was discussed in detail. Moreover,
we recommended the rational design and processing for pre-
lithiation to achieve the optimal performance of the lithium-
ion batteries.
The intricate impacts of pre-lithiation on cycling
stability
The impacts of pre-lithiation on cycling stability can be classified
into three circumstances based on the volume change of the
anodes: (1) positive impact for the anodes with small volume
variation (such as graphite and hard carbon materials); (2) the
unpredictable impact for the alloy/conversion type anodes; (3)
the complicated impact for SiO/Si/graphite composites. The
interactional lithium distribution between silicon and carbon
after pre-lithiation impacts the cycling performance. Each part
discusses corresponding mechanism underpinning the cyclabil-
ity variation combining with typical example.
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FIGURE 2

The statistical diagram of the cycling performance variations after pre-lithiation (full cells with different anodes). Different color blocks represent the
cyclability variation of the pre-lithiated full cells compared to that without pre-lithiation: yellow-deteriorated, white-unchanged, purple-improved.
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Carbon materials
The primary reason for the active lithium loss in carbonmaterials
(such as graphite, hard carbon) is the formation of organic–inor-
ganic SEI in the initial few charge/discharge cycles. The SEI
strongly bonded to carbon can accommodate the <20% of vol-
ume changes during lithiation/delithiation of carbon anodes,
achieving a long cycle life [28–31]. Because the stress incurred
by the pre-lithiation is little, the pre-lithiated anode as well as
SEI can well maintain structural integrity, without causing extra
lithium loss. For the anode with low degree of pre-lithiation, the
pre-loaded lithium is only used to compensate the active lithium
loss related to the initial formation of the SEI during the first
cycle. The cyclability of the full cell after pre-lithiation is almost
unchanged compared with the one without pre-lithiation
(Fig. 3a) [32,33]. However, for anodes with the high degree of
pre-lithiation, the pre-loaded lithium can exist as a lithium
inventory in the anode after compensating the active lithium
loss in the first cycle, which will constantly replenish the active
lithium loss during cycling until exhausted. Therefore, the pre-
lithiation will improve the cycling stability of the full cells
(Fig. 3b) [34–40].

Suggestion for pre-lithiation: reasonably increasing the degree
of lithiation. After compensating the initial capacity loss for the
formation of SEI, the additional amount lithium from pre-
lithiation can serve as the lithium inventory, which can replen-
ish the active lithium loss during cycling for a longer term. Thus,
enhanced cycling performances can be achieved. However, if the
total amount of lithium in the pre-lithiated full cell exceeds the
capacity of anode, the lithium plating on the anode will occur,
generating lithium dendrite, inducing severe active lithium loss
and safety concerns. To achieve a reasonable amount of pre-
lithiation, the principle can be described as follows:
The amount of pre - loaded lithium 6 Ahalf � Cfull:

Ahalf is the lithiation capacity of the anode which obtained in
the anode-Li half-cell, and Cfull is the initial delithiation (dis-
charge) capacity that obtained in the practical full cell. In addi-
tion to electrochemical testing, the lithiation degree of the
anode can be accurately determined by the quantitative analysis
of lithiation products, via solid state nuclear magnetic resonance
(NMR). And the on-line gas analysis mass spectrometry system
112
can be used as an auxiliary method to detect the content of inac-
tive Li in cycled electrode through monitoring the evolution of
H2 during water titration, judging the impact of the pre-loaded
lithium [41,42].
Alloy and conversion type anodes
Different from the carbon materials, the alloy and conversion
type anodes always suffer from huge volume deformation during
lithiation and de-lithiation [43–45]. Take Si as an example, the
lithiation induced volume variation of the Si anode is nonlinear
and drastic [28,46]. In the initial process, the lithium ions are
inserted into the interstitial sites of Si to form amorphous LixSi.
The Si electrode experiences elastic and plastic volume expan-
sion, which can be partially accommodated by the electrode
porosity. Upon further lithiation, the second phase reaction
occurs. The abrupt appearance of Li15Si4 induces the rearrange-
ment of Si structure. At the same time, the volume expands stee-
ply. The rapidly increased internal stress greatly threatens the
structural stability of SEI, which may lead to irreversible loss of
electrolyte and lithiated materials [47]. Furthermore, as reported,
for Si anode, the volume variation rate of the de-lithiation is
more rapid than that of lithiation [28]. In this process, the steep
volume contraction can easily result in the breakage of Si parti-
cles and create more electrically disconnected Si nanoparticles,
causing significant decay of the capacity [48,49]. Most of the
conclusions are also applicable to SiOx, which is composed of
Si domains and the SiOx matrix [8,45,50].

Pre-lithiation improves the ICE of the full cells, and inevitably
deepens the lithiation degree of in the lithiated anode mean-
while, which means more Li15Si4 will be formed (Fig. 4). The
increased amount of Li15Si4 severely challenges the structural sta-
bility of the SEI and the subsequent cycling stability especially in
the Si anode with the particle diameter over 150 nm, where the
stored strain energy from electrochemical reactions and the rela-
tively inhomogeneous lithiation will build up of large tensile
hoop stress on the surface of the particles [51,52]. If the SEI frac-
ture toughness cannot withstand the stress induced by the
increased Li15Si4, the lithium loss caused by the SEI reformation
and contact failure of lithiated materials will increase (Fig. 5a). In
the subsequent cycle, the lithiation degree of pre-lithiated anode
is deeper than that of anode without pre-lithiation due to the



FIGURE 3

The schematic diagram of trade-off in the pre-lithiated full cells and the corresponding reported data (intercalation anodes). (a) Cycling performance and
Coulombic efficiency of full cells with LCO as cathodes and Gr (pristine graphite) and pGr-5 min (pre-lithiated graphite) as the anode [33]. The cyclability of
the full cells after pre-lithiation has no obvious change. Copyright 2021, WILEY-VCH (b) Electrochemical properties of LFP//graphite full cell with and without
the Li3P@rGO composite [36]. Because of the extra lithium inventory, the cyclability of the full cells after pre-lithiation is significantly improved. Copyright
2021, American Chemical Society.

FIGURE 4

The schematic of the active lithium loss in the initial full cell with silicon anode and the pre-lithiated full cell with silicon anode. The red blocks and blue blocks
represent the reversible capacity in the cathode and anode, respectively. The white blocks and the black blocks represent the un-lithiated active material and
the inactive lithiated material, respectively.
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loss of active material occurring in the first cycle, leading to dete-
riorated cycling performance (as summarized in Fig. 2). As shown
in Fig. 6a, the pre-lithiated SiOx/NCA full cell shows obviously
deteriorated cycling stability, and the capacity retention after
100 cycles decreases from 76.97% to 61% [53]. The same situa-
tion also has been reported in other systems, such as the pre-
lithiated SiO/NMC622 full cells [54]. It should be noted that
most of the pre-lithiated cells mentioned above did not maxi-
113



FIGURE 5

Schematic of the cycled alloy anode with an organic, low Eint and non-uniform (a) and an inorganic, high Eint and uniform (b) Li alloy–SEI interface [58].
Copyright 2020, Springer Nature (c) Thickness variation vs specific capacity for the third cycle of the 70 wt% Si electrodes. The anode expansion during the
lithiation is displayed in black, while the electrode contraction curves during de-lithiation is represented in red [28]. Copyright 2020, American Chemical
Society (d) Illustrations of the composite (left) and partitioned (right) views of the SEIs formed in CarEls (carbonate-based electrolytes) and GlyEl (glyme-based
electrolytes) after extended cycling [64]. Copyright 2021, American Chemical Society.

FIGURE 6

The schematic diagram of the cycling stability changes after pre-lithiation and the corresponding reported data (silicon-based anodes). (a) Capacity retention
and coulombic efficiency of the SiO/NMC 622 [54]. The cyclability of the full cells after pre-lithiation is deteriorated. Copyright 2021, American Chemical
Society (b) Capacity retention and coulombic efficiency of the LiFePO4/Si–C and the LiFePO4 (Li2S)/Si–C full cells [65]. The cyclability of the full cells after pre-
lithiation is significantly improved. Copyright 2018, The Royal Society of Chemistry.
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mize the initial discharge capacity, indicating that the pre-loaded
lithium only compensates the lithium loss during the initial
cycle. There is no additional lithium inventory in these anodes.
Even additional lithium inventory is introduced into the anode
by increasing the amount of pre-loaded lithium, the competition
between the lithium loss (due to deeper lithiation degree) and
the lithium compensation (additional lithium inventory) will
make the cycling stability (after pre-lithiation) unpredictable, as
the lithium inventory would create more active lithium loss at
the same time [38,55,56].

Whereas, if the SEI on the anode can maintain the structural
integrity when facing increased stress caused by the deeper lithi-
ation degree, the cycling stability of the full cells after pre-
lithiation can be significantly improved. According to the report
by Qian et al., the pre-lithiated anode(Si@Li2SiO3) can exhibit
improved cycling stability compared with that of the anode
without pre-lithiation (capacity retention increased from 41%
to 83.6%) due to the Li2SiO3 layer which can strengthen the
integrity of the electrode [57]. Recent study also provides a new
pathway to achieve this point by fabricating a LiF-rich SEI with
a high interface energy against Li via the design of the electrolyte
(Fig. 5b), which can accommodate deformation of the alloy and
effectively decrease the lithium loss [58]. In the LiPF6-mixTHF
electrolyte (2.0 M LiPF6 in a 1:1 v/v mixture of tetrahydrofuran
and 2-methyltetrahydrofuran), the high degree of LiPF6 associa-
tion pushed the onset of the its reduction potential, enabling
the formation of high-purity LiF inner SEI layer. Because LiF
has high Eint (interfacial energy) with lithium silicate and LixSi,
the LixSi can relocate at the inner layer of SEI to well accommo-
date the volume deformation. Thus, the SEI deformation and
rupture during the alloy expansion can be effectively suppressed.
Correspondingly, numerous electrolyte additives have been
developed for improving the robustness of the SEI, particularly
the additives that can decompose to fluorine-rich species. Fluo-
roethylene carbonate (FEC), which has been proved as an effec-
tive electrolyte additive for the electrolyte in the cells with
silicon, can form a kinetically stable SEI comprising predomi-
nately lithium fluoride and lithium oxide and greatly stabilize
the interface on anode [59]. Besides, designing the electrode
structure rationally can alleviate the stress on SEI to some extent,
solving the issue of the SEI fracture induced by the severe volume
variation especially in the deeper lithiation degree, decreasing
the active lithium loss, for instance, the Si microparticle encapsu-
lated with the conformal graphene cage as well as the
watermelon-inspired Si/C microspheres [60,61]. In short, for
the anode materials with large volume variation during
lithiation/de-lithiation, the cyclability evolution trend after
pre-lithiation is associated directly with the degree of the pre-
lithiation and the structural stability of SEI. Inappropriate appli-
cation of pre-lithiation even deteriorates the cycling perfor-
mance of the full cells. In addition to the silicon mentioned
above, other anode materials (such as Sn, SnO2) with huge vol-
ume deformation also face the same issue [62,63].

Suggestions for pre-lithiation:

(1) Properly adjusting the N/P ratio and the lithiation degree
at the same time. When the full cell using Si anode is
charged, smaller N/P ratio leads to deeper lithiation of
the anode, and more Li15Si4 formation after pre-
lithiation. A higher N/P ratio can reduce the lithiation
degree of the anode, and appropriately increasing the
amount of pre-loaded lithium can create extra lithium
inventory in anode. According to the volume variation
profiles vs specific capacity, controlling the lithiation state
of the silicon anode under the specific capacity of 2000
mAh/g can significantly reduce volume variation
(Fig. 5c), compared with that of the fully lithiated silicon
anode [28]. The depletion rate of lithium inventory can
be greatly decreased and the pre-lithiation can promote
better cycling stability.

(2) Optimizing the components and structure of SEI. The opti-
mization of SEI involves a comprehensive consideration of
the factors at the interface, namely the active material of
silicon particles, the binders, and the electrolytes. Among
them, the design of electrolyte should be highlighted,
which is crucial for achieving a favorable SEI with
enhanced fracture toughness. Several enhanced SEI based
on smart electrolyte design, such as elastic polyether
enriched SEI reported by Nanda et al.(Fig. 5d) [64], LiF-
based SEI from Chen et al. [58], can maintain the integrity
of structure upon cycling and effectively improve the
cycling stability of Si anode. The improved structural sta-
bility of SEI can protect Si from severe fracturing, avoiding
the issues caused by active lithium loss.

Composite anodes
Si (SiOx)-graphite is one of the most widely used composite
anode materials in the modern industry [66], and pre-lithiation
is essential for these materials to achieve higher energy density.
Except the volume variation caused by the deeper lithiation,
the lithium distribution in the lithiated anode also presents a sig-
nificant influence on the cycling stability. The trade-off between
the lithium compensation and consumption after pre-lithiation
is more complicated in this composite system, because the lithi-
ation potential of graphite is close to the Li15Si4 formation poten-
tial (around 90–100 mV) [67], as illustrated in our recent finding
[68]. Through solid state NMR, we traced the evolution of active
lithium distribution in the lithiated SiOx-graphite composite
anode before/after pre-lithiation (taken out from the fully
charged full cells). Compared with the anode without pre-
lithiation, the proportion of LiCx and Li15Si4 have notably
increased in the pre-lithiated anode simultaneously. The addi-
tional lithium storage in LiCx is favorable for long cycle lifespan
due to the excellent reversibility of graphite. However, as dis-
cussed above, Li15Si4 is the major source for electrode deforma-
tion, which results in the fracture of the SEI and contact failure
of active materials. In this case, the lithium distributed at Li15Si4
poses a challenge for the overall cycling performance [69].

The unfavorable lithium distribution at Li15Si4 in the compos-
ite anode triggers intricate impacts on the cycling performance of
the pre-lithiated full cells. The cycling stability of the full cells
with composite anodes displays various trends (improved
(Fig. 6b) [65,70–74], deteriorated [50,75], and unchanged [76–
78]). Besides the stability of SEI, the cyclability of the pre-
lithiated composite anode is also closely associated with the
115
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degree of the pre-lithiation, and the composition and proportion
of the anodes.

Suggestions for pre-lithiation of composite anodes:
Improving the cyclability of the pre-lithiated composite

anodes makes a great significance for its practical large-scale
application. In addition to the aforementioned strategies for
the optimization of the pre-lithiated silicon anodes [60,79–85],
there are some proposals specifically aimed at realizing the opti-
mized cycling stability of the composite anode:

(1) The adjustment of the composition proportion. The key
point is to increase the amount of pre-loaded as an inven-
tory. To prevent lithium plating, the specific capacity of
anode should be improved along with the N/P ratio. If
the proportion of silicon or SiO is appropriately increased
with the enlarged N/P ratio, the lithiation degree of the
anode will be decreased, which can reduce volume defor-
mation of silicon. Thus, the pre-lithiated full cells with
improved cycling stability can be achieved owing to the
decreased active lithium loss and the contribution of
increased lithium inventory.

(2) Separating the lithiation potential. Developing effective
methods to separate the lithiation potential of LiCx and
Li15Si4. Improving the utilization rate of highly reversible
graphite and reducing the amount of Li15Si4 are of great
significance for optimizing the cyclability of the composite
anode.

We proposed a LiF induced selective lithiation strategy to sep-
arate the formation potential of LiCx and Li15Si4 (Fig. 7). Due to
the difference of interface separation energy (Wsep, the ideal work
of separation, which models the required energy of idealized sep-
aration of the interface into two surfaces in vacuum [86])
between LiF and the active materials (Si, SiO, and graphite), LiF
can in-situ preferentially accumulate on local Si@SiOx particles.
The LiF with poor ionic and electronic conductivity slows down
FIGURE 7

The illustration of SEI formation and the lithiation state of different anodes. PL S4
by LiF. From left to right, the original state of the anodes, the state of the anod
anodes. The grey circle and the blue circle represent the state of graphite and
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the lithiation kinetic at Si@SiOx particles and makes the Li15Si4
form at lower potential, significantly improving the utilization
rate of graphite and reducing the amount of Li15Si4. As a result,
the cycling stability of the pre-lithiated Si@SiOx/C composite
anode is significantly improved through unshackling the highly
reversible lithium storage capability of graphite from the redun-
dancy capacity. In an ultra-high area capacity (NCA/S450,
4.9 mAh/cm2) full cell demonstration, the capacity retention
can be significantly improved from 85% to 94.2% after 300
cycles.
Outlook and conclusions
Attention should be paid to the by-products or the residues gen-
erated by the pre-lithiation reagents, which may have certain
impacts on cycling stability through changing the composition
or structure of SEI. For example, the implement of some chemical
pre-lithiation which required the electrode to be immersed in a
specific pre-lithiation solution, generally faces the issue of resid-
ual organic reagents, because it is difficult to clean thoroughly,
which may affect the formation and the chemical stability of
SEI. Even the incompletely decomposed reagents and the by-
products are inert, such as the byproduct (N2) from Li3N, it also
poses impacts on internal environment and the energy density
of the battery, which should be taken into account for the indus-
trial applications [87]. Moreover, attention should be paid to the
safety hazards of ex-situ pre-lithiation, such as the heat release
during pre-lithiation and the environmental stability of the
material (lithium foil, lithium powder). By contrast, the in-situ
pre-lithiation technologies without introducing inactive ele-
ments and damaging electrode structure should be a promising
approach. For instance, as reported by Suo et al. Li2[Ni0.8Co0.1-
Mn0.1]O2 can act as a Li-ions extender to release a large amount
of Li-ions during the first charging process then convert into
NCM811, thus supplementing the Li loss without the introduc-
tion of inactive elements [88].
50: pre-lithiated S450 anode; LiF/PL S450: pre-lithiated S450 anode modified
es after they are immersed in the electrolyte, and the lithiated state of the
the Si@SiOx in different anodes, respectively.
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Multifunctional pre-lithiation technologies are highly desir-
able. For instance, the mixture of Li2O and MgO can serve as
an effective pre-lithiation reagents for the industrial level prepa-
ration of SiO. The reaction products, LixMgySizOn, can stabilize
SEI structure and improve the transport efficiency of lithium
ion in SEI [89]. The Li3P, with a high Li content of 57.82 molLi/
kg, has been applied to compensate for the active lithium loss.
After the initial extraction of Li+, the residual phosphorus
remaining on the cathode can work as a fire retardant, improving
the energy density and safety of the full cell at the same time
[36]. In addition to the optimization of pre-lithiation reagents,
the processes can also be adjusted to achieve multifunctional
pre-lithiation. A case in point is the recently reported lithium-
biphenyl pre-lithiation method. Because of the homogeneous
Li organic complex pre-lithiation solution and high-
temperature calcination process, it introduces extra lithium as
well as improves the structural integrity of the electrode, decreas-
ing the irreversible active material loss upon cycles [90]. Besides,
the direct formation of high quality SEI through pre-lithiation to
reduce the consumption of electrolyte during battery operation
is a promising method in industrial applications, which has been
rarely reported and the extensive exploration is required.

In summary, pre-lithiation is a widely applied technology to
improve the energy density of lithium-ion batteries by providing
additional lithium to compensate the lithium loss. It is worth
pointing out that the pre-lithiation has a complicated effect on
the cycling stability of the lithium-ion batteries, which is closely
related to the degree of pre-lithiation and the stability of SEI. The
mechanism underpinning the cyclability variation after pre-
lithiation is elucidated building upon the systematically summa-
rizing the existing reports. For the anodes with small volumetric
deformations upon lithiation and de-lithiation, pre-lithiation
usually has a positive effect on cycling stability. Nevertheless,
for materials such as silicon, tin, and the related composite
anodes, while pre-lithiation replenishes the lithium loss, the
inevitable deeper lithiation degree of the anode will severely
challenge the structural stability of SEI. Inappropriate pre-
lithiation may adversely affect the cycling stability of the full
cells. It is of great significance to analyze the correlation and
mechanism between cyclability and pre-lithiation in full cells
with different kinds of anodes for guiding the application of
pre-lithium technology in practical industrialization. The pro-
found insights mentioned in this paper will provide beneficial
guidance for pre-lithiation to achieve performance-enhanced
lithium-ion battery in the future.
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