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Abstract: Anode-free lithium metal batteries can maximize the
energy density at the cell level. However, without the Li
compensation from the anode side, it faces much more
challenging to achieve a long cycling life with a competitive
energy density than Li metal-based batteries. Here, we prolong
the lifespan of an anode-free Li metal battery by introducing
Li-rich Li2[Ni0.8Co0.1Mn0.1]O2 into the cathode as a Li-ions
extender. The Li2[Ni0.8Co0.1Mn0.1]O2 can release a large
amount of Li-ions during the first charging process to supple-
ment the Li loss in the anode, then convert into NCM811, thus
extending the lifespan of the battery without the introduction of
inactive elements. By the benefit of Li-rich cathode and high
reversibility of Li metal on Cu foil, the anode-free pouch cells
enable to achieve 447 Wh kg�1 energy density and 84%
capacity retention after 100 cycles in the condition of limited
electrolyte addition (E/C ratio of 2 gAh�1).

Introduction

Lithium-ion batteries (LIBs) have dominated the consu-
mer electronics market and continually penetrating the
electric vehicle and electric energy storage markets.[1] How-
ever, the rock-chair configuration of the traditional Li-ion
chemistry restricts the energy density of LIBs less than
300 Whkg�1, which is unsatisfactory in those emerging
application scenarios.[1c,2] Under the circumstances, Li met-
al-based batteries (LMBs) are reconsidered as the next-
generation beyond Li-ion batteries.[3] Since Li anode process-

es the reversibly electrochemical plating/stripping and Li
contained cathode enables to provide Li resource; theoret-
ically, the anode free is feasible for LMBs that is called
“anode-free lithium metal batteries (AF-LMBs).[4] AF-LMBs
are regarded as the ultimate choice for Li metal batteries with
a very high theoretical energy density. Compared to the
traditional LMBs, the removal of the anode materials would
maximize the energy density of LMBs exceeding 400 Whkg�1

at the cell level.[5] Among various cathode materials (Ta-
ble S1),[6] Li[Ni0.8Co0.1Mn0.1]O2 (NCM811) shows the most
balanced properties with high energy density and cycling
stability,[7] which is perfect for AF-LMBs.[8]

Despite that, it is also definitely more challenging for AF-
LMBs to achieve a long cycling life without Li compensation
from the anode side than traditional LMBs. The lithium metal
anode (LMA) usually suffer from the low Coulombic
efficiency (CE) and the fast capacity fading resulting from
seriously the virtually infinite volume change, potential
dendrite growth (dead Li generation) during Li plating
(stripping) and the continual side-reaction consuming by the
formation of non-robust solid electrolyte interphase (SEI).[3]

Recently, the CE of the state-of-art LMAs has been improved
significantly above 99.5 % by developing functional electro-
lytes,[8b, 9] interface engineering,[10] and using robust hosts;[11]

however, it is still far from the absolute AF-LMBs� require-
ment of > 99.98%, assuming that the cycle life of the LMBs
achieves > 1000 cycles with the capacity retention of > 80 %.
Meanwhile, as the reported AF-LMBs using NCM or NCA as
a cathode summarized in Table S2, so far, most of their areal
capacities are less than 3 mAhcm�2 that limited the energy
density at the cell level below 300 Wh kg�1, and almost all
these AF-LMBs except Dahn�s and Cui�s works are evaluated
in coin cells.[4b, 8c,12] Thus, it is indeed a critical challenge for
AF-LMBs to lasting cycling life with above 300 Whkg�1 at the
full cell level.

Herein, Li-rich Li2[Ni0.8Co0.1Mn0.1]O2 (short for
Li2NCM811) material with P�3m1 structure has been partly
applied into the cathode for AF-LMB to extend its lifespan,
like a disposable fuel tank for a space shuttle. When
comparing with conventional Li[Ni0.8Co0.1Mn0.1]O2

(NCM811) material,[13] nearly twice of the Li resources are
stored in the Li layer of Li2NCM811 without affecting the
structural stability of the transition metal layer, as illustrated
in Figure 1 a. The Li2NCM811 can be reversibly converted
into conventional NCM811 by de-intercalation of excess Li
from the Li layer during the first charging process, and the
excess Li resources will be temporarily stored in the anode
(Figure 1a). After that, it will function as a conventional
NCM811 cathode and work steadily in the future cycles.
Besides, unlike pre-lithiation additives,[14] the Li resources
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stored in Li2NCM811 can be 100 % converted into active Li,
without the introduction of additional mass brought up by
other inactive elements, thus improving the lifespan of AF-
LMB without sacrificing its energy density. More importantly,
the operation of such AF-LMB during storage or transport
before the first charge is more convenient than that of Li-
containing LMBs without highly reactive metallic Li. All
these factors make this concept very attractive for the
development of long-life and high energy density LMBs.

It is worth noting that the P�3m1 structure is not the
ground state of Li2[Ni0.8Co0.1Mn0.1]O2 and hardly synthesize
directly by solid-state reaction.[15] However, it can be obtained
by the over-lithiation of NCM811 with the R�3m structure,[16]

including chemical lithiation and electrochemical lithiation
(Figure 1b,c, and S1–S4). For example, Li2NCM811 can be
obtained by the reaction of n-butyl Li with NCM811. With the
increase of reaction time, NCM811 can be completely
lithiated, confirmed by the disappearance of NCM811
reflections, as shown in Figure 1c. Notably, only partly
lithiated NCM811 are used in cell fabrication, as explained
in Figure S5. The lithiated NCM811, composed of NCM811
core and Li2NCM811 shell, is named Li1+x[Ni0.8Co0.1Mn0.1]O2

(short for Li1+xNCM811, 0< x� 1) based on its
chemical composition as determined by ICP (Table S3). For
example, NCM811 with a lithiation degree of 37 % is
named Li1.37[Ni0.8Co0.1Mn0.1]O2 (Li1.37NCM811). Using this
Li1+xNCM811 as a cathode, the anode-free pouch cell we
assembled with high cathode mass loading (25 mgcm�2) and
limited electrolyte addition (E/C ratio of 2 gAh�1) shows
a high capacity retention of 84% after 100 cycles.

Results and Discussion

From the voltage profiles of NCM811 half-cells with
different cut-off voltages (Figure S6), a new reversible
plateau appears at 1.8 V, confirming the reversible conversion
between Li2NCM811 and NCM811. Furthermore, in situ X-
ray Diffraction (XRD) was performed to observe the
complete discharge and charge process of NCM811 visually.
Before the in situ XRD measurement, the in situ cell was
charged to 4.3 V, and then constant voltage was charged until
the current dropped below 0.02 C (1 C = 200 mAg�1). Sub-
sequently, the in situ XRD test was carried out with the
following first discharge process to 1.6 V and re-charge to
4.3 V under a current density of 0.1C. Figure 2a shows
contour plots illustrating the evolution of the NCM811
reflections whose corresponding XRD patterns in Figure S7.
At first glance, all Bragg reflections of NCM811 show quite
good reversibility. Rietveld refinement of the XRD pattern
discharged to 2.6 V confirmed the sample to be of the layered
R-3 m type NCM811 (Figure 2b), in agreement with litera-
ture reports.[13a, c] Notably, the characteristic (002), (100), and
(014) reflections of P�3m1 type Li2NCM811 also gradually
appear as the over-discharge progressed. The (002) plane of
Li2NCM811 originates from the (003) plane of NCM811,
proving that Li ions can continue to intercalate into the Li
layer of NCM811 while maintaining the layered structure.
Through the Rietveld refinement of the XRD pattern dis-
charged to 1.6 V (Figure 2c), the coexist of R�3m NCM811 and
P�3m1 Li2NCM811 can be confirmed. And the d-spacing of the
NCM811 (003) plane has increased from 0.473 nm to

Figure 1. The concept of Li2[Ni0.8Co0.1Mn0.1]O2 (Li2NCM811) based anode-free Li metal batteries. a) Scheme of Li2NCM811 extending the lifespan
of AF-LMB. b) The illustration of Li2NCM811 synthesized by chemical lithiation or electrochemical lithiation. c) XRD patterns of NCM811 react
with n-butyl Li for different hours.
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0.506 nm to form the (002) plane of Li2NCM811. Then, the
(002), (100), and (014) reflections of Li2NCM811 disappear
during the charging process, indicating the reversibility of this
over-lithiation reaction. Rietveld refinement of the XRD
pattern charged back to 3.6 V confirmed the disappearance of
P�3m1 Li2NCM811 (Figure 2d). The intensity of NCM811
reflections also becomes stronger again, indicating that P�3m1
Li2NCM811 converted back to R�3m NCM811. Similar
lithiation reaction of LiNiO2 to form P�3m1 structure Li2NiO2

has been reported by Dahn et al.[16]

The over-lithiation process will drive the octahedral Li-
ions into tetrahedral sites, as illustrated in Figure 2e. How-
ever, the Li-ion conduction in the Li layer of NCM811 occurs
from one octahedral site to another via a neighboring
tetrahedral void that shares faces with three octahedral
within the Li layer as it offers the lowest energy barrier.[15] The
occupation of all tetrahedral sites in Li2NCM811 certainly
blocks the diffusion pathways towards the bulk resulting in an
apparent overpotential (Figure S8 and S9). Thus, it might not
be suitable for energy storage limited by the show kinetic, and
the relatively low working potential < 2.5 V regarded as the
invalid capacity in full cell. However, it is an ideal Li

supplementation. After completing its mission for Li supple-
mentation, Li2NCM811 can continue to participate in cell
cycling function as an NCM811 cathode. Notably, the
chemical stability of Li2NCM811 stored in the air with
a humidity of 15% is also satisfactory (Figure 2 f), although
slight oxidation occurs at the surface (Figure S10). Even
exposed to air with a humidity of 15% for five days, the
reflections of Li2NCM811 can still be observed from the XRD
pattern. This also makes Li2NCM811 possibly applied in other
LIBs to compensate for the Li loss resulting from low CE.

The two-phase distribution and crystal structure of
lithiated NCM811 are further investigated by Spherical
Aberration Corrected Transmission Electron Microscope
(ABF-STEM) combining with Electron Energy Loss Spec-
troscopy (EELS). Figure 3a shows the EELS spectra of Ni,
whose corresponding spectra collection sites in Figure S11–
S13. It observed an evident shift of Ni energy loss peak from
858 to 857 eV in the lithiated NCM811, indicating that the
continued insertion of Li ions reduced the valence of Ni from
3+ to 2+.[17] As the EELS linear profile of a lithiated cathode
particle shown in Figures 3b and c, the outer layer of the
cathode particle exhibits two valent Ni and with the scan

Figure 2. The evaluation of the reversible phase transition between NCM811 and Li2NCM811. a) Contour plot of in situ XRD patterns of an
NCM811 half-cell along with corresponding voltage profiles. XRD patterns, along with corresponding Rietveld refinements of NCM811 cathodes
(b) discharged to 2.6 V, c) discharged to 1.6 V, and d) charged back to 3.6 V. e) Crystal structures of NCM811 and Li2NCM811 along with
corresponding Li occupations. f) The chemical stability of lithiated NCM811 cathode in air with a humidity of 15%.
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progressed deep into the inner particle, the energy loss peak
of Ni broadened toward the high valence, indicating the
coexistence of 2+ and 3+ Ni. It reveals the formation of
Li2NCM811 locals on the surface of the lithiated NCM811
particles and forms the core–shell structure of NCM811-
Li2NCM811, as illustrated in Figure 3d. The possible reason is
that the strong electrostatic repulsion between the tetrahedral
Li-ions in P�3m1 Li2NCM811 mentioned above might result in
the blockage of Li migration channels, and the NCM811 deep
inside the particle cannot be further lithiated. Meanwhile, as
the Figure 3e and f show, the cycled NCM811 after over-
discharge to 1.6 V still maintain the identified (003) plane of
NCM811 intuitively, double confirming the reversible con-
version between Li2NCM811 and NCM811.

Considering that it has approximately 6.8% volume
expansion from NCM811 to Li2NCM811, the electrochemical
performance of Li1+xNCM811 was evaluated in the half-cells
by the electrochemical controlling ratio of Li2NCM811 to
NCM811 (Figure 4). The preparation and cycling stability of
Li1+xNCM811 with different over-lithiation degrees are
discussed in Figure S14 and S15, whose corresponding initial
capacities and capacity retentions after 100 cycles are sum-
marized in Figure 4a. It manifests that a higher lithiated
degree indeed increases the initial discharge capacity, but,
with the continual increment of over-lithiation, the capacity
retention began to contaminate once the value exceeds above
� 25 mol%. It possibly results from the low binder content in
the high loading cathode (only 2 wt %) is susceptible to
volume expansion. However, in the following experiment, the
mol percentage of Li2NCM811 in the cathode is controlled at
less than 40 mol%.

Figure 4b shows the electrochemical over-lithiated volt-
age profiles of Li1.2NCM811. The specific discharge capacity

is 196.50 mAh g�1 into 2.6 V at 0.5 C, then the continued
over-discharge until the specific capacity increased by
55.07 mAhg�1 at 0.2 C (20.45% of the theoretical capacity).
The electrochemical performances of the Li1.2NCM811 cath-
ode were further compared with the NCM811 cathode

Figure 3. The confirmation of the lithiated NCM811 composite structure. a) EELS spectra of pristine NCM811, over-discharged NCM811, and re-
charged back NCM811 cathode. b) STEM image of an lithiated NCM811 particle over-discharge to 1.6 V along with the path of EELS liner scan.
c) Contour plot of EELS spectra obtained from the EELS linear scan of an over-discharged NCM811 particle. d) Scheme of a lithiated Li1+xNCM811
particle over-discharge to 1.6 V. e) HAADF-STEM image of an NCM811 particle. f) HAADF-STEM image of an NCM811 particle first discharge to
1.6 V and then charge back to 3.6 V.

Figure 4. The electrochemical performance of Li1+xNCM811 cathode.
a) Initial capacities and final capacities (bars donate SD) after 100
cycles of Li1+xNCM811 half-cells with different content of Li2NCM811.
b) Voltage profiles of an NCM811 half-cell discharge to 2.6 V and then
over-discharge to achieve a Li2NCM811 content of 20%. c) Voltage
profiles and d) cycling performances of NCM811 half-cell and
Li1.2NCM811 half-cell. (Li1.2NCM811 was lithiated by over-discharge of
a half-cell.)
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(Figure 4c and 4d). Surprisingly, the Li1.2NCM811 cell deliv-
ers a discharge capacity of 204.78 mAhg�1 (4.3–2.6 V),
apparently outperforming the NCM811 cathode
(194.06 mAh g�1, Figure 4c) consistent with the discovery in
the NCM811 cathode, whose capacity also increased after
electrochemical over-lithiation (Figure S16). Meanwhile,
Li1.2NCM811 half-cells exhibit excellent cycling stability
comparable to NCM811 cathode (Figure 4d). It demonstrat-
ed that the Li1.2NCM811 cathode not only can release much
more Li in the initial charge but also has a higher capacity
with outstanding cycling stability.

It is worth noting that the reason why we prefer anode-
free is that Cu foil has a higher Li utilization efficiency over Li
foil. The irreversible loss of active Li cycling on Cu foil will be
lower than that on Li foil, resulting in higher capacity
retention achieving of AF-LMBs. Because the surface of Li
foil has unavoidably a passivation layer composed of Li2O,
Li2CO3, LiOH, hydrocarbon, and carbonate, leading to
a nonuniform lithophilic distribution, negative effecting to
the uniform nucleation and growth of Li plating.[18] A similar
phenomenon has been studied on Li cycling efficiency on Cu
foil and plated Li, proving the advantage of Cu foil.[19] To

verify the point, the surface topography images of Cu and Li
foils were characterized by Atomic Force Microscopy (AFM).
As shown in Figure 5a, Cu foil exhibits a uniform surface,
while the surface of Li foil was dispersed with small particles,
which is regarded as lithophobic. Thus the wettability of Li
foil with electrolyte is worse than that of Cu foil (contact
angle: 72.58 VS. 42.78) (Figure 5b). Then, Cu foil and Li foil
paired with Li plates as half-cells, and different amounts of Li
were plated onto Cu and Li substrates to observe the different
nucleation and growth behaviors of Li. Figures 5 c, S17a and
S18a show the SEM images of Cu and Li foils after
0.25 mAh cm�2 Li plating. As expected, the nucleation of Li
on Li substrate is nonuniform. The Li metal first nucleates at
high conductive regions and then grow to other regions,
laterally grown dendrites. Then, as the amount of Li plating
increase to 5 mAh cm�2 (Figure 5d, S19a and S20a), all
regions of Li substrate are covered by plated Li, but there
are still a large number of regions where Li plating is not
dense enough, which benefiting the generation of dead Li and
the side-reaction of Li with electrolyte.[20] In contrast, Cu foil
shows significant advantages over Li foil by providing a uni-
form Li nucleation (Figure 5c, S17b and S18b) and dense Li

Figure 5. The Li depositing/stripping behavior on Li and Cu substrate. a) Surface topography AFM images of Li foil (left) and Cu foil (right).
b) Contact angles of electrolyte on Li foil (left) and Cu foil (right). SEM images of Li foil (left) and Cu foil (right) after c) 0.25 mAhcm�2 and
d) 5 mAhcm�2 Li plating at 0.5 mAcm�2. Cross-section SEM images of e) Li foil and f) Cu foil after 5 mAhcm�2 Li plating at 0.5 mAcm�2. g) CE of
a Cu/Li half-cell using 6 m LiFSI in DME as the electrolyte. h) Voltage profiles of Li plating onto Li foil and Cu foil for the first cycle with a current
density of 0.5 mAcm�2. i) Voltage profiles of Li stripping from Li foil and Cu foil after cycling with a fixed capacity of 5 mAhcm�2 for 5 times at
0.5 mAcm�2.
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plating morphology (Figure 5 d, S19b and S20b). To better
understand the nucleation and growth behavior of Li plating,
the cross-sections of Cu and Li substrates after Li plating were
prepared by Focused Ion Beam (FIB), as shown in Figure 5e,
f and S21. Because of the inhomogeneity of Li nucleation,
a large number of voids can be observed at the interface
between Li substrate and plated Li. Because of the scarcity of
nucleation sites, the real current density of Li plating is much
higher than the set value, which benefiting the generation of
Li dendrites. This highly porous Li plating morphology is also
more likely to lead to the formation of isolated “dead Li”
during Li stripping, which seriously affects the lifespan of Li
anode. While Cu foil shows much denser Li plating morphol-
ogy, significant advantages than Li foil (Figure 5 f and S21b)
because the conductivity and lithophilicity distribution on the
Cu surface is much more uniform, higher CE of Li plating/
stripping in appropriate electrolytes.[8c,9, 12j,k, 21] Figure 5 g
shows the CE of a Cu/Li half-cell using 6 m LiFSI in DME
(6 mol LiFSI salt in 1 liter DME solvent) as electrolyte under
0.5 mAcm�2 and 5 mAhcm�2. The CE of the cell reached
99% after 10 cycles. The average CE of the first 10 cycles can
only reach 97.9% because of the low initial CE (ICE, 93.2 %),
which reminds us that the capacity loss of anode-free batteries
mainly comes from the previous cycles. Therefore, the
capacity retention of AF-LMBs can be significantly improved
by adding a small amount of Li resources to offset the
irreversible Li loss in previous cycles. And it is quite
important to Figure out whether the extra Li should be
added to anode or cathode.

Since Li substrate is less efficient for Li plating, attaching
extra Li foil to anode current collector may reduce the
utilization efficiency of limited Li resources from cathode
materials. To verify this, LiLimited/Li cell was assembled by
using limited Li foil (2 mAhcm�2) covered Cu foil as a work-
ing electrode and Li plate as a counter electrode, while Cu/Li
cell was assembled by using Cu foil as a working electrode and
Li plate as a counter electrode. In order to ensure the same
amount of active Li on both two working electrodes
(7 mAh cm�2), 5 mAhcm�2 Li was plated onto the limited Li
electrode and 7 mAh cm�2 Li was plated onto the Cu
electrode (Figure 5 h). Notably, the plating of Li onto Cu foil
exhibits a smaller nucleation overpotential of �73 mV (the
inset of Figure 5h), almost half of that on Li foil (�147 mV).
Then, 5 mAh cm�2 Li in the working electrodes are continu-
ously stripped/plated for 5 times (Figure S22). Finally, these
half-cells are charged to 2 V to ensure that the remaining
active Li on the working electrodes are completely stripped
(Figure 5 i). The only difference between these two working
electrodes is that Li cycles on Li or Cu substrates, therefore,
the amount of residual active Li directly reflects the Li
utilization efficiency of these two working electrodes.[22] As
expected, Cu electrode shows a higher Li utilization efficiency
with 6.51 mAhcm�2 residual active Li, when comparing
with 6.24 mAh cm�2 for limited Li electrode, proving the
advantages of Cu substrate over Li. These results highlight
the advantage of this strategy by storing extra active Li in
cathode material rather than directly attaching it to the
anode, especially when the amount of Li added is extremely
limited.

Encouraged by the results in the half-cells, the 60 mAh
level single-layer anode-free pouch cells are assembled where
Li1.37NCM811(prepared by electrochemical method, Fig-
ure S3) and NCM811 electrodes (25 mgcm�2, 30 � 41 mm2)
paired with Cu foils (31 � 41 mm2), respectively (Please see
the detailed parameters of the pouch cell in Table S4 and S5).
Figure 6a shows that the Li1.37NCM811/Cu exhibits not only
superior cycling stability than NCM811/Cu but also better
than the NCM811/Li batteries, where excessive Li
(2 mAh cm�2) is applied. Detailedly, Li1.37NCM811/Cu out-
performs NCM811/Li in initial specific capacity
(203 mAhcm�2 vs. 194 mAhcm�2) and exhibits capacity
retention of 84% after 100 cycles, much higher than that of
NCM811/Li (68 %) (as shown in Figure 6a). Besides, to
evaluate the real energy density of our AF-LMBs, we
assembled the hand-made level multi-layer anode-free pouch
cells (300 mAh) where Li1.31NCM811 (lithiated by n-butyl Li,
31.25 mgcm�2, 30 � 40 mm2) paired with Cu foil (31 � 41 mm2)
(Figure 6b–d). As shown in Figure 6 c, Li1.31NCM811/Cu
outperforms NCM811/Li in initial energy density
(447 Whkg�1 vs. 415 Whkg�1), and the energy density re-
mains 416 Whkg�1 after 50 cycles. The energy density of this
Li1.31NCM811/Cu cell is determined from the weight of the
cell core, excluding the weight of Al-plastic film packaging
(21.8 wt %).[23] Notably, the energy density based on the total
weight of a single cell can reach 350 Whkg�1 (Table S6), still
one of the highest among reported AF-LMBs (Table S2).
Figure 6e shows the first cycle voltage profiles of NCM811/
Cu, NCM811/Li, and Li1.37NCM811/Cu pouch cells. Com-
pared with the other two cells, a new change plateau appears
at 2.4 V in Li1.37NCM811/Cu, corresponding to the transfer of
active Li from Li1.37NCM811 cathode to anode as Li reservoir,
resulting in the highest charge capacity of 312 mAhg�1.
Figure 6 f shows the normalized voltage profiles of
Li1.35NCM811/Cu pouch cells at the 2nd and 100th cycles. Even
after 100 cycles, the working voltage of Li1.35NCM811/Cu
nearly no drops whose energy efficiency maintained above
94.92% (the 2nd cycle: 95.22%), confirming the stability of
battery operation.

Conclusion

In conclusion, we propose to adopt the Li-rich P�3m1 type
Li2[Ni0.8Co0.1Mn0.1]O2 (Li2NCM811) to configure the anode
free Li metal batteries that enable to prolong the lifespan of
AF-LMB in the high energy density level. In the first charge
process, the Li2NCM811 cathode not only acted as an
extender to release an extra amount of Li-ions that supple-
ments the Li loss in the anode but also reversibly converted
back to NCM811, thereby extending the lifespan of the
battery without the introduction of inactive elements, like
a disposable fuel tank for a space shuttle. Meanwhile, after the
lithium releasing process. By the benefit of Li-rich cathode,
the anode-free pouch cell enables to achieve the capacity
retention above 84 % after 100 cycles in the condition of high
cathode mass loading (25 mg cm�2) and limited electrolyte
addition (E/C ratio of 2 gAh�1). The energy density of
300 mAh level multi-layer AF-LMB using this Li-rich cath-
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ode can achieve 447 Whkg�1. All these above advantages
make this strategy attractive to the further development of
high energy density batteries by extending their lifespans.
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Li-Rich Li2[Ni0.8Co0.1Mn0.1]O2 for Anode-
Free Lithium Metal Batteries

Li-rich Li2[Ni0.8Co0.1Mn0.1]O2 (Li2NCM811)
contains twice as much Li as NCM811
and can be converted into NCM811 by de-
intercalation of Li-ions. When applied in
anode-free lithium metal batteries,
Li2NCM811 can release a large amount of
Li-ions during the first charging process
to supplement the Li loss in the anode,
then convert into NCM811, thus extend-
ing the lifespan of the battery without the
introduction of inactive elements.
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