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lithium (Li)-metal anode exhibits huge
potential in the next-generation highenergy-density batteries.[1] The researches
on lithium-metal batteries (LMBs) (such
as Li–sulfur (Li–S), Li–oxygen (Li–O2),
etc.) are attracting more considerable
attentions, prefiguring the renaissance
of the Li-metal anode as the “Holy Grail”
electrode.[2]
Unfortunately, the unstable interface
between the Li-metal electrode and the
nonaqueous electrolyte leads to the inhomogeneous and uncontrollable deposition
of Li ions (dendritic Li growth) as well as
the enhanced consumption of Li metal
and electrolyte during repeated electrode
reactions.[3] This induces the following
two disastrous consequences: (1) Li dendrites have potential risk of penetration
through the separator and cause short
circuit, resulting in the thermal runaway,
fire, and possible explosion of rechargeable cells;[4] (2) dendritic
Li is easy to break away from conductive skeleton,[5] resulting in
the formation of dead Li and hence low Coulombic efficiency.[6]
Consequently, the Li-metal anode has long been forsaken
toward practical applications in rechargeable batteries.
Several emerging strategies have been proposed to protect the Li-metal anode by the in situ formation of stable solid
electrolyte interphase (SEI).[7] Various robust in situ SEI have
been achieved through the addition of liquid electrolyte additives (LiNO3,[8] LiNO3–Li2Sx,[9] nanodiamonds,[10] fluoroethylene
carbonate,[11] vinylene carbonate,[12] CsPF6,[13]) and composite
lithium salts (lithium trifluoromethane-sulfonimide (LiFSI)–
lithium bis(trifluoromethane)-sulfonimide (LiTFSI),[14] lithium
bis(oxalato)borate-lithium hexafluorophosphate (LiPF6)[15]),
or superconcentrated lithium salt electrolyte (LiTFSI[16] and
LiFSI[17]). Due to the continuous consumption of sacrificial
additives and salts, the in situ formed SEI suffers from continuously structural evolution and consequently unstable stripping/
plating of the Li-metal anode. The incorporation of ex situ artificial SEI (such as LiPO3,[18] Li3N,[19] Al2O3,[20,21] electrochemical plating inorganic layers[22]) are also considered as another
route to build robust SEI. Building a stable interface between
the lithium-metal anode and the electrolyte is prerequisite to
achieve uniform Li plating/stripping behavior for LMBs with
high safety and long lifespan.
In this contribution, an ex situ armored LiF/Cu-based protective mixed ionic/electronic conductor interphase (MCI)[23] film

Lithium-metal electrodes have undergone a comprehensive renaissance to
meet the requirements of high-energy-density batteries due to their lowest
electrode potential and the very high theoretical capacity. Unfortunately, the
unstable interface between lithium and nonaqueous electrolyte induces dendritic Li and low Coulombic efficiency during repeated Li plating/stripping,
which is one of the huge obstacles toward practical lithium-metal batteries.
Here, a composite mixed ionic/electronic conductor interphase (MCI) is
formed on the surface of Li by in situ chemical reactions of a copper-fluoridebased solution and Li metal at room temperature. The as-obtained MCI film
acts like the armor of a soldier to protect the Li-metal anode by its prioritized
lithium storage, high ionic conductivity, and high Young’s modulus. The
armored MCI can effectively suppress Li-dendrite growth and work effectively
in LiNi0.5Co0.2Mn0.3O2/Li cells. The armored MCI presents fresh insights into
the formation and regulation of the stable electrode–electrolyte interface and
an effective strategy to protect Li-metal anodes in working Li-metal batteries.

The demands for more active time of cell phones and larger
driving range of electric vehicles result in a never ending thirst
for rechargeable batteries with higher energy density. Due to
the lowest electrode potential (−3.040 V vs standard hydrogen
electrode) and very high theoretical capacity (3860 mAh g−1),
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Figure 1. Schematic diagram of the armored MCI and its functions on Li plating. a) The introduction of Cu atoms improves the ionic conductivity of
the LiF/Cu-based MCI film by providing more diffusion domains and lithium storage at the grain boundary regions of LiF/Cu compared to the poor
ionic conductivity of LiF-rich SEI film. b) Armored MCI possesses high surface energy to realize uniform Li-ion distribution, high ionic conductivity to
render rapid Li-ion diffusion, and high Young’s modulus to suppress the growth of lithium dendrites.

is achieved on the surface of the lithium-metal anode by a facile
displacement reaction between cupric fluoride (CuF2) and Li at
room temperature. In contrast to magnetron sputtering deposition or rapid reaction with fluorine gas,[24] CuF2 is selected as
precursor to form uniform deposition of LiF/Cu MCI film on
the Li-metal anode through controllable displacement reactions.
The as-obtained MCI film simultaneously realizes lithium
storage at the grain boundary regions of LiF/Cu prior to the
bulk lithium deposition to regulate deposition of Li ions and
presents high mechanical modulus and surface energy to prevent dendrite growth. In addition, the film enhances the ionic
conductivity of Li ions with Cu atoms acting as a destructor to
break down the long-range ordered pattern of the polycrystalline
MCI[25] (Figure 1). These features of armored MCI film render
the cells with a reduced impedance and long lifespan. In the Li |
Li symmetrical cells, the cells of Li anode with an armored MCI
film exhibit a small polarization (0.18 V) at a current density of
2.5 mA cm−2. The lifespan of LiNi0.5Co0.2Mn0.3O2 (NCM) | Li
cells with armored MCI on Li anode can reach up to 400 cycles,
which is eight times longer than that of cells with a pristine
Li-metal anode.
CuF2 is widely accepted as a fluoride precursor to obtain fluorinated aromatic hydrocarbons in an oxygen-containing atmosphere. When CuF2 is employed as a cathode material in primary
batteries, the discharging products of LiF and Cu are achieved
through the irreversible redox reaction with Li metal.[26,27] Herein,
LiNO3 and CuF2 are codissolved in dimethyl ether (DME) as a
blue-color solution (Figures S1 and S2, Supporting Information).
Such CuF2-containing precursor solution is directly dropped onto
the Li-metal surface (Figure 2a). A replacement reaction occurs
between Li metal and CuF2 (CuF2 + 2Li → 2LiF + Cu) and a uniform LiF/Cu hybrid layer is generated on the Li-metal surface.
The rugged surface of the pristine Li foils is adequately smoothed
by the replacement reaction in this contribution. As explained
previously,[27,28] the LiF/Cu hybrid layer is a mixed ionic and electronic conductor film and therefore named as MCI.
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The as-obtained MCI film is with a thickness of ≈2 µm
(Figure 2b; Figure S3, Supporting Information) and covers on
the Li anode surface conformally (Figure 2c). The LiF/Cu hybrid
MCI is composed of tightly stacked scale-like microstructures
on the Li-metal surface (Figure 2d), which is similar to a flake
armor of soldiers in the cold weapon era to protect soldiers
from the external injuries (Figure S4, Supporting Information).
Herein, the LiF reinforced hybrid MCI presents a very high
Young’s modulus of 12.9 GPa based on the retracted force–
distance curves collected by atomic force microscope, while the
Young’s modulus of the routine SEI on Li metal is only 0.63 GPa
(Figure 2e). This is much higher than the threshold modulus
value of 6.0 GPa to suppress Li-dendrite growth.[29] The strong
LiF/Cu hybrid film is expected to effectively protect the interfacial layer from the damage of Li dendrites in a practical battery.
Due to the similarity in structures and functions between the
artificial MCI and the armor of soldiers, the artificial LiF/Cu
protective film is named as an armored MCI herein, while the
SEI formed in routine LiTFSI-DOL/DME electrolyte on pristine
Li plates is labeled as a routine SEI.
The compositions of the armored MCI herein are probed
by X-ray photoelectron spectroscopy (XPS, Figure 3a,b). The
armored MCI is composed of LiF, Li3N, LiNxOy, and Cu. Auger
electron spectroscopy is employed to investigate the depthdependent composition distribution of the armored MCI. During
sputter depth profiling (the sputtering rate is 16 nm min−1),
the content of each composition remains stable even after
60 min etching (Figure S5, Supporting Information), indicating
the formation of uniform MCI on the Li-metal anode. When
Li metal is probed by XPS after 10 cycles, there are few peak
evolutions on their position and intensity (Figure 3c). Except
for the disappearance of NO3− into conductive Li3N and emergence of a small C−F peak originating from the decomposition
of LiTFSI (cell activation process), the composition of armored
MCI maintains stable, indicating the armored MCI is dynamically stable during long-duration electrochemical cycling.
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Figure 2. The structure and morphology features of the armored MCI formed on Li metal. a) A schematic representation of the armored MCI formation.
b) Cross-section and c,d) top-view SEM images of armored MCI on Li metal. The inset in (c) is the SEM image of routine Li plate without processing.
e) The contrast retracted force–distance curves between routine SEI and armored MCI.

Therefore, the armored MCI can effectively prevent the direct
contact between lithium and electrolyte to avoid generating
extra SEI layer on the MCI surface during cycling. The crosssection images of the lithium surface with armored MCI after
10 cycles exhibits smooth and dendrite-free while disorder and
dendrites grow in routine SEI (Figure S6, Supporting Information). Therefore, the armored MCI affords high structural and
compositional uniformity, which render the excellent stability
in a long-term working battery.
To determine the microstructure of armored MCI, high-resolution transmission electron microscope was applied to characterize the polycrystalline domain of the MCI films. The lattice
fringe spacing of the domains (Figure S7, Supporting Information) indicates the existence of Li3N, LiF, LiOH, LiN2O3, Li2O,
LiNO3, and Cu phases in armored MCI, which is in well consistence with the XPS results. Li3N with high ionic conductivity
(≈10−3 S cm−1 at room temperature) is detected in the composite
MCI,[30] which is induced by LiNO3 decomposition and serves
as rapid ionic highways in the artificial LiF/Cu MCI. As a contrast, in routine SEI, only Li2O and LiOH domains are observed
on Li metal. It is noteworthy that the polycrystalline grain sizes
in the armored MCI are much smaller than those of routine
SEI (Figure 3d). This feature is originated by the incorporation
of element Cu, which act as a destructor to break down large
domains of polycrystalline MCI into small ones.
To further evaluate the dendrite-inhibiting behavior of
armored MCI, we employed in situ optical microscopy to
observe the deposition of Li on Li/Li symmetrical electrodes
(Figure S8, Supporting Information). Both the armored Li and
routine Li are with smooth surface on the beginning of lithium
plating at 1.0 mA cm−2 (Figure 4). No dendrite can be observed
on lithium surface with armored MCI, while the routine SEI
starts to generate mossy Li at 5.0 min. Numerous dendrites
continuously arise on routine Li within the following 25 min
(Video S1, Supporting Information). On contrary, only a few
tiny dendrites appear on the surface of armored Li after 25 min
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(Video S2, Supporting Information). Armored MCI presents
a strong capability to effectively stabilize the interfaces and
inhibit the growth of dendritic and mossy Li in comparison
with routine SEI.
The electronic and ionic conductance of mix conductors are
measured based on electrochemical impedance spectroscopy
(EIS) that has been clearly presented by Thangadurai et al.[31]
A pair of electronically conducting, but ionically blocking electrodes was employed to obtain the electronic and ionic conductance (more details can be found in Supplementary Note
of the Supporting Information). The electronic conductance
of armored MCI is 2.06 × 10−3 S cm−1 and its ionic conductance is 1.79 × 10−4 S cm−1 at 25 °C (Figure S9, Supporting
Information).
Yu et al. reported that lithium can store at the grain boundary
regions reversibly. This type of interfacial storage is an intermediate state between the insertion capacity and storage in supercapacitors, which is beneficial to realize a rapid Li transfer and
storage.[28] The LiF/Cu layer exhibits a similar interfacial lithium
storage. A distinctly different curve is obtained in armored MCI
comparing to the routine SEI (Figure S10, Supporting Information). An additional peak appears at the beginning of deposition, demonstrating that the interfacial lithium storage of LiF/
Cu is prior to the bulk lithium storage in armored MCI.
The electronic and ionic conductance of the LiF/Cu MCI
film after lithium plating for 1600 s at a current density of
10 µA cm−2 was investigated (Figure S11, Supporting Information). Both the electronic (0.81 × 10−2 S cm−1) and ionic
conductance (2.20 × 10−4 S cm−1) increased after lithiation,
implying the faster migration of ions and electrons in the LiF/
Cu MCI after the interfacial lithium storage. Therefore, lithium
can preferentially store at the grain boundary regions of LiF/Cu
domains and realize a rapid lithium ion and electron transfer
during the following cycles.
The electrochemical performance of armored MCI was evaluated in the symmetric Li | Li cells at a high current density of
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Figure 3. Surface chemistry of armored MCI. a) X-ray photoelectron spectroscopy (XPS) of the armored MCI layer before cycles and after the 10th
cycle. b,c) The Cu 2p, N 1s, and F 1s spectra before cycling (b) and after the 10th cycle (c). d) High-magnification TEM images of the armored MCI
and routine SEI. The elliptical circles in (d) are the sizes of crystal domains.

2.5 mA cm−2 and a capacity of 0.5 mAh cm−2. Stable voltage
curves were achieved with armored MCI protected lithium
anode even after 830 h during 2000 Li plating/stripping cycles.
However, the cells with a routine SEI came to failure within
360 h (Figure 5a). The hysteresis voltages of the armored MCI
and routine SEI are almost equal (≈180 mV) at the initial cycles
(0–60 cycles) (Figure 5b). The routine SEI gradually breaks
down and regenerates with the repeated Li plating/stripping
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after 60 cycles, presenting continuously increased voltage
hysteresis that reaches 380 and 640 mV at 200 and 350 h,
respectively (Figure 5c,d). While in comparison, the voltage
hysteresis of the cell with armored MCI keeps stable at ≈80 mV
throughout the test over 830 h.
As revealed by the EIS during the long cycling test, armored
MCI exhibits smaller impedance than routine SEI at resting
and after 300 h cycling (Figure 5e,f). The interfacial resistance
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Figure 4. In situ investigations into Li-ion plating behavior by operando optical microscopy. Operando optical microscopy images of: a) Li deposits
with routine SEI (named as routine Li) and b) Li deposits with armored MCI (named as armored Li) during the continuous plating on the Li-metal
electrodes at a current density of 1.0 mA cm−2.

Figure 5. Long-term stability of symmetric Li | Li cells at a large current density of 2.5 mA cm−2. a) The whole voltage profiles of 830 h cycling. The
routine Li | Li cells exhibit unstable condition and become failed after 360 h cycling. b–d) The voltage curves of (a) in an enlarged view of 50–60 h
(b), 200–210 h (c), and 350–360 h (d). e) Electrochemical impendence spectra (EIS) of the symmetric Li | Li cells before and after 300 h cycling.
f) Impendence of Li ions through the SEI film (Rct) obtained from the EIS curves in (e).
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of armored MCI film changes from 55 to 67 Ω, while that of
routine SEI increases from 225 to 314 Ω. Both the rapid charge
transfer rate and stable interfacial film contribute to the low diffusion impedance of Li ions in the armored MCI during longterm cycling.
The morphology evolutions of lithium anode surfaces are
in accordance with the capacity and the voltage behavior. SEM
images of Li-metal electrodes with different types of interfacial
chemistry were monitored after hundreds of cycles (Figure S12,
Supporting Information). The surface of armored MCI presents a smooth and dendrite-free morphology, indicating that
the lithium-metal electrode is well protected even after 830 h
cycling. The surface of lithium anode with routine SEI presents
mossy morphology after 360 h. Large amounts of lithium dendrites and porous Li layer are observed, which contribute to the
efficiency loss and cell failure.
In addition, the armored MCI film exhibits a lower polarizing
voltage and more stable condition than routine SEI (Figure S13,
Supporting Information) when the capacity reaches
3.0 mAh cm−2, particularly at large current densities (such as
3.0 and 5.0 mA cm−2) in symmetric batteries. These results
indicate the armored MCI are stable and indestructible to
maintain a stable Li plating/stripping behavior. The polycrystalline feature and grain boundary lithium storage in armored
MCI ensure rapid ionic and electronic transportations, homogeneous plating, and low voltage hysteresis.
Coulombic efficiency is another important index that determines the lifespan of a lithium-metal anode in practical batteries,
in which the lithium-metal source is commonly limited. The
CE has a necessarily close connection with an SEI layer. A good
protective layer can well prevent the directly chemical reactions
between Li and electrolyte, leading a high CE and a long life in
a working battery. To explore the influence of armored MCI in
improving the cyclic Coulombic efficiency, the environment of
Li-ion plating/stripping in an actual working cell was simulated.
A lithium layer with an equivalent capacity of 5.0 mAh cm−2
with/without armored MCI film (controlled by electrochemical deposition) was adopted as the working electrode. The
cycling current and capacity were set as 0.5 mA cm−2 and
1.0 mAh cm−2. For the cell of lithium anode with armored MCI,
1.26 mAh cm−2 equivalent capacity of lithium is preserved
after 100 cycles (Figure S14, Supporting Information), corresponding to an irreversible loss of 3.74 mAh cm−2 and the
average Coulombic efficiency of 96.3% (Figure 6a). However,
lithium anode with routine SEI completely depletes after
26 cycles (0.83 mAh cm−2 remaining), which corresponds to an
average Coulombic efficiency of 84.2%. The high Coulombic
efficiency of armored MCI is indispensably important for a longlifespan battery to maximally reduce the irreversible consumption of Li active materials. The mechanical and compositional
stability of armored MCI demonstrate superiority in achieving
high Coulombic efficiency.
To investigate the potential application of armored MCI in
practical batteries, NCM cathode (loading = 12.02 mg cm−2, the
area capacity is 1.92 mAh cm−2) was adopted to match armored
MCI protected Li-metal anode to assemble full lithium-metal
batteries. The initial discharging capacity of cells with armored
MCI is 160 mAh g−1, and still remains 50 mAh g−1 even after
500 cycles at 0.5 C rate (1.0 C = 182 mA g−1). By contrast, the
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capacity of cells with routine SEI indicates a sharp decrease
after 50 cycles and drops to near zero when the cycle number
comes to 150 (Figure 6b). The superior discharging capacity in
long-term cycling demonstrates the stability of armored MCI
and its function to protect the Li-metal anode. It is worth mentioning that the Coulombic efficiency of cells with armored
MCI remains above 99.5%, proving the availability of MCI in
reducing the loss of active Li materials. Electrochemical charge/
discharge curves exhibit the polarizing voltages of armored
MCI and routine SEI are almost the same at the beginning
(Figure S15, Supporting Information), while the cell with routine SEI deteriorates quickly due to the rapid increase of polarizing voltage.
An NCM cathode with an area capacity of 3.0 mAh cm−2
is employed to further detect how the capacity decreases with
increasing areal current density (Figure S16, Supporting Information). The battery with armored MCI exhibits advantage in
cycling stability at large current density than that with routine
SEI. This is consistent with results collected from symmetric
batteries.
The cycled anodes of full cells were disassembled to monitor
the surface morphologies of the lithium anodes (Figure 6c). A
Li-metal anode with armored MCI keeps smooth surface after
500 cycles, while that of routine SEI is broken and covered with
mossy lithium dendrites after 200 cycles. The thicknesses of
porous lithium layer with armored MCI and routine SEI film is
70 µm after 500 cycles and 200 µm after 200 cycles. The thick,
porous, and highly resistant Li layer of routine SEI heavily deteriorates the cycling performance and finally fails the cell. Therefore, armored MCI endows a high Coulombic efficiency for the
Li-metal anode, which is promising to be applied in a practical
Li-metal battery.
The performance of MCI on the Li-metal anode is highly
depended on its composition and nanostructures. In addition
to the armored MCI obtained by dropping the precursor solutions on the lithium foil, immersing Li foil into CuF2-contained
solution for 60 s was tried as well and the as-obtained interface was named as immersed MCI. Compared to the shining
armored MCI (Figure S17a, Supporting Information), the
immersed MCI film is dark (Figure S17b, Supporting Information). The lithium surface with immersed MCI exhibits
porous and rough morphology and a thickness of ≈10 µm by
cross-section SEM images (Figure S18a,b, Supporting Information), because of the rapid and excessive reactions of Li metal
and the solution. EIS of the symmetric Li | Li cells exhibits
that the immersed MCI owns larger resistance than armored
MCI (Figure S19, Supporting Information). The symmetric Li
| Li cells of immersed MCI get worse performance and larger
hysteresis voltage than armored MCI (Figure S20, Supporting
Information). These results confirm the thin feature of MCI
and its ordered structure play a critically important role in stabling the interfaces, while excessive Cu metal in MCI protective
layers generates negative effect in Li-metal protection.
Among the complex components of SEI, LiF is inferred to
be a key element in the mosaic inorganic layers. Attributed
from its high mechanical modulus, high surface energy, very
low ionic conductivity (≈10−10–10−8 S cm−1 at room temperature), and proper diffusion barrier,[5] LiF-rich layer regulates
uniform Li-ion plating/stripping during cycles. Herein, the
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Figure 6. Full-cell applications of the armored MCI-protected Li-metal anode. a) Voltage–time curves to calculate the average Coulombic efficiency
of the preplated 5.0 mAh cm−2 Li for the armored MCI and routine SEI films at a current density of 0.5 mA cm−2 (0.5 mAh cm−2 capacity). b) Electrochemical cycling performance of the cells with the NCM cathode. c) Cycled cross-section and top-view SEM images for armored MCI and routine SEI
protected Li-metal anodes.

armored LiF/Cu-MCI fabricated through the replacement reactions between Li metal and CuF2 in this contribution are of
several peculiarities: (1) High Young’s modulus. The Young’s
modulus of the protective layer reaches 12.9 GPa, far beyond
the threshold value of 6.0 GPa for Li-dendrite inhibition. The
as-obtained MCI film serves as an armor to resist the potential
risk of dendrite penetration. (2) High ionic conductivity. The Cu
from the replacement reactions can act as a destructor to break
down the long-range ordered pattern of the polycrystalline.[25]
Additionally, lithium can store at the grain boundary regions
of LiF/Cu domains reversibly, which is beneficial for a rapid Li
deposition. The Li3N in the artificial MCI exhibits a very high
ionic conductivity of ≈10−3 S cm−1 at room temperature,[30]
which will make contribute to the ionic conductivity of the composite film. Therefore, the armored MCI affords a very high
ionic conductivity, which renders the uniform deposition of Li
metal in a working Li-metal battery.[32] (3) Thin and order structure. Compared with other thick ex situ layer (e.g., LiPO3,[18]
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Li3N,[19,21] Al2O3,[20,21] ex situ electrochemical plating inorganic layers,[22] poly(dimethylsiloxane),[33] and polymer-based
layers[34]), the ex situ armored MCI layer herein is very thin
(2.0 µm), which affords small resistance for uniform Li-ion diffusion and less thermal release. (4) High chemical stability. The
LiF, Li2O, Li3N, and other inorganic phases together with the
elastic organic components afford excellent chemical stability
of MCI film, benefiting the stable interfacial resistance and
avoiding the ever-growing thickness.
With these intriguing features, a Li-metal anode with an
armored MCI demonstrates the following merits both in symmetrical Li | Li cells and Li-metal batteries with NCM cathode.
(1) Low polarization voltages. The stable and low polarization
voltage of cells with armored MCI are mainly contributed
from the high ionic conductivity and stable thin film structure.
(2) High Coulombic efficiency. Both very high Coulombic efficiency of 96.3% for an ultrathin Li | Li cell and 99.5% for NCM | Li
full cells are obtained. The armored MCI on a Li-metal anode
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can reduce the parasitic reactions between the exposed fresh
lithium metal and liquid electrolyte, which therefore renders
the cell with a high Coulombic efficiency. (3) Long lifespan.
The high Young’s modulus and thin/ordered structure regulate
the uniform diffusion and deposition of Li during long-term
cycles, avoid the formation of Li dendrites and finally prolong
the lifespan of lithium-metal batteries. The current strategy of
armored MCI to protect the lithium-metal anode is facile with
the rapid treatment of lithium metal with a precursor solution, which can be easily scale up into roll-to-roll process for
potential applications in lithium anode involved battery systems. Additionally, the functional MCI film can synergize with
the recently reported strategies to further enhance the Li-metal
anode protection and prolong the lifespan of Li-metal batteries,
such as highly conductive and low interfacial impedance solidstate electrolyte, and nanostructured Li hosts.[35]
In summary, we propose the concept of an emerging ex
situ armored MCI with a high Young’s modulus of 12.9 GPa
and a high ionic conductivity. The MCI film is capable to
inhibit dendrite formation at a large areal current density of
2.5 mA cm−2, achieving a very high Coulombic efficiency of
99.5% with a long lifespan of 500 cycle in NCM | Li-metal full
cells. The LiF, Cu, Li3N, and LiNxOy are characterized as the
key ingredients of armored MCI to stabilize the solid–liquid
interface and protect the Li-metal anode. The superior electrochemical cycling performance of the armored MCI originates
from the dense and highly mosaic structure for efficient and
stable Li-metal anodes. The armored MCI film concept herein
sheds a fresh insight into the rational design of artificial films
with controllable components on the Li-metal anode, affording
the feasibility to obtain safe and long-lifespan Li-metal-based
energy-storage systems.
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Supporting Information is available from the Wiley Online Library or
from the author.
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