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Synergistic protective effect of a BN-carbon separator
for highly stable lithium sulfur batteries
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Lithium sulfur (Li-S) batteries have drawn much attention as next-generation batteries because of their high theoretical capacity

(1672 mAh g−1), environmental friendliness and low cost. However, several critical issues, which are mainly associated with the

polysulfide shuttling effect, result in their poor electrochemical performance. Carbon-modified separators have been introduced

to attempt to address these systemic challenges. However, this approach focused only on the suppression of dissolved

polysulfides on the cathodic side without considering the further entrapment of polysulfides on the anodic side. In this study,

we first designed a multifunctional trilayer membrane comprising a carbon layer and a boron nitride (BN) layer to facilitate the

electrochemical performance of Li-S batteries and protect the Li anode from unexpected side reactions. When a BN-carbon

separator was employed, the sulfur cathode delivered stable capacity retention over 250 cycles and an excellent specific

capacity (702 mAh g−1) at a high current density (4 C). The BN-carbon separator also facilitated the uniform plating/striping of

Li and, thus, suppressed the severe growth of dendritic Li on the electrode; this led to the stable operation of the Li anode with

a high Coulombic efficiency and improved cycling performance.
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INTRODUCTION

Advanced electronic devices, such as cell phones and laptops, play
crucial roles in our lives, and interest in developing affordable,
advanced energy storage systems with high-energy densities has
increased dramatically.1–3 In response to the recent trend of develop-
ing high-energy lithium-ion batteries, significant efforts have been
devoted to utilizing sulfur as a cathode material because of its high
theoretical capacity (1672 mAhg− 1), positive cost:benefit ratio, and
environmental benignity.2,4–7 However, an inherent problem of Li-S
batteries is the dissolution of polysulfides in the electrolyte, which
causes critical issues, including low Coulombic efficiency, capacity
fading, Li corrosion and self-discharging.2,4,8 These challenges will
hinder the commercialization of sulfur cathodes in Li-S batteries. To
address these challenges, many designs based on carbon–sulfur
composite structures have been explored, including: (a) impregnation
of sulfur species inside the mesoporous scaffold,1,9–11 (b) compact
encapsulation of the sulfur electrode with functional polymers,12–15

and (c) carving of hydrophilic groups (for example, polyethylene
glycol and polyacrylic acid) on the sulfur reservoir.16 These strategies
have provided significant improvements in alleviating the polysulfide
shuttling effect; however, preparing carbon–sulfur composites is often
expensive and requires significant effort, which potentially hinders the
production of sulfur cathodes for Li-S batteries on a commercial scale.

A new cell configuration with a carbon blocking layer placed
between a sulfur cathode and separator was demonstrated by
Dr Manthiram and colleagues, and showed improved cycling
stability.17–20 The carbon-based interlayer provided an additional
conductive path to the sulfur electrode and efficiently confined the
polysulfides on the cathodic side, which enabled a high rate capability
and stable cycling performance. However, most studies have only
focused on the design of the carbon interlayer to block polysulfides
within the cathodic side, and few studies have reported entrapping
polysulfides on the anodic side.21,22 Even though compact carbon
interlayers are located between the sulfur cathode and the separator,
moderate amounts of polysulfide can still penetrate the porous
interlayer and lead to the deterioration of the Li anode.3,11,23 In
addition, the depletion of the electrolyte is accelerated at high current
densities, which could boost the growth of dendritic Li and conse-
quently increase the potential danger of cell failure. Thus, the main
challenges to the commercial use of Li anodes in Li-S batteries are how
to effectively prevent the corrosion of the Li metal from polysulfides
and control the growth of dendritic and mossy Li.
In this article, we first demonstrate a multifunctional trilayer

membrane by sandwiching a conventional polymer separator between
the carbon layer and boron nitride (BN) layer to mitigate the diffusion
of polysulfides and protect the Li anode from unexpected side
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reactions. The carbon layer on the sulfur cathode side is used to
provide an additional electron pathway and block the dissolved
polysulfides. The BN layer that faces the Li anode is used to further
block the penetrated polysulfides and manipulate the uncontrolled
growth of dendritic Li. The multifunctional trilayer membrane, which
we called a ‘BN-carbon separator’, was prepared by casting a carbon
ink onto a separator and a BN ink onto the opposite side of the
separator. Carbon nanopowder was used because of its high electrical
conductivity and large surface area.24 A dense layer of carbon
nanopowder provides enhanced pathways for rapid electron/ion
transport and functions as a first line of defense when polysulfides
migrate toward the Li metal. BN nanopowder was used because of its
insulating properties and good thermal conductivity.25 In a typical cell
using a polypropylene separator, solid electrolyte interface layers are
easily broken because of the irregular deposition of Li metal and the

large-volume expansion of the Li anode, which leads to the formation
of Li dendrites and thus results in short-circuiting and cell failure.25,26

As reported in previous research, BN-coated separators have shown
significant improvements in the stability of the Li metal anode because
of their high thermal conductivity (82 Wm− 1 K) and minimum
Li deposition.25 These characteristics enable a conformal thermal
distribution of the separator during the discharge–charge process and,
thus, contribute to the stable formation of the solid electrolyte
interface layer and uniform plating/striping of Li. In addition to its
excellent thermal properties, the BN layer also functions as an
additional line of defense to block polysulfides that diffuse through
the carbon layer. The polysulfide shuttling effect can be dramatically
alleviated by the synergetic combination of the carbon and BN layers,
which leads to improved cycling stability of the Li metal anode and
enhanced electrochemical performance of the Li-S cell.

Figure 1 Design of the multifunctional trilayer membrane. (a) Schematic illustration of the systemic role of a boron nitride (BN)-carbon separator in the
discharge process; (b) photographs of both nanopowders (carbon, BN) and both sides of a BN-carbon separator; (c) image of a twisted BN-carbon separator;
scanning electron microscope (SEM) images of (d) a pristine separator, (e) the BN side and (f) the carbon side of a BN-carbon separator; and (g) cross-
sectional view of a BN-carbon separator.
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Figure 2 Demonstration of the trilayer membrane to suppress polysulfide. Visual verification of the diffusion test. Each diffusion tester comprised
a polysulfide (Li2S8) solution, a separator and a fresh electrolyte (1 M lithium-bis-trifluoromethylsulfonyl-imide-1,2-dimethoxyethane (DME)-1,3-dioxolane
(DIOX)). A pristine separator (a–c), a carbon separator (d–f), a BN separator (g–i) and a BN-carbon separator (j–l) were employed in the diffusion tests. At the
beginning, there was no discernible difference between the samples. However, as the elapsed time increased from 0 to 2 h and then to 12 h, the fresh
electrolyte exhibited differences in color because of the different diffusion rates of the polysulfide through the separators.
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EXPERIMENTAL PROCEDURE

Preparation of the sulfur cathode
The slurry of the sulfur cathode was prepared by mixing sublimed sulfur
(60%), super P (30%) and a polyvinylidene fluoride (PVdF) binder (10%) in
N-methylpyrrolidinone solvent with a planetary mixer (2000 r.p.m., 1 h). The
slurry was cast in a thick layer onto Al foil to attain a high sulfur-loading mass.
The cast electrode was then dried in a convection oven at 55 °C overnight to
remove the remaining deionized water. After drying, the loading areal density
of the sulfur was 2.1 mg cm− 2, and the average thickness of the sulfur electrode
was ~ 26 μm.

Fabrication of the BN-carbon separator
Carbon ink (or BN ink) was prepared by dispersing a mixture of commercial
carbon nanopowder (or BN nanopowder) and polyvinylidene fluoride binder
(with a weight ratio of 8:2) into N-methylpyrrolidinone solvent. The carbon ink
was then cast onto one side of a commercial separator with a doctor blade, and
the carbon-casted separator was dried in a convection oven at 50 °C for 12 h.
The BN separator was prepared using the same procedure. The BN-carbon
separator was prepared as follows: once the carbon separator was fully dried,
the BN ink was then cast onto the opposite side of the carbon layer on the
carbon separator with a doctor blade and then dried in a convection oven at
50 °C for 12 h. Finally, the BN-carbon separator was punched into a disk for
use in the cell.

Characterization
The morphologies of the carbon layer and the BN layer were analyzed using
a field emission scanning electron microscope (JSM-7600F). The galvanostatic
discharge–charge evaluations, cycling performances and rate capabilities of the
cells were tested with a TOSCAT 3100 battery cycle tester (Toyo Systems,
Japan). In addition, a Li metal plating-striping test was performed in 1.0 M

LiPF6 ethylene carbonate/diethyl carbonate (EC:DEC= 1:1 by volume) and also
in different electrolytes, such as 1 M lithium bis(trifluoromethanesulfonyl)imide
in 1,3-dioxolane and 1,2-dimethoxyethane (DIOX:DME= 1:1 by volume).
The electrochemical impedance spectroscopies of the cells with a pristine
separator, a carbon separator, a BN separator and a BN-carbon separator were
evaluated using an Autolab PGSTAT 302N potentiostat/galvanostat apparatus
(Metrohm AG) at frequencies from 100 to 0.1 Hz at an excitation amplitude of
5 mV. An X-ray photoelectron spectroscopy study was carried out on the
Li metal after cycles with a Sigma Probe (Thermo VG Scientific) with
Al-Kα X-ray radiation. The chemical affinity between the BN powder and
polysulfide was tested and is shown in Supplementary Figure S5.

RESULTS AND DISCUSSION

Figure 1a provides a schematic illustration of the roles of a BN-carbon
separator in Li-S batteries. During discharge, polysulfides diffuse out of
the sulfur cathode and begin to diffuse toward the Li metal because of
the concentration gradient. As the first shield layer, the carbon layer
physically blocks the diffusion of the polysulfides. Any polysulfides
that diffuse through the carbon layer are further trapped by the
BN layer (the second shield layer). This synergetic design of the
trilayer structure facilitates the efficient inhibition of polysulfide
shuttling and the reactivation of trapped polysulfides. The
BN-carbon separator was prepared by directly casting inks comprising
carbon nanopowders and BN nanopowders onto a two-sided
polypropylene separator via the slurry coating method, which enabled
the large-scale fabrication of a bifacial separator that was 150 mm long
and 60 mm wide (Figure 1b). Polyvinylidene fluoride binder was
added to each casting ink to provide mechanical stability to the casted
nanopowders. As shown in Figure 1c, the separator had good
mechanical stability and was able to withstand repeated twisting
because of the good adhesion between the separator and both
nanopowders (carbon and BN). Figure 1d shows the surface
of a pristine polypropylene separator with large pores. After coating
BN and carbon nanopowders onto each side of the separator, the

pores were fully covered by BN nanopowders with a particle size of
~ 100 nm (Figure 1e) and by carbon nanopowders with a size of
~ 50 nm (Figure 1f). The thicknesses of the BN layer and the carbon
layer were ~ 7 and ~ 6 μm, respectively (Figure 1g).
Figure 2 illustrates the effect of a multifunctional membrane on the

suppression of polysulfide diffusion. The diffusion bottles were
prepared as in previous studies27,28 and placed in fresh electrolyte to
compare the diffusion rates of the polysulfides out of the separators. In
the bottle containing the pristine separator, the polysulfide solution
began to diffuse out of the separator as soon as the diffusion bottle
was dipped into the fresh electrolyte (Figure 2a). By contrast, the
migration of the polysulfide solution through the different separators
(carbon separator, BN separator and BN-carbon separator) was
prevented because of physical interception by the nanoparticles.
In the bottle with the pristine separator, the fresh electrolyte
turned yellow after 2 h and dark brown after 12 h because of the
rapid diffusion of polysulfides along the concentration gradient
(Figure 2b and c). In contrast, the electrolyte in the bottle with
a BN-carbon separator maintained its original color (transparent)
for 12 h (Figure 2j–l); this result directly demonstrated that the
BN-carbon separator was effective at inhibiting the diffusion of
polysulfides. In each bottle with a carbon separator (Figure 2d) and
a BN separator (Figure 2g), the fresh electrolyte began to turn light
yellow after only 2 h (Figure 2e and h) and dark yellow after
12 h (Figure 2f and i), which implied that both separators curbed
polysulfide shutting, but to a lesser extent compared with the
BN-carbon separator. Based on the colors of the fresh electrolytes,
the diffusion rates of the polysulfides through each separator were
ascertained as follows: pristine separator4BN separator4carbon
separator4BN-carbon separator. It can be inferred that the diffusion
rates of the polysulfides through each separator were inversely
proportional to the cycling performance of each electrode, which is
consistent with the obtained results.
The electrochemical performances of the Li-S cells with the pristine

separator, the carbon separator, the BN separator and the BN-carbon
separator are shown in Figure 3. All of the cells were assembled in an
argon-filled glovebox and packaged in coin cells. To demonstrate the
blocking effect of the trilayer membrane, a fresh 1 M lithium-bis-
trifluoromethylsulfonyl-imide-DME-DIOX electrolyte without LiNO3

additive was used to evaluate the electrochemical performance of
the Li-S cells. The initial discharge–charge curves of each electrode at
0.5 C are shown in Figure 3a. The sulfur cathode with the pristine
separator delivered a discharge capacity of 772.0 mAh g− 1 and
a charge capacity of 961.5 mAh g− 1, which represents a severe
polysulfide-shutting effect. When the carbon separator and the
BN-carbon separator were placed in the Li-S cell, the discharge
capacities of the cell increased to 921.1 mAh g− 1 and 1018.5 mAh g− 1

(sulfur utilization: 60.8%), respectively, which was attributed to the
improved utilization of active materials through an additional current
collector. However, the main difference between the electrodes
was that the sulfur cathode with the carbon separator had a higher
charge capacity (1049.8 mAh g− 1) than the sulfur cathode with
the BN-carbon separator (1036.4 mAh g− 1), indicating poorer
blocking of the polysulfide shuttling effect by the carbon separator
than that of the BN-carbon separator. No significant improvement
was observed in the electrochemical performance of the sulfur
cathode with the BN separator, even compared with the sulfur
cathode with the pristine separator.
The cycling performances of the electrodes were evaluated at

0.5 C and are shown in Figure 3b. After 250 cycles, the sulfur
cathode with the pristine separator retained a discharge capacity of
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166.2 mAh g− 1, which was a retention of 21.5%. The irreversible
and rapid capacity fade was due to the severe loss of sulfur
from the cathode electrode. When the carbon separator and the
BN-carbon separator were placed in the Li-S cell, the capacity
retentions of both cells improved because dissolved polysulfides
were confined within the cathodic side and reactivated as active
materials during cycling.24,29 To provide practical information
about the sulfur electrodes, the gravimetric and volumetric energy
densities of each electrode were calculated and are shown in
Supplementary Figure S1.
The sulfur cathode with the BN-carbon separator exhibited

a higher discharge capacity of 780.7 mAh g− 1 with a higher retention
(76.6%) than the sulfur cathode with the carbon separator
(545.3 mAh g− 1, 59.2%) because of the significant suppression of
polysulfide leakage by the multifunctional separator and the increased
electrochemical utilization of sulfur. To investigate the systemic benefit
of a BN-carbon separator on the rate capabilities, each electrode
was evaluated at current densities from 0.1 to 4 C (Figure 3c). Given
the inherently poor electric conductivity of sulfur, the sulfur cathode
with the pristine separator showed poor rate capabilities at high
current densities (2–4 C). When the conductive carbon separator
and the BN-carbon separator were employed, the additional electron
path led to increased reutilization of the trapped polysulfide species
and facilitated high electrochemical reversibility, which resulted

in high discharge capacities even at high current densities (2–4 C).
The sulfur cathode with the BN-carbon separator delivered
an extremely high specific capacity of 702.5 mAh g− 1 at 4 C,
whereas the sulfur cathodes with the pristine separator and the
BN separator exhibited poor specific capacities of 22.5 mAh g− 1 and
105.4 mAh g− 1, respectively. The outstanding cycling performances
and rate capabilities of the sulfur cathode with the BN-carbon
separator were mainly attributed to the systemic advantages of the
carbon layer and the BN layer: (a) the carbon layer suppresses
polysulfide leakage from the cathodic side and reactivates the trapped
active materials, and (b) the BN layer further reduces the migration
of dissolved polysulfides and facilitates a stable electrochemical
reaction. These two synergistic contributions effectively curb
the diffusion of polysulfides toward the Li metal, which protects it
from side reactions.
To ascertain the interfacial behaviors of the electrodes when

modified separators were introduced, electrochemical impedance
spectroscopy experiments were performed at frequencies of
100 kHz to 0.1 Hz with an amplitude of 5 mV (Figure 3d). The
intersection of the X-axis and the semicircle in Figure 3d indicates an
Ohmic resistance between the electrode and the electrolyte.30

The Ohmic resistances of the sulfur cathodes with the pristine
separator, the carbon separator, the BN separator and the
BN-carbon separator were 1.92, 2.68, 5.12 and 1.67Ω, respectively.

Figure 3 Electrochemical characterization. Electrochemical performances of sulfur cathode cells with a pristine separator, carbon separator, boron
nitride (BN) separator and BN-carbon separator. (a) Initial discharge/charge curves (at 0.5 C), (b) cycle performances (at 0.5 C), (c) rate capabilities and
(d) Nyquist plots of each electrode.
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The diameters of the semicircles in Figure 3d, which are associated
with charge transfer resistance, differed when the modified separators
were introduced. The sulfur cathode with the BN-carbon separator
had the lowest polarization resistance (55.1Ω) compared with the
sulfur cathodes with the pristine separator (122.9Ω), the carbon
separator (69.4Ω) and the BN separator (70.5Ω). The improved
surface reaction kinetics were mainly attributed to the diminished
polysulfide shuttling effect and the increased reutilization of dissolved
sulfur and polysulfide intermediates.24,29

A cyclic voltammetry study was conducted at a scan rate of
0.2 mV s− 1 to explore the electrochemical stabilities during repetitive
cycles (Supplementary Figure S2). Each electrode displayed typical
cyclic voltammetry shapes of a Li-S cell: two cathodic peaks at
approximately 2.28 and 1.97 V, which were associated with the
electrochemical reaction of S8 to long chains (Li2Sn 4⩽ n⩽ 8) and
then to Li2S2/Li2S, respectively, and one anodic peak at 2.46 V, which
was related to the conversion of polysulfide species to S8.

29 The
cyclic voltammetry curve of the sulfur cathode with the BN-carbon
separator exhibited sharp discharge/charge peaks at approximately
redox potentials and no differences in the potential position
and intensity change even during repetitive cycles, whereas the
other electrodes showed poor reversibility or low current intensity.
These results directly verified that the BN-carbon separator facilitated
the efficient reaction and electrochemical reversibility of the
sulfur cathode.22

To understand the capacity fade mechanism of the electrodes, the
cells were disassembled after 200 cycles and investigated (Figure 4).
In the sulfur cathode with the pristine separator, the Li metal was
covered by many black spots. An scanning electron microscope (SEM)
study was performed to observe the microstructure of these spots.
As shown in the inset of Figure 4a, the spots comprised interconnected
particles with diameters of 5–10 μm that were distributed over
the entire area of the Li metal. To characterize the black spots, an
X-ray photoelectron spectroscopy analysis was carried out (Suppleme-

ntary Figure S3). The X-ray photoelectron spectroscopy spectrum of
the black spots for S 2p was divided into two peaks, centered at
S 2p3/2 (162.2 eV) and S 2p3/2 (160.9 eV), which corresponded
to Li2S2 and Li2S, respectively.

31,32 By contrast, the Li metal collected
from the cell of the sulfur cathode with the BN-carbon separator
showed a clean and shiny metal surface (inset of Figure 4d).
This implied that the insoluble polysulfides (Li2S2 and Li2S)
accumulated less on the surface of the Li metal because of the
effective suppression of polysulfides by the BN-carbon separator,
which was also confirmed by the SEM image (Figure 4d). The Li metal
that was collected from the cells with the carbon separator and
BN separator had more intact surfaces than the Li metal collected
from the cell (the sulfur cathode with the pristine separator);
however, the deposited polysulfides could be distinguished from
the Li metal surface (Figure 4b and c), which indicated a
relatively low effectiveness at protecting the Li metal from polysulfide
species.
As discussed above, the BN-carbon separator demonstrated

excellent performance in diminishing the migration of polysulfides
toward the Li metal, which protected the Li anode from soluble
polysulfide species. Li dendrites were not observed on the surface
of the Li metal, which was in agreement with the report that
polysulfides can influence the formation of dendritic lithium.33 To
validate the substantial protective effect of the BN-carbon separator on
the growth of Li dendrites with a different approach, we further
performed a Li metal plating-striping test in an Li/Cu cell, in which
Cu foil was used as a working electrode, 1.0 M LiPF6 in ethylene
carbonate/diethyl carbonate (EC:DEC= 1:1 by volume) was used
as an electrolyte, and Li metal was used as a reference electrode.4,10

Figure 5 shows the potential profile and cycling performance of
each electrode at a high areal current density of 1 mA cm− 1. The cells
with the BN separator and the BN-carbon separator showed
significant improvements in cycling performance (Figure 5a).
The Coulombic efficiencies of both cells were maintained at ~ 85 %

Figure 4 Morphological characterizations of cycled lithium metal. Photographs and morphologies after 250 cycles: the lithium metals of sulfur cells with
(a) a pristine separator, (b) a carbon separator, (c) a BN separator and (d) a BN-carbon separator. The lithium metal was approximately 230 μm thick.
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for 100 cycles with no decay. In contrast, the cell with the pristine
separator showed an abrupt fade in Coulombic efficiency after
27 cycles, and the cell with the carbon separator exhibited a gradual
fade in Coulombic efficiency after 50 cycles. As shown in Figure 5b–e,

the cells with each separator showed rapid potential decreases below
0.0 V vs Li+/Li as soon as the current was applied, which indicated
Li deposition on the Cu foil. In the initial cycle, the potential
profiles of each electrode showed similar electrochemical behavior to

Figure 5 Electrochemical performances of Li-Cu cells with a pristine separator, a carbon separator, a BN separator and a BN-carbon separator.
(a) Comparison of cycle performances of each electrode and the voltage profiles of the sulfur cell with (b) a pristine separator, (c) a carbon separator,
(d) a BN separator and (e) a BN-carbon separator for the first and 100th cycle. All of the electrodes were tested at a current density of 1 mA cm−1. The Li
deposition capacity was set to 1 mAh cm−1, and the cutoff voltage for the striping was set to 1.0 V.
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previous reports.25,26 At 100 cycles, the cells with the pristine separator
and the carbon separator showed a fatal decay of the Li metal striping
test, while the cells with the BN separator and the BN-carbon
separator exhibited stable Li striping processes. Comparing the
cell potential profile of the BN separator with that of the BN-carbon
separator, the voltage curves of the BN-carbon separator at the
first and 100th cycles showed more consistent behaviors in terms
of the Coulombic efficiency and reaction potentials than those
of the BN separator; this demonstrated the superiority of the
BN-carbon separator in Li metal protection. To provide evidence that
the BN-carbon separator facilitated stable cycling performance and
Coulombic efficiency of the Li metal, ex situ SEM observations were
carried out on the Cu foil after 100 cycles (Supplementary Figure S4).
In the cells with the pristine separator (Supplementary Figure S4a)
and the carbon separator (Supplementary Figure S4b), many
one-dimensional Li wires with diameters of 200 nm had grown
directly on the Cu foil. When the BN separator was employed,
Li granules with a larger diameter of 1 μm formed on the Cu foil
because fewer nuclei formed during Li deposition, which was
consistent with the results of previous studies (Supplementary
Figure S4c).25,26 Especially with the BN-carbon separator, the
Li was uniformly deposited with no cracks or sharp pillars on the
Cu foil, which could decrease the risk of short-circuiting within
the cell and improve the cycling stability of the Li metal anode
(Supplementary Figure S4d).

CONCLUSIONS

In this study, we designed a multifunctional trilayer membrane
(BN-carbon separator) to efficiently suppress the polysulfide
shuttling effect and improve the electrochemical performance
of Li-S cells. When a BN-carbon separator was employed, the
sulfur cathode delivered a high initial discharge capacity of
1018.5 mAh g− 1 at 0.5 C and retained its capacity of 780.7 mAh g− 1

over 250 cycles. In addition, the Li metal in the anode was effectively
protected from polysulfide species during the cycles, which led to
the stable operation of the Li anode with excellent cycle retention.
The improved electrochemical performance of the Li-S cell with
the BN-carbon separator is attributed to three main advantages:
(a) the efficient suppression of polysulfides within the cathodic
side, (b) an additional electron pathway (imparted by the carbon
layer) and (c) a uniform thermal distribution of the separator
(imparted by the BN layer). Unlike previous approaches to
address the systemic issues of Li-S cells, the concept of employing
a multifunctional BN-carbon separator represents a novel strategy to
improve the electrochemical performance of Li-S cells and protect
the Li metal from side reactions. Moreover, the multifunctional
membrane showed promising results in achieving stable operation
of the Li metal even at high current densities; this opens a new avenue
to address the practical issues underlying the use of Li metal as an
anode electrode.
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