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ABSTRACT

Lithium metal anodes hold great potential for high-energy-density secondary batteries. However, the uncontrollable lithium
dendrite growth causes poor cycling efficiency and severe safety concerns, hindering lithium metal anode from practical
application. Electrolyte components play important roles in suppressing lithium dendrite growth and improving the
electrochemical performance of long-life lithium metal anode, and it is still challenging to effectively compromise the advantages
of the conventional electrolyte (1 mol-L™" salts) and high-concentration electrolyte (> 3 mol-L™' salts) for the optimizing
electrochemical performance. Herein, we propose and design an interfacial high-concentration electrolyte induced by the
nitrogen- and oxygen-doped carbon nanosheets (NO-CNS) for stable Li metal anodes. The NO-CNS with abundant surface
negative charges not only creates an interfacial high-concentration of lithium ions near the electrode surface to promote charge-
transfer kinetics but also enables a high ionic conductivity in the bulk electrolyte to improve ionic mass-transfer. Benefitting from
the interfacial high-concentration electrolyte, the NO-CNS@Ni foam host presents outstanding electrochemical cycling

performances over 600 cycles at 1 mA-cm™ and an improved cycling lifespan of 1,500 h for symmetric cells.
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1 Introduction

With over 30 years of development, lithium-ion (Li-ion) batteries
have achieved a specific energy density of 260 Whkg™ at the cell
level and are approaching the theoretical limit of 300 Wh-kg™
[1,2]. Unfortunately, such an energy density cannot meet the
increasing range demand (= 500 km with 500 Wh-kg™) for electric
vehicles, which has raised great interest in developing advanced Li
metal batteries with high energy density [3,4]. The Li metal
possesses a high theoretical specific capacity (3,860 mAh-g™) and
the lowest electrochemical potential (—3.04 V versus the standard
hydrogen electrode), and is considered one of the most promising
anode materials [5-7]. However, the practical application of Li
metal anode is still hindered by the uncontrollable growth of Li
dendrite, which could cause low Coulombic efficiency (CE), poor
cycling performance, and even potential safety hazards [8-10].
Many effective strategies have been proposed to suppress Li
dendrite growth by regulating the kinetic and thermodynamic
behaviors of Li deposition, coating functional interfacial layers to
regulate Li-ion diffusion [11-15], engineering lithiophilic hosts to
reduce Li nucleation overpotential [16-20], or constructing three-
dimensional (3D) hosts to reduce local current density [21-25]. In

principle, the electrodeposition process of Li-ions is normally
controlled by the charge-transfer and the mass-transfer processes
[26]. These transfer processes are highly dependent on the electric
field, ionic concentration near the electrode surface [27, 28], and
ionic conductivity in the bulk electrolyte [29, 30]. Typically, the
ionic conductivity increases and then decreases as the ionic
concentration increases, so the conventional electrolytes of
1 mol-L™ (Fig. 1(a)) are considered to provide an optimal ionic
conductivity, leading to the reduced overpotential induced by the
mass-transfer process [31, 32]. The high-concentration electrolytes
of > 3 mol-L™ (Fig. 1(b)) have poor ionic conductivity but attribute
an enhanced kinetics of Li-ion reduction, leading to a reduced
overpotential induced by charge-transfer process [33-35]. It is
important to combine the advantages of conventional electrolytes
and  high-concentration  electrolytes for reducing the
electrodeposition overpotential and further mitigating Li dendrite
growth.

An effective approach to combining the advantages of
conventional electrolytes and high-concentration electrolytes is to
form an interfacial high-concentration electrolyte (Fig. 1(c)). In
the interfacial high-concentration electrolyte, there is a
concentrated concentration of > 1 molL™" Li-ions near the
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Figure1 Schematic representatives of the ion distribution of (a) conventional electrolyte, (b) high-concentration electrolyte, and (c) interfacial high-concentration
electrolyte. (d) Schematic illustration of the effect of the interfacial high-concentration electrolyte on lithium nucleation.

electrode surface, and a conventional concentration of 1 mol-L™ Li-
ions in the bulk electrolyte. The regulation mechanism of
interfacial high-concentration electrolyte on uniform Li deposition
is schematically illustrated in Fig. 1(d), the reduction of Li-ions on
the electrode has a relatively low charge-transfer overpotential
induced by the high interfacial concentration of Li-ion. The
mobility of Li-ions in the bulk electrolyte has a relatively low mass-
transfer overpotential induced by the high ionic conductivity.
These low potentials will result in the relatively uniform
electrodeposition of Li-ion on the electrode. The classical
simulations indicate that the electric field created by the charged
surface can change the electrolyte structure and regulate ionic
concentration near a charged surface [36-39]. Therefore, the
interfacial high-concentration electrolyte can be realized by
coating a surface charged material on the electrode, to develop for
dendrite-free Li metal anode.

In this work, we design and showcase the interfacial high-
concentration electrolyte behavior through a combination of
simulation and experimental research. We first reveal the effect of
negatively charged coating on inducing the interfacial high-
concentration electrolyte through numerical simulations. As a
proof-of-concept material, we coat nitrogen and oxygen co-doped
carbon nanosheets (NO-CNS) with a massive surface negative
charge on nickel foams (NO-CNS@NI) to create the interfacial
high-concertation electrolyte near the 3D host electrode.
Benefiting from the in-situ formation of the interfacial high-
concertation electrolyte, the NO-CNS@Ni foam as Li-host can
effectively reduce the overpotential of Li nucleation, in good
consistence with the theoretical prediction, and hence delivers
excellent electrochemical performance in Li metal batteries.

2 Experimental and simulation

2.1 Preparation of NO-CNS and NO-CNS@Ni foam

Synthesis of NO-CNS: 3 g of melamine was placed in a crucible
and then heated to 550 °C for 4 h at a heating rate of 5 °C:min™ in

an air atmosphere to obtain graphitic carbon nitride (g-C;N,).
0.2 g of g-C;N, and 0.6 g of K metal were mixed in an argon-filled
glove box, and then were put into a Pyrex tube with a stop and a
side vacuum connection. The tube was initially vacuumized with a
vacuum pump to remove any evaporable phases and then heated
to 190 °C for 4 h under the vacuum condition. After cooling down
the tube to room temperature, the air was slowly introduced into
the Pyrex tube. After the mixture was held for 30 min, 30 mL of
ethanol and 30 mL of deionized (DI) water were successively
added into the Pyrex tube. The mixture solution was sonicated for
2 h and then centrifuged at 5,000 rpm for 1 h to remove g-C;N,
sediment. The remaining K-ions in the solution were removed by
a dialysis bag immersed in DI water for 1 week. Finally, 20 mL of
NO-CNS aqueous solution was obtained by 50 °C heating and
concentrating [40].

Fabrication of NO-C@Ni foam: Nickel foam was punched into
a disk of 12 mm in diameter and pressed with a thickness of
~ 350 pum. Nickel foam was sequentially sonicated in ethanol and
then dried in air to remove surface contaminants. Nickel foams
were fully immersed in NO-CNS solution under ultrasonication
for 10 min, and then dried at 60 °C to finally obtain NO-CNS@Ni
foam electrodes, the loading of NO-CNS on Ni foam was about
0.02 mg-cm™.

2.2 Material characterization

The morphology and structure of material and electrode were
characterized by scanning electron microscopy (SEM, Hitachi
$4800), energy-dispersive X-ray spectroscopy (EDX), and
transmission electron microscopy (TEM, JEM 3100F). X-ray
diffraction (XRD) patterns were measured on a Bruker D-8
diffractometer (Cu Ko« radiation, A = 0.154 nm) at room
temperature. The X-ray photoelectron spectra (XPS)
measurements were carried out by using the Thermo Fisher
Scientific K-Alpha+ (Al Ka radiation, hv = 1,486.6 eV, UK) to
analyze the valence state of the elements. Zeta potentials of NO-C
solution were measured by Zetasizer Nano ZS (Malvern
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Panalytical) at room temperature.

2.3 Electrochemical characterization

All CR2032-type coin cells were assembled in an Ar-filled glove
box with oxygen and water content below 0.5 ppm. For coin half
cells, the bare Ni foam and NO-CNS@Ni foam were employed as
the working electrode. Lithium foil and polymer membrane
(Celgard 2500) were employed as the reference/counter electrode
and separator, respectively. The ether electrolyte was composed of
1 molL" bis(trifluoromethane sulfonyl)imide (LiTESI) in 1,3-
dioxolane:1,2-dimethoxyethane binary solvent (DOL:DME, 1:1 by
volume) with 1 wt% LiNO;. For coin symmetrical cells,
6.0 mAh-cm™ of Li was first predeposited on the Ni foam and NO-
CNS@Ni foam in ether electrolyte to obtain Li@Ni foam and
Li@NO-CNS@Ni foam. The Li@Ni foam or Li@NO-CNS@Ni
foam was employed both as the electrode. The ether electrolyte
and Celgard 2500 were employed as the electrolyte and separator,
respectively. For coin full cells, Li@Ni foam or Li@NO-CNS@Ni
foam with an areal capacity of 6 mAh-cm™ was employed as the
anode while commercial LiFePO, or LiNiyzCoy;Mn,,0,
(NCM811) was employed as the cathode. Celgard 2500 was
employed as the separator. The carbonate -electrolyte was
composed of 1 mol-L" lithium hexafluorophosphate (LiPF;) in a
mixed solution of ethylene carbonate (EC) and dimethyl
carbonate (DMC) (EC:DMC, 1:1 by volume). The LiFePO, and
NCM811 cathodes were made by casting slurries composed of
LiFePO, (active material, 80 wt.%), super P (conductive carbon, 10
wt.%), and polyvinylidene difluoride (binder, 10 wt.%) in N-
methyl-2pyrrolidone (NMP) solvent onto Al foils by a doctor
blade and punching into a disk of 12 mm in diameter. The areal
mass loading of LiFePO, active materials was controlled at around
5 mgcm™ The areal mass loading of NCM811 active materials
was controlled at around 15 mg-cm™.

For half-cell tests, a certain amount (e.g., 1.0 mAh-cm™) of Li
was deposited onto the working electrodes and then stripped to a
cut-off voltage of 1.0 V at a certain current density (e.g.,
1.0 mA-cm™). The CE value was calculated based on the capacity
ratio of stripped Li to deposited Li. The electrochemical
impedance spectroscopy (EIS) was measured by Autolab Analyzer
PGSTAT 128N (Metrohm, Switzerland). The frequency range was
chosen between 100 kHz and 10 mHz. For symmetrical cell tests, a
certain amount (e.g., 1.0 mAh-cm™) of Li was deposited and then
stripped at a certain current density (e.g., 1.0 mA-cm™). For full-
cell tests, the amount of pre-deposited Li for all anodes was
6 mAh-cm™ accomplished by 6 h deposition at a current density of
1.0 mA-cm™ The galvanostatic charge-discharge cycling tests
were carried out in the Neware battery test system. The voltage
range of 2.4-3.8 V was set for the full cell paired with the LiFePO,
cathode. The voltage range of 2.8-4.2 V was set for the full cell
paired with the NCM811 cathode.

24 Modeling and simulation details

The concentration distribution of Li-ion near electrode surfaces of
different charge densities was captured based on the classical
density functional theory (CDFT) [41]. Here, the real chemical
potential of ions (u; = ui** +u™) consists of the ideal chemical
potential (1% = ks Tln¢, + zey, with ¢ is the local ion
concentration, z; is the ion charge, ky is the Boltzmann constant, T
is the working temperature, e is the unit charge, and y is the local
electrostatic potential) and the excess chemical potential
(u™ = —ky TIn(1— ¢)) that took into account the ionic volume
effect (¢). The ionic volume effect was described by Bikerman’s
expression (¢ = Y 'a’c;, with g, is the ionic diameter, and # is the
total number of ionic species) [42]. Meanwhile, the electrostatic
potential in the electrolyte solution satisfis the Poisson equation
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(Eq. (1)) [43], where ¢, is the free space permittivity, ¢, is the
relative permittivity of the electrolyte, N, is the Avogadro constant

V- Vy = —Z?ZieNAci (1)

The temporal and spatial evolution of Li deposition
morphology were captured by coupling the nonlinear phase-field
model (PFM) (Egq. (2)), the Nernst-Plank equation (Eq. (3)) and
the Poisson equation (Eq. (4)) [44]

(1—a)Fn
2% ool T RT
5 = L) -V -LH(E) —aFy
_CLi+CXp|: RT :|
)
aCLr _ off Df* Cuit — af
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V- (0*'Vy) = ix (4)

where ¢ is the phase-field parameter (¢ = 0 for the electrolyte and
& =1for the Li metal), g (£) is the arbitrary double well function, x
is the surface energy anisotropy, L, is the interface mobility, L, is
the reaction-related constant, /() is an interpolating function, «
is the charge-transfer coefficient, # is the reaction overpotential,
¢y is the local Li-ion concentration, F is the Faraday’s constant,
D is the effective diffusion coefficient of Li-ion, ¢, is the site
density of Li metal, o*" is the effective conductivity, and iy is the
current density. All models were solved by the finite element
method on COMSOL Multiphysics 6.0. The parameters
mentioned above are detailed in Table S1 in the Electronic
Supplementary Material (ESM). The size and structure of the
simulated models are detailed in Figs. S1 and S2 in the ESM.

3 Results and discussion

3.1 The in-situ formation of the interfacial high-
concentration electrolyte

Figure 2(a) illustrates the in-situ formation mechanism of the
interfacial high-concentration electrolyte. When the current
collector has a surface with negative charges, the positively charged
Li-ion concentration near the charged surface increases to
maintain overall charge conservation, resulting in the interfacial
high-concentration Li-ion electrolyte [37,45]. Motivated by the
above mechanism, we coated the current collector with a surface
negatively charged material which then in-situ forms an interfacial
high-concentration electrolyte in batteries. The NO-CNS was
synthesized through the exfoliation and disintegration of the bulk
g-C;N,. The strong reaction between K-treated g-C;N, and
ethanol/water splits the bulk g-C;N, into the mono-layer or few-
layer porous nanosheets (Fig. 2(b) and Fig. S5(a) in the ESM). As
shown in Fig. 2(c), the obtained NO-CNS presents a negative zeta-
potential of —1828 mV, indicating that the NO-CNS is an
appropriate proof-of-concept material with a lot of negative
charges. According to the XRD patterns (Fig. 2(d)), the NO-CNS
shows no obvious (100) peak corresponding to the in-plane
packing of the bulk g-C;N,, which confirms the severe destruction
of heptazine rings [46]. XPS analysis of NO-CNS (Fig. 2(e)) shows
the amount of C atoms (86.49 at.%) significantly is higher than the
total amounts of N atoms (9.83 at.%) and O atoms (2.95 at.%),
indicating the partial removal of N atoms and the introduction of
O atoms in the heptazine rings. Meanwhile, the C 1s XPS
spectrum of NO-CNS (Fig. 2(f)) shows that the relative intensity
of the N=C-N peak is much lower than that of C-O and C-C
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Figure2 (a) Schematic illustration of the formation mechanism of the interfacial high-concentration electrolyte. (b) TEM image of NO-CNS. (c) Zeta potentials of
NO-CNS and g-C;N; solutions. (d) XRD patterns of NO-CNS and bulk g-C;N,. (e) Surface atomic content of different elements on the NO-CNS obtained by XPS

measurement. (f) High-resolution C 1s XPS spectrum of NO-CNS.

peaks, further indicating the severe destruction of the heptazine
ring and the formation of edged C [47, 48]. Therefore, the surface
negative charges of NO-CNS mainly come from the unpaired
electrons the edged C induced by the partial removal of N atoms
in the heptazine rings. In order to eliminate the influence of the
limiting current density on the electrodeposition of Li-ion, the 3D
Ni foam was chosen as the substrate to be modified, due to its
large surface area to reduce local current density [21-24].

The NO-CNS was coated on the Ni foams through the
impregnation and drying processes. The SEM images with the
EDX mappings (Fig. 3(a)) illustrate that C, N, and O elements are
evenly distributed in the NO-CNS@Ni foam framework,
demonstrating that the NO-CNS with a surface negative charge
has been uniformly coated on the surface of the Ni foam. To
evaluate the effects of the surface negative charge of NO-CNS@Ni
foam on the electrolyte structure, the ionic distribution was
visualized based on the CDFT simulation (Figs. SI and S3 in the
ESM). As shown in Fig. 3(b), there is an obvious interfacial high
concertation of Li-ions near the negatively charged electrode
surface. When the density of surface negative charge (expressed by
electrostatic potential [49,50]) is increased to —-20 mV, the
concentration of Li-ions accumulated at the electrode interface is
even as high as 2.2 mol-L". The nucleation overpotentials were
further obtained based on the Nernst equation as shown in Fig. S$4
in the ESM. With the interfacial concentration of Li-ion
increasing, the nucleation overpotential distinctly decreases, which
provides a convenient condition for the uniform nucleation of Li
metal [27]. Subsequently, as Li metal nucleates more uniformly,
the growth of Li dendrite is slowed down (Figs. 3(c)-3(e)), which
further favors uniform Li plating. In view of the above results, for
the interfacial high-concentration electrolyte induced by the
surface negative charge of NO-CNS@Ni foam, the nucleation
overpotential will be much lower than that of the conventional
electrolyte, thus allowing uniform electrodeposition of Li-ions.

3.2 Performance of Li electrodeposition in the interfacial
high-concentration electrolyte

To further confirm the effectiveness of the interfacial high-
concentration electrolyte induced by the surface negatively
charged NO-CNS@NIi foam in practical systems, we studied the
electrochemical performance of half cells using the Li host (NO-
CNS@Ni foam and Ni foam) as the working electrode and Li foil

Tsinghua University Press

as the counter/reference electrode. The Nyquist plots in Fig. 4(a)
compare the impedance of the half cells with bare Ni foam and
NO-CNS@Ni foam. The half-cell with the coating NO-CNS layer
shows a much smaller charge-transfer resistance value (13.70 Q)
than that without the coating layer (20.26 (). However, the
activation energy of charge transfer for the NO-CNS@Ni foam
electrode (60.55 kJ-mol™) is slightly higher than that of the Ni
foam electrode (58.02 kJ-mol”, Fig.S7 in the ESM). The above
results indicate the reduced charge-transfer resistance of NO-
CNS@Ni foam is mainly attributed to the formation of an
interfacial high-concentration electrolyte rather than the change of
reaction activation energy, promoting the charge-transfer kinetics
of plating Li on the electrode surface. The nucleation
overpotential, which is the potential difference between the lowest
value and stabilized one in the electrodeposition process, is an
important parameter to evaluate the Li nucleation process. As
shown in Fig. 4(b), the nucleation overpotential of Li plating on
NO-CNS@Ni foam is only 53.0 mV at the current density of
1.0 mA-cm? much smaller than that of Li plating Ni foam
(1439 mV), further demonstrating less kinetic resistance in
nucleation and uniform Li nucleation for the NO-CNS modified
Ni foam electrode compared with the pristine Ni foam electrode.
Notably, the nucleation overpotential of Ni foam increases
significantly with the current density (49 mV at 0.2 mA-cm?,
65.4 mV at 0.5 mA-cm, 143.9 mV at 1.0 mA-cm?, Fig. S8 in the
ESM). In contrast, the nucleation overpotential of NO-CNS
modified Ni foam is almost not affected by the current density
(47.7 mV at 02 mA-cm? 522 mV at 0.5 mA-cm? 53 mV at
1.0 mA-cm? Fig. S8 in the ESM). This indicates that the high
concentration of Li-ions at the NO-CNS@NIi interface exempts
the Li nucleation from the mass-transfer limitations even at high
current density, beneficial to uniform Li nucleation and the
subsequent Li plating.

The uniform Li nucleation benefiting from the interfacial high-
concentration electrolyte effectively ensures the controlled
electrodeposition of the Li-ions on the host. The morphologies of
Li plating on the NO-CNS@Ni foam and Ni foam electrodes are
significantly different, as compared in Figs. 4(c) and 4(d). After
plating a capacity of 1.0 mAh-cm?, the plated Li is uniformly
distributed on the surface of NO-C@Ni foam. In contrast, the Li
plated in Ni foam agglomerated on the surface. After further
increasing the capacity of plating Li, there are agglomerated
morphology and even Li dendrites on the surface of pristine Ni
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foam. In contrast, the surface of the Li@NO-CNS@Ni foam
electrode remains relatively flat, which is attributed to uniform
nucleation during initial Li plating. The effective dendrite
suppression arising from the interfacial high-concentration
electrolyte ensures the cycling stability and long life of the Li metal
anodes. As shown in Fig. 4(e), the NO-CNS@Ni foam electrode
achieves more than 600 cycles at a current density of 1.0 mA-cm™
with a capacity of 1.0 mAh-cm?, much better than the Ni foam
electrode with a rapid short circuit within 250 cycles. Even at a
high current density of 2.0 mA-cm™ with a high capacity of
2.0 mAh-cm™, NO-CNS@Ni foam electrode still stably works over
150 cycles, superior to Ni foam electrode with a fast failure after
80 cycles (Fig.S9 in the ESM). Furthermore, when the pre-
deposited electrodes with a Li-capacity of 6.0 mAh-cm™ are
assembled into the symmetric cell, the LI@NO-CNS@Ni foam
symmetric cell displays stable and low voltage hysteresis for more
than 1,500 h at a current density of 1.0 mA-cm™ with a capacity of
1.0 mAh-cm?, but the voltage hysteresis overshoots for the Li@Ni
foam symmetric cell after 600 h (Fig. 4(f)). Thus, the interfacial
high-concentration electrolyte induced by negatively charged
surface improves the electrochemical kinetics of Li deposition and
suppressed Li dendrite growth, and then improves the cycling
stability of Li metal anode.

The superior cycling stability of Li@NO-CNS@Ni arising from
the interfacial high-concentration electrolyte improves the full
battery performances of the Li metal batteries. The Li@NO-
CNS@Nij||LiFePO, battery exhibits a high capacity of up to
137.6 mAh-g* (based on cathode mass) at the current density of
02 C (1 C = 170 mA-g"'). When increasing the current rate to
0.5 C, a capacity of 133.3 mAh-g" can still be obtained, indicating
a high-rate capability (Fig. 5(a)). The Li@NO-CNS@Ni||LiFePO,
battery exhibits high discharge capacities of 137.6 mAh-g" at 0.2 C,
133.3 mAh-g' at 0.5 C, 123.9 mAh-g" at 1.0 C, 106.6 mAh-g"' at
2.0 C, 59.5 mAh-g" at 5.0 C and then back to 120.7 mAh-g™ at

1.0 G, all higher than those of Li@Ni||LiFePO, battery (Fig. 5(b)),
confirming the high rate capability of NO-CNS@Ni foam
electrode to pure Ni foam electrode. We also compared the cycling
performances of Li@Ni||LiFePO, and Li@NO-CNS@Ni||LiFePO,
batteries at 1.0 C (Fig.5(c)). The capacity retention of the
Li@Ni||LiFePO, battery rapidly fades to less than 10% after
40 cycles. In contrast, the Li@NO-CNS@Ni||LiFePO, battery
stably runs over 60 cycles with a capacity retention of ~ 90%. In
addition, we further evaluated the rate capabilities of
Li@Nil||LiFePO, and Li@NO-CNS@Nil||LiFePO, batteries. Even
when the Li@NO-CNS@N:i electrode is paired with the NCM811
cathode with a high areal capacity of ~ 4.1 mAh-cm?, the battery
can stably run over 80 cycles with a capacity retention of ~ 80% at
a 1.0 C (1 C =200 mA-g", Fig. 5(d)). Thus, the interfacial high-
concentration electrolyte induced by negatively charged NO-CNS
coating is beneficial for the practical application of the Li metal
anode.

4 Conclusions

In summary, we show that the interfacial high-concentration
electrolyte, induced by the surface negatively charged coating, can
effectively reduce the electrodeposition overpotential of plating Li-
ions on a host to restrain the Li dendrite growth. NO-CNS with
surface negative charges, as a proof-of-concept material, was
coated on Ni foam to get the NO-CNS@Ni foam electrode.
According to the charge conservation principle, the positively
charged Li-ions are concentered near the NO-CNS@Ni foam
electrode surface, which promotes the charge transfer kinetics of
plating Li-ions on the NO-CNS@Ni foam electrode. As result,
both half-cell and full-cell tests based on the NO-CNS@Ni foam
electrode show the low nucleation overpotential, the smooth Li
morphology, the excellent cycling stability, and the long life for Li
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foam and NO-CNS@Ni foam electrodes at 1.0 mA-cm™. SEM images of Li deposition morphologies in (c) Ni foam electrode and (d) NO-CNS@Ni foam electrode. (e)
Coulombic efficiency for the Li plating and stripping on Ni foam and NO-CNS@Ni foam electrodes at a current density of 1.0 mA-cm™ with a capacity of 1 mAh-cm™
(f) Galvanostatic discharge/charge voltage profiles of the Li@Ni foam electrode and Li@NO-CNS@Ni foam electrode in symmetric cells at a current density of
1.0 mA-cm™ with a fixed capacity of 1 mAh-cm™
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Figure5 (a) Voltage-capacity profiles of Li@NO-CNS@Ni foam)||LiFePO, at different rates. (b) Rate performance and (c) cycling performance of Li@Ni
foam||LiFePO, in carbonate electrolyte. (d) Cycling performance of LIi@NO-CNS@Ni foam||NCM811 in carbonate electrolyte.
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