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A B S T R A C T

A nanoscaled Na3SbS3.75Se0.25 solid electrolyte with less grain-boundary resistance was synthesized using a
liquid/solid fusion technology. The Na3SbS3.75Se0.25 solid electrolyte shows a high ionic conductivity of
4.03×10−3 S cm−1 at room temperature due to the significantly decreased amorphous phase in the electrolyte.
Moreover, the small particle size of the solid electrolytes enhances the contact between solid electrolyte and
electrode, reducing the interfacial contact resistance. As a result, FeS2/Na3SbS3.75Se0.25/Na all-solid-state so-
dium batteries achieve a high specific capacity of 140.6 mAh g−1 for 300 cycles at a high current of 500mA g−1.
In addition, FeS2/Na3SbS3.75Se0.25/Na cells also demonstrate a high rate-capacity of 365.3, 301.8, 210.1 and
96.0 mAh g−1 at current densities of 50, 300, 500 and 1000mA g−1, respectively. The liquid/solid fusion
technology is a unique synthesis strategy to develop superionic electrolytes for room temperature all-solid-state
sodium secondary battery.

1. Introduction

The high-temperature sodium sulfur battery faces inherent safety
concerns due to the molten sodium anode and sulfur cathode at high
operating temperatures of 300 °C–350 °C [1,2]. Extensive researches
have been devoted to reduce the operation temperature of all-solid-
state sodium ion battery to room temperature [3–7]. The solid-state
sodium ion conductive electrolytes for room temperature sodium bat-
tery have to meet the following stringent requirements: (1) high ionic
conductivity of 10−4 S cm−1, (2) excellent compatibility to the cath-
odes with a low interfacial resistance, and (3) superb stability against
metal sodium. However, all current solid Na-ion electrolytes, including
oxide electrolytes, polymer electrolytes and sulfide electrolytes, cannot
satisfy all these requirements. Although sintered dense oxide electro-
lytes exhibits a high ionic conductivity [8], the large interfacial re-
sistance between oxide electrolyte and cathode material limits the
power density [9]. Adding polymer into oxide electrolytes can reduce
the interfacial resistance of oxide electrolyte [10,11]. However, the
inherent disadvantages of polymer electrolyte with an narrow electro-
chemical window and poor oxidation resistivity [10] still restrict the
high voltage cathodes or/and Na metal anodes.

Sulfide electrolytes [3,12–18] have captured much attention due to
their high ionic conductivity, low particle-boundary resistance by
densification of electrolyte pellet through a simple cold press. More-
over, their excellent ductility can effectively ameliorate the volume
changes of active material in electrodes to maintain sufficient electro-
lyte/active material contact, leading to improved cyclic stability and
high rate capability of the battery. Significant advances in enhancing
the ionic conductivity of sulfide electrolytes have been achieved. Sev-
eral high Na-ion conductive electrolytes such as Na3PS4
(2.0× 10−4 S cm−1) [12], 94Na3PS4·6Na4SiS4 (7.4× 10−4 S cm−1)
[19], Na3PSe4 (1.16×10−3 S cm−1) [14], Na3SbS4
(1.1× 10−3 S cm−1) [3,13] and Na11Sn2PS12 (1.4× 10−3 S cm−1)
[20] have been reported. Clearly, the ionic conductivity of these solid
Na-ion electrolytes is still lower than that of lithium ion electrolytes. To
further enhance the ionic conductivity of the sulfide electrolytes, the P
and S elements in Na3PS4 electrolyte were replaced by ions with large
size to increase the Na+ migration channel and reduce interaction be-
tween the mobile ions and structural anions [3,14]. The ionic con-
ductivities of Na3PSe4 electrolytes (1.16×10−3 S cm−1) and Na3SbS4
(3.0× 10−3 S cm−1) are much higher than that of Na3PS4
(2.0× 10−4 S cm−1) because the radius of Se and Sb is larger than that
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of S and P, respectively. Simultaneous substitution of P by Sb and S by
Se in Na3PS4 can further enhance the ionic conductivity of Na3SbS4-
xSex. With a high grain ionic conductivity, the ionic conductivity at
grain boundary and particle-to-particle boundary in cold-press elec-
trolyte membrane becomes a limiting step for ionic transport in elec-
trolytes. The electrolyte with less grain-boundary resistance will have a
high ionic conductivity. The particle size of the electrolytes may slightly
increase the ionic conduction resistance, but it will significantly reduce
the contact resistance at electrolyte/electrode, which limits the per-
formance of the all-solid-state battery [16,21]. In all-solid-state battery,
the contacts between electrolyte and electrode material are point to
point due to the immobility of the components [22]. Although the
sulfide electrolytes synthesized by solid-state reaction have higher
ductility than oxide electrolytes, the contact resistance between sulfide
electrolyte and cathode materials is still high after cold pressing.
Minimizing the particle size of the electrolytes can increase the inter-
facial contact to cathode and form a uniform ionic conduction network,
thus reducing the contact resistance with cathodes.

Liquid-phase reaction can effectively reduce the particle size and
tune morphology of the sulfide electrolytes [16,17,21,23,24]. However,
the ionic conductivity of the electrolyte synthesized using a liquid-
phase reaction is generally one order of magnitude lower than that of
the electrolyte synthesized using a solid-state reaction method due to
the presence of large amorphous phase between grains. To achieve a
high ionic conductivity of nano-sized electrolyte, the conductivity of
solid electrolytes (grain and grain boundary) should be maximized,
which is very challenged for both liquid-phase reaction method and
solid-sate reaction method.

In this work, we developed nano-sized super conductive
Na3SbS3.75Se0.25 electrolyte by simultaneous substitution of P by Sb and
S by Se in Na3PS4 using a liquid-solid fusion synthesis technology,
which combines the merits of small particle size from liquid-phase re-
action and high ionic conductivity from solid-phase reaction. The
Na3SbS3.75Se0.25 electrolyte with tetragonal phase and particle size of
200–500 nm shows a high ionic conductivity of 4.03× 10−3 S cm−1.
By coupling FeS2 cathode and Na anodes, the FeS2/Na3SbS3.75Se0.25/Na
all-solid-state sodium batteries exhibit a high discharge capacity of
140.6 mAh g−1 at 500mA g−1 after 300 cycles and superior rate cap-
ability with specific capacities of 365.3, 301.8, 210.1 and 96.0 mAh g−1

at current densities of 50, 300, 500 and 1000mA g−1, respectively.

2. Experimental section

Preparation of Na3SbS4-xSex electrolytes and FeS2 cathode materials:
Na3SbS4-xSex solid electrolytes were synthesized using a liquid/solid
fusion technology. Typically, Na2S (95%, Aladdin Chemistry Co., Ltd),
Sb2S3 (99.9%, Aladdin Chemistry Co., Ltd), S (99.9%, Aladdin
Chemistry Co., Ltd) and Se (99%, Aladdin Chemistry Co., Ltd) with a
mole ratio of 3:1:(2-2x):2x were added in acetonitrile (99.8%, Aladdin
Chemistry Co., Ltd), and stirred at 50 °C for 24 h. After the complete
reaction, the precursor solution was distilled in vacuum and then dried
at 80 °C for 12 h to remove the residual solvent. The obtained powders
were then ball-milled using a planetary ball mill apparatus (Retch,
PM400) at a fixed rotation speed of 500 rpm for 13.5 h. Finally, the
obtained powders were annealed at 450 °C under argon atmosphere to
get the Na3SbS4-xSex electrolytes (LS-Na3SbS4-xSex). For comparison,
the Na3SbS4-xSex electrolytes were also synthesized using solid-state
reaction (S-Na3SbS4-xSex) or liquid-phase reaction (L-Na3SbS4-xSex). S-
Na3SbS4-xSex electrolytes were prepared by mechanical milling of
stoichiometric mixture of Na2S, Sb2S3 and S for 13.5 h, followed by heat
treatment at 450 °C. L-Na3SbS4-xSex precursors were synthesized by
mixing Na2S, Sb2S3 and S in acetonitrile as mentioned above, and then
annealed at 450 °C to obtain L-Na3SbS4-xSex electrolytes without ball-
milling before annealing. Therefore, the L-Na3SbS4-xSex electrolyte was
prepared by liquid-phase reaction followed by heat-treatment, S-
Na3SbS4-xSex electrolyte was prepared by ball-milling procedure

followed by heat-treatment, LS-Na3SbS4-xSex electrolyte was obtained
through liquid-phase reaction, followed by ball-milling and then an
annealing process.

The detailed synthesis procedures of pyrite FeS2 microsphere
cathode material can be found from our previous published work [17].

Characterizations: X-ray powder diffraction (XRD) was performed
using Bruker D8 Advance Diffractometer with Cu Kα radiation
(λ=1.54178 Å) at a voltage of 40 kV and a current of 40mA.
Morphology of the electrolytes was investigated by a scanning electron
microscope (SEM, S-4800, Hitachi), and the microstructures of the
electrolytes were determined by a high-resolution transmission electron
microscopy (HRTEM, FEI Tecnai G2 F20). The electrolyte composition
and elemental distribution were obtained by energy dispersive spec-
troscopy (EDS) and scanning transmission electron microscopy (STEM).

Electrochemical performance measurements: The ionic conductivities
of the Na3SbS4-xSex electrolytes were measured under argon atmo-
sphere by electrochemical impedance spectroscopy (EIS) at frequency
range from 1MHz to 10 Hz with the amplitude of 15mV using a
Solartron 1470E multi-channel potentiostat electrochemical work-
station (Solartron Public Co., Ltd.). During impedance tests, carbon
paste was used as blocking electrode. To assemble all-solid-state FeS2/
Na3SbS3.75Se0.25/Na sodium batteries, 100mg of Na3SbS3.75Se0.25
electrolyte was first pressed into solid electrolyte layer under 240MPa,
then, the hand mixed FeS2 - Na3SbS3.75Se0.25 - Super P composite
powders with a weight ratio of 4: 5: 1 (∼1.5mg cm−2) were uniformly
spread on one side of Na3SbS3.75Se0.25 electrolyte layer and pressed
under 240MPa. Finally, the sodium foil was attached on the other side
of Na3SbS3.75Se0.25 electrolyte layer and pressed under 360MPa to form
an all-solid-state full cell. All the cell fabrication processes were per-
formed in an argon-filled glove box. Electrochemical tests were mea-
sured at different current densities in the cut-off voltage of 0.9–2.7 V in
room temperature under an argon atmosphere using multichannel
battery test system (LAND CT-2001A, Wuhan Rambo Testing
Equipment Co., Ltd.). The specific discharge/charge capacities were
calculated based on the mass of FeS2. Cyclic voltammetery (CV) curves
of FeS2/Na3SbS3.75Se0.25/Na all-solid-state sodium batteries were tested
on the aforementioned electrochemical workstation in the potential
range of 0.9–2.7 V.

3. Results and discussion

Na3SbS4-xSex (x=0, 0.25, 0.5, 0.75) electrolytes with different Se
substitution were synthesized using three method: liquid phase reaction
(denoted as L-Na3SbS4-xSex), solid state reaction (S-Na3SbS4-xSex), and
liquid-solid fusion reaction (LS-Na3SbS4-xSex). Briefly, in the liquid
phase reaction method, the raw materials Na2S, Sb2S3 and S were mixed
in acetonitrile to form electrolyte precursor solution, and then dried
precursor solution at 80 °C for 12 h followed by annealing at 450 °C to
obtain Na3SbS4-xSex electrolyte powders. Solid-phase method synthe-
sized electrolytes (S-Na3SbS4-xSex) were prepared by mechanical mil-
ling of stoichiometric mixture of Na2S, Sb2S3 and S for 13.5 h, followed
by heat treatment at 450 °C. The LS-Na3SbS4-xSex is synthesized by ball-
milled the L-Na3SbS4-xSex precursor powders and then annealed at
450 °C under argon atmosphere to get the Na3SbS4-xSex electrolytes.

Fig. 1a shows the XRD pattern of L-Na3SbS4-xSex (x=0, 0.25, 0.5,
0.75). For x=0, all the diffraction peaks of pure Na3SbS4 could be
indexed to the cubic structure. The characteristic diffraction peaks at
2θ=17.48°, 24.82°, 30.51°, 35.38°, 39.72°, 43.70°, 47.40°, 54.23°, and
57.43° correspond to the diffraction from the (1 1 0), (2 0 0), (2 1 1), (2
2 0), (3 1 0), (2 2 2), (3 2 1), (4 1 1) and (4 2 0) planes of cubic
structure, respectively. For x=0.25 and 0.5 electrolytes, the diffraction
peaks shift to a lower angle because the replacement of the S2− anions
by the larger Se2− anion induces a volume expansion. Further in-
creasing the Se content to 0.75, Se and some unknown phases appear.
The impedance spectra of L-Na3SbS4-xSex with different Se substitution
is shown in Fig. 1b. The L-Na3SbS3.75Se0.25 electrolytes achieve the

H. Wan, et al. Nano Energy 66 (2019) 104109

2



highest ionic conductivity of 5.98× 10−4 S cm−1 in all Na3SbS4-xSex
(x=0, 0.25, 0.5, 0.75) electrolytes, which is more than two times
higher than that of pure Na3SbS4 (2.52×10−4 S cm−1) electrolytes.
The high ionic conductivity of L-Na3SbS3.75Se0.25 is because the ex-
pansion of the crystal volume by substitution of S with Se facilitates the
diffusion of Na+. However, when the Se substitution increases to
x=0.75, impurities precipitated in Na3SbS4 electrolytes reduces the
ionic conductivity to 2.45× 10−4 S cm−1 as evidenced by a large grain
boundary semicircle in the high frequency. Na3SbS3.75Se0.25 with
x=0.25 was selected as optimized electrolytes to be synthesized using

other two methods (solid-phase reaction and liquid-solid fusion reac-
tion) to reduce the particle size and grain boundary resistance.

Fig. 2a–c shows the morphology of the Na3SbS3.75Se0.25 electrolytes
synthesized using three different methods: liquid-phase method, solid-
phase method and liquid/solid fusion technology. The L-
Na3SbS3.75Se0.25 electrolyte consists of nanofibers cluster with seaweed
morphology (Fig. 2a), while the S-Na3SbS3.75Se0.25 electrolytes shows
irregular particles with a wider size distribution (Fig. 2b). The LS-
Na3SbS3.75Se0.25 electrolyte displays a much small and uniform particle
size of about 200–500 nm (Fig. 2c). The uniform nanoscaled particle

Fig. 1. (a) XRD patterns and (b) Impedance spectra of Na3SbS4-xSex electrolytes.

Fig. 2. SEM images of Na3SbS3.75Se0.25 electrolytes synthesized by (a) liquid-phase method, (b) solid-phase method and (c) liquid/solid fusion technology (the inset is
the statistical particle size distribution of the electrolytes). HRTEM image of Na3SbS3.75Se0.25 electrolytes synthesized by (d) liquid-phase method, (e) solid-phase
method and (f) liquid/solid fusion technology. (g) EDS spectra (element Cu belongs to copper grid for TEM test) and (h) STEM images of Na3SbS3.75Se0.25 electrolytes
synthesized liquid/solid fusion technology.
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size can reduce the electrode/electrolyte interface resistance after cold
pressing process [25]. The crystal structure of the LS-Na3SbS3.75Se0.25
electrolytes were revealed using HRTEM. As shown in Fig. 2f, a clear
lattice with interplanar distance of 0.295 nm is observed, which attri-
butes to the (2 1 1) lattice plane of tetragonal structured
Na3SbS3.75Se0.25 [3]. The LS-Na3SbS3.75Se0.25 grains are connected by
grain boundary with fast ion conduction, while a large amount of
amorphous structure between grains are observed in L-Na3SbS3.75Se0.25
and S- Na3SbS3.75Se0.25 (Fig. 2d and e). The EDS spectrum in Fig. 2g
reflects that the obtained electrolytes contain element sodium,

antimony, sulfur and selenium. Besides, the STEM image (Fig. 2h) for a
single LS-Na3SbS3.75Se0.25 particle reveals that all of the component
elements are homogenously distributed throughout the electrolytes.

The LS-Na3SbS3.75Se0.25 electrolyte synthesized using liquid/solid
fusion technology has a high ionic conductivity of 4.03× 10−3 S cm−1

at room temperature (inset EIS in Fig. 3a). The calculated activation
energy (21.73 kJmol−1) of LS-Na3SbS3.75Se0.25 electrolytes (Fig. 3a) is
much lower than that of L-Na3SbS3.75Se0.25 (28.89 kJmol−1) and S-
Na3SbS3.75Se0.25 (31.14 kJmol−1) electrolytes. To identify the role of
grain boundary in ionic conductivity, the EISs of L-Na3SbS3.75Se0.25, S-
Na3SbS3.75Se0.25 and LS-Na3SbS3.75Se0.25 electrolytes were measured at
−40 °C because grain boundary resistance only appear at a low-tem-
perature [26]. As shown in Fig. 3b, the EIS of L-Na3SbS3.75Se0.25 elec-
trolyte shows a largest grain boundary resistance at −40 °C because the
amorphous phase with a low ionic conductivity forms at grain
boundary [27]. By contrast, no grain boundary resistance is observed in
EIS of LS-Na3SbS3.75Se0.25 electrolyte and the bulk resistance is also
much lower than that of L-Na3SbS3.75Se0.25 and S-Na3SbS3.75Se0.25
electrolytes because the milling process transforms the amorphous
phase and less-conductive crystal cubic-phase in L-Na3SbS3.75Se0.25 to
high conductive tetragonal-phase structure, and simultaneously de-
creases the particle size of the electrolyte, and thus improving the ionic
conductivity of Na3SbS3.75Se0.25 electrolyte. The structure difference of
Na3SbS3.75Se0.25 electrolytes synthesized by different methods was
confirmed by XRD (Fig. 3c). After ball-milling, cubic-phase in L-
Na3SbS3.75Se0.25 transfers to tetragonal-phase in LS-Na3SbS3.75Se0.25
electrolyte. Besides, the LS-Na3SbS3.75Se0.25 electrolytes have a higher
peak intensity than that of L-Na3SbS3.75Se0.25 and S-Na3SbS3.75Se0.25
electrolytes because of the enhanced crystallization. The highly con-
ductive grain boundary with negligible grain boundary resistance re-
duces the resistance of the battery that fabricated through a simple
cold-pressing [25].

The electrochemical performance of the Na3SbS3.75Se0.25 electro-
lytes was evaluated in an all-solid-state sodium battery using pyrite
FeS2 as a cathode and Na as an anode. Fig. 4a–c shows the CV curves of
FeS2/Na3SbS3.75Se0.25/Na all-solid-state sodium battery. A clear re-
duction peak at 1.6 V and corresponding oxidation peak at 2.2 V after
first cycles are observed in all three FeS2/L-Na3SbS3.75Se0.25/Na and
FeS2/S-Na3SbS3.75Se0.25/Na and FeS2/LS-Na3SbS3.75Se0.25/Na cells due
to the insertion/extraction of Na+ into NaxFeS2. The low reduction
peak at 1.1 V in the first cycle in three FeS2/Na3SbS3.75Se0.25/Na cells is
associated with the formation of Na2FeS2. In the first anodic scan, a
broad oxidation peak at about 2.2 V is observed, due to the extraction of
Na+ from the Na2FeS2 and the formation of NaxFeS2 [28,29]. The CV
curves in the following two cycles are similar in all of the batteries,
implying an identical reaction occurs as follows: (y-x) Na+ + (y-x)
e− + NaxFeS2 ↔ NayFeS2 (0 < x < 2, x < y). However, the redox
peak currents at 1.6 and 2.2 V in FeS2/LS-Na3SbS3.75Se0.25/Na cell are
much larger than these in FeS2/L-Na3SbS3.75Se0.25/Na and FeS2/S-
Na3SbS3.75Se0.25/Na cells, demonstrating a fast reaction kinetic in FeS2/
LS-Na3SbS3.75Se0.25/Na cells. The high reaction kinetic also evidenced
by smallest peak separation between the reduction and oxidation in
FeS2/LS-Na3SbS3.75Se0.25/Na cell among these three type batteries, due
to the higher ionic conductivity of LS-Na3SbS3.75Se0.25 and the en-
hanced solid-solid contact at FeS2/LS-Na3SbS3.75Se0.25 interface.
Fig. 4d–f shows the galvanostatic discharge/charge profiles of three
FeS2/Na3SbS3.75Se0.25/Na all-solid-state sodium batteries at a cut-off
voltage of 0.9–2.7 V. In the first discharge process, specific capacities of
515.8, 492.9 and 446.1 mAh g−1 are delivered for FeS2/LS-
Na3SbS3.75Se0.25/Na, FeS2/L-Na3SbS3.75Se0.25/Na and FeS2/S-
Na3SbS3.75Se0.25/Na cells, respectively. The larger discharge capacity
than the theoretical specific capacity of FeS2 (445 mAh g−1) might be
caused by the formation of sodium-solid electrolyte interface in the first
cycle [30]. The first Coulombic efficiency of FeS2/LS-Na3SbS3.75Se0.25/
Na battery is 80.4%, which is higher than those of FeS2/L-
Na3SbS3.75Se0.25/Na (75.7%) and FeS2/S-Na3SbS3.75Se0.25/Na (64.2%)

Fig. 3. (a) Arrhenius conductivity plots of Na3SbS3.75Se0.25 electrolytes. (The
inset displays the impedance spectra of Na3SbS3.75Se0.25 electrolytes at room
temperature). (b) The impedance spectra of Na3SbS3.75Se0.25 electrolyte at
233 K. (c) XRD patterns of Na3SbS3.75Se0.25 electrolytes synthesized by different
methods.
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cells. The improved Coulombic efficiency is attributed to the enhanced
interfacial contact in FeS2/LS-Na3SbS3.75Se0.25/Na cell and high ionic
conductivity of LS-Na3SbS3.75Se0.25 electrolyte. The low interface re-
sistance and high ionic conductivity in FeS2/LS-Na3SbS3.75Se0.25/Na
cells also enhances the reversible capacity and cycling stability. Fig. 4g
shows the cycling stability of three FeS2/Na3SbS3.75Se0.25/Na all-solid-
state sodium batteries at a current density of 20mA g−1. For FeS2/LS-
Na3SbS3.75Se0.25/Na cell, a high specific discharge capacity of 397.2
mAh g−1 is still maintained after 25 cycles. By contrast, the discharge
capacity of FeS2/L-Na3SbS3.75Se0.25/Na and FeS2/S-Na3SbS3.75Se0.25/
Na cells decreases rapidly to 36.2 mAh g−1 and 3.6 mAh g−1 at 25
cycles, respectively.

The rate capability of FeS2/LS-Na3SbS3.75Se0.25/Na battery was
evaluated at different current densities after twenty activation cycles.
As shown in Fig. 5a, the FeS2/LS-Na3SbS3.75Se0.25/Na battery can pro-
vide capacities of 365.3, 301.8, 210.1 and 96.0 mAh g−1 at 50, 300,
500 and 1000mA g−1, respectively. Fig. 5b displays cycling perfor-
mance of FeS2/LS-Na3SbS3.75Se0.25/Na battery at different current
densities. At 30th cycles, a high reversible discharge specific capacity of
371.1, 319.1, 229.5 and 96.8 mAh g−1 is obtained at current densities
of 50, 300, 500 and 1000mA g−1, respectively. The long cycling sta-
bility of the battery was further measured at a high current density of
500mA g−1 (Fig. 5c). After 300 cycles, the discharge specific capacity
of FeS2/LS-Na3SbS3.75Se0.25/Na battery still retains at about 140.6 mAh
g−1. The superior electrochemical performance in terms of high

capacity, excellent high rate capability and extraordinary cycling sta-
bility at different current densities attributes to the following two as-
pects: First, the high ionic conductivity of LS-Na3SbS3.75Se0.25 electro-
lyte synthesized by liquid/solid fusion technology improve the
electrochemical kinetic process, which will benefit the rate capability
and cycling performance under high current density. Second, the large
contact area between electrode material and electrolyte due to the re-
duced particle size further reduces the interface resistance.

4. Conclusion

In summary, tetragonal phase LS-Na3SbS3.75Se0.25 electrolyte with
particle size of 200–500 nm and high ionic conductivity of
4.03×10−3 S cm−1 was successfully synthesized using a liquid/solid
fusion technology. Benefited from the intimate solid-solid contact and
superior high ionic conductivity of the LS-Na3SbS3.75Se0.25 electrolytes,
all-solid-state FeS2/LS-Na3SbS3.75Se0.25/Na battery shows an excellent
rate capability of 365.3, 301.8, 210.1 and 96.0 mAh g−1, at current
densities of 50, 300, 500 and 1000mA g−1, respectively, and long cy-
cling stability by maintaining a high capacity of 140.6 mAh g−1 at a
high current density of 500mA g−1 for 300 cycles.
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Fig. 5. (a) High rate capability and (b) cycling performance of FeS2/LS-Na3SbS3.75Se0.25/Na battery under different current densities. (c) High rate cycling stability of
the battery at a current density of 500mA g−1.
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