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Abstract Sb-based materials with high specific capacity

have targeted as an alternative anode material for alkali

metal ion batteries. Herein, Sb nanoparticles embedded in

hollow porous N-doped carbon nanotubes (Sb@N-C nan-

otubes) are used as freestanding anode for Li-ion batteries

(LIBs) and K-ion batteries (PIBs). The Sb@N-C nanotubes

demonstrate exceptional reversible capacity of

643 mAh�g-1 at 0.1 A�g-1 with long cycle stability, as

well as outstanding rate performance (219.6 mAh�g-1 at

10 A�g-1) in LIBs. As the anode material of PIBs, they

reveal impressive capacity of 325.4 mAh�g-1 at 0.1 A�g-1.

The superior electrochemical properties mainly originate

from the novel structure. To be specific, the obtained 3D

connected network allows for quick ion and electron

migration, and prevents the aggregation of Sb nanoparti-

cles. The hollow porous nanotubes can not only accom-

modate the volume expansion of Sb nanoparticles during

cycling, but also facilitate the infiltration of the electrolyte

and reduce the ion diffusion length. This work provides a

new insight for designing advanced Sb-based anodes for

alkali metal ion batteries.

Keywords Alkali metal ion batteries; Freestanding

electrode; Hollow porous nanotube; Sb@N-C nanotubes

1 Introduction

In the past few years, with the development of new energy

vehicles including intelligent mobile phone and lots of

smart appliances, the market demand for high energy

density and high flexibility power sources has grown

rapidly [1–4]. Lithium-ion batteries (LIBs) have been

widely integrated into hybrid vehicles and smart electronic

equipment [5, 6]. Nevertheless, the uneven distribution of

lithium resources and the high cost restrict their application

in large-scale energy-related devices [7–9]. Potassium-ion

batteries (PIBs) are considered as promising candidate as

electrical energy storage systems because of abundant

potassium resources on the earth and low redox potential

(- 2.93 V (vs. standard hydrogen electrode)), close to that

of lithium (- 3.04 V (vs. standard hydrogen electrode))

[10–12]. However, the large radius of K? (0.138 nm)

causes sluggish diffusion kinetics and large volume

expansion during repeated K-ion insertion–extraction pro-

cesses [13, 14]. Although commercial graphite has been

widely used in LIBs, it can no longer meet the booming

demands in PIBs because of its low capacity

(278 mAh�g-1) [15, 16]. Therefore, it is urgent to develop

suitable anode materials for LIBs and PIBs.

Antimony (Sb) has attracted much attention due to its

high theoretical specific capacity (660 mAh�g-1) and low

reduction potential. However, the large volume expansion

and pulverization of the electrode during cycling hamper

its commercial application [17–20]. Lots of attempts have

been made to address this issue. Dispersing nanostructured

Sb into carbon matrix is one widely used method to

improve the electrochemical performances of alloying

materials [21, 22]. For example, Li et al. [23] reported an

ultrafine Sb embedded in a porous carbon nanocomposite
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(Sb@PC) through in situ substitution of the Cu nanopar-

ticles in a metal–organic framework (MOF)-derived octa-

hedron carbon framework, which not only provides fast

transfer channels for ions and electrons but also suppresses

the agglomeration and volume variation of Sb during

cycling, thus ensuring the structural stability and achieving

superior sodium storage performance. Furthermore, con-

structing hollow structure for providing substantial inner

void space to tolerate large volume expansion has been

demonstrated as a practicable approach to enhance elec-

trochemical properties [24, 25]. Huang et al. [26] fabricated

yolk–shell Sb@C nanoboxes embedded in carbon nanofi-

bers (Sb@CNFs) as an enhanced anode for PIBs, in which

the void space can effectively tolerate the large volume

variation, and the plastic carbon shell ensures the structural

stability of electrode material. Although the electrochemi-

cal performances of Sb-based anode have been improved,

there still remains a big challenge to explore anodes with

outstanding performances and high flexibility for alkali

metal ion batteries.

Herein, we report a novel structure of Sb nanoparticles

embedded in N-doped hollow carbon nanotubes (Sb@N-C

nanotubes) by a typical electrospinning method followed

by annealing process with polymethyl methacrylate

(PMMA) as pore former. In this unique design, the 3D

interconnected network can provide a fast transport way for

Li/K-ions and electrons, thus accelerating reaction kinetics.

Benefiting from the hollow porous structure of carbon

nanotubes, the volume expansion of Sb during alloying/

dealloying processes is well relieved and the infiltration of

the electrolyte is enhanced. As a consequence, Sb@N-C

nanotubes exhibit remarkable cycling and rate perfor-

mances in LIBs and PIBs. Besides, the obtained fiber

membranes exhibit high flexibility, which can be directly

sliced into electrode without using binder or current col-

lector, enhancing the energy density of Sb@N-C nanotubes

electrode.

2 Experimental

2.1 Preparation of hollow Sb@N-C nanotubes

All reagents used in this work were analytical grade.

Hollow Sb@N-C nanotubes were fabricated by an elec-

trospinning method followed by high-temperature calci-

nation. Typically, 0.912 g of SbCl3, 0.5 g of

polyacrylonitrile (PAN) and 0.3 g of PMMA were added

into 10 ml of N, N-dimethylformamide (DMF) and then

kept stirring for 24 h at room temperature to obtain a

transparent precursor solution. Then, the obtained solution

was transferred into a 10 ml of plastic syringe equipped

with a stainless steel needle. The flow rate was kept at

0.4 ml�h-1 and the distance between the needle and a

rolling collector was set to 15 cm. A high voltage of 15 kV

was applied between the needle and collector. The obtained

nanofiber mats were pre-oxidized at 230 �C for 1 h with a

heating rate of 5 �C�min-1, and then carbonized at 600 �C
for 2 h under H2 (5 vol%)/Ar (95 vol%) atmosphere to

obtain hollow Sb@N-C nanotubes. For comparison,

Sb@N-C nanofibers and pure carbon nanotubes were fab-

ricated through the same process without adding PMMA or

SbCl3, respectively.

2.2 Material characterizations

The morphologies of the materials were investigated by

scanning electron microscope (SEM, Zeiss SUPRA 55) and

transmission electron microscope (TEM, JEOL JEM 2100).

X-ray powder diffraction (XRD, Riguku Ultima IV) was

carried out to observe the crystal structure of Sb@N-C

nanotubes. X-ray photoelectron spectroscopy (XPS) was

performed on Axis Ultra DLD Kratos AXIS SUPRA X-ray

photoelectron spectra. Raman spectrum was investigated

by a LabRam ARAMIS confocal micro Raman spectrom-

eter (Horiba Jobin Yvon). Elemental analyzer (Vario EL

III) was measured to observe the content of Sb, C, O and N

elements.

2.3 Electrochemical measurements

The flexible Sb@N-C nanotubes films were directly cut

into a round piece as freestanding electrode with a diameter

of 12 mm. The weight of each piece was 1.0–1.2 mg. The

electrochemical performances were conducted in CR2032

coin cells, which were fabricated in an argon-filled glove

box. Lithium and potassium foils were used as the counter

electrode, respectively. Celgard 2400 membranes were

employed as the separators for LIBs, and Whatman glass

fibers were separators for PIBs. 1.0 mol�L-1 LiPF6 in

ethylene carbonate (EC)/diethyl carbonate (DEC) and

1.0 mol�L-1 potassium trifluoromethanesulfonimide

(KTFSI) in EC/DEC were used as the electrolyte, respec-

tively. Cyclic voltammogram (CV) measurements were

conducted on Chenhua CHI 660E with the voltage window

ranging from 0.01 to 3 V (vs. Li/Li?) and 0.01 to 2.5 V

(vs. K/K?), respectively. Electrochemical impedance

spectroscopy (EIS) was tested at a frequency of 1910–2

–19105 Hz.

3 Results and discussion

As illustrated in Fig. 1, the synthesis of hollow Sb@N-C

nanotubes follows a typical electrospinning method and

subsequently calcination process. Firstly, the solution of
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SbCl3, PMMA and PAN in DMF is electrospun into a

precursor nanofiber. During electrospinning, a PMMA-

PAN core–shell jet is formed because PAN/DMF solution

is easier to stretch than a PMMA/DMF fluid [27, 28]. After

pre-oxidation at 230 �C, the stabilized nanofibers are car-

bonized, and SbCl3 are reduced to Sb nanoparticles in H2/

Ar atmosphere at 600 �C. During this calcination, PMMA

begin to decompose at around 270 �C and degrade com-

pletely without carbon residue at approximately 400 �C,
while continuous PAN phase is easily transformed into

carbon, leading to the formation of hollow N-doped nan-

otubes [29, 30]. The obtained fiber membrane exhibits high

flexibility which can be rolled up at any angle as shown in

Fig. S1.

Figure 2a displays the XRD patterns of Sb@N-C nan-

otubes, pure carbon nanotubes and Sb@N-C nanofibers. In

pure carbon nanotubes, a broad peak appearing at 25.8� is
corresponding to the (002) plane of graphite. As for Sb@N-

C nanotubes, the diffraction peaks located at 25.2�, 28.7�,
40.1�, 41.9� and 51.6� are indexed to the (101), (012),

(104), (110) and (202) planes of hexagonal Sb (JPCDS No.

35-0732). Besides, XRD patterns of Sb@N-C nanofibers

are similar with that of Sb@N-C nanotubes. Figure 2b

demonstrates the Raman spectrum of Sb@N-C nanotubes.

The strong and broad peaks appear at 1345 and 1587 cm-1

can be assigned to the D and G band of the carbon shell.

The intensity ratio (ID/IG) of Sb@N-C nanotubes is cal-

culated to be about 1.20, indicating the existence of

amorphous carbon in the products [31, 32].

The morphologies of Sb@N-C nanofibers and nanotubes

are investigated by SEM. Figure 3a, b shows that the

Sb@N-C nanofibers are uniform and straight with smooth

Fig. 1 Schematic illustration for preparation of hollow Sb@N-C nanotubes

Fig. 2 a XRD patterns of pure carbon, Sb@N-C nanofibers and Sb@N-C nanotubes. b Raman spectrum of Sb@N-C nanotubes
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surface, and the diameters are about 900 nm. Meanwhile, it

can be seen that these nanofibers are solid from the cross

section of the Sb@N-C nanofibers in Fig. S2a. The weight

percentage of Sb in Sb@N-C nanofibers is 37.03% from

the energy-dispersive X-ray spectrometry (EDX) spectrum

(Fig. S2b). The morphologies of Sb@N-C nanotubes are

different from that of Sb@N-C nanofibers due to the

addition of PMMA. As displayed in Fig. 3c–e, plenty of

wrinkles appear on the surface of the Sb@N-C nanotubes

and the diameter of the nanotubes is reduced to

200–300 nm. Meanwhile, the Sb@N-C nanotubes exhibit a

hollow structure and Sb nanoparticles are embedded in the

carbon nanotubes. For comparison, pure carbon nanotubes

without adding SbCl3 exhibit a hollow porous structure

with a diameter about 400 nm (Fig. S3). As displayed in

Fig. 3f, the EDX spectrum of Sb@N-C nanotubes reveals

the existence of Sb, C, N and O, and the inset illustrates the

specific mass and atomic fraction of each kind of element.

The weight percentage of Sb, C, N and O in Sb@N-C

nanotubes is 42.98%, 43.69%, 9.59% and 3.75%, respec-

tively. Elemental analysis is also conducted to determine

the contents of C and N elements, and the result in

Table S1 illustrates that the weight percentage of C and N

in Sb@N-C nanotubes is 44.92% and 10.73%, which is

consistent with the results of EDX.

The morphologies and microstructures of Sb@N-C

nanotubes are also investigated by TEM and high-resolu-

tion TEM (HRTEM). Figure 4a, b reveals that the Sb@N-

C nanotubes have a hollow and porous structure. Sb

nanoparticles with a size about 15 nm are embedded in the

carbon matrix. The hollow carbon shell can prevent the Sb

nanoparticles from volume expansion and aggregation. The

long and hollow porous structure ensures the infiltration of

the electrolyte and fast transfer of the electrons/ions. The

HRTEM image (Fig. 4c) shows lattice fringes of 0.353,

0.215 and 0.193 nm, which can be indexed to the (101),

(110) and (015) planes of Sb. Selected area electron

diffraction (SAED) pattern (Fig. 4d) confirms the forma-

tion of highly crystalline rhombohedral phase Sb.

As displayed in Fig. 5, XPS is also conducted to further

analyze the surface chemical composition of Sb@N-C

nanotubes. The survey XPS spectrum (Fig. 5a) illustrates

the presence of Sb, C, N and O elements in Sb@N-C

nanotubes. As shown in Fig. 5b, two peaks at 538.4 and

528.9 eV can be assigned to Sb 3d3/2 and Sb 3d5/2 of Sb

nanoparticles, respectively. Additionally, the observed

binding energy of O 1s at 530.9 eV in XPS spectrum of Sb

3d may be attributed to surface oxidation of the sample

[26]. Three peaks centered at 286.6, 285.6 and 284.8 eV

displayed in Fig. 5c can be ascribed to C–O, C=N and C–C

bonding configurations, respectively [23]. Figure 5d illus-

trates the high-resolution of N 1s XPS spectrum, which can

be decomposed into three components located at 400.5,

399.9 and 398.3 eV, corresponding to the graphitic N,

pyrrolic N and pyridinic N, respectively [33], which con-

firms the N-doping in Sb@N-C nanotubes.

The electrochemical performances of Sb@N-C nan-

otubes anode in LIBs are tested by directly using the

freestanding Sb@N-C nanotubes as the working electrode.

CV curves are measured at a scan rate of 0.1 mV�s-1

between 0.01 and 3 V (vs. Li/Li?). As illustrated in

Fig. 6a, in the first cathodic sweep, three peaks located at

1.39, 0.83 and 0.54 V can be ascribed to the formation of

the solid electrolyte interphase (SEI) and the multistep Li-

Fig. 3 a, b SEM images of Sb@N-C nanofibers, c–e SEM images, f EDX spectrum of Sb@N-C nanotubes. Inset being specific mass
and atomic fraction for each kind of element
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Sb alloying reactions [34]. The following anodic peaks

centered at 1.39 and 1.15 V are corresponding to the

delithiation of Li3Sb [35]. In subsequent cycles, the

almost overlapped curves suggest an outstanding cycling

reversibility of Sb@N-C nanotubes anode. The galvano-

static discharge–charge (GCD) profiles of Sb@N-C nan-

otubes for the first, second, third, hundredth, one hundred

fiftieth and two hundredth cycles at a current density of

0.1 A�g-1 are presented in Fig. 6b. The voltage platforms

are consistent with the CV results in Fig. 6a. The initial

discharge/charge capacities of Sb@N-C anode are 1033.1

and 756.4 mAh�g-1. The irreversible loss of capacity can

be ascribed to the formation of SEI films. The following

hundredth, one hundred fiftieth and two hundredth almost

overlap, suggesting a good cycling stability of the anode.

Figure 6c displays the cycling performance of Sb@N-C

nanotubes, Sb@N-C nanofibers and pure carbon nan-

otubes at a current density of 0.1 A�g-1. The Sb@N-C

nanotubes anode can deliver a reversible capacity of

643 mAh�g-1 after 250 cycles. The gradual capacity

increase during the cycling can be attributed to the acti-

vation of the electrode and the reversible formation and

decomposition of an organic polymer gel-like film of

electrode [36, 37]. However, the pure carbon nanotubes

deliver a very low capacity of 148 mAh�g-1 after 200

cycles, and the capacity of Sb@N-C nanofibers is sharply

decreased to 370 mAh�g-1. Rate properties of Sb@N-C

nanotubes are also conducted at different capacities from

0.1 to 10.0 A�g-1. As shown in Fig. 6d, the Sb@N-C

nanotubes deliver best rate performances out of three

samples. Specifically, Sb@N-C nanotubes show reversible

capacities of 695.9, 597.4, 509.5, 431.1, 361, 284.8, 219.6

mAh�g-1 at current densities of 0.1, 0.2, 0.5, 1.0, 2.0, 5.0,

10.0 A�g-1, respectively. When the current density returns

to 0.1 A�g-1, the capacity recovers to 618 mAh�g-1. In

contrast, Sb@N-C nanofibers and pure carbon nanotubes

can only deliver 43.5 mAh�g-1 and 50.9 mAh�g-1 at 10

A�g-1. This result suggests favorable reaction kinetics and

excellent reversibility of the Sb@N-C nanotubes

electrode.

Fig. 4 a, b TEM images, c HRTEM image, d SAED pattern of Sb@N-C nanotubes
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Fig. 5 a XPS survey spectrum of Sb@N-C nanotubes and high-resolution spectra of b Sb 3d, c C 1s, and d N 1s

Fig. 6 Electrochemical performances of Sb@N-C nanotubes in LIBs: a CV curves at a scan rate of 0.1 mV�s-1; b GCD profiles at a
current density of 0.1 A�g-1; c cycling performance of Sb@N-C nanotubes, Sb@N-C nanofibers and pure carbon nanotubes at a
current density of 0.1 A�g-1; d rate performance of Sb@N-C nanotubes, Sb@N-C nanofibers, and pure carbon nanotubes at different
current densities; e Nyquist plots of Sb@N-C nanotubes, Sb@N-C nanofibers and pure carbon nanotubes, inset being equivalent
circuit model; f TEM image of Sb@N-C nanotubes after 250 cycles
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To explore the enhanced electrochemical property of

Sb@N-C nanotubes, EIS measurements of Sb@N-C nan-

otubes, Sb@N-C nanofibers and pure carbon nanotubes are

conducted. As shown in Fig. 6e, the semicircle at high-

frequency region represents charge transfer resistance (Rct).

And the slop line at low-frequency region represents

Warburg impedance (Rw) for transportation of lithium ions.

The equivalent circuit model fitting with plots is shown in

inset of Fig. 6e. The ohmic resistance (Rs) is relevant to the

chemical composition of the electrolyte. The constant

phase angle element (CPE) is a physical quantity used to

describe the deviation of the parameters of the capacitance.

The corresponding fitted results are displayed in Table S2.

It can be seen that Rct of Sb@N-C nanotubes (252.6 X) is
smaller than that of Sb@N-C nanofibers (735.8 X) and

pure carbon nanotubes (1127.0 X), which ensuring that

Sb@N-C nanotubes have accelerated electronic trans-

portation and fast Li? storage kinetics. Furthermore, TEM

image of Sb@N-C nanotubes after 250 cycles is displayed

in Fig. 6f. The morphologies of the electrode are basically

retained, and the void of nanotubes can be clearly observed

from TEM image, which indicates that the enough space

can accommodate volume expansion and agglomeration of

Sb nanoparticles, ensuring outstanding structural stability

of Sb@N-C nanotubes.

To further evaluate the electrochemical kinetics, CV

curves at increasing scan rates from 0.1 to 2.0 mV�s-1 are

measured. As shown in Fig. 7a, all the CV curves display

similar shapes except slight polarization. The relationship

between peak current (i) and sweep rate (v) obeys the

following equations [38]:

i ¼ avb ð1Þ
lgi ¼ blgvþ lga ð2Þ

where a and b are appropriate values. Generally, the b

value of 0.5 denotes a diffusion-controlled behavior, and

the b-value of 1.0 indicates a capacitive-controlled process

[39]. As displayed in Fig. 7b, the b values for anodic peak

(Peak 1) and cathodic peak (Peak 2) are 0.84 and 0.71,

respectively, indicating lithium ion storage kinetics is

capacitive-dominated. Furthermore, the capacitive

contribution can be further quantified by the following

equation:

Fig. 7 a CV curves of Sb@N-C nanotubes at increasing scan rates from 0.1 to 2.0 mV�s-1; b relationships between lgi versus lgv;
c capacitive contribution at a scan rate of 2.0 mV�s-1; d capacitive contribution of Sb@N-C nanotubes at different scan rates
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i ¼ k1vþ k2v
1=2 ð3Þ

where k1v and k2v
1/2 stand for the capacitive- and

diffusion-controlled contributions, respectively [40].

Figure 7c shows that capacitive contributions (shaded

area) in the total charge storage at 2.0 mV�s-1 is 85.2%.

And the ratio of capacitive contribution increases with

increased scan rates (Fig. 7d), which further confirms that

lithium ion storage behavior is dominated by capacitive-

controlled process. The high portion of capacitive

contribution can be attributed to porous hollow structure

of Sb@N-C nanotubes, which is beneficial to the electrode

reaction, leading to excellent rate performance.

The potassium storage performances of Sb@N-C nan-

otubes anode were first evaluated by CV in a voltage

window ranging from 0.01 to 2.5 V (vs. K/K?) at a scan

rate of 0.1 mV�s-1 (Fig. 8a). The cathodic peak of the first

cycle located at 0.54 V is corresponding to the stepwise of

formation of KxSb alloy and the formation of SEI films.

Another reaction peak centered at about 0.07 V can be

attributed to both K ions insertion in carbon and the step

formation of K5Sb4 and K3Sb alloys [21]. In the following

anodic scan, a distinct peak is located at 0.7 V and a minor

peak at 1.16 V, which can be ascribed to the multi-step

reaction of K? deintercalated from KxSb [41]. The subse-

quent curves after the second scan almost overlap, sug-

gesting an outstanding reversibility and stability of Sb@N-

C nanotubes in PIBs.

Figure 8b demonstrates GCD profiles of Sb@N-C nan-

otubes from the first to fifth cycles. It can be seen that the

sloping plateaus are consistent with CV results. The first

discharge and charge capacities are 560.6 mAh�g-1 and

384.6 mAh g-1, respectively, with initial Coulombic effi-

ciency of 68.6%. For the Sb@N-C nanofibers, the GCD

profiles are similar with that of Sb@N-C nanotubes, while

the first discharge and charge capacities are 495.1 and

333.9 mAh�g-1, respectively (Fig. S4).

The cycling performances of Sb@N-C nanotubes, pure

carbon nanotubes and Sb@N-C nanofibers at a current

density of 0.1 A�g-1 in PIBs are illustrated in Fig. 8c. The

Sb@N-C nanotubes anode exhibits a stability cycling

performance with a capacity of 325.4 mAh�g-1 after 60

cycles. In contrast, the pure carbon nanotubes and Sb@N-C

nanofibers display a lower capacity of 157.8 and

Fig. 8 Electrochemical performances of Sb@N-C nanotubes in PIBs. a CV curves of Sb@N-C nanotubes at a scan rate of
0.1 mV�s-1; b GCD profiles Sb@N-C nanotubes at a current density of 0.1 A�g-1; c cycling performance of Sb@N-C nanotubes,
Sb@N-C nanofibers, and pure carbon nanotubes at a current density of 0.1 A�g-1; d rate performance of Sb@N-C nanotubes, Sb@N-
C nanofibers, and pure carbon nanotubes at different current densities
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234.4 mAh�g-1 after 60 cycles, respectively. Likewise, the

Sb@N-C nanotubes display excellent rate performance

compared with other two materials in PIBs (Fig. 8d). The

Sb@N–C nanotubes deliver reversible capacities of 360.7,

294.5, 251.1, 169.2 and 88.5 mAh�g-1 at current densities

of 0.1, 0.2, 0.5, 1.0 and 2.0 A�g-1, respectively. When the

current density returns to 0.1 A�g-1, the capacity recovers

to 315.3 mAh�g-1, suggesting a stable structure of the

electrode during the intercalation and deintercalation of K

ions. The remarkable cycling and rate performances of

Sb@N-C nanotubes are attributed to the fast transport of K

ions and electrons in 3D connected networks. In addition,

the hollow and porous carbon shell can buffer the volume

expansion during the charging and discharging process.

Electrochemical properties comparison of the as-pre-

pared Sb@N-C nanotubes with reported Sb-based anodes

in LIBs and PIBs are illustrated in Table S3. It can be seen

that Sb@N-C nanotubes exhibit superior performances,

which can be attributed the unique structure of the Sb@N-

C nanotubes. Sb nanoparticles are evenly distributed in the

hollow porous N-doped carbon nanotubes, which can not

only provide quick transfer channels for ions and electrons,

but also provide extra space to buffer the volume expansion

of Sb nanoparticles. Therefore, an improved electrochem-

ical performance can be obtained.

4 Conclusion

In conclusion, a universal binder-free anode for alkali

metal ion batteries based on freestanding Sb@N-C nan-

otubes are fabricated by a typical electrospinning and

subsequently annealing process with PMMA as pore for-

mer. It exhibits a remarkable cycling performance with

reversible capacities of 643 mAh�g-1 after 250 cycles in

LIBs and 325.4 mAh�g-1 after 60 cycles in PIBs, respec-

tively. The enhanced electrochemical performances can be

attributed to the hollow porous structure of the electrode, in

which N-doped carbon network can enhance the transport

of ions and electrons, and hollow porous nanotubes can

provide space to buffer the volume expansion of Sb

nanoparticles, ensuring structural stability. This work paves

a pathway to design universal structure of anode materials

for flexible alkali metal ion batteries.
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