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Flexible MoSe2/CF composite has been synthesized by a simple 

solvothermal method. MoSe2 nanosheets with a thickness of 20 

nm are grown uniformly on the surface of the carbon fibers. The 

MoSe2/CF can be used as self-supporting anode directly with 

superior electrochemical performance for sodium ion battery.  

After the discovery of graphene, two dimensional materials such as 

black phosphorus,
1-3

 MXenes
4-7

 and MX2 (M = V, Mo or W and X = S 

or Se)
8-23

 have been widely investigated in recent years. The MX2 is 

layered transition-metal dichalcogenides (TMD) that hexagonal 

layers of M are sandwiched between two X layers. The X-M-X 

interactions are covalently bonded while the nearby X layers are 

connected by weak van der Waals interaction, which allow a variety 

of ions to intercalate between the X-X layers.
24, 25

 Due to these 

features, MX2 has shown intriguing physical and chemical 

properties as well as versatile advanced applications such as solid 

lubrication,
26

 solar cell
27-29

 and hydrogen evolution catalysts.
29-32

 

Among the MX2, molybdenum disulfide (MoS2) has been 

investigated intensively as energy storage materials since Li-ions 

and Na-ions can insert reversibly in the S-S layered space.
8-11, 33, 34

 

For example, the electrochemical reactions in a Na-MoS2 battery is 

based on intercalation and conversion: During the electrochemical 

process, the Na
+
 ions first intercalate into the S-S layered space of 

MoS2 to form NaxMoS2 and then the NaxMoS2 converts into Mo 

and Na2S.
11

 Though the theoretical capacity of MoS2 is very high 

when acted as anode material for sodium ion battery, there are 

several inherent defects impede its further application; the inherent 

low electric conductivity and the small layer distance lead to 

inferior rate ability and rapid capacity decay.
19

  Fig. 1 Crystal structure of the hexagonal MoSe2 (Se-Mo-Se layer and Se-Se layer 

space). 

 MoSe2, as a close analogue to MoS2, can also be viewed as 

three stacked atom layers (Se-Mo-Se) held together by the van der 

Waals force (Fig. 1). What’s more, the MoSe2 has smaller band gap 

and larger layer space than that of MoS2,
35

 indicating its better 

electric conductivity and coulombic efficiency when acted as anode 

material for sodium ion battery.
19

 However, the electrochemical 

performance of MoSe2 for sodium ion battery has been rarely 

investigated so far.
19-21
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Fig. 2 Optical image of the synthesized MoSe2/CF sample. 

 Flexible electrode design is quite attractive for next-generation 

energy storage with superior rate ability and high energy density 

since this kind of electrode has lighter weight and higher electric 

conductivity than conventional electrode (the conventional 

electrode includes active materials, carbon additive, binder and 

metal current collector).
36

 Carbon cloth is a kind of porous 3D 

flexible substrate consisting of carbon fibres with highly textured 

surface. Towards the achievement of flexible electrode with high 

electrochemical performance for SIB, in this communication, we 

design MoSe2/carbon fibre (MoSe2/CF) flexible anode by employing 

carbon cloth as substrate for the application of sodium ion battery. 

The MoSe2/CF can be used as electrode directly without binder and 

carbon additive (Fig. 2). When acted as anode material for sodium 

ion battery, the MoSe2/CF delivers a high capacity of 452.6 mAh g
-1

 

at 0.2 A g
-1

 and can keep 85.5% capacity retention after 100 cycles. 

Even at a high current density of 5 A g
-1

, it can still give a high 

capacity of 161.9 mAh g
-1

, indicating its strong potential for 

advanced sodium energy storage.  

 The MoSe2/CF flexible electrode can be fabricated by a 

solvothermal reaction. Carbon cloth is employed as flexible 

substrate for the MoSe2 nanosheets growth. Specifically, 0.5 mmol 

(NH4)2MoO4 and 1 mmol Se powder are added in 18 mL mixture of 

9 mL oleic acid and 9 mL ethanol in 20 mL Teflon-lined autoclave. 

The autoclave is sealed and heated at 180 °C for 72 h in an oven, 

and then cool down to room temperature. Then the as-prepared 

MoSe2/CF sample is further annealed in Ar/H2 (95%/5%) at 300 °C 

for 1 h to remove the organic residue and excess selenium powder. 

For comparison, pure MoSe2 nanosheets are also prepared under 

the same condition without carbon cloth. Detailed preparation 

procedures are described in Experiment Section and Table 1. 

 

Fig. 3 XRD patterns of the pure MoSe2, MoSe2/CF and carbon cloth samples. 

 

Fig. 4 (a, b, c, d) The SEM images with different magnifications of the MoSe2/CF sample.  

The XRD patterns of the annealed products are shown in Fig. 3. 

The peaks at 26.4°, 44.2° and 55.8° are assigned to the carbon cloth 

substrate.
37

 Other diffraction peaks can be readily indexed to the 

hexagonal crystal phase with P63/mmc space group of MoSe2 

(JCPDS: 29-0914), and no diffraction peaks from any other chemical 

such as MoO3 or Se are detectable in both the MoSe2/CF and pure 

MoSe2 samples.
16

 In order to further investigate the chemical 

nature and bonding state of MoSe2 on the CF surface, the X-ray 

photoelectron spectroscopy (XPS) spectrum is carried out and the 

results are shown in Fig. S1. As seen from Fig. S1a, double peaks 

located at 232.1 and 228.8 eV are ascribed to the core levels of Mo 

3d3/2 and Mo 3d5/2 of MoSe2, respectively, indicating that the 

element chemical state of Mo ions are mainly quadrivalent for the 

MoSe2/CF. Two intense peaks at 54.9 and 54.2 eV (Fig. S1b) 

attribute to the core levels of Se 3d3/2 and Se 3d5/2, respectively, 

suggesting the characteristic of Se
2−

 in MoSe2/CF.  

 Fig. 4 shows the typical scanning electron microscopy (SEM) 

images of the MoSe2/CF sample with different magnifications. As 

shown in Fig. 4a & b, the surface of the CFs are covered uniformly 

by densely packed MoSe2 nanosheets.  From Fig. 4c & d, we can see 

that most of the nanosheets are vertically aligned on the CFs. The 

thickness of the MoSe2 nanosheet is about 20 nm. The SEM images 

of pure MoSe2 are shown in Fig. S2a. The flower-like nanostructured 

MoSe2 with average size of 150 nm are formed by MoSe2 

nanosheets assembly. 

 The crystal structure of MoSe2 is examined with high-resolution 

TEM (HRTEM). Fig. 5a obviously demonstrates the TEM image of 

MoSe2 nanosheets obtained by sonication of MoSe2/CF sample. Fig. 

5b shows HRTEM image taken from the rim of MoSe2 nanosheets in 

Fig. 5a, the clear-cut crystal lattice fringes with interplanar spacing 

of ~0.32 nm correspond to the (004) plane of hexagonal (2H-type) 

MoSe2. The HRTEM image and selected area electron diffraction 

(SAED) patterns (inset of Fig.5f) suggest that MoSe2 nanosheets 

have well-defined crystal structure. The TEM images of pure MoSe2 

are shown in Fig. S2b. 

 To investigate the electrochemical behaviour of the MoSe2/CF 

sample in sodium ion battery, electrochemical characterization 

have been conducted based on coin cells (metallic sodium serves as 
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the counter electrode). The loading mass of MoSe2 on MoSe2/CF 

sample is 0.0026 g. The electrochemical performance of CF are 

shown in Fig. S3 and the CF provide almost no capacity during the 

electrochemical process. Fig. 6a shows the cyclic voltammograms 

(CV) curves for the initial four cycles of MoSe2/CF electrode at a 

scan rate of 0.2 mV s−
1
 in a voltage range from 0 to 3.0 V vs. Na/Na

+
. 

In the first cathodic sweep, three cathodic peaks at 1.8 V, 1.3 V and 

0.35 V can be observed. The peaks at 1.8 V and 1.3 V are 

correspond to the sodium insertion to MoSe2 to form NaxMoSe2 

while the following peak at 0.35 V is caused by the formation of 

Na2Se and the irreversible decomposition of the electrolyte.
19, 20

 

During the anodic scan, two oxidation peaks at 0.3 V and 1.8 V can 

be observed due to the partial oxidation of Mo and Na2Se.
19, 20

 

Starting from the second cycle, the electrode displays single peak at 

1.3 V while the peaks at 0.35 V and 1.8 V in the first cathodic sweep 

disappear. In the subsequent process, no obvious changes are 

observed for the redox peaks, implying the good stability of the 

electrochemical process. The CV behaviour of pure MoSe2 electrode 

can be seen in Fig. S4a.  

Fig. 6b shows the galvanostatic charge/discharge profiles of the 

MoSe2/CF in the first, second, 3rd, 10th, 20th, 50th and 100th at a 

current density of 0.2 A g−
1
. The anode gives an initial capacity of 

887.9 mAh g−
1
 based on the mass of the MoSe2 on the carbon cloth. 

This large discharge capacity is attributed to the electrolyte 

decomposition and subsequent formation of the solid electrolyte 

interface (SEI) layer, which consistent with the above CV analysis. 

After the initial capacity loss, a capacity of 390.7 mAh g−
1
 is 

achieved after 100 cycles, and the pattern of discharge and charge 

profile almost remain unchanged. For comparison, pure MoSe2 are 

tested under the same condition (Fig. S4b). The first discharge 

capacity for pure MoSe2 anode was 1088.9 mAh g−
1
. However, 

serious capacity decay is observed and the capacity of the pure 

MoSe2 anode decreases to 282.8 mAh g−
1
 after 100 cycles.  

 

Fig. 5 (a) TEM image of the MoSe2/CF sample. (b) HRTEM image and SAED pattern 

(inset) of MoSe2/CF sample. 

 

Fig. 6 Electrochemical performance of MoSe2/CF. (a) CV curves at a scan rates of 0.2 

mV s−
1
, b) Charge/discharge curves cycling at 0.2 A g−

1
, c) Rate performance, d) Cyclic 

properties at 0.2 A g−
1
. 

Rate performance is an important criterion to evaluate the 

performance of the material under high current density. Both of the 

MoSe2/CF and pure MoSe2 are selected for the test of rate 

capability. Specifically, these two electrodes are cycled from 0.2 to 

5 A g−
1
 in steps and then return to 0.2 A g−

1
. As shown in Fig. 6c, the 

MoSe2/CF electrode exhibits final discharge capacities of 462.1, 

362.2, 294.2, 239.7 and 161.9 mAh g−
1
 at current densities of 0.2, 

0.5, 1, 2 and 5 A g−
1
, respectively. It should be noted that such rate 

capability could be used in the design of sodium storage for high 

power-oriented application. After 50 cycles of charge and discharge 

at a various current densities, the discharge capacity of the 

MoSe2/CF hybrid nanostructures electrode can still recover to 394.3 

mAh g−
1
 at 0.2 A g−

1
, indicating the outstanding rate performance 

and resilience of the electrode. In contrast, pure MoSe2 electrode 

exhibits poor rate capability (Fig. S4c). It gives only 115.4 mAh g−
1
 at 

5 A g−
1
 and can not recover its initial level when the current density 

returns to 0.2 A g−
1
. For better comparison, the rate ability of 

MoSe2/CF and MoSe2 are merged in one picture as shown in Fig. 

S5a. This difference suggests that the carbon cloth can serve as 

conductive pathway to facilitate the electronic/ionic migration.  

Cycling performance of the MoSe2/CF and pure MoSe2 are 

evaluated by galvanostatic measurement at current density of 0.2 A 

g−
1
. As shown in Fig. 6d, the first cycle lost of MoSe2/CF bybrid 

nanostructures electrode can be attributed to the SEI formation on 

the composite surface. After the first cycle, MoSe2/CF electrode 

delivers a noticeable capacity of 452.6 mAh g−
1
 and there is 85.5% 

retention throughout 100 cycles at 0.2 A g−
1
. In contrast, large 

capacity decay can be observed for pure MoSe2 electrode after 100 

cycles at 0.2 A g−
1
 (Fig. S4d). For better comparison, the cycling 

stability of MoSe2/CF and MoSe2 are merged in one picture as 

shown in Fig. S5b. The superior cycling stability and rate ability of 

MoSe2/CF electrode can certainly be credited to the presence of 

carbon cloth since it offers a substrate for MoSe2 nanosheets 

uniformly growing on the surface of the CF, which in turn enlarge 

the interface reaction area between the electrode and electrolyte. 

What’s more, the porous structure of 3D flexible carbon cloth can 
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facilitate the penetration of electrolyte and provide conductive 

pathway for electron transfer (Fig. 7). The SEM images of MoSe2/CF 

samples after 100 cycles at 0.2 A g
-1

 are shown in Fig. S6. 

 

Fig. 7 Pathways for electron conduction and sodium ion diffusion during 

electrochemical reaction process of the MoSe2/CF flexible electrode. 

Conclusions 

In summary, flexible MoSe2/CF composite has been 

synthesized by an efficient solvothermal method. The 

MoSe2/CF sample can be employed as electrode material 

directly without binder and carbon additive. The MoSe2 

nanosheets are grown uniformly on CF so that the interface 

reaction area between electrode and electrolyte can be 

enlarged and the CF can act as conductive pathway for fast 

electron-transfer. When tested as anode material for sodium 

ion battery, it can deliver a stable discharge capacity of 452.6 

mAh g
-1

 and keep 85.5% retention after 100 cycles at 0.2 A g
-1

, 

even at a high current density of 5 A g
-1

, a high discharge 

capacity of 161.9 mAh g
-1

 is still achieved. The superior rate 

ability and cycling stability of the MoSe2/CF flexible electrode 

suggests its outstanding performance as anode material for 

advanced sodium energy storage. 
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