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A novel structure of core-shell MnO2/S composite was designed as cathode materials for Li-S 

batteries. This structure could efficiently inhibit the polysulfide dissolution and improve the 

conductivity at the same time. As a result, the cycle performance of Li-S battery was greatly improved 

due to the presence of core-shell MnO2/S composite. The results show that the specific capacity of 

core-shell MnO2/S composite is 1200 mAh g
-1

 at 0.1 C. After 100 cycles, the specific capacity remains 

715 mAh g
-1

 at 0.5 C, showing perfect cycle performance. 
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1. INTRODUCTION 

Energy storage is a hot topic for the researchers all over the world with the large energy 

consumption [1, 2, 3]. To satisfy the demand of energy need, many kinds of energy storage systems 

have been developed, such as Li-ion battery, Li-S battery and Li-Air battery [4-8]. Among these 

systems, lithium-sulfur battery is the most promising candidate due to its high specific capacity (1267 

mAh g
-1

) and high energy density (2600 Wh kg
-1

) [9-12]. Therefore, much attention has been paid on 

the research of Li-S battery by the researchers. However, many problems still exist during the process 

for the commercialization of Li-S battery [13, 14]. The most severe issues are the poor conductivity 

and polysulfide dissolution during the electrochemical process [15, 16, 17]. As a result, to achieve the 

excellent performance of Li-S battery, the main challenge is enhance the conductivity and restrain the 

dissolution of polysulfide [18, 19]. 

Carbon materials are the first studied as sulfur host materials to modify the performance of Li-S 

battery [20]. Nazar Linda employed SBA-15 as template to prepare mesoporous carbon, which proved 

to be an excellent host material for sulfur [21]. After that, great amounts of carbon materials were 
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applied in Li-S battery, such as carbon nanofiber [22], carbon sphere [23] and carbon nanotube [24]. 

With the development of cathode materials, Cui developed yolk-shell TiO2/S composite as cathode 

material for Li-S battery [25]. Lou had prepared MnO2 nanosheets hollow carbon composite host 

material for sulfur. The as-prepared MnO2@HCF/S composite exhibited long cycle stability [26]. After 

that, the metal oxides become the new host materials for sulfur.  

In this paper, a novel structure of core-shell MnO2/S composite was designed as cathode 

materials for Li-S battery. This structure could efficiently inhibit the polysulfide dissolution and 

improve the conductivity at the same time. As a result, the cycle performance of Li-S battery was 

greatly improved due to the employment of core-shell MnO2/S composite. 

 

 

 

2. EXPERIMENTAL 

2.1. Preparation of MnO2/S composite 

Firstly, the sulfur was prepared via solution method. Typically, 0.8 ml HCl and 60 ml Na2S2O3 

were mixed together. After 2 h for adequate reaction, 10 ml PVP solution was added and the solution 

was named sulfur solution. For MnO2 coating, the sulfur solution was mixed with 15 ml MnSO4 

aqueous solution and 30 ml KMnO4 aqueous solution. After reaction for 5 h, the solution of MnO2/S 

core-shell particles were washed by water for 5 times. Finally, the as-prepared core-shell MnO2/S 

composites were dried in vacuum for 24 h. 

 

2.2. Materials characterization 

The morphology of core-shell MnO2/S composite was obtained from Transmission electron 

microscopy (TEM, Ultra55). X-ray diffraction (XRD) measurements were carried out on a D8 

Advance (Bruker, Ltd). Thermal gravimetric analysis (TGA, TA SDT-Q600) was conducted under 

nitrogen flow with a heating rate of 5℃ min
-1

.   

 

2.3. Electrochemical measurements 

The electrochemical performances of sulfur and core-shell MnO2/S composite electrodes were 

evaluated by using CR2016 coin batteries. The galvanostatic charged/discharged tests were performed 

in the voltage range of 1.5-3.0 V on LAND battery tester. Electrochemical impedance spectra (EIS) 

measurement was carried out on an electrochemistry workstation (CHI660E). 

 

 

3. RESULTS AND DISCUSSION 

It is known that pure sulfur cathode suffers from severe “shuttle effect”, which is caused by the 

dissolution of polysulfide. Consequently, many works have been made to restrain the polysulfide 
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dissolution. As shown in Figure 1, comparing with sulfur cathode, the as-prepared core-shell MO/S 

composites could trap the polysulfide effectively, while the pure sulfur cathode suffers from shuttle 

effect due to the polysulfide dissolution.  

 

 
 

Figure 1. Schematic of discharge process for (a) sulfur and (b) core-shell structure MO/S composites. 

 

Figure 2 (a) and (b) display the TEM images of the core-shell MO/S composite at different 

magnification. Figure 2 (a) and (b) show the same morphology of core-shell MO/S composite. From 

the figure, it can be seen that the MO/S composites show a spherical structure with uniform size and 

shape, and its edge part is bright and the middle part is dark. This is because the sulfur particles are 

surrounded by MnO2 layers.  

 

 
 

Figure 2. The TEM images of yolk-shell MO/S composites at different magnification. 

 

The XRD pattern of MO, pure sulfur and core-shell MO/S composite were shown in Figure 3, 

the diffraction peak of the elemental sulfur is well matched with the standard card of the JCPDS No. 

08-0247, indicating the high purity of the pure sulfur [27]. The diffraction peaks of the MnO2 are also 

completely consistent, and there are no other clutter peaks, showing that the purity of the sample is 

high. As for the MO/S composite, it exhibits the same shape as sulfur, which proves that the MO/S 

composite has been prepared successfully. The only difference between sulfur and MO/S composite is 

that the intensity of MO/S is lower than pure sulfur. 
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Figure 3. The XRD patterns of sulfur, MnO2 and MO/S composites at 2 theta from 10° to 80°. 

 

Figure 4 shows the TG curve of the core-shell MO/S composites under N2 atmosphere. As 

shown in Figure 4, the temperature range of the mass loss of the core-shell MO/S composite is mainly 

located at 200~300℃. By calculation, the content of sulfur in the core-shell MO/S composite is about 

74.35%. 

 

 
 

Figure 4. The TG curve of MO/S composites from room temperature to 700℃. 

 

To investigate the specific capacity value of MO/S composite, discharge-charge profiles were 

tested for pure sulfur and MO/S composite. As shown in Figure 5, the MO/S composite shows specific 

discharge capacity value of 1201 mAh g
-1

 at the current density of 0.1 C. While the specific discharge 

capacity value of pure sulfur electrode is 810 mAh g
-1

, which is lower than the MO/S composite 

electrode.  
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Figure 5. The first DC curves of pure sulfur electrode and MO/S composite electrode at the current 

density of 0.1 C. 

 

The cycle performance of pure sulfur electrode and MO/S composite electrode was tested at the 

current density of 0.5 C for 100 cycles. As shown in figure 6, it can be seen that the capacity of pure 

sulfur electrode is only 492 mAh g
-1

 after 100 cycles at the current density of 0.5 C. For the MO/S 

composite electrode, the capacity still remain at 712 mAh g
-1 

after 100 cycles with a capacity retention 

of 85%. Besides, the columbic efficiency for MO/S composite electrode is as high as 98%, which is 

higher than the 92% of sulfur electrode [28]. 

 

 
 

Figure 6. The cycling performances of pure sulfur electrode and MO/S composites electrode at the 

current density of 0.5 C. 

 

To further demonstrate the superior performance of MO/S composite, rate performances of 

pure sulfur electrode and MO/S composite electrode were tested at various current densities from 0.05 

C to 1 C. As shown in Figure 7, the MO/S composite electrode exhibits capacity of 1210 mAh g
-1

, 

1185 mAh g
-1

, 1086 mAh g
-1

 and 963 mAh g
-1

 at 0.05 C, 0.1 C, 0.2 C and 0.5 C, respectively. Even at 
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1 C, the specific capacity still is 795 mAh g
-1

. Moreover, when the current density comes back 0.1 C, 

the capacity could recover its pristine capacity value. However, the pure sulfur electrode fails to endure 

various current densities, suffering from severe capacity fade [29]. This result proves to be that the 

MO/S composite electrode has excellent rate performance. 

 

 
 

Figure 7. The rate performances of pure sulfur electrode and MO/S composite electrode at various 

current densities. 

 

Figure 8 shows electrochemical impedance spectrum of the core-shell MO/S composite and 

pure sulfur cathode before the cycle performance test. From figure 8, it can be seen that the test curves 

are made up of the semicircle in the high frequency zone and slant line in the low frequency region 

[30]. The semicircle in the high frequency region is related to the charge transfer resistance (Rct); the 

slant in the low frequency region represents the Warburg impedance (W), which indicates the solid 

diffusion of Li
+
 in the electrode materials [31]. The charge transfer resistance of the core-shell MO/S 

composite electrode is obviously lower than that of the pure sulfur electrode. Besides, the presence of 

MO has a certain adsorption on the polysulfide. 

 

 
 

Figure 8. EIS spectra of pure sulfur electrode and MO/S composite electrode. 
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Furthermore, to demonstrate the excellent electrochemical performance of the MO/S composite 

cathode material, the comparison of electrochemical performance for similar cathode materials is listed 

in Table 1. It can be seen that the MO/S composites exhibit stable cycle performance among these 

reported cathode materials for lithium-sulfur batteries. 

 

Table 1 The comparison of various cathode  materials for Li-S batteries. 

 

Samples Current Density Capacity (Cycle number) Reference 

MO/S 0.5 C 715 (100) This work 

TiO2/S 0.5 C 705 (100) [32] 

MnO2@CMK/S 0.1 C 600 (100) [33] 

 

 

 

4. CONCLUSIONS 

In conclusion, core-shell MO/S composites were successfully prepared via solution method. 

The as-prepared MO/S composites show core-shell structure, which is advantageous to the inhibition 

of polysulfide. As a result, the Li-S battery with core-shell MO/S composites exhibits superior 

electrochemical performance. Its specific capacity is 1200 mAh g
-1

 at the current density of 0.1 C. 

After 100 cycles, the specific capacity remains 715 mAh g
-1

 at the current density of 0.5 C. Moreover, 

the MO/S composites display a high specific capacity of 706 mAh g
-1

 at high current density of 1 C, 

indicating excellent rate performance. In all, the core-shell MO/S composites could be promising 

cathode materials for the commercialization of Li-S batteries. 
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