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A novel single-walled carbon nanohorns-sulfur composite 

with high sulfur content up to 76% was firstly synthesized via 

a straightforward melt-infusion strategy. The composite 

exhibits excellent electrochemical performance with a high 

capacity of 693 mAh g-1 remained after 100 cycles at a high 10 

rate of 1.6 A g-1. 

With the burgeoning needs of electric vehicles and smart grids, 

lithium-sulfur (Li-S) batteries are being sought for the next 

generation rechargeable battery system due to their high 

theoretical capacity of 1675 mA h g-1 and energy density of 2600 15 

Wh kg-1, as well as natural abundance, low cost, and 

environmental neutrality of elemental sulfur.1-3 Despite these 

considerable advantages, Li-S batteries still suffer from problems 

that prohibit their practical applications. The first challenge is the 

volume change of sulfur particles during the discharge/charge 20 

processes leading to the structural collapse of the cathode and 

thus fast capacity decay. Second, sulfur is both ionic and 

electronic insulator, which increases the internal resistances of 

the batteries leading to a large polarization and thus poor active 

material utilization. Third, the intermediate discharge products 25 

Li2Sn (2<n≤8) are soluble in organic electrolytes leading to the 

shuttle effect and thus low coulombic efficiency.4 One of the 

most promising approaches to address these issues is to combine 

sulfur with the conducting carbon matrices such as muti-walled 

carbon nanotubes (MWCNTs),5-7 single-walled carbon nanotubes 30 

(SWCNTs),8 and graphene.9-11 As new carbon materials, single-

walled carbon nanohorns (SWCNHs) are composed of thousands 

of graphitic tubule closed ends with cone-shaped horns. On 

account of large surface area, high pore volume, good electrical 

conductivity, and a unique horn-shaped structure, they then have 35 

been used as a conductive support for gas storage, catalyst, 

biomedical applications, supercapacitor, lithium ion batteries, 

etc.12-15 Therefore, it is a promising carbon matrix material for the 

Li-S batteries. Herein, SWCNHs have been explored as scaffold 

for the Li-S batteries. The sulfur content in the SWCNHs-S 40 

composite is up to 76 %, greatly increasing the overall energy 

density per gram of cathode. The composite exhibited excellent 

rate capability and cycle stability, even at a high rate of 1.6 A g-1. 

The SWCNHs-S composite was prepared via a facile melt-

diffusion method as described in Fig. 1a (and see ESI for more 45 

details). The morphology and microstructure of the SWCNHs and     

SWCNHs-S composites were characterized by scanning electron 

microscope (SEM) and transmission electron microscope (TEM).  

Fig. 1 (a) Schematic illustration of the SWCNHs-S composite; (b) TEM 

image of the SWCNHs; (c) XRD patterns of the sublimed S, SWCNHs, 50 

and SWCNHs-S; (d) TEM image of the SWCNHs-S composite; (e) 

elemental mapping and elemental analysis results for the SWCNHs-S 

composite. 

As seen in Fig. 1b and Fig. S1, the SWCNHs exhibited dahlia-

flower-like spherical aggregates with conical tips, and the 55 

particles were approximately 100 nm in size. After incorporation 

of sulfur, the surface of the SWCNHs was decorated with sulfur 

particles in Figure 1d. The forks between adjacent horn tips could 

contribute to effective anchoring of sulfur and trapping of soluble 

Li2Sn. Moreover, energy dispersive spectroscopy (EDS) mapping 60 

of the composite was carried out to further verify the structure 

and composite of the SWCNHs-S in Fig. 1e and Fig. S4. The 

corresponding element mapping of S and C showed that S was 

indeed dispersed into the pores and on the surface of SWCNHs. 

This was consistent with the XRD analysis result in Fig. 1c. All 65 
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the original diffraction peaks of crystalline S were retained in the 

SWCNHs-S composite. However, a characteristic peak at around 

26° of the SWCNHs was not clearly observed in the SWCNHs-S 

composite. The thermal analysis result determined that the S 

content was 76% for the SWCNHs-S composite in Fig. S2. 5 

Nitrogen adsorption–desorption isotherms were used to 

investigate the porous structures of the SWCNHs and SWCNHs-

S in Fig. 2a. The SWCNHs exhibited mixed type I and II 

isotherms, indicating the existence of a pore size range from 

micropores to macropores.16 However, the SWCNHs-S 10 

composite showed almost zero adsorption at the micropore 

region, demonstrating that these micropores were filled with S. In 

addition, a depletion of the hysteresis loop was found in the 

composite, also indicating the mesopores were filled. As can be 

seen in Table 1 (see ESI), the SWCNHs had a large Brunauer-15 

Emmett-Teller (BET) surface area of 203 m2 g-1 and a high pore 

volume of 0.48 cm3 g-1, which could be benefit to retain 

polysulfides from dissolving into the electrolyte and thus improve 

the cycle stability due to a strong adsorption of the pores structure 

for the active material and the soluble polysulphides. Whereas, 20 

the BET surface area and the pore volume of SWCNHs-S 

dramatically decreased to 0.94 m2 g-1 and 0.01 cm3 g-1, 

respectively. The tremendous changes in the surface area and 

porosity of the samples reconfirmed that S was indeed dispersed 

into the pores and on the surface of SWCNHs. The porous 25 

structure of the SWCNHs could be further determined by the pore 

size distribution curves in Fig. 2b. The pore sizes of the 

SWCNHs were mainly centred at 0.7, 2.2, 3.8, and 22 nm. 

Fig. 2 (a) N2 adsorption–desorption isotherms of the SWCNHs and 

SWCNHs-S; (b) pore size distribution curves of SWCNHs. 30 

Fig. 3 (a) Typical voltage capacity profiles of SWCNHs-S; (b) cycle 

stability of SWCNHs-S and MWCNTs-S at 300 mA g-1. 

The voltage capacity profiles of SWCNHs-S composite were 

exhibited in Fig. 3a. The curves demonstrated two typical 

discharge plateaus and two closely spaced charge plateaus, which 35 

were consistent with the cyclic voltammogram plots in Fig. S3. 

The upper discharge plateau at around 2.3 V represented the 

transformation of sulphur into long-chain polysulphides (Li2Sn; 

where n is typically 4–8) and the lower discharge plateau at about 

2.1 V represented the conversion of short-chain polysulphides 40 

(Li2S2/Li2S), which were reminiscent in the charge plateaus as 

well.17, 18 Moreover, the second discharge plateau was very flat, 

revealing a uniform deposition of Li2S with little kinetic 

barriers.19, 20 The cycling performance of the SWCNHs-S 

composite was shown in Fig. 3b. An initial discharge specific 45 

capacity of the SWCNHs-S composite was 1218 mA h g-1 and 

retained a reversible capacity of 849 mA h g-1 after 70 cycles at 

300 mA g-1. In contrast, the electrode made of MWCNTs-S 

composite only remained at 761 mA h g-1. The good cycling 

stability was attributed to the large electrochemically active 50 

surface area of the SWCNHs, which provided the intimate 

contact with S to suppress the dissolution of the polysulphides 

and a short transport pathway for both electrons and Li+. 

Compared with MWNTs, the unique structure properties of 

SWCNHs resulted in larger surface area, which could effectively 55 

hamper the dissolution of lithium polysulfides during 

discharge/charge cycles, thus to achieve the high specific capacity 

and good cycling retention. 

Fig. 4a shows that the SWCNHs-S composite delivered a    
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Fig. 4 (a) cycle performance and coulombic efficiency of the SWCNHs-S 

composite at a high current density of 1.6 A g-1; (b) rate capability of the 

SWCNHs-S composite.  

specific capacity of 1030 mA h g-1 and still maintained at 693 mA 

h g-1 after 100 cycles at a high rate of 1.6 A g-1, representing good 5 

cycle stability. Furthermore, the average coulombic efficiency of 

the composite was approximately 99%, indicating a high 

activematerial utilization. The rate capability of the SWCNHs-S 

composite was carried out at various rates in Fig. 4b. The 

composite delivered a capacity of around 1000 mA h g-1 after five 10 

cycles at 0.3 A g-1. Even at a high rate of 5 A g-1, the composite  

also revealed a high capacity of 500 mA h g-1. When the rate was 

returned to 0.3 A g-1, the discharge capacity can be mostly 

recovered at 833 mA h g-1 after 60 cycles. The excellent 

electrochemical performance can be understood through the 15 

following reasons: First, the forks between adjacent horn tips of 

the SWCNHs could be served as a scaffold for intimate 

interactions with S to anchor the active materials. This intimate 

interaction was avail to the fast transport of electrons and lithium 

ions. Second, the high surface area of SWCNHs were beneficial 20 

for the adsorption of S and polysulfides and thus improving the 

electrochemical performance. Third, the high conductivity of new 

carbon materials was helpful in overcoming the electrical 

insulation of S to improve the active materials utilization.  

Conclusions 25 

In summary, a novel SWCNHs-S composite with high S 

content up to 76% was successfully prepared by a facile melt-

infusion method. Due to the unique horn-shaped structure of 

SWCNHs with high surface area, the SWCNHs-S composite 

delivered a capacity of 1218 mA h g-1, and retained at 849 mA h 30 

g-1 after 70 cycles at 300 mA g-1. Even at a high rate of 1.6 A g-1, 

the initial capacity of 1030 mA h g-1 was achieved and it 

maintained at 693 mA h g-1 after 100 cycles. Hence, the 

composite exhibited the excellent rate capability and cycle 

stability, which made the SWCNHs to be a promising porous 35 

carbon matrix material for enhancing the performance of the Li-S 

batteries. 
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A new SWCNHs-S composite exhibited excellent cycle stability with 693 

mAh g
-1
 remained after 100 cycles at 1600 mA g

-1
. 
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