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The way to solve the sulfur conductive problem is the key to improve the performance of lithium 

sulfur battery. Nano oxides can not only improve sulfur electrode porosity, but also adsorb more 

sulphur, in addition play a catalytic role to oxidation reduction reaction of cells, the graphene has a 

unique two-dimensional structure and excellent physical and chemical properties, very suitable for 

coating composite  containing sulfur materials. This paper was studied on electrical properties of sulfur 

cathode materials on lithium sulfur batteries, and the influence on sulfur electrochemical performance 

of C/S composite material, C-S-TiO2 composite material, C-S-TiO2 composite material coated by 

grapheme. Three composite materials were characterized by used XRD, SEM. The results showed that    

the specific capacity of C-S-TiO2 composite material coated by grapheme  reach to 1366 mAh/g, C/S 

composite material was 400 mAh/g, while the C-S-TiO2 composite material, the specific capacity up to 

966mAh/g.After 20 cycles of charge and discharge, C-S-TiO2 composite material coated by graphene 

retention rate was 78.9%, while C/S composite material was lower to 62.6%. 
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1. INTRODUCTION 

Lithium ion battery is a new generation of power supply which has broad development 

prospects. Elemental sulfur theoretical specific capacity is 1675mAh/g, is the highest of all known as 

cathode materials for lithium ion batteries[1], and sulfur based material is a kind of  the most potential 

cathode materials in lithium ion battery[2]. 

As is all known that electrical conductivity of the elemental sulfur in general is very low (5 ×

10
-30

S/cm) [3],  the electrical conductivity must be improved to be as the cathode material. At the same 

time, in the process of lithium-sulfur battery charging and discharging generating lithium polysulfide 
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[4], the compound is easy to dissolve in the electrolyte leads to decrease cycle performance[5]. This is 

the main obstacle of lithium sulfur batteries for commercial application. In addition, polysulfide 

electrolyte dissolved easily [6], and is easy to react with Li electrode form discharge products of Li2S 

and Li2S2.The products deposited on the Li electrode, forming a solid electrolyte interface (SEI) film 

[7], to decrease utilization of sulfur and the cycle performance. Due to the insulativity of elemental 

sulfur, the conductive material is mixed with sulfur are inevitable, conductive materials including 

MWCNTs[8, 9],Carbon nanotube [10-14], graphene coated, etc. 

In order to solve sulfur conductive problem, using different ether modified or compound with 

electrolyte additive LiNO3 [15], anode material compound with polymer or coated by graphene[16]. 

To study sulfur anode material conductivity, C/S composite material, C-S-TiO2 composite material, C-

S-TiO2 composite material coated by graphene were prepared, study the first charge discharge capacity 

and cycle capacity retention rate influence were careful studied, the related mechanism was discussed.   

 

 

 

2 EXPERIMENT  

2.1. Preparation Material  

2.1.1 Preparation of graphene 

Mixed expandable graphite with 150ml concentrated H2SO4 (95.5% -96.5%) and placed them 

in a three-neck flask, stirred until uniformly mixed thoroughly. Then mixed liquid was added 

potassium permanganate KMnO4, until discoloration reaction mixture, followed by heating to 60 ℃ for 

24h. The deionized water into a three-necked flask, after five minutes, H2O2 was poured into  three-

necked flask slowly, and until the colour changed to orange, the preparation of graphene oxide 

completed, reduction using hydroiodic graphene oxide. 

 

2.1.2 cathode material preparation 

The elemental sulfur and active carbon at the mass ratio of 2:1 into the ball milling tank, the 

composite was milled  by ball for 10h, and then the mixture was placed in a mortar, after mechanical 

manual grinding evenly, composite material was placed into a drying box. High-purity argon was 

added in the drying box, inert gas must be in the flow state to prevent the oxidation of sulfur, the 

drying temperature at 155℃ for 10h. Let the sulfur into the activated carbon in the melting state, and 

then the temperature of the heating to 300 ℃ to burn the sulfur that did not enter the carbon hole. Then 

the temperature was increased to 250℃ for 3h, got black product, this product was labeled as A. Press 

the activated carbon, elemental sulfur and pure TiO2, according to the 1:2:1.2 quality with the same 

method to get the black product B.A part of the B products was coated  by graphene with the ratio of 

4% , to obtain the product C. 
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2.2 battery assembly 

Take N- methyl pyrrolidone (NMP) as solvent, grinding evenly the anode composite materials 

and polyvinylidene fluoride (PVDF) according to the mass ratio of 8: 1 ratio by mortar, modulation 

into uniform slurry, after coating, drying at 50℃ for 6h, then the lithium as negative electrode, used 

1mol/L LiPF6 DME/DOL (volume 1:1) as the electrolyte, the vacuum glove box into the argon, 

assembled into a button battery, three battery cathode materials of different were respectively A, B, C. 

 

2.3 test method and characterization 

X ray diffraction test, test method used step measurements as a starting point and ending point 

of view, respectively 10-90°, strafing speed 0.030/s. tube voltage of 40kV.Other analysis of TG, 

SEM and the performance of the battery test. 

 

 

 

3. RESULTS AND DISCUSSION 

Figure 1 is the TG curve of C/S composite materials , with the rise of the temperature, the 

quality of elemental sulfur content changes. At 300℃, TG curve began to decline significantly, which 

indicated that  sublimation of sulfur in the carbon pore outside began with the rise of temperature, 

sulfur quality ratio decreases. At 470℃, TG curve began to flat, which shows that sulfur can enter the 

carbon hole, dispersed into the porous structure of activated carbon under the high surface force of 

activated carbon and strong adsorption properties. In addition, compared with some carbon/sulfur 

composites[17,18] , the sulfur component in the composite evaporates at a much higher temperature, 

which suggests that the C-S-TiO2 composite has a nice encapsulation capability [19]. 

 

 
 

Figure 1. TG curve of C/S composite materials  
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Figure 2 is XRD of C/S composite material(A), C-S-TiO2 composite material(B), C-S-TiO2 

composite material coated by graphene(C),  elemental sulfur(D), activated carbon (E). Elemental sulfur 

is crystal structure exists, and in complex with activated carbon exists as amorphous structure, an 

amorphous state. Compared with A, E and D at 23°,the peak of A declined, also appeared in a wide, 

it is due to the sulfur highly dispersed into the activated carbon pore. In the heating process, sulfur 

melting state into the pores, the elemental sulfur has strong capacity of adsorption and surface force. 

This result indicates that sulfur becomes amorphous and homogeneously distributed in the carbon 

matrix [20].Compared with A and B, a diffraction peaks of TiO2 was appeared among B, because the 

TiO2 and the composite material is a kind of mixed state. XRD  of C is C-S-TiO2 composite material 

coated by graphene, a enhanced diffraction peaks of TiO2 was appeared among C, it is indicated that 

more TiO2 was doped into C composite material. 

 

 
Figure 2. A is C/S composite material, B is C-S-TiO2 composite material, C is C-S-TiO2 composite 

material coated by graphene, D is elemental sulfur, E is activated carbon 

 

Figure 3 is SEM photographs of three composite materials. Diameter range of  three composite 

materials is 100-200μm, showing a rhombic multilayer structure. Figure 3-1 C/S composite material, 

sulfur into the carbon hole, no agglomeration, thus reducing the contact opportunity elemental sulfur 

and electrolyte. Figure 3-2 C-S-TiO2 composite material, TiO2 attached to the carbon surface, so to 

protect the sulfur positive role. Figure 3-3 C-S-TiO2 composite material coated by graphene, it can 

clearly see the graphene coated composite material, coating thickness uniformity. 
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Figure3-1   

C/S composite material 

 

 
Figure 3-2 

C-S-TiO2 composite material  

 

 
Figure 3-3 

C-S-TiO2 composite material coated by graphene  

 

Figure 3. SEM image of three different materials 
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3.1  discharge characteristics 

Figure 4,4-1, 4-2 and 4-3 respectively for the initial discharge curves of C/S composite material, 

C-S-TiO2 composite material and C-S-TiO2 composite material coated by graphene. From the initial 

discharge curve, C/S composite material was 400 mAh/g(Figure 4-1), while the C-S-TiO2 composite 

material, the specific capacity up to 966mAh/g(Figure 4-2), far higher than C/S composite material. C/ 

S composites has only a discharge plateaus in 1.2 -1.5V, and the discharge platform C-S-TiO2 

composite material between 1.8V-2.0V, the discharge platform is higher than that of the former. The 

specific capacity of C-S-TiO2 composite material coated by graphene(Figure 4-3) can reach as high as 

1366 mAh/g, there are 2 discharge plateaus, one in 2.2V-2.5 V, another is between 1.5V-1.8V. The 

first discharge plateau is relatively shorter, while the second one extends longer and contributes to the 

majority of the discharge capacity [21] . The second discharge stages present a long horizontal plateau, 

which implies a highly complete reduction process from polysulfides to sulfides [22]. It is indicated 

that the TiO2 can improve the discharge platform and specific capacity, and graphene coated C-S-TiO2 

composite material can lower polysulfides. The C-S-TiO2 composite material coated by graphene have 

the characteristics of the 2 discharge platform of lithium sulfur, specific capacity is the highest, the 

most close to the theoretical capacity. 

 

 
Figure4-1. initial discharge curves of C/S composite material     

  

 
 

Figure 4-2. initial discharge curves of C-S-TiO2 composite material   
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Figure 4-3. initial discharge curves of C-S-TiO2 composite material coated by graphene 

 

Figure initial discharge curves of three different materials 

 

As shown in Figure 5, the cyclic stability and observe the different charge and discharge 

capacity in the case of the same number of cycles. The B(C-S-TiO2 composite material) specific 

capacity retention rate of about 72.8%. C(C-S-TiO2 composite material coated by graphene) retention 

rate was 78.9%, and the retention rate of A(C/S composite material) capacity was lower to 

62.6%.Because the battery charge and discharge caused a reversible reaction, bring about more 

polysulfide. And the lower plateau at 2.0V corresponds to the reduction of sulfur in lithium poly-

sulfides to Li2S2and eventually to Li2S [23].And metal oxides(TiO2)can adsorb poly-sulfides, graphene 

can reducing the contact with the electrolyte, also can lower the opportunity of the sulfur in contact 

with electrolyte. 

 
 

Figure 5. A is C/S composite material, B is C-S-TiO2 composite material , C is C-S-TiO2 composite 

material coated by graphene  
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4 ANALYSIS OF POSSIBLE MECHANISMS 

 Due toTiO2 has good chemical stability, can suppress the surface oxidation activity, reduce the 

reaction between the electrode and electrolyte, and thus improve the cycle stability of the charge and 

discharge process of lithium battery material and the specific capacity of battery. At the same time, it 

can  improve the electrochemical performance of lithium battery, prolong life. Composites of activated 

carbon and sulfur, sulfur particles smaller, exists in the porous structure of activated carbon, 

dissolution reaction in the electrolyte can be suppressed. The discharge process of C-S-TiO2 composite 

material coated by graphene, reducing irreversible reaction, so the graphene coated composites can 

exhibit the electrochemical properties and good cycle performance. 

 

 

 

5. CONCLUSION 

The innovation of this paper lies in the coated composite of three materials .General lithium 

sulfur battery cathode materials are using composite cathode materials by adding transition metal 

oxides and coating, can greatly improve the cycle stability of the battery[24,25].After the graphene 

coated composite, obviously appeared 2 discharge platform, and the discharge platform is improved, 

the cycle performance became more stable than the former. C/S composites material had only one 

discharge platform which was in 1.2 -1.5V, the discharging platform of C-S-TiO2 composite material 

coated by graphene was in 2.2V-2.5 V, another between 1.5V-1.8V, capacity retention rate of C/S 

composites  was 62.6%, while the graphene coated C-S-TiO2 composite material capacity retention 

rate reached to 78.9%, the latter cycle remains rate also increased significantly. Based on the previous 

study.This is higher than that of the counterpart without graphere coating.A reversible discharge 

capacity of about 734 mAh/g at 0.5C was obtained[26]. C/S composite material was 400 mAh/g, while 

the C-S-TiO2 composite material, the specific capacity up to 966mAh/g. The specific capacity of C-S-

TiO2 composite material coated by grapheme  reach to 1366 mAh/g, it is highest. 
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