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The sulfur/sisal fiber carbons composites were prepared by pyrolysis and hydrothermal method. The
structure of the sulfur/SFCs composites were characterized by X-ray diffraction and scanning electron
microscopy, and the electrochemical performance of the sulfur/SFCs composites was tested by
constant current charge-discharge tests. The initial discharge specific capacity of the sulfur/SFCs
composites is 1223 mAhg™® and the reversible capacity of the sulfur/SFCs composites is about
400mAhg™. The charge-discharge efficiency closed to 90% after the first cycle.
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1. INTRODUCTION

Sulfur has considerable theoretical capacities, high initial coulombic efficiency and good safety
which has been proposed as promising materials for the next generation of high-performance
rechargeable lithium batteries due to their high theoretical capacity [1]. However, it exhibits low
utilization and fast fades in lithium batteries due to their electrically and ionically insulated nature as
well as solvent-solubility. Therefore, the sulfur must be well combined with a conductive agent when
prepared as an electrode [2, 3].

Sisal is planted widely in Guangxi China. Sisal fiber is a major by-product in sisal industry.
Sisal fibers have excellent mechanical property which are mainly used as textiles, artware and
reinforced material [4-7]. Sisal fiber contains a large of carbon which posses high specific capacity and
perform good electrochemical stability as anode materials for LIBs [8-11].
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By pyrolysis of sisal fibers, a new microporous sisal fiber carbons (SFCs) were obtained [12,
13], and then the composites of sulfur/SFCs were prepared by simple hydrothermal method. As anode
materials for LIBs, the sulfur/SFCs composites exhibited high specific capacity and excellent cycle
stability.

2. EXPERIMENTAL

Sisal fibers carbons were prepared as the previous method [12].

The sulfur/SFCs composites were synthesized by hydrothermal method, 0.75g grounded SFCs
were dispersed in 70mL mixed solution which contains 35mL Na,S,03 with concentration of 0.5mol/L
and 35mL H,SO,4 with concentration of 0.5mol/L. The mixture was stirred in an autoclave lined with
PTFE of 100mL. The autoclave was heated to the temperatures of 200°C and with remains for 14 h.
After cooling, the product was filtered and washed repeatedly with deionized water until pH=7. The
final composites were obtained by drying at 80°C for 12h in a vacuum oven.

XRD test was performed on a PANalytical X Pert PRO diffractometer with nickel-filtered Cu
K o radiation. The data were recorded by the scattering angles (20) between 10° and 70° in steps of
0.05°. The morphology of the samples was examined by an Oxford S-4800 scanning electron
microscope.

Electrochemical tests were conducted with CR2025-type coin cells with Li foil as counter
electrode. Carbon electrodes were prepared by blade-coating a slurry containing 80 wt% of the
composites, 10 wt% of polyvinylidene fluoride and 10 wt% of acetylene black dispersed in N-methyl-
2-pyrrolidinone solvent on a copper foil and dried in a vacuum oven at 110°C for 12 h. The cells were
assembled in an argon-filled glove box (VACMOA40-1). The electrolyte was 1M LiPFs which was
prepared by dissolving LiPFg in a mixture of ethylene carbonate, dimethyl carbonate and diethyl
carbonate with a volume ratio of 1:1:1. Separator was the Celgard 2400 microporous polypropylene
film. Charge-discharge tests were performed between 0.01 and 3.00V at a constant current density of
0.1 C using a Neware BTS battery test system.

3. RESULTS AND DISCUSSION

The XRD patterns of sulfur, SFCs and sulfur/SFCs composites are shown in Fig. 1. It can be
seen that the sulfur in the sulfur/SFCs composite is amorphous. At 29(20), the diffraction peak of the
sulfur/SFCs composites disappears, which suggest that there may be some interaction between sulfur
and SFCs. Compared with the XRD pattern of sulfur, the XRD spectra of the sulfur/SFCs composites
do not exhibit the peak of sulfur, which demonstrates that the sulfur is in a highly dispersed state in the
sulfur/SFCs composites [14]. Meanwhile, the diffraction peaks of graphitized carbon can not been seen,
which suggests that SFCs are amorphous structure in the composites.



Int. J. Electrochem. Sci., Vol. 12, 2017 5583

sulfur
h .ﬁ,nl\ﬁ.lt A A PV, & .\.MM..AMW

W% PR
M sulfur/SFCs

10 20 30 40 50 60 70

2 Theta (°)
Figure 1. XRD patterns of sulfur, SFCs and sulfur/SFCs composites.

Intensity (A.U.)

L, Sl =g

54800 5.0kV 9.4mm x5.00k SE(M)

{
<A n
(I I R O R T B B S B |

5,0kV 8.0mm x20.0k SE(M) 2.00um 1.00um

Figure 2. SEM images of SFCs (a), sulfur/SFCs (b, c, d)
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The SEM images of the individual SFCs and the sulfur/SFCs composites are shown in Fig. 2.
We can see that the SFCs (Fig. a) have no definite shape. For the sulfur/SCFs composites (Fig. a, b, ¢),
thick coating of the sulfur is visible owing to the reaction between Na,S,0; and H,SO, with
hydrothermal process. It is obviously that the dimension of the sulfur/SFCs composites particles is
larger than that of the SFCs particles. During the hydrothermal process, the synthesized sulfur
nucleates into and onto the interior and surface of the SFCs. Most of the synthesized sulfur is exposed
to the electrolyte during the electrochemical process [15].

Fig. 3(a) are the cycling performance of the sulfur/SFCs composites and the SFCs, which were
tested in the voltage range of 0.01-3.00V at a constant current of 50 mAg™. It can be seen that the
sulfur/SFCs composites possess the higher specific capacity of 1223mAhg™ for the first discharge,
greatly exceeding that of the SFCs. The result was caused by the high theoretical specific capacity of
the sulfur and the SFCs provide the conductive network for the sulfur in the process of charge-
discharge. However, there is a serious capacity fade after the first discharge, which may be caused by
the decomposition of electrolyte on the surface of the electrode and the solid electrolyte interphase
(SEI) layer is formed [16].
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Figure 3. Cycling performance curves of the electrodes based on the sulfur/SFCs composites and the
SFCs (a), the charge-discharge curves of the electrodes based on the sulfur/SFCs composites (b)

Charge-discharge curves of the sulfur/SFCs composites are shown in Fig. 3(b), the specific
capacity of 1223 mAhg™ is obtained from the first discharge. The reversible specific capacity of the
sulfur/SFCs composites is 400 mAhg™, it means the high utilization of the sulfur. The charge-discharge
efficiency closes to 90% after the first cycle. The sulfur/SFCs composites with the structure of the
interior and surface sulfur of the SFCs can effectively prevent the dissolution of sulfide. In the first
discharge curve, there is an obvious plateau at 0.75V, which is the main reduction reaction of S
reducing to S* and the formation of Li,S in the electrode material [17, 18].
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In the process of discharge, the Li is oxidized and forms the Li,S, and the polysulfide (Li,Ssg,
Li,S4, LipS;) may be formed. Some polysulfide will dissolve into the electrolyte, which can not be
oxidized to the sulfur. The reaction equations may be described as follows:

S+2Li—Li,S 1)
8S+2Li—Li,Sg (2)
Li,Sg+2Li—2Li»S,4 (3)
Li»S4+2Li—2Li,S; (4)

4. CONCLUSIONS

The sulfur/SFCs composites have been prepared by pyrolysis and hydrothermal method. The
phase structure and morphology of the sulfur/SFCs composites is obviously changed by the
synthesized sulfur during the hydrothermal process. The sulfur/SFCs composites with the structure of
interior and surface sulfur of the SFCs exhibit good electrochemical performance. The initial discharge
specific capacity is 1223 mAhg™ and the reversible specific capacity of the sulfur/SFCs composites is
about 400mAhg™. The charge-discharge efficiency closes to 90% after the first cycle. The high specific
capacity and excellent cycling stability are related to the high theoretical capacity of sulfur and the
combination with the SFCs as the conductive agent.
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