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Abstract. Lithium sulfur batteries have attracted increasing attention due to its high
theoretical specific capacity (1675 mAh g*) and high energy density (2600Wh kg™).
However, to achieve the commercial application of lithium sulfur batteries, a cathode
with excellent electrochemical performance is needed. Herein, we synthesized
microporous carbon materials as sulfur host via a simple activation carbonization
method. The MC/S delivered an excellent electrochemical performance. At 1 C rate,
MC/S showed an initial discharge capacity of 899.5 mAh g, and maintained a
capacity of 617.6 mAh g* after 150 cycles corresponding to a capacity decay rate of
0.208% per-cycle.

1. Introduction

Lithium sulfur batteries have attracted increasing attention due to its high theoretical specific capacity
and high energy density [1]. To overcome the issues of lithium sulfur batteries, such as “the shuttle
effect”, volume expansion during charge/discharge process and the low conductivity of cathode,
researchers have done a lot of works [2, 3]. Porous carbon materials are wildly used as sulfur host due
to its diverse advantages [4, 5]. Herein we used sucrose, a biomass sucrose, environment friendly,
accessible and low cost material, as carbon sources and FeCls as activator to synthesize microporous
carbon (MC), and used it as sulfur host for lithium sulfur batteries. In contrast, we also synthesized
sucrose derived bulk carbon (BC) which was not activated by FeCls during carbonization process.

2. Experimental Section

2.1. Synthesis of MC and BC

1 g sucrose and 10 g FeClswere dissolved in 60 ml ethanol aqueous solution (DI water: ethanol = 1:1
by volume). Then 0.1 M HCI was added drop-wise until pH=1. The solution was then evaporated at
100 °C under magnetic stirring. The obtained solid mixture was annealed at 900 °C for 2h (with a
heating rate of 5°C min™ to 900°C) under Ha/Ar (200 sccm/ 800 sccm). The carbonized product was
soaked in 20 wt. % HCI solution for 24h. After washed by DI water and vacuum dried under 60 °C,
MC was obtained. For comparison, BC was synthesized in the same procedure without FeCls.
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2.2. Synthesis of MC/S and BC/S

MC/S was fabricated via a melting diffusion method. 0.1g MC and 0.4g sulfur was uniformly mixed.
The mixture was heated at 155 °C under N, atmosphere for 8h to obtain MC/S composite. BC/S was
obtained with the same procedure process.

2.3. Preparation of MC/S and BC/S cathode

80 wt. % MC/S, 12 wt. % super P carbon and 8 wt. % LA133 water soluble binder were mixed under
magnetic string for 8h. The slurry was then coated on Al foil. After dried at 55°C. The Vacuum dried
cathode had a sulfur loading of 1.4-1.6 mg cm™.

2.4. Preparation of Li-S batteries

Lithium metal was used as anode. 1,3-dioxolane and 1,2-dimethoxyethane (DOL/DME, 1:1 by volume)
with 0.5 M lithium bis-triuoromethanesulfonylimide (LiTFSI) and 0.4 M LiNO; was used as
electrolyte. Celgard 2400 was used as separator. 16 uL per milligram of s electrolyte was added in
cells. 2016 type coin-cells were used.

3. Results and Discussion

The micro-morphology of the synthesized MC and BC was shown in Figure 1. As shown in Figure 1a,
b, it is clear that the particle size of BC range from 10 um to hundreds um. Besides, a smooth surface
of BC is observed in Figure 1b. The morphology of MC is shown in Figure 1c, d. The particle size of
MC is smaller than BC, indicating the activation of FeCls could decrease the carbon particle size.
Additionally, numerous pores are observed in Figure 1d which may be related to the activation of
FeCl;[6]. The phenomenon demonstrated that FeCls can promote the formation of porous structure.

Normally, carbon materials derived from biomass materials show a low specific surface area and
poor pore volume according to reported literatures [7, 8]. To investigate the detail of pores structure of
MC, Brunauer—-Emmett-Teller calculation was performed. The nitrogen adsorption/desorption
isotherm of MC is type IV which indicates the existence of mesopores [9]. MC shows an ultrahigh
surface area of 1853 m? g™*. Moreover, the pore volume of MC is 0.999 cm® g, and the micropore
volume is 0.767 cm® g% It is found that the majority of pores in MC is micropores, indicating FeCls



ACMME 2018 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 394 (2018) 042031 doi:10.1088/1757-899X/394/4/04203 1

could facilitate the formation of micropores. The activation mechanism of FeCl; may be that FeCls can
promotes the degradation of sucrose and reacts with carbon forming meso/micropores [10].

To investigate the sulfur content of BC/S and MC/S, thermogravimetry analysis was used.As
shown in figure 2b. The curve of MC/S showed two decrease plateaus. The first one corresponds to
the evaporation of bulk sulfur or those restored in macropores or mesopores. The second one
corresponds to the evaporation of sulfur confined in micropores due to the strong absorption force
between sulfur particles and micropores [11]. It is noted that MC/S shows a sulfur content of 79.6 %
whereas BC/S consists 75.1 % sulfur. The higher sulfur content of MC/S may be attributed to the
higher pore volume.
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Figure 2. N adsorption and desorption isotherms of MC and BC. (b) TGA curves of MC/S, BC/S and
pure sulfur.

The charge/discharge curves of MC/S and BC/S were shown in Figure 3 (at 0.1C). The typical
discharge curve of Li-S batteries usually show two plateaus. The first plateaus start at 2.3 V which
indicates the transformation of Sg to Sa6. The second plateaus corresponded to the formation of Li,S;
and LiS; [12]. One charge plateaus is attributed to the transformation of Li.S, and LiS; to Ss. As
shown in Figure 3a, BC/S showed only one discharge plateaus during 1% cycle while a typical
discharge plateaus at 15" cycle. Could decreases the potential of discharge plateaus [13]. As a result,
the disappearance of the second plateaus maybe related to high polarization, caused by low
electronic/ionic conductivity in BC/S. As can be seen in Figure 3b, MC/S showed two discharge
plateaus at initial discharge indicating lower polarization. Compare to BC/S, the lower polarization of
MC/S may be attributed to the porous structure which facilitates the infiltration of electrolyte and
improved ionic conductivity [14].
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Figure 3. charge/discharge curves of MC/S (a), BC/S (b) at 0.1C.

To evaluate the long-term cycling performance, BC/S and MC/S were tested at 1 C. MC/S
exhibited an initial discharge capacity of 899.5 mAh g*, and maintained a capacity of 617.6 mAh g*
after 150 cycles corresponding to a capacity decay rate of 0.208% per cycle. BC/S showed a low
initial discharge capacity of 390.3 mAh g*, and after an activation process, While BC/S reached a
capacity of 707 mAh g'and an obviously decreased and unstable coulombic efficiency. The more
stable performance of MC/S than BC/S may be attributed to porous structure which not only improves
electronic/ionic conductivity but also restrains the loss of active sulfur [14, 15]. This phenomenon
demonstrates that porous structure could improve the cycling stability and electrochemical
reversibility.
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Figure 4. Long-term cycling performance of MC/S and BC/S at 1C

4. Conclusion

We synthesized microporous carbon materials as sulfur host via a simple activation carbonization.
This method is facile, scalable and low cost which is suitable for industrialization. The as prepared
MC showed a high surface area of 1853 m? g* and a pore volume of 0.999 cm® g™*. With the porous
structure, MC/S delivered a stable electrochemical performance. At 1C rate, MC/S showed a low
capacity decay rate of 0.208% per cycle. This work offers an environmental friendly method to
synthesize microporous carbon framework as sulfur host for lithium sulfur batteries.
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