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and the good affinity of carbon for S. By using a liquid carbonate electrolyte
containing the ionic liquid (IL) 1-methyl-3-propylimidazolium-chlorate tethered to
SiO2 nanoparticles, the MCPS could cycle stably with capacity of 600 mAh g! at 0.5

C (1 C=1675 mAh g'!), as shown in Figure 2.5.
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Figure 2.5. (a) Schematic illustration of RT-Na/S batteries during cycling, using
Si0,-1L—ClO4 as additive in 1 M NaClOs in ethylene carbonate/propylene carbonate
(EC/PC). (b) Discharge and charge curves; and (c) Cycling performance and
Coulombic efficiency of RT-Na/MCPS-S batteries at various cycles. ¥ Copyright

2016, Nature Publishing Group.
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2.2.2.3. S-metal oxide cathodes
Apart from the sulfur-carbon composite materials, metal-oxide compounds were also

s. B9 Among

applied in RT-Na/S batteries, due to their success in Li-S batterie
these metal oxides, TiO; has been demonstrated to be a promising S host because of
its strong inherent polarization. [**! For example, Cui and co-workers ! designed S-
Ti0O; yolk-shell structured nanoparticles for S electrode, which exhibited excellent
stability. Yan et al. ¥ explored free-standing carbon/sulfur/BaTiOs@amorphous
Ti10; atomic layers (CSB@TiO») for RT-Na/S batteries, as shown in Figure 2.6. The
CSB@TiO; cathode delivered a high initial capacity of 525 mAh g and retained
382 mAh g over 1400 cycles at 1 A g!. The excellent performance of CSB@TiO:
electrode is mainly attributed to its unique BaTiO3-C-TiO> synergetic structure,

which is able to effectively inhibit the shuttle effect and accommodate volumetric

variations.
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Figure 2.6 (a) Schematic illustration of the synthesis of CSB@TiO». Field emission

scanning electron microscope (FESEM) images of (b) C/S, (c) C/S/BTO, and (d)

CSB@Ti0; electrodes. (e), (f) Cycling and rate performances of C/S, C/S/BTO, and

CSB@TiO; electrodes. Reproduced with permission. 4 Copyright 2018, Wiley-

VCH.

2.2.2.4. S-metal sulfide cathodes

Metal sulfides are usually supposed to have the ability to bind polysulfides, thus

slowing down the dissolution of polysuflides in Li-S batteries. [4> 4} Therefore,



Chapter 2: Literature Review 19

researchers have believed that these metal sulfides will be able to prevent the
dissolution of sodium polysulfides in RT-Na/S batteries. Yao et al. [*”! demonstrated
that So6Seos could physically and chemically confine sodium polysuflides by the
formation of C-S bonds, alleviating the dissolution of sodium polysulfides. This
flexible So.¢Seos@carbon nanofiber (CNF) electrode delivered an excellent cycling
capacity of 375 mAh g over 100 cycles with Coulombic efficiency near 100%, as
shown in Figure 2.7. With the aid of Cu nanoparticles, Zheng et al. [*8) proved that
high-surface-area mesoporous carbon (HSMC) is an effective S host. After loading S,
some part of the Cu nanoparticles would be sulfidized to CuS,; this Cu/CuSx is
thought to play a significant role in its enhanced electrochemical performance in RT-
Na/S batteries, which not only improves the electronic conductively of S but also
assists in immobilizing the polysulfides. The HSMC-Cu-S cathode delivered a high

capacity of ~ 610 mAh g over 110 cycles.
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Figure 2.7 (A) and (B) Schematic illustration of the synthesis of Si—Se.@CNFs
electrode. (C) and (D) Cycling and rate performance of So.sSeo4@CNFs in RT Na-S

batteries. [*71 Copyright 2018, Wiley-VCH.

2.2.3. Sodium Polysulfide/Sulfide Cathodes

2.2.3.1. Na2Se-MWCNT Composites

The use of long-chain sodium polysulfides as cathode materials in RT-Na/S batteries
was explored by Yu etl al. 1 As shown in Figure 2.8, solid S was replaced by liquid
NaxS¢, which was homogeneously distributed in multiwall carbon nanotubes
(MWCNT) to improve its electrochemical activity. The MWCNT was applied as a
current collector to construct the NaxSo/MWCNT binder-free electrode; it maintained

a reversible capacity of ~ 400 mAh g after 30 cycles. This work provides a unique



