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Abstract — Porous NiO synthesized via hydrothermal synthesis was used in the electrodes of lithium-sulfur batteries to
inhibit the elution of lithium polysulfide. The electrode of the lithium-sulfur battery was manufactured as a freestanding
flexible electrode using an economical and simple vacuum filtration method without a current collector and a binder.
The porous NiO-added S/CNT/NiO electrode exhibited a high initial discharge capacity of 877 mA h g™ (0.2 C), which
was 125 mA h g™ higher than that of S/CNT, and also showed excellent retention of 84% (S/CNT: 66%). This is the
result of suppressing the dissolution of lithium polysulfide into the electrolyte by the strong chemical bond between NiO
and lithium polysulfide during the charging and discharging process. In addition, for the flexibility test of the S/CNT/
NiO electrode, the 1.6 x 4 cm? pouch cell was prepared and exhibited stable cycle characteristics of 620 mA h g in
both the unfolded and folded state.

Key words: Lithium-sulfur batteries, NiO, Carbon nanotube, Freestanding flexible electrode, Vacuum filtration method,
Dissolution of polysulfide
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Fig. 1. Schematic illustration of (a) the formation mechanism of the NiO nanopatricles and (b) the freestanding S/CNT, S/CNT/NiO elec-

trodes via facile vacuum filtration method.

__ 110 @ b
< a (b)
% 100 - | J 300°Cy 3h, 550°C, 5h
= 3 *

© 90 s o . 300°C, 3h
% 80 2

o 2 A A N Before
e 70 e | | [

D £ [ [ 1 [T [l [

o 60 JCPDS card no. — 44-1159 (NiO)

= - —14-0117 (Ni(OH),)

0 100 200 300 400 500 600 700
Temperature (°C)

10 20 30 40 50 60 70 80 90
2 Theta (deg.)

1S, Li;S4/CNT  Li,Sy/NIO  LixSy
INIO
~ (cOmmercial)

N/

T ¥ e w

Fig. 2. Physical properties of hydrothermal NiO precursor and after calcinated NiO at different temperatures. (a) TGA curves of hydrother-
mal NiO precursor in air conditions, (b) X-ray diffraction patterns of before and after calcinated of NiO particles at 300 and 550 °C,
(c) FE-SEM image of NiO particles after calcinationed at 550 °C, and (d) adsorption test of CNT and NiO powder in Li,S,/THF solu-

tions after 1 h.
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Table 1. Fitted EIS parameters for Li-S batteries with S/CNT and S/

CNT/NiO electrodes
Electrode resistance
Electrodes  Cycle No.
R, [Q] Rger [€2] Ry [Q]

100 2.5 11.1 3.0

S/CNT h
50 35 26.0 4.1
100 12 1.9 1.8

S/CNT/NiO h
50 1.8 4.6 14
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