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A Selenium Disulfide-Impregnated Hollow Carbon Sphere Composite as

a Cathode Material for Lithium-lon Batteries

LUO Wen HUANG Lei GUAN Dou-Dou HE Ru-Han LI Feng MAI Li-Qiang’

(State Key Laboratory of Advanced Technology for Materials Synthesis and Processing,
Wuhan University of Technology, Wuhan 430070, P. R. China)

Abstract: A selenium disulfide-impregnated hollow carbon sphere composite was prepared as the cathode
material for lithium-ion batteries. The morphology, composition, and structure of the as-synthesized composite
were characterized by scanning electron microscopy (SEM), X-ray diffraction (XRD), and the Brunauer-Emmett-
Teller (BET) technique. It was found that uniform monodispersive hollow carbon spheres can be synthesized
by the template method combined with chemical polymerization. The diameter of the spheres is about 500 nm
and the thickness of their wall is about 30 nm. Furthermore, a selenium disulfide-impregnated hollow carbon
sphere composite can be achieved by the melting-diffusion method. The electrochemical performance of the
as-synthesized composite as a cathode material for lithium-ion batteries was also investigated. Compared with
the pristine bulk SeS; material, the SeS,@HCS composite exhibits higher initial discharge capacity (956 mAh-
g ' at a current density of 100 mA-g '), longer cycle life (200 cycles at a current density of 100 mA-g '), and
better rate performance. The results indicate that this composite can be considered as a promising candidate
for the cathode material of lithium-ion batteries.

Key Words: Selenium disulfide; Hollow carbon sphere; Large pore volume; Lithium-ion battery;
Cathode material
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Fig.1 (a—c) SEM and (d—f) TEM images of hollow carbon spheres
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Fig.2 SEM images and elemental mapping images
(a) SEM images of mixture (pristine SeS, and HCS); (b and ¢) SEM images of SeS.@HCS;
(d) elemental mapping images of sulfur, selenium and carbon in SeS,@HCS
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(a) X-ray diffraction (XRD) patterns of pristine SeS,, HCS, and SeS.,@HCS; (b) Raman spectra of pristine SeS,, HCS, and SeS,@HCS;
(c) N, adsorption-desorption isotherms of HCS and SeS.@HCS; (d) thermogravimetry (TG) curve of SeS.@HCS
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Fig.4 Characterization of electrochemical performance
(a) 1st, 2nd, and 3rd charge-discharge voltage profiles of SeS,@HCS at 100 mA-g™"; (b) 1st, 2nd, and 3rd charge-discharge voltage profiles of
pristine SeS; at 100 mA-g™'; (c) 20th, 50th, and 100th charge-discharge voltage profiles of SeS;@HCS at 100 mA -g'; (d) cycling performance of
SeS,@HCS at 200 mA -+ g™'; () cycling performance of SeS,@HCS and pristine SeS, at 100 mA - g™'; (f) rate capacity of SeS,@HCS and pristine SeS,
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Supporting Information: available free of charge via the

internet at http://www.whxb.pku.edu.cn.
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Fig.S1 TEM images of SeS,@HCS
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pristine SeS;, bulk material at the current density of 100 mA-g™

S2



1200 120

~ 1050 | P W Py L N lignS

@ 900l 3 N N AT g 1100 =

ﬁ - ¥ == Coulombic efficiency (pristine SeS 2 80 g

£ 750+ v, *A_‘_‘ — Coulombic efficiency(SeS, @HCS) S

~ d "'-'_' 1 —

z, 600 ™ V\ \A_“‘A‘_.\L Adaaad 60 %
Py L S

§ 450 i vV-v.'_"v T ‘\k‘_‘ 1 40 :‘S,

8 300 —4— Dischargégapacity (SeS @HCS) g

150 + —— Dischavg&capacity (pristine SeS,) 420 S

. o

0 - i wW"""""‘v A f' N o

. . 0
0 5 10 15 20 25 30 35
Cycle number (N)

P 3 SeS,@HCS FIRHG SeS, Pkt Z ik ge R EEAR R
Fig.S3 Rate performance and coulombic efficiency of SeS,@HCS and pristine

SeS, bulk material

S3



