J. Korean Inst. Electr. Electron. Mater. Eng.
Vol. 36, No. 1, pp. 10-15 January 2023

DOI: https://doi.org/10.4313/JKEM.2023.36.1.2
ISSN 1226-7945(Print), 2288-3258(Online)

Academic Progress Report

Synthesis of Hollow Carbon Spheres with Various Diameters and

Their Lithium Storage Properties

Seulgi Shin, Hyeokrae Cho, Yong-Jae Jung, Sang-Mo Koo, Jong-Min Oh, and Weon Ho Shin

Department of Electronic Materials Engineering, Kwangwoon University, Seoul 01897, Korea

(Received October 22, 2022; Revised October 28, 2022; Accepted October 28, 2022)

Abstract: The carbonaceous materials have attracted much attention for utilization of anode materials for lithium-ion batteries.

Among them, hollow carbon spheres have great advantages (high specific capacity and good rate capability) to replace currently

used graphite anode materials, due to their unique features such as high surface areas, high electrical conductivities, and

outstanding chemical and thermal stability. Herein, we have synthesized various sizes of hollow carbon spheres by a facile hard-

template method and investigated the anode properties for lithium-ion batteries. The obtained hollow carbon spheres have

uniform diameters of 350 ~ 600 nm by varying the template condition, and they do not have any cracks after the optimization of

the process. Increasing the diameter of hollow carbon spheres decreases their specific capacities, since the larger hollow carbon

spheres have more useless spaces inside that could have a disadvantage for lithium storage. The hollow carbon spheres have

outstanding rate and cyclic performance, which is originated from the high surface area and high electrical properties of the

hollow carbon spheres. Therefore, hollow carbon spheres with smaller diameters are expected to have higher specific capacities,

and the noble channel structures through various doping approaches can give the great possibility of high lithium storage

properties.
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120 min

Fig. 1. SEM images of PMMA template in terms of polymerization
time. (a) 30 min, (b) 60 min, (c) 90 min, and (d) 120 min.
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Fig. 2. SEM images of HCS via heating rate. (a) 6.6°C/min and (b)
3.3°C/min.

Fig. 3. SEM images of (a) HCS-30, (b) HCS-60, (c) HCS-90, and (d)
HCS-120.
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Fig. 4. XRD patterns of HCS-30 (black line), HCS-60 (red line),
HCS-90 (blue line), HCS-120 (green line).
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Fig. 5. Galvanostatic charge-discharge curves (a) at a current density
of 0.1 A/g (the first cycle) and (b) at a current density of 0.2 A/g.
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Fig. 6. Rate performance of HCS-30, HCS-60, HCS-90, and HCS-
120 at 0.1~1 A/g current densities.
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