Journal of the Korean Crystal Growth and Crystal Technology p-ISSN 1225-1429
Vol. 28, No. 3 (2018) 112-117 e-ISSN 2234-5078
https://doi.org/10.6111/JKCGCT.2018.28.3.112

Binary transition metal sulfides hierarchical multi-shelled hollow nanospheres
with enhanced energy storage performance

Young Hun Lee*, Hyung Wook Choi**, Min Seob Kim*, Dong In Jeong*, Sintayehu Nibret Tiruneh*,
Bong Kyun Kang*** and Dae Ho Yoon***

*School of Advanced Materials Science & Engineering, Sungkyunkwan University, Suwon 16419, Korea
**SKKU Advanced Institute of Nanotechnology (SAINT), Sungkyunkwan University, Suwon 16419, Korea
***Electronic Materials and Device Research Center, Korea Electronics Technology Institute (KETI), Seongnam 13509, Korea

(Received April 10, 2018)
(Revised May 8, 2018)
(Accepted May 9, 2018)

Abstract The metal alkoxide, CuCo-glycerate nanospheres (NSs), were successfully synthesized as Cu-Co bimetallic sulfides
hierarchical multi-shelled hollow nanospheres (CuCo,S, HMHNSs) through solvothermal synthesis. In this reaction mechanism,
the solvothermal temperature and the amount of glycerol as a cosurfactant play significant role to optimize the morphology
of CuCo-glycerate NSs. Furthermore, CuCo,S, HMHNSs were obtained under optimized sulfurization reaction time of 10 h
via anion exchange reaction between glycerate and sulfur ions. Finally, the structural and chemical compositions of CuCo-
glycerate NSs and CuCo,S, HMHNSs were confirmed through field emission scanning electron microscopy (FESEM),
transmission electron microscope (TEM), X-ray diffraction (XRD) and electrochemical performances.
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Fig. 1. FESEM of CuCo-glycerate nanospheres (NSs) obtained at various solvothermal temperature (a) 140°C, (b) 150°C, (c¢) 160°C
at the constant amount of glycerol of 8 ml and the added amount of glycerol (d) 6 ml, (¢) 10 ml at temperature of 150°C. (f) EDS
profile of CuCo-glycerate NSs.
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Fig. 2. CuCo-glycerate NSs as precursor (a, b) Normal TEM, (c¢) XRD, (d) STEM, (e~h) EDS mapping of Cu, Co, C and O respectively.
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Fig. 3. CuCo,S, hierarchical multi-shelled hollow nanospheres (HMHNSs) obtained after sulfurization reaction (a) SEM, (b) Normal
TEM, (c) XRD, (d) STEM, (e~g) EDS mapping of Co, Cu and S respectively.
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Fig. 4. Electrochemical performance of CuCo,S, HMHNSs. (a) CV curves at various scan rates (2~50 mVs "), (b) GCD curves at
different current densities (0.0~0.4 V), (c) specific capac1tance of CuCo,S, HMHNSs, (d) cycling performance for 2000 cycles at
5A g of CuCo,S, HMHNSs electrodes
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