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Preparation and Electrochemical Properties of ZIF-Skeleton
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Abstract: Double-shell nanocage CoS/NiCo,S, was prepared by ion erosion and chemical vapor deposition using
ZIF-67. The supercapacitor based on CoS/NiCo,S, exhibited high specific capacitance and stability, due to its
high specific surface area (98 m*-g™), abundant interconnected channel (4 nm pole diameter), and stable cavity
skeleton. The three-electrode cell based on CoS/NiCo,S,/Nifoam maintained 76.6% initial capacitance at 3 A-g™
current density after 9 000 cycles. The cell gained a specific capacitance of 1 230 F-g™ at 1 A-g™' due to increasing
active sites and rapid electron/ion transports for Faradaic reactions. The results can reflect the superior
electrochemical performance of double-shell nanocage CoS/NiCo,S, on specific capacitance and cycling stability.
The supercapacitor was assembled by CoS/NiCo,S/Ni foam, active carbon electrode and KOH/polyvinyl alcohol
gel electrolyte. The device retention was 74.8% at a current density of 3 A -g™ after 7 000 cycles. The device
also achieved an energy density of 16.5 Wh-kg™ at a high power density of 7 056 W -kg™. Even at a power
density of 702 W-kg™, a high energy density of 31.6 Wh-kg™ can be obtained. The asymmetric device exhibited
excellent energy density, power density and cycle stability. In a practical application testing, two series-connected

solid-state supercapacitors provided stable electrical energy, enabling the LEDs to be successfully illuminated.
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Fig.1 (a) Synthetic schematic of CoS/NiCo,S,; (b) SEM and (c) TEM images of ZIF-67; (d) SEM and (e¢) TEM images of
ZIF-67/Ni-Co LDH; (f) SEM and (g) TEM images of CoS/NiCo,S,
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Fig.3 Electrochemical performance of double-shell nanocage CoS/NiCo,S, based on the three-electrode cell
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Table 1 Comparison of performance based on CoS/NiCo,S, and other cobalt and nickel based material

Current density /

Capacitance /

Material Morphology Retention / % Reference
(A-g") (F-g™)

NiCo,S,@carbon nanofibers Core-shell 0.2 528 90.0 (2.0 A-g™', 3 000 cycles) [21]
Ppy@NiCo,S, Core-shell 1.0 908 87.7 (1.0 A-g™', 2 000 cycles) [22]
CoS/rGO Core-shell 0.5 813 91.2 (0.5 A-g™', 1 000 cycles) [23]
NiCo,S, Kelp-like 0.5 1117 70.0 (2.0 A-g™', 2 000 cycles) [24]
NiCo,S, Nanosheet 1.0 744 93.4 (2.0 A-g™', 1 500 cycles) [25]
CoS/NiCosS, Double shell 1.0 1230 0 f'o Mg 2000 ("y("les; This work

90.0 (3.0 A-g™, 3 000 cycles
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Table 2 Comparison of the energy density and power density in various devices
Device Energy density / (Wh-kg™) Power density / (W -kg™) Reference
Co3;04/3D graphene networks//Co;0, 7.5 794 [27]
NiCo.S//AC 8 1750 [28]
C030,@CoMo00,//Co3;0,@CoMo0, 79 1215 [29]
NiCoSy//AC 12.5 5780 [30]
NiC0,0,@NiCoS//AC 14.4 7 500 [31]
CoS/NiCoS//AC 16.5 7 058 This work
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