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Fig. 1. SEM images of Co3O4 under different magnifications.
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Fig. 2. TEM images of Co304 under different magnifications.
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Fig. 3. (a) XRD pattern of the Co304 supported by Ni foam; (b) energy dispersive spectroscopy of the Co304

supported by Ni foam, with the corresponding SEM image in the insert; (c) high-resolution XPS of Co 2p for the

Co0304; (d) high-resolution XPS of O 1s for the CozQOy; (e) nitrogen adsorption and desorption isotherm of Co304;

(f) pore size distribution of Co304.
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Fig. 4. The electrochemical behavior of Co304 electrode: (a) CV curves at different scan rates; (b) GCD curves at
different current densities; (c) GCD curves at 40 and 100 mA-cm~2; (d) the specific capacitances versus discharge
current density for Co3QOy; (e) the EIS, the insert is the high-frequency region of the plots; (f) cycling stability of
the Co304 electrode at 10 mA-cm™2.
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Abstract

In various energy conversion and storage devices, supercapacitors have been extensively used due to their high
power densities, fast delivery rates, and exceptionally long cycle lives. However, the low specific capacitances and low
energy densities of supercapacitors largely hinder widespread applications in large-scale energy conversion and storage
systems. To improve the specific capacitances of the supercapacitors, the surface areas of the electrode materials should
be made as large as possible to allow the capturing and releasing of “particles” (such as ions, molecules, or electric
charges). Here in this work, we demonstrate an efficient approach to the large-scale production of Co3O4 mesoporous
nanostructure supported by Ni foam via a simple hydrothermal synthesis followed by ambient annealing at 300 °C for
4 h. The designed and fabricated Co304 mesoporous nanostructures directly serve as binder- and conductive-agent-
free electrodes for supercapacitors, which thus provide more chemical reaction sites, shorten the migration paths for
electrons and ions, and improve the electrical conductivity. By taking advantage of the structural features and excellent
electronic conductivity, the CozO4 exhibits the ultrahigh specific capacitances (1.87 F-cm™2 (936 F-g™') and 1.80 F-cm ™2
(907 F-g™') at current densities of 2.5 mA-cm™2 and 5.5 mA-cm™2, respectively), high rate capacitances (48.37% of the
capacitance can be retained when the current density increases from 2.5 mA-cm™2 to 100 mA-cm™2) and excellent
cycling stability (92.3% of the capacitance can be retained after 4000 charge/discharge cycles at a current density of
10 mA-cme). The nanostructuring approach and utilizing a binder- and conductive-agent-free electrode can be readily

extended to other electrochromic compounds of high-performance energy storage devices.

Keywords: mesoporous nanostructure, supercapacitor, high-performance, cycling stability
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