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Fig.2  SEM images of np-Ni/NiO by dealloying Ni
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 ribbons in 0.25 mol/L HF for 0.5 h: (a, b) surface microstructure and 

(c) cross-sectional microstructure; (d) EDS spectrum of Fig.2a 
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Fig.3  SEM micrographs of np-Ni/NiO dealloyed in 0.25 mol/L HF for 1 h (a), 1.5 h (b) and 2 h (c); (d) cross-sectional SEM image 

of np-Ni/NiO dealloyed for 2 h; (e) Ti and O content variation with dealloying time 
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Fig.5  CV curves of the np-Ni/NiO dealloyed in 0.25 mol/L HF solution for 0.5 h (a), and 2 h (b); (c) specific capacitance of np-Ni/NiO 

at different scan rates; (d) Nyquist plots of np-Ni/NiO tested from 10
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Fig.6  Charge-discharge curves of np-Ni/NiO by dealloying Ni

40

Ti

60 

ribbons in 0.25 mol/L HF solution for 0.5 h (a), 1 h (b), 1.5 h (c) and 

2 h (d); (e) volume capacitance with dealloying time; (f) cycling stability of np-Ni/NiO by dealloying Ni

40

Ti

60 

ribbons in 0.25 

mol/L HF solution for 2 h at a current density of 0.5 A/cm

3

 (the inset is the lighting LED bulb) 
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Fabrication and Electrochemical Properties of Sandwich-Type Nanoporous 

Nickel/Nickel Oxide Composite Electrodes 

 

Zhu Jiangsai, Zhu Mo, Wang Zhikun, Hu Qingfeng, Wang Han, Wang Zhifeng, Qin Chunling 

(Hebei University of Technology, Tianjin 300130, China) 

 

Abstract: Nanoporous nickel/nickel oxide (np-Ni/NiO) composite electrodes were fabricated with a “free dealloying-natural oxidation” 

method by dealloying a high ductile amorphous Ni

40

Ti

60

 precursor alloy in 0.25 mol/L HF solution. The structure, morphologies and 

electrochemical properties of the composite electrodes were studied by XRD, SEM and electrochemical measurements. The results indicate 

that the np-Ni/NiO composites exhibit a sandwich-type structure with “dealloyed layerIamorphous alloy coreIdealloyed layer”. Due to 

the good connection between layers, the electrode material performs an excellent flexibility and structural integration. The thickness of the 

dealloyed layer and the content of NiO increase with extending the dealloying time. The volume capacitance of np-Ni/NiO by dealloying 

Ni

40

Ti

60

 ribbons in 0.25 mol/L HF for 2 h can reach 491.1 F/cm

3

 at a discharge current density of 0.5 A/cm

3

. After 6000 cycles, the volume 

capacitance remains at 472 F/cm

3

, indicating an excellent cycle stability of np-Ni/NiO composite electrodes. 

Key words: Ni-based amorphous alloy; dealloying; nanoporous nickel/nickel oxide; sandwich-type structure; specific capacitor 
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