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Fig.1  Effect of nickel-plated inter-layer on the morphology of PbO

2

 deposit: (a) depositing for 5 min on titanium substrate, (b) depositing 

for 5 min on nickel-plated surface, (c) depositing for 10 min on titanium substrate, and (d) depositing for 10 min on nickel-plated 

surface 
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Fig.2  Structural analysis of different coated electrodes: cross-sectional (a1~c1) and surface (a2~c2) morphology of Ti/PbO
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Ti/Ni/PbO
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 (b), and Ti/Ni (c) electrodes; XRD patterns of Ti/PbO
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 electrodes (d) and Ti/Ni electrode (e) 
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Fig.3  Surface potential distribution curves of different coated 

electrodes 
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Fig.4  Accelerated lifetime tests of different coated electrodes 
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Fig.5  Surface morphologies (a, b) and energy spectrum analysis (c) 

of different electrodes after sulfuric acid failure: (a) 

Ti/PbO
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, (b, c) Ti/Ni/PbO
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Fig.6  Elements distribution on the Ti/Ni/PbO
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 electrode before (a) 
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Fig.7  Cyclic voltammograms of the both electrodes 
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Fig.8  Nyquist plots of both electrodes 
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Table 1  EIS fitted data of the electrodes in sulfuric acid  

solution 
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Fig.9  Removal rates of phenol (a) and COD (b) of the both 

electrodes over time during the electrochemical oxidation 
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Fig.10 Instantaneous current efficiency (ICE) during bulk 

electrolysis of phenol by different electrodes 
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Table 2  Kinetic analysis of degradation of phenol by different 

electrodes 

Electrodes Fitted equation k/min

-1

  R

2

 

Ti/PbO

2

 Y=0.01693x-0.40716 0.01693 0.9842 

Ti/Ni/PbO

2

 Y=0.01762x-0.16609 0.01762 0.987 
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Fig.11  Kinetic curves of degradation of phenol by different 

electrodes 
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Effect of Electroplating Nickel Inter-layer on Performance of Ti-based Lead Dioxide 

Electrodes 

 

Tang Changbin, Zheng Chao, Yu Lihua, Xue Juanqin 

(Xi’an University of Architecture and Technology, Xi’an 710055, China) 

 

Abstract: A nickel intermediate layer was firstly electrodeposited on the titanium substrate by cathodic electroplating, and then the 

β-PbO

2

 coating was electrosynthesized by anodic oxidation. The Ti/Ni/PbO

2

 was compared with the Ti/PbO

2

 electrodes without 

intermediate layer. The effects of plating nickel intermediate layer on the structure and performance of PbO

2

-coated electrodes were 

investigated by microstructure characterization, accelerated life test in 1 mol/L H

2

SO

4

 solution, electrochemical performance and 

electro-oxidation behavior of simulated phenol wastewater. The results indicate that the introduction of nickel electroplating intermediate 

layer leads to the grain refinement of the surface active β-PbO

2

 coating, thus enhancing the catalytic performance of PbO

2

-coated 

electrodes. Furthermore, the Ni intermediate improves the conductivity of the electrode, significantly reduces cell voltage, and enhances 

potential uniform distribution of the electrode surface, thus extending the electrode lifetime and reducing the energy consumption of 

electrocatalytic oxidation of simulated phenol wastewater.  

Key words: nickel intermediate layer; electrode life; energy consumption; electrocatalysis 
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