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Fig.1  XRD patterns of Cu plate and the resulting samples with 

different Ni
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 molar ratios 
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Fig.2  XRD patterns of NiCo-2 doped with different amounts of La 
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Fig.3  SEM images of Cu plate (a) and samples with different Ni

2+

/Co

2+

 molar ratios: (b) Ni, (c) NiCo-1, (d) NiCo-2, 

(e) NiCo-3, and (f) NiCo-4 
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Table 1  Atomic percentage and load of samples after hydro- 

thermal treatment with different molar ratios of Ni

2+

 

to Co

2+
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ratio in solution 

Ni/Co atomic fraction ratio of sam- 

ple after hydrothermal treatment 

Load/ 

mg 

Ni 10:0 100:0 1.1 

NiCo-1 9:1 67:33 5.8 

NiCo-2 8:2 46.7:53.3 5.5 

NiCo-3 7:3 42.3:57.7 5.2 

NiCo-4 6:4 35.4:64.6 5.8 

��L0=C´pL0�R´�e/��=Þ���
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Table 2  Load and atomic percentage of samples doped with    

different contents of La after hydrothermal treatment  
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-1

 

Load/ 

mg 
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content/ 

at% 

Ni 

content/ 

at% 

Co 

content/ 

at% 

O 

content/ 

at% 

0.1 7.2 None 50.74 44.72 4.54 

0.2 5.1 0.81 29.94 60.98 8.27 

0.6 4.2 2.02 32.09 53.30 12.59 
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¤ 4  89¦§S La, NiCo-2, SEM¬4 

Fig.4  SEM images of NiCo-2 doped with different amounts of La: (a) 0.1 mmol/L, (c) 0.2 mmol/L, and (d) 0.6 mmol/L; 

(b) cross section of sample in Fig.4a 
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Fig.5  CV curves of Cu plate, Ni/Cu and NiCo-2 samples in 1 mol/L KOH (a) and 1 mol/L KOH+0.5 mol/L methanol (b) solution; 

relationship between peak current density and molar ratios of Ni

2+

 and Co

2+

 in precursor solution (c); CV curves of NiCo-2 doped with 

different amounts of La in 1 mol/L KOH+0.5 mol/L methanol solution (d) 
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 6  Ni�NiCo-2��� 0.1 mmol/L La� NiCo-2��� 3600 s������� 2000������� !�� 

Fig.6   Amperometric i-t curves for 3600 s of samples (a) and CV curves of 2000 cycles test of the Ni (b), NiCo-2 (c), 

NiCo-2 doped with 0.1 mmol/L La (d) samples 
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Effect of La Doping on Microstructure and Electrocatalytic 

Performance of NiCo/Cu Electrodes 

 

Wang Gui, Tang Yiping, Cao Huazhen, Zheng Guoqu, Hou Guangya 

(College of Materials Science and Engineering, Zhejiang University of Technology, Hangzhou 310014, China) 

 

Abstract: The catalytic electrode was prepared via a simple one-step hydrothermal method to load La-doped Ni/Co on a copper sheet. XRD, 

FESEM, cyclic voltammetry and other tests were used to study the influence of the molar ratio of Ni/Co salt and the amount of doped La on 

the microstructure of the sample and the electrocatalytic oxidation performance to methanol. The results show that the introduction of Co 

increases the particle size, and the load also increases significantly. The peak current density increases first and then decreases with the 

increases of the Co

2+

 content. When the molar ratio of Ni

2+

/Co

2+

 in the solution is 8:2, the sample gets good performance and the peak current 

density increases by 28.4% compared with that of Ni/Cu electrode. Besides, the doping of La affects the morphology of the particles and thus 

influences the electrochemical performance. When the doping amount of La increases, the peak current density firstly increases and then 

decreases. The sample doped with 0.1

 

mmol/L La obtains superior performance and its peak current density reaches 50.36 mA/cm

2

. After 2000 

cycles test, it retains nearly 100% of the initial current density. It has good stability and can be used in direct methanol fuel cell (DMFC). 

Key words: electrocatalytic oxidation of methanol; NiCo alloy; hydrothermal synthesis; La doping 
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