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Fig.1  The pattern of preparation of the samples 
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Fig.2  Cathodic polarization curves of different plating  

methods 
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Fig.3  Comparison for cathodic polarization curves of coatings  

with different In(OH)
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Fig.4  XRD patterns of different coating 
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Fig.5  SEM images of surface of copper cathodic current-  

collector: (a) Cu, (b) Cu-Zn, and (c) Cu-Zn-In  
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Fig.6  EDS pattern of the surface of copper cathodic current-collector: (a) 30 min, 80 "; (b) 30 min, 25 "; (c) 1 h, 80 " 
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Table 1  Composition analysis of the alloy coatings (mass 

fraction) 

Content, ω/% 

Elements 

30 min, 80 " 30 min, 25 " 1h, 80 " 

In 7.73 0.90 17.11 

Zn 8.87 4.20 14.18 

Cu 77.19 88.44 62.36 

Fe 4.11 4.88 4.58 

Ni 2.10 1.59 1.77 
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Fig.7  Electrochemical impedance spectra of batteries with  

different cathodic coatings�
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Table 2  Values of R

ct 

of hydrogen evolution reaction of batteries 

with different cathodic coatings obtained from Fig.7 

Batteries with different 

cathodic coatings 

Cu Cu-Zn 

Cu-Zn-In

30 min 

Cu-Zn-In 

1 h 

R

ct

/Ω 1.94 1.73 1.58 1.36 
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Table 3  Testing results of heights of batteries 

Batteries Heights of batteries/cm 

(a) 0.508-0.512-0.512-0.512-0.512-0.514-0.520-0.520-0.520-0.520-0.520 

(b) 0.510-0.516-0.520-0.524-0.526-0.526-0.526-0.526-0.526-0.526-0.526 

(c) 0.512-0.516-0.516-0.520-0.520-0.520-0.520-0.520-0.520-0.520-0.520 
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Abstract: Zn-In alloy material with high hydrogen evolution overpotential was prepared on the cathodic current-collector surface of the 

alkaline Zn/MnO

2

 battery by chemical plating. The properties, effects on the battery performances and the composition of the Zn-In alloy 

material were studied by linear scanning voltammetry, X-ray diffraction (XRD), scanning electron microscopy (SEM), energy dispersive 

spectroscopy (EDS), electrochemical impedance spectra (EIS) and altimetry. The results indicate that Zn-In alloy material could increase 

the hydrogen evolution overpotential of current-collector obviously and was capable of restricting hydrogen evolution effectively to 

improve the performances of batteries, which can reduce the cost and protect the environment well. Therefore, the Zn-In alloy materials 

have promising application in Ag-free battery industry, as the replacement of the conventional In coated copper current-collector.  

Key words: current-collector; chemical plating; high hydrogen evolution overpotential material; Zn-In alloy; hydrogen evolution; 

performance 
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