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•  Metallic Mn and its alloys exhibit good sacrificial 
corrosion protection and suitable mechanical 
properties for coatings[1]. 

•  Mn could be used as alloying element in moderate 
amounts in Fe-based alloys for biomedical 
applications[2]. 

•  Sustainable approach: Mn is not considered as 
critical raw materials and water-based electrolyte 
avoids pollution of the environment.  

Motivation 

Electrodeposition 
Electrochemical cell 
 
- Three-electrodes: 
  RE: MSE / CE:Pt / WE: Au 
- Three-compartment: 
- Electrolyte flow 

Summary 

Effect of the applied potential 

1µm 

Oxide layer 

Mn layer 

Substrate 

-2.4 VMSE 

1µm 

-2.5 VMSE -2.6 VMSE 

Effect of the electrolyte flow – pH value 

Plating bath 
 
0.05 M MnSO4 
0.3 M H3BO3 
0.5-1 M (NH4)2SO4 
pH 3 constant 
60 min 

Mn2+/Mn   -2.14 VMSE 
Mn/Mn2+   -2.00 VMSE  

H+/H2   -1.62 VMSE 
O2/O2-  -0.90 VMSE  

ü  Electrodeposition of metallic Mn from green 
aqueous electrolytes is possible at potentials from 
-2.4 VMSE to -2.6VMSE. 

ü  The applied potential changes the thickness of the 
layers but it has no effect on the composition or 
morphology. 

ü  GD-OES reveals two layers: a metallic coating and  
an oxidized top layer.  

 
ü  The concentration of (NH4)2SO4 influences the 

morphology of the deposits. 
 
ü  The pH value control is essential to avoid 

hydroxides formation. 

Effect of (NH4)2SO4 concentration 

1 M 

0.5 M 

[(NH4)2SO4] grain size applied potential no effect!! 

2H+ + 2e-         H2 

Water decomposition: 

Hydrogen evolution: 

Mn layer deposited at -2.6 VMSE, 0.05 M 
MnSO4, 1 M (NH4)2SO4, 0.3 M H3BO3  

Composition is not affected 
by the applied potential thickness applied potential 
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2H2O + 2e-       H2  + 2OH- 

•  Very negative potentials cause strong hydrogen evolution, 
this increases the pH value (faster near to WE). 

•  The rise of the pH value provokes the precipitation of 
manganese hydroxides. 

 
•  Electrolyte flow allows to control the pH value of the bulk 

electrolyte. 
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