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ABSTRACT 
The basis of the traditional technology of hydrometallurgical processing of manganese ore is the process of ore 
roasting. The results obtained in this article make it possible to exclude the roasting process and directly leach the 
crushed ore under the action of an electric current. The process of electrochemical leaching includes two 
simultaneous operations: reduction of hard-soluble higher manganese oxides (pyrolusite - MnO2, vernadite - MnO2-
nH2O) in an acid medium and transition of reduced manganese into an aqueous solution. The main part of the 
reduction process of higher manganese oxides proceeds in the Fe2+ ↔ Fe3+ catalytic system, the remaining part 
proceeds at the cathode under stirring. The degree of influence of iron (III) ions was determined. During studies on 
the transfer of manganese into solution from manganese ore by electrochemical leaching, the influence of L:S: ratio, 
sulfuric acid concentration, and cathodic current density on the degree of manganese extraction were studied. As a 
result of electrochemical leaching studies in the presence of the catalyst system, Fe2+ ↔ Fe3+ under optimal 
electrolysis parameters the degree of manganese extraction was 99%. 
Keywords: Manganese, Pyrolusite, Manganese Dioxide, Electrochemical Leaching, Catalytic System, Cathodic 
Reduction.  

RASĀYAN J. Chem., Vol. 15, No.3, 2022 
 

INTRODUCTION 
Manganese is one of the widely used metals in the steel sector of ferrous metallurgy. Its alloys are used in 
electrical engineering, and in the production of food and chemical industry equipment. The content of 
manganese in alloyed steel ranges from 0.25% to 1.8%. They are used to make automobile parts, such as 
shafts and rebar items. Steel containing 12-13% of manganese (Hadfield) is used for making crushers, 
ball mills, and armor elements. Mirror iron contains up to 20 % of manganese.1-5 High purity manganese 
is used to make high-strength steel. In this regard, the electrolysis method is one of the effective methods 
of obtaining high-purity manganese. The advantage of electrochemical methods over chemical methods is 
the comparative ease and cheapness of obtaining a number of metal products and their high-purity 
compounds.6-14 Due to the possibility of electrochemical methods, refractory, and other metals poorly 
soluble in aqueous media can be easily dissolved by chemical methods.15-18 Due to the fact that the 
solubility of higher manganese oxides (pyrolusite - MnO2, vernadite - MnO2-nH2O) in acid medium is 
low, low-valent oxides are used in the processing of ore with acid. In this regard, the traditional 
technology of manganese production uses the roasting of higher manganese oxides in the presence of 
reducing agents.19,20 This traditional technology has the following disadvantages: 

 The need to use a special complex drum-type unit to implement the roasting process in the 
presence of reducing agents; 

 Power losses and the use of reducing agents lead to a decrease in the economic efficiency of the 
technology; 

 The use of carbon-based reducing agents leads to environmental pollution. 
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The aim of the work is to develop a new method for hydrometallurgical technology of obtaining metallic 
manganese from manganese ore by direct transfer of manganese into an aqueous solution by 
electrochemical leaching in the presence of the catalytic system Fe2+ ↔ Fe3+. In this way, the traditional 
ore roasting process for hydrometallurgical processing technology can be eliminated, allowing manganese 
extraction from ore with greater efficiency and lower operating costs. This solution has the potential to 
increase the environmental and economic efficiency of traditional technological processes, as well as to 
expand the product range on the basis of new methods.  
In the presented work it is shown that the manganese mineral MnO2, which is hardly soluble in dilute acid 
medium, is actively dissolved as a result of contacting the cathode and using the catalytic system 
 Fe2+ ↔ Fe3+.  
The work is performed at room temperature, in a laboratory electrolyzer with a total volume of 1000 ml, 
where the anode and cathode spaces are separated by an MA-40 membrane, according to the cylindrical 
type design (Fig.-1). A plate of titanium or another metal resistant to the medium is used as the cathode 
material. The role of the anode is performed by the lead. An aqueous sulfuric acid solution containing 
crushed manganese ore and a small amount of iron (III) ions is used as a catholyte. An appropriate tank is 
filled with the necessary solution, electrodes are connected, and the titanium electrode is cathodically 
polarized at a current density of 100-300 A/m2 with mechanical stirring. During polarization the 
manganese mineral, MnO2, interacts as a cathode and passes into the divalent state (MnO) well soluble in 
the indicated medium21:  
MnO2 + 4H+ + 2e → Mn2+ + 2H2O                                          E0 = +1.23 B                           (1) 
 

At the same time a small amount of trivalent iron ions is reduced at the cathode: 
Fe3+ + e → Fe2                                                                          E0 = +0.77 B                           (2) 

 

Reduced iron ions catalyze the reduction of higher manganese oxides and create conditions for further 
dissolution: 
MnO2 + 2H2SO4 + 2FeSO4→ MnSO4+ Fe2(SO4)3 + 2H2O                                                      (3) 
 

Reaction (3) is followed by the reaction of reverse regeneration of trivalent iron ions in the cathodic 
region, i.e., it converts to the divalent form at the cathode, thereby acting as a reverse reducing agent. 
Thus, reactions (2) and (3) repeat cyclically: 
 

 
 

EXPERIMENTAL 
Manganese ore was used as manganese raw material, lead, and titanium plates were used as electrodes, 
sulfuric acid (H2SO4), iron (III) sulfate Fe2(SO4)3, and manganese dioxide (MnO2) with the purity of HP 
were used as reagents. Bidistilled water was used to prepare the solutions. 
Trial experiments were carried out to determine the effect of iron ions on manganese extraction from 
manganese ore. The titanium electrode is cathodically polarized in 100 g/l sulfuric acid solution 
containing crushed MnO2 and 3 g/l trivalent iron ions under active stirring at a current density of 200 
A/m2. The anode space is filled with a sulfuric acid solution with a concentration of 100 g/l. A lead 
electrode is used as an anode. 
The results of the analysis of manganese ore used for electrochemical leaching at the above parameters 
are shown in Table-1. Figure-2 shows the results of the X-ray spectroscopic analysis. 

 

Table-1: Elemental Analysis of Manganese Ore 
Spectra O Na Mg Al Si P S K Ca Cr Mn Fe Zn Ba Total,% 
Spectrum 1 45.7 0.26 0.40 1.5 31.5 0.04 0.88 0.46 0.99 0.17 13.2 1.02 0.39 3.3 100.0 
Spectrum 2 44.6 0.27 0.34 1.8 31.0 0.06 1.00 0.75 0.85 0.04 14.4 1.39 0.45 2.8 100.0 
Spectrum 3 42.6 0.21 0.23 1.2 28.0 0.09 0.88 0.30 0.76 0.07 20.4 0.91 0.20 3.9 100.0 
Average 44.3 0.25 0.33 1.5 30.2 0.06 0.92 0.50 0.87 0.09 16.0 1.11 0.35 3.40 100.0 
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1 - Anode; 2 - mixer; 3 - tube; 4 - membrane; 5 - cathode; 6 - beaker with jacket 

Fig.-1: Electrolyzer for Electrochemical Leaching 
 

 
Fig.-2: X-Ray Spectroscopic Analysis of Manganese Ore 

 

Table-2: Elemental Analysis of a Sample Obtained after Leaching of Manganese Ore 
Spectra O Na Mg Al Si P S K Ca Cr Mn Fe Zn Ba Total,% 
Spectrum 1 49.27 0.30 0.31 1.51 34.42 0.03 1.14 0.50 0.30 0.17 6.11 1.20 0.42 4.32 100.0 
Spectrum 2 51.12 0.36 0.32 1.49 34.02 0.00 1.12 0.47 0.34 0.17 5.36 1.02 0.33 3.86 100.0 
Spectrum 3 51.22 0.34 0.34 1.54 33.47 0.05 1.20 0.49 0.36 0.11 5.64 0.99 0.23 4.01 100.0 
Average 50.54 0.34 0.32 1.51 33.97 0.03 1.15 0.49 0.33 0.15 5.70 1.07 0.33 4.06 100.0 

 

The process of leaching with manganese ore was carried out, and after the solution was filtered, the 
resulting cake was analyzed by elemental (Table-2) and X-ray spectral (Fig.-3) analyses.  
The obtained results of the analysis show that during electrochemical leaching of manganese ore in the 
presence of the Fe2+↔Fe3+ catalytic system, the process proceeds selectively. As can be seen from Table- 
2, mainly manganese takes part in the cathodic reduction process. Together with manganese, a small 
number of other elements (Mg, Cr, Ca, and Zn) passed into the solution. These results will undoubtedly 
give a positive effect on the technology of hydrometallurgical processing of manganese ore. Since the 
pulp after electrochemical leaching is filtered, the filtrate is sent for purification from metal ions having 
positive potential compared to manganese. The fact that there are few impurities in the solution reduces 
the consumption of reagents that are added to precipitate the metal ions negatively affecting the 
electrolysis in the cleaning process. 

RESULTS AND DISCUSSION 
The influence of the concentration of iron ions (ILI) on the process of electrochemical reduction of higher 
manganese oxides in the composition of manganese ore was studied. Parameters of electrolysis are given 
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in Тable-3. The concentration of sulfuric acid is 100 g/l, the temperature 25 °C, and the duration of 
electrolysis is 1 h. 

 
Fig.-3: Radiograph of the Sample Obtained after Leaching of Manganese Ore 

 
 

Table-3: The Effect of the Concentration of Iron (III) Ions on the Degree of Extraction of (α) Manganese 
No. [Fe3+], g/l ik, А/m2 L:S Mixing Speed, rpm α, % 
1 1 200 10:1 150 35 
2 3 200 10:1 150 61 
3 5 200 10:1 150 68 

 

As can be seen from the results obtained, the degree of manganese extraction increases with the 
increasing concentration of iron ions. However, concentrations of iron ions in larger amounts, 
contaminate the solution, making it difficult to purify. The gel-like iron hydroxide (III) formed during the 
hydrolytic purification process increases the duration of filtration and requires a lot of water and time for 
washing. In this regard, the concentration of iron ions (III) 3 g/l is sufficient for the process of manganese 
ore leaching. At this concentration, the degree of manganese extraction and WT of its dissolution was 
61%, respectively. The effect of the L:S ratio on the degree of manganese extraction during 
electrochemical leaching was studied (Table-4). The ratio L:S is one of the parameters determining the 
activity of ore mixing with aqueous solution and collision of ore particles with the cathode. 

 

Table-4: The Effect of The Ratio of Liquid to Solid (L:S) on the Degree of Manganese Extraction 
No. [Fe3+], g/l ik, А/m2 L:S Mixing speed, rpm α, % 
1 3 200 6:1 150 43.4 
2 3 200 8:1 150 45.7 
3 3 200 10:1 150 61 

 

The results show that increasing the volume of solvent in L: T has a positive effect on the dissolution of 
manganese. Due to the increase in contact of ore particles with the surface of the cathode, at the ratio L:S 
- 10:1, intensive mixing occurs. The influence of cathodic current density on the degree of manganese 
extraction was studied. At a cathodic current density of 100 A/m2, the degree of manganese extraction is 
46% (Table-5). With the increase of current density up to 200 A/m2 the degree of manganese extraction 
increases up to 61%. Further increase of current density up to 300 A/m2 results in an insignificant 
decrease of manganese extraction degree up to 58.7%. Increasing the current density above 200 A/m2 
leads to a decrease in overvoltage of hydrogen extraction, i.e., most of the current is spent on undesirable 
in this case process of hydrogen extraction. 

 

Table-5: Influence of Cathodic Current Density on the Degree of Manganese Extraction 
No. [Fe3+], g/l ik, А/m2 L:S Mixing speed, rpm α, % 
1 3 100 10:1 150 46 
2 3 200 10:1 150 61 
3 3 300 10:1 150 58.7 

The influence of pulp stirring speed on the degree of manganese extraction was investigated. Table-6 
shows that as this parameter increases from 100 to 150 and 200 rpm, the degree of manganese extraction 
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increases from 34.8 to 61 and 98.9%, respectively. Consequently, during agitation, the manganese ore 
particles are closer to the cathode surface to a greater extent. A further increase in the stirring speed up to 
250 rpm negatively affects the efficiency of the process, i.e. the degree of manganese extraction decreases 
to 81%. 

Table-6: The Effect of the Electrolyte Mixing Rate on the Degree of Manganese Extraction 
No. [Fe3+], g/l ik, А/m2 L:S Mixing speed, rpm α, % 
1 3 200 10:1 100 34.8 
2 3 200 10:1 150 61 
3 3 200 10:1 200 98.9 
4 3 200 10:1 250 81 

 

CONCLUSION  
According to the results of the studies, it was shown that the higher manganese oxides in the ore are 
actively dissolved in the dilute acid medium as a result of contact with the cathode and the use of the 
catalytic system Fe2+ ↔ Fe3+. The degrees of influence of iron (III) ions, iron: T ratio, sulfuric acid 
concentration, and cathodic current density on the degree of manganese extraction were determined. As a 
result of the conducted studies at the optimal parameters of electrolysis the degree of extraction and 
calculated value of VT of manganese dissolution, which was 99 and 71.6%, respectively, were obtained. 
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