
Metallurgical and Mining Industry30 No.10 — 2015

Electrometallurgy

Electrolytic manganese obtaining from product solution of 
manganiferous ore of deposit “Karamola”

Makhanbetov А. B., Zharmenov A.A., Baeshov A. B.

Laboratory of Electrochemical Production Technology,
RSE National Center on Complex Processing of Mineral Raw Materials of the Republic of 

Kazakhstan,
Almaty, Republic of Kazakhstan

Email: armanmab@mail.ru

Abstract
The electrolysis bath for manganese electrolysis was made. The influence of electrolysis parameters 
on cathodic reduction of metal was investigated in this bath. The optimum on composition and 
structure diaphragm material, which allowed regulating of ions exchange in electrolytic solution, 
was selected for an electrolysis bath in order to normalize pH media of a catholyte and, therefore, 
to electrolyze for longer time.
As a result of the conducted researches, data on cathodic current density, electrolyte temperature 
and electrolysis duration influence on current output were obtained.
The electrolytic manganese was obtained from manganiferous ore of Kazakhstan deposit “Karamola” 
consisting of impurity and with the following composition: Mn 15.18; СаО 1.38; Ni 0.007; SiO2 
64.72; Al2O3 2.37; Fe 1.24; Co 0.004; P 0.051; Zn 0.011; As <0.002; MgO 0.50. Quality of obtained 
manganese was evaluated by means of scanning electron microscopy (SEM) and element analysis.
Key words: MANGANESE, ELECTROLYSIS, MANGANIFEROUS ORE, CATHODIC 
REDUCTION, ELECTROLYTIC MANGANESE

Introduction
Special properties of each metal depend directly 

on its purity. In this regard, the properties of some 
metals came to be known only after obtaining of 
them in especially pure form. Development of elec-
trochemical methods gave opportunities for solution 
of such problems from technical, theoretical and 
ecological standpoint. It is also known [1] that some                                                
especially pure metals are obtained by this method 
only. Manganese also belongs to such metals. The su-
perpurity metal manganese is obtained by electrolysis 
in aqueous media only; and it is seen from literary 
data [2, 3, 4] that none of other known methods is 
capable to compete with this method.

The application area of manganese is very wide. 

It is known that the main consumer of manganese 
ores is ferrous metallurgy, where about 90% of the 
produced commercial manganese is used. At the 
same time, consumption of this metal grows in other 
spheres of its application.

Metal manganese possesses the excessive hard-
ness and brittleness; therefore, it is not used in pure 
form. Pure manganese is added to alloys composition 
as the alloying element. Depending on the quantity of 
added manganese, it is possible to obtain up to 200 
types of stainless steel. Therefore, the suggested work 
gives opportunities to find the solution of relevant 
problems. 

Electrolysis of manganese and its researches were 
conducted with use of sulphate solution of ore of the
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Karamola deposit near to the city Alakol of Almaty 
Region of the Republic of Kazakhstan. This ore dif-
fers by composition, %: Mn 15.18; СаО 1.38; Ni 
0.007; SiO2 64.72; Al2O3 2.37; Fe 1.24; Co 0.004; P 
0.051; Zn 0.011; As <0.002; MgO 0.50. 

The analysis of literary data showed that the con-
tent of such elements as iron and phosphorus as a part 
of this ore is less in comparison with other manga-
nese ores of Kazakhstan [5]. This difference gives 
the chance to reduce a stage of special removal of the 
specified impurities in process of hydrometallurgical 
ore processing.

Experimental
The researches on manganese electrolysis in 

sulphate solution were carried out in the labora-
tory electrolysis bath (Fig. 1), which was made of                             
organic glass, with the general operating volume 
of 8.97 ~ 9 dm3 (1). 4.61 dm3 of volume belong to                   
anode area, 4.36 dm3 of volume - to cathodic area, i.e.                           
C:A ratio = 1:1.06. 

The top layer of an electrolysis bath consists of 
a rectangular prismoidal knock-down box (2), where 

cathodic and anodic cells are connected by special 
screws. The lower part consists of false bottom (3) for 
introduction of solution or residual matter and their 
easy underflow. 

Anode and cathode spaces are divided by flowing 
diaphragm (4).

Stability of operating volume of bath electrolysis 
is carried out via the crane (5) providing continuous 
underflow of utilized solution.

The cathode (6) consists of 2 mm in thickness ti-
tanic plate located in cathodic cell. Perforated plates 
from rolled lead containing 1% of Ag were used as 
the insoluble anode (7). Perforation was stenciled by 
Ø5 mm drill in such a way that the active area of the 
anode was 70% from the cathode active area. Anodes 
were installed on both sides from diaphragm at equi-
distance from the cathode. The current supply to the 
cathode and anodes was carried out by means of ter-
minals with screw clamps. The anode current density 
could be controlled by anodes movement at one or 
another depth of steeping into solution.

                           a) front view                                                                                    b) side view

Figure 1. Electrolysis bath for manganese electrolysis

The plate coils, which were placed lengthwise of 
the bath (perpendicular to the plane of electrodes), 
were made from the quartz tube of Ø8 mm in order 
to maintain the temperature of solution. The flowing 
water was pumped through these coils. 

At the end of electrolysis, electrolyte and residual 
matter are removed by the special crane (9).

Results and discussion
Electrolysis of manganese is carried out under fol-

lowing conditions:
- composition of an electrolyte, g/dm3: [(NH4)-

2SO4] – 160, [Mn2+] – 35;
- impurities as a part of an electrolyte, g/dm3:             

Sb, Fe, Co ˂  0,001; As 0.0013; Zn 0.0014; Cu 0.0034; 
Ni 0.0062;

- рН of electrolyte: 7;
- volume rate of solution feeding, ml/(A·h): 44;
One of the main factors influencing the system sta-
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bility is diaphragm role during manganese electroly-
sis. Material of a diaphragm controls the exchange of 
ions as a part of electrolyte and gives opportunities to 
electrolyze for a long time. Therefore, in case of the 
specified electrolysis parameters maintaining, influ-
ence of diaphragm materials on the cathode reduction

Table 1. Influence of diaphragms on manganese electrolysis

Experiment 
No 

Diaphragm 
type

Experiment 
time, h.

Initial рН of 
electrolyte

Final рН of 
electrolyte

Current
Output,
%

рНc рНa рНc рНa
1 TFP-92 6 6,71 6,74 8,67 1,41 60,75
2 Item 0498 6 6,74 6,83 8,67 1,52 72,25
3 PVC 6 6,83 6,90 8,23 1,84 63,26
4 KS-34 6 6,92 6,94 7,97 1,67 68,41
5 TLF-5 6 6,89 6,91 8,92 1,46 72,98

of manganese and on experiment duration was inves-
tigated.

Before and after each experiment in certain se-
quence, the value рН of solutions under investigation 
is measured by iontometer I 500 of Akvilon.

As is seen from Table 1, the environment hydro-
gen value is less than 8.4 in two types of the filtering 
material among diaphragms. They are No3 polyvi-
nylchloride (PVC) and No4 polypropylene (KS-34).

PVC – the filtering material, which is 1.0 mm in 
thickness; the density of the surface area is 350 ± 20 
g/m2, air permeability at pressure of 50 Pa is 20-42 
dm3 (m2·с).

KS-34 – the filtering material which is 1.1 mm in 
thickness, the density of the surface area is 437 ± 20 
g/m2, air permeability at pressure of 50 Pa is 30-60 
dm3 (m2·с).

Other materials of a diaphragm in manganese elec-
trolysis do not give the chance to conduct long exper-
iments; that we can observe from data of Table 1. As 
it is known, manganese ions (ІІ) in water solutions at 
рН 8.4 begin to deposit in the form of Mn(OH)2; con-
sequently, cathodic process can be failed. Therefore, 
the adequate choice of diaphragm material is of great 
importance for manganese electrolysis.

In water solutions of manganese and ammonium 
sulphate, the current output of cathodic reduction of 
manganese ions is influenced also by other many fac-
tors as well as diaphragm material. They are the fol-
lowing: density of cathodic current, electrolyte tem-
perature and electrolysis duration.

Influence of cathodic current density on current 
output (CO) is considered in the range of 300-600           
A/m2. With growth of cathodic current density, CO is 
increased (Fig. 2).

It has been established that CO increases from 
57% to 60% at the current density of 300-500 A/m2, 
and decreases to 50% at 600 A/m2. With increase in 
cathodic current density, the growth of electrolysis 
bath tension from 5 to 5.5 V and electrolyte tempe- 

rature from 25 to 30°C was observed. Therefore, the 
following experiment is focused on determination of 
environment temperature influence on CO.

Figure 2. Influence of current density at cathodic 
manganese CO

In experiment, the influence of electrolyte tempe- 
rature on CO in the range of 15-30 °C (Fig. 3) was 
considered. It is shown that the current output reaches 
the maximum value at 20°C and is 63%. The further 
increase in the environment temperature from 20 to 
30°C causes the decrease in CO to 34%.

Figure 3. Influence of electrolyte temperature at cathodic 
manganese CO
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The voltammetric studies of electrolyte media for 

potentiostat P8 were conducted for establishment of 
the obtained values certainty concerning temperature. 
Polarization curves were removed from titanic elec-
trode (Fig. 4).

Figure 4. The cathodic polarization curves removed from 
titanic electrode at different temperatures: (NН4)2SO4 160 
g/dm3; Mn 36 g/dm3; V=100 mV/с; t, 0C: 1 – 15; 2 – 30; 
3 – 45; 4 – 60; 5 – 75

As is seen from the Fig. 4, there are no signifi-
cant changes at a temperature of electrolyte of 15 and 
30°C. At a temperature of 45 °C, the value of poten-
tial of manganese ions (II) reduction becomes pos-
itive-going with increase in a maximum of current.

These data show that, in its turn, temperature                 
increase gives opportunities to cathodic reaction with 
a low overstrain. The rate of electrochemical reac-
tions increases at electrolyte temperature above 45 
°C; therefore, the overstrain decrease of hydrogen 
release is observed.

On the basis of obtained data, it is recommen-  
ded to conduct the following researches at electrolyte 
temperature not exceeding 25 °C and cathodic current 
density of 500 A/m2.

Electrolysis was carried out during the time period 
from 5 hours to 1 day (Fig. 5).

Figure 5. Influence of experiment duration at CO of 
cathodic manganese

Time of each experiment was renewed for 5 hours 
and values of CO for the manganese weight reduced

on the cathode were calculated. CO showed the ma- 
ximum value (72%) at the beginning of electrolysis 
during the first 5 hours. When further prolonging 
of time, the value of CO decreased approximate-
ly by 5-7%. After 1 day (24 hours) of electrolysis,                        
according to calculations for obtained manganese, 
value of CO is 51%.

Considering the fact that overstrains of hydro-
gen release are different on surfaces of the electrode 
materials used as cathode, decrease of CO during 
electrolysis can be explained as follows. In course 
of time, manganese crystals cover the titan surface  
almost completely; consequently, the titanic electrode 
passes into manganese [6].

As uniformity and purity of obtained metal of 
manganese are one of the main problems of 	
electrowinning, the obtained metal underwent the 
analysis. The analysis was carried out by device                                            
JSM-5300LV of JEOL suitable for determination 
of elemental composition of sample with accuracy                     
of ± 1%.

The results are presented in Fig. 6.
The chemical analysis showed that 99.7% of ca-

thodic metal is the part of manganese. These data 
prove the high purity of cathodic manganese obtained 
from product solution.

The achieved researches results are of great prac-
tical importance for technology development of high 
pure manganese obtaining from manganiferous ore 
of deposit Karamola as an additional source of raw 
materials of “Kazakhstan”. Further work gives the 
opportunity to find effective ways of manganese elec-
trolysis and development of cheap and easy techno- 
logy.

Figure 6. The microscopic picture of cathodic manganese 
increased to the size of 10-100 µm
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