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Summary

Currently, the most modern methods of membrane reverse osmosis and electro-dialysis are 
increasingly used in the desalination of waters in Turkmenistan. But to use these methods effectively, it is 
necessary to purify the salt water from some interfering substances. In particular, iron and manganese 
ions in water, mechanically dispersed particles, form poorly soluble deposits on membranes and on 
its cells. Thus, water must be thoroughly purified from these ions before being supplied to membrane 
plants. In this regard, the use of local natural mineral resources is more economically profitable. 
Based on this, the scientific work examined the possibility of using dolomites from the local natural 
mine of Kelete as a sorbent for the purification of manganese and iron ions.
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The Koytendag region of Turkmenistan is rich in chemical raw materials, natural salts, building 
materials, decorative stones, rare metal ores and other valuable resources. The presence of huge 
reserves of potassium salts, celestine, table salt, gypsum, dolomite, limestone and other minerals in 
the future opens up wide opportunities for their industrial development.

This scientific work examined the possibility of using the mineral dolomite (CaCO3 MgCO3) 
from the Kelete mine in Baherden district as a coagulant. When heated to 850-900°C, dolomite 
decomposes as follows:

CaCO3 · MgCO3 → CaO · MgO + 2CO2

At 500°Ϲ, MgCO3 dolomite begins to decompose and completely decomposes at 692°Ϲ. And 
the endothermic effect at 918°Ϲ means that CaCO3 completely dissolves in dolomite. According to 
the results of chemical analysis, the minerality of dolomite is 92,64%, it contains 50,20% CaCO3 and 
42,44% MgCO3. The rest: 0,65% is gypsum, 3,56% is calcite and 3,5% is insoluble residues (silicates, 
etc.). The resulting mixed oxides CaO·MgO react with water to form a solution of magnesium lime.

CaO·MgO + 2H2O → Ca(OH)2 + Mg(OH)2
When treating water with such a solution, not only coagulation phenomena occur, but also the 

precipitation of calcium and magnesium carbonates, sulfates, fluorides, silicates, hydroxides and 
some poorly soluble organic compounds. Along with these formed sediments, ions of some heavy 
metals such as iron, manganese and others are released.

Research on water treatment from manganese and iron was carried out on model and natural 
waters. This method of removing manganese and iron from water is used to remove them from 
domestic and drinking waters, mainly natural (groundwater, surface) and technical waters. The 
method of purifying water from these elements is to treat it with ordinary and modified dolomite.
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As is known, due to the growing demand for clean drinking water, many countries use the method 
of desalination of salt water, especially this method is used for desalination of water of the Turkmen 
Lake Altyn-Asyr. For this purpose, due to their cost-effectiveness, membrane methods as reverse 
osmosis and electrodialysis are widely used.

The main advantage of reverse osmosis desalination over other methods is that it does not require 
large energy inputs and energy consumption is close to the thermodynamic minimum. Therefore, 
these methods are now widely used for the desalination of collector-drainage and other saline waters 
(Evzhanov, 2009).

However, when desalinating water by using membrane methods, impurities of manganese and 
ore ions pose a particular danger. Therefore, their maximum permissible concentrations in desalinated 
water, as well as in drinking water, should not exceed 0,1-0,2 mg/l. This is due to the fact that, deposited 
on the surface and inside the membranes, iron and manganese hydroxides increase the resistance 
of the membranes and as a result the productivity of desalination devices decreases. Therefore, in 
drinking water supply and in the desalination of water using membrane methods, there is a need to 
purify water from manganese and iron to the required standards (Nikoladze, 1987).

Manganese and iron in water are in the form of Mn2+ and Fe3+. Currently, the oxidation method 
at pH>9,5 is mainly used to purify water from manganese. In most cases, chlorine, potassium 
permanganate, ozone, etc. are used as an oxidizing agent. Various natural and synthetic sorbents 
are also used. There are various methods for purifying water from iron. They are divided into two 
groups: reagent and non-reagent (physical). Reagents include aeration, oxidation, flotation, liming, 
coagulation, etc. Reagent-free methods include electrocoagulation, filtration, aeration, etc. However, 
these methods are expensive due to the use of chemical reagents and physical equipment. Therefore, 
from an economic point of view, the most preferable is the use of cheap natural sorbents. Based on this, 
we have developed a method for purifying water from these ions using local dolomites (Evzhanov, 
Hojamuhammedova, Saparov, 2016).

In the process of purifying water from manganese and ore ions, inexpensive natural materials 
are used, but before, it is necessary to ensure the purification of mineralized and ground waters by 
desalination using the membrane method.

The waters of the Kelejar reservoir in Gekdepe etrap of Ahal velayat were used for investigation. 
The amount of iron in the source water is 10 mg/l. Various amounts of primary dolomite were added 
to 200 ml of water. After the specified time, the suspension was filtered and the amount of iron 
remaining in the filtered water was determined.

Under these conditions, iron sorption was carried out depending on the fractional composition 
of dolomite and the initial iron concentration.  In all experiments, after treatment iron wasn’t found 
in water at least. Table 1 presents the results obtained after demineralization of wastewater. As can 
be seen from these data, the degree of iron removal reaches 99,1%, and the amount of Fe3+ ions in 
purified water is 0,09 mg/l, which meets the requirements of membrane desalting methods.

Table 1

Results of water purification from iron using natural dolomite

Fe3+ content 
in water, 

mg/l

Water 
volume, ml

Added 
amount of 
dolomite, g

Composition of purified water, 
mg/l

Degree of water 
purification from 

Fe3+, %Fe3+ Сa2+ Mg2+ pH
10,0 200 0,5 0,403 71,4 135,6 7,38 95,9

200 2,0 0,170 47,6 171,3 7,87 98,3
200 4,0 0,142 71,4 171,3 7,83 98,6
200 6,0 0,089 59,5 121,4 8,36 99,1
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When purifying drainage water from Mn2+, its content in the purified water reached 21,0 mg/l. 
Initially, unburned dolomite was treated for purification. However, the degree of purification even 
with a dolomite dose of 8,0 g/200 ml of water was 5,5%. Therefore, in further experiments, dolomite, 
semi-burnt at 650°C, was used. The remaining conditions are similar to the previous ones. The 
research results are shown in table 2.

The results of joint processing of manganese and iron with semi-burnt dolomite are presented in 
table 3.

Table 2

Results of water purification from manganese using semi-burnt dolomite

Mn2+ content 
in water mg/l

Water 
volume, 

ml

Added 
amount of 
dolomite, g

Composition of purified water, 
mg/l

Degree 
of water 

purification 
from Mn2+

Note

Mn2+ Сa2+ Mg2+ pH

21,0

200 0,5 18,20 66,6 179,8 7,54 13,3

200 2,0 10,5 99,4 173,1 7,85 50,0

200 4,0 3,22 55,5 179,8 7,73 84,6

200 6,0 1,76 55,5 179,8 8,19 91,6

200 8,0 1,41 44,4 173,1 8,30 99,6

200 8,*0 19,84 117,3 144,0 7,42 5,5 Untreated 
dolomite

Table 3

Results of joint purification of manganese and iron from drainage water with semi-burnt dolomite
Water volume – 200 ml, quantity of semi-burnt dolomite – 8 g.

Water 
sample 

description
Chemical composition of water, mg/l

Degree of 
purification 
from ions, 

%

Drainage 
water of the 
Jar, Mary 

velayat

HCO
3

− Cl- SO
4

2− Ca2+ Mg2+ Na+ Mn2+ Fe3+ Total 
salts Mn2+ Fe3+

427,0 1686,25 2880,1 180,2 120,5 2196,7 21,0 10,0 7521,7 99,5 99,1

Experiments were also carried out under dynamic conditions. A column with a diameter of 25 
mm and a height of 80 cm was loaded with 475 g of natural dolomite of a fraction of 1,00-2,50 mm 
and drainage water with an iron content of 10 mg/l was passed through. The flow rate was 3 ml/min. 
Similar experiments were also carried out to treat water from manganese. The manganese content in 
the treated water was 5 and 10 mg/l. 10 g of semi-burnt dolomite was used as a filter. The experimental 
results are shown in table 4. The data shows that when water is poured into 400-600 ml, manganese 
is completely released from the water.
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Table 4

Results of dynamic experiments on water purification from manganese with semi-burnt dolomite

Initial Mn2+ 
content, mg/l

Poured drainage 
water, ml

Residual content 
Mn2+, mg/l

Degree of water 
purification from Mn2+, 

%
5,0 100-600 0 100,0
5,0 700 0,75 85,0
5,0 1000 1,0 80,0
5,0 1500 2,4 52,0
5,0 2000 3,9 22,0
5,0 2500 4,6 8,0
10,0 100-400 0,0 100,0
10,0 500 0,46 96,0
10,0 1400 2,78 73,0
10,0 2100 4,9 51,0
10,0 2800 7,2 28,0
10,0 3500 9,7 3,0

CONCLUSION

An effective method has been developed for purifying water from manganese and ore ions using 
natural and modified local dolomite. The possibility of using unfired dolomite to purify water from 
ore ions, and semi-fired dolomite from manganese ions has been discovered.

The method can be used in the conditions of Turkmenistan to separate manganese and ore ions 
that interfere with the desalination of drainage water using membrane methods.
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