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ABSTRACT 

Today the problem of rational energy and thermal 
energy efficiency is of the most immediate interest all 
over the world. Complex approach is necessary to 
increase the efficiency of geothermal power plants 
operation. Silica extraction from the solution of 
geothermal plants and its cleaning for marketable 
product obtaining is one of the directions. 

INTRODUCTION 

Today the problem of rational energy and thermal 
energy efficiency is of great interest. Traditional 
methods of energy production at the hydropower 
plants and thermal-power plants are known, but lately 
the tendency of untraditional power sources use such 
as geothermal has appeared. The composition of a 
high-temperature geothermal fluid is formed as a 
result of interaction of overheated water with the 
rocks of geothermal system in a fractured-steam 
space. At the same time the fluid is enriched by 
different mineral components. So a high-temperature 
geothermal fluid can be considered as the source of a 
thermal energy and chemical compounds. 
 
Thermal potential of geothermal heat carriers is not 
used full. From the production well the steam-water 
mixture enter the separators where it is divided into 
the working steam and solution. The working steam 
is supplied onto turbines of GeoPP, and the solution 
is poured on the earth surface or injected into rocks 
through the reinjection wells. The operation of 
Mutnovsky geothermal deposit shows that the 
solution injection into rocks leads to a sharp decrease 
of deposit thermodynamic potential. Taking into 
account that the solution temperature is 170оС the use 
of solution thermal energy can take the possibility to 
increase the operating efficiency of GeoPP up to 25-
30%. Besides, the extraction of mineral components 
can provide with a comprehensive approach for 
natural resources use. 

 
The mineralization of geothermal fluids of different 
deposits varies widely. Chemical composition of the 
geothermal fluids depends on geological factors in 
the regions of their bedding. For instance the 
mineralization of industrial solution of Pauzhetsky 
geothermal deposit is about 2.5 g/l (table1); such 
components as natrium (815 mg/l), boron (125 mg/l, 
calculated as boric acid), lithium (3.1 mg/l) and 
others are of interest. Total solution mineralization of 
Mutnovsky GeoPP-1 is about 1.5 g/l. More than 70% 
of the total mineralization is for silica. Natrium (273 
mg/l), H3BO3 (96 mg/l) and others can be determined 
among other components. The composition of 
industrial solutions is given in table 1. (1 – the 
solution composition of Mutnovsky GeoPP; 2 – the 
solution composition of Pauzhetsky geothermal 
deposit). 
 
Table 1: The composition of industrial solutions 

(mg/dm3) 
 1 2 
рН 9.2 8.5 
К+ 53 89 
Na+ 273 815 
Li+ 0.1 3.1 
NH4

+ 0.8 1.0 
Ca2+ 3.8 46 
Mg2+ <0.1 1.22 
Fe(total) <0.3 <0.3 
Cl- 234 983 
HCO3

- 42 
СО3

2- 5.2 
12.62 

SO4
2- 210 112 

H4SiO4 1180 183 
H3BO3 96 125 
 
High silica content in the solution of Mutnovsky 
GeoPP gives essential technical problems; the 
operating efficiency of GeoPP reduces due to solid 
precipitations in a heat and power facility. Earlier we 
showed that it is possible to precipitate amorphous 



silica during a dynamic mode by the method of 
electrodialysis with porous membrane use. The 
precipitation takes place in the anodic part of 
electrodialysis with the solution flow velocity from 
0.005 up to 0.02 m/min. The velocity of the colloidal 
silica precipitation greatly depends on the 
temperature, electrodes material and current density.  

 

EXPERIMENTAL 

We carried out the experimental researches of silica 
extraction using aluminium electrodes under the 
different temperatures: 20, 70 and 90оС, under the 
current density from 10 up to 40 А/m2. Temperature 
dependence of silica precipitation velocity is shown 
in figure1. 
 

 
 
Figure 1: The dynamics of silica precipitation from 

the solution of Mutnovsky GeoPP: 1 – 
the temperature is 20оС; 2 – 70 оС; 3 – 
90 оС 

 
The diagram shows that silica precipitation velocity 
greatly depends on the temperature. At the 
temperature of 20 оС it is 9,2 mg/l·min, when the 
temperature increases up to 70 оС it grows up to 38 
mg/l·min. At the temperature of 90оС  it’s 33 
mg/l·min. Some reducing of precipitation velocity at 
the temperature from 70 up to 90оС is due to the 
increase of silica solubility. Besides, when the 
temperature increases the electrodes material 
spending increases too up to 96 mg/kg of crude 
product. 
 
The obtained mineral product as amorphous silica is 
a valuable material in chemical, paper, paint-and-
varnish and other industry branches. Silica extracted 
similarly is polluted by electrodes material and 
mineral components of the solution. A crude product  
is a colloidal solution with SiO2 – 2,35%, Al3+– 0,2%, 
Na+– 0,05%, the content of other mineral components 
is less than 0,02%.  
 

Crude silica is possible to be used in some industry 
branches, but a purified product is more valuable. 
Silica gels of a high purity are of great interest now. 
 
The chemical method based on the precipitation of 
silicic acids from acid solutions was used to purify 
silica gels. The accurate measured of gel mass was 
processed by a concentrated hydrochloric acid (High 
Purity, State Standard), it was evaporated by a water-
bath with gel-forming organic matter presence; the 
precipitations were transported onto the filter and 
washed out by distilled water. The composition of 
scourage is presented in table 2.  
 

Table 2: Scourage composition, mg/dm3 
 Flow (mg/dm3) 
К+ 39 
Na+ 145 
Al3+ 489 
Ca2+ 8.1 
Mg2+ 1.4 
Fe(total) 2.3 
H4SiO4 26.3 

 
Then the precipitations with the filter were 
transported into a porcelain crucible and put into a 
muffle furnace. Filters were incinerated with the 
gradual increase of temperature up to 450оС. After 
the incineration the precipitations were fired at the 
temperature of 800оС and weighed. The product yield 
was 92%. The marketable product has got 99.85% of 
the main material SiO2, the admixtures portion is 
0.15.  The purity degree can be increased due to the 
use of gel-forming organic matter that contains less 
admixtures. 

 

CONCLUSIONS 

1. On basis of experimental 
researches it was shown that GeoPP operating 
efficiency can be increased due to mineral 
components removal from the solution.  

2. Mineral components extraction can 
provide a comprehensive approach for natural 
resources use. 

3. Silica extracted by electrodialysis 
method and represented as a crude product can be 
used in industry. 

4. Use of chemical purification 
method leads to the obtaining of a marketable 
product of a high purity. 
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