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Using electrochemical action (ECA) to treat water was first proposed in UK in 1889. At present, many methods of 

ECA are known (electro flotation, electro coagulation, electro osmosis, electrophoresis, etc.). 
In the production of rocket and space technology, galvanic technologies are used, as a result of which waste water 

is contaminated with metal ions. Known methods of wastewater treatment do not allow to ensure the maximum permis-
sible concentration of metal ions in treated water, or are expensive or difficult to operate in industry. Iron ions are 
among the most polluting components of wastewater of most industries. So increased control and the development of 
effective methods of wastewater treatment are necessary. Iron affects the intensity of phytoplankton development and 
the qualitative composition of microflora in reservoirs. The toxicity of iron compounds in water depends on the hydro-
gen index of water. The alkaline environment dramatically increases the risk of fish poisoning, as in such conditions, 
iron hydroxides are formed, which are deposited on the gills, clog and corrode them. In addition, iron compounds bind 
oxygen dissolved in water, which leads to the mass death of fish and other hydrobionts. 

The article presents the method of conducting experiments, the methods of sorption, electrochemical and combined 
water treatment, including electrochemical action and adsorption. The results of studies of these methods of water puri-
fication from iron ions are presented. The dependence of the degree of purification on the electric field strength, inte-
relectrode distance and water treatment time is revealed. With an electric field strength of 5.16 V/mm, a temperature of 
20–22 °C using quartz sand as an adsorbent and a processing time of 1 minute, the concentration of iron ions decreased 
from 2.5 to 0.25 mg/l (at MPC = 0.3 mg/l). The proposed combined cleaning method requires inexpensive and afford-
able materials and is easy to operate. 
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Использование электрохимического воздействия (ЭХВ) для обработки воды впервые было предложено в Ве-

ликобритании в 1889 г. В настоящее время известно много методов ЭХВ (электрофлотация, электрокоагуля-
ция, электроосмос, электрофорез и др.).  

В производстве ракетно-космической техники применяются гальванические технологии, в результате ко-
торых происходит загрязнение сточных вод ионами металлов. Известные методы очистки сточных вод не 
позволяют обеспечить предельно-допустимую концентрацию ионов металлов в очищенной воде либо являются 
дорогостоящими или сложными в эксплуатации в промышленности. Одним из часто встречающихся загряз-
няющих компонентов является ионы железа, входящего в состав сточных вод большинства отраслей про-
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мышленности, что требует повышенного контроля и разработки эффективных методов очистки сточных 
вод. Железо влияет на интенсивность развития фитопланктона и качественный состав микрофлоры в водо-
емах. Токсичность соединений железа в воде зависит от водородного показателя воды. Щелочная среда резко 
увеличивает опасность отравления рыб, так как в таких условиях образуются гидроксиды железа, которые 
осаждаются на жабрах, закупоривают и разъедают их. Кроме того, соединения железа связывают раство-
ренный в воде кислород, что приводит к массовой гибели рыб и других гидробионтов. 

В статье представлена методика проведения экспериментов, рассмотрены методы сорбционной, элек-
трохимической и комбинированной очистки воды, включающие электрохимическое воздействие и адсорбцию. 
Представлены результаты исследований этих методов очистки воды от ионов железа. Выявлена зависи-
мость степени очистки от напряженности электрического поля, межэлектродного расстояния и времени 
обработки воды. При напряженности электрического поля 5,16 В/мм, температуре 20–22 0C, использовании 
кварцевого песка в качестве адсорбента и времени обработки в течение 1 мин. концентрация ионов железа 
уменьшилась с 2,5 до 0,25 мг/л (при ПДК = 0,3 мг/л). Предлагаемый комбинированный метод очистки требует 
не дорогих и доступных материалов и прост в эксплуатации. 

 
Ключевые слова: электрохимический метод, железо, степень очистки, переменный ток, постоянный ток, 

сорбенты. 
 
Introduction.  In the production of space rocket 

technology, galvanic technologies are used, as a result of 
which sewage is contaminated with metal ions. Known 
methods of wastewater treatment do not allow for the 
maximum permissible concentration of metal ions in 
treated water, or are expensive or difficult to operate in 
industry. Iron ions are among the most polluting compo-
nents of wastewater of most industries. So increased 
control and the development of effective methods of 
wastewater treatment are necessary. The development of 
a method for cleaning industrial wastewater from metals 
is an actual area of research and assumes the presence of 
not only a high cleaning result, but also optimal parame-
ters when introduced into the process [1; 2], which in-
cludes electricity costs, consumables and processing 
time. 

The methodology of the experiment. The effect of a 
constant electric field on the adsorption treatment of water 
from iron ions was studied in a cell using pairs of plate 
electrodes (fig. 1). The cell is made of a dielectric mate-
rial in the form of a cylindrical tube in which the anode 
and cathode are alternately mounted. The electrodes are 
made of stainless steel 12X18H10T (4 plates 1 mm thick 
each). The interelectrode distance is 12 and 25 mm. Sor-
bents (quartz sand or natural zeolites) were poured into 
the space between the electrodes. The electrodes were 
connected in parallel to a direct current source. The vol-
ume of treated water is 1 liter. A voltage was applied to 
the terminals of the electrodes and water was passed 
through in a non-pressure way for 1 minute with stabiliza-
tion of the current strength of 0.025 A and a voltage at the 
terminals of the electrodes from 18 to 62 V. Fe (III) salts 
were dissolved in water at an average ion concentration  
of 2.5 mg/l. To record the process parameters, standard 
instruments were used – a voltmeter (accuracy class 0.4), 
ammeter (0.5). 

The degree of purification was determined by the for-
mula, %: 
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where Со, Ск are the initial and final concentration of the 
removed metal ion, mg/L. 

The specific energy consumption W for purifying a 
unit volume of water, (kW·h)/m3, was calculated by the 
expression: 
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V
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where I is current, A; U is the voltage at the terminals of 
the electrodes, V; ttr. – flow interval passing through the 
treated water, h; V is the volume of filled water, m3; 10–3 
is the conversion factor from W to kW. 

Research results. Fig. 2 shows the results of purifica-
tion of water from Fe ions with an initial concentration of 
2.5 mg/l at a constant electric current of different tensions 
with sorbents 

In the course of previous experiments at two plants  
for wastewater treatment [3–5] the main parameters  
that are most important in water treatment were analyzed: 
the distance between the electrodes (L, m), the voltage at 
the terminals of the electrodes (U, V) and processing time 
(T, s).  

Fig. 3 shows the results of the analysis (obtained using 
the Statgraphics experimental data processing program) of 
the dependence of the degree of water purification from 
Fe ions when the time of the action of a constant electric 
current on quartz sand changes at different voltage on the 
electrodes.  

The temperature of the treated water was in the range 
from 20 to 22 °C [6; 7] and the dispersion of quartz sand 
particles was from 0.5–1.2 mm [8–11]. 

When considering the response surface, it can be seen 
that the total iron indicators (fig. 3) in purified water are 
as close as possible to standard values with an increase in 
processing time [12]. 

An analysis of the obtained experimental data showed 
that the efficiency of the electrochemical method using 
direct electric current and alternating electric current of 
industrial frequency depends on the interelectrode dis-
tance, voltage at the terminals of the electrodes, and proc-
essing time. The degree of purification improves with 
increasing electric field strength [3–5; 13].  
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Fig. 1. Experimental setup diagram: 
1 – DC power supply with output voltage regulation; 2 – casing cell; 3 – the upper  
container of water; 4 – purified water tank; 5 – steel electrodes-anodes; 6 – steel  

electrodes-cathodes; 7 – current leads; 8 – valve (clamp); 9 – adsorbent 
 

Рис. 1. Схема экспериментальной установки: 
1 – источник постоянного тока с регулированием выходного напряжения; 2 – корпус 
ячейки; 3 – верхняя ёмкость с водой; 4 – ёмкость для очищенной воды; 5 – стальные 

электроды-аноды; 6 – стальные электроды-катоды; 7 – токовводы; 8 – вентиль  
(зажим); 9 – адсорбент 

 
 

 
 

Fig. 2.  Results of influence of input parameters of the process on the degree  
of purification in a plant with direct current and sorbents 

 
Рис. 2. Результаты влияния входных параметров процесса на степень очистки  

в установке с постоянным током и сорбентами 
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Fig. 3. Dependence of the degree of water purification from Fe ions when changing the time  
of exposure to direct electric current on quartz sand at different voltages on the electrodes 

 
Рис. 3. Зависимость степени очистки воды от ионов Fe при изменении времени  

воздействия постоянного электрического тока на кварцевый песок при различном  
напряжении на электродах 
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Fig. 4. Results of research on water treatment methods 
 

Рис. 4. Результаты исследований методов очистки воды 
 
 

 
At the same voltage (U = 18 V) the cleaning technol-

ogy with alternating electric current of industrial fre-
quency turned out to be more effective.  

The specific energy consumption and the degree of 
purification of the electrochemical method based on the 
use of direct electric current were: 
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The results of studies of water treatment methods at a 
voltage of U = 18 V, processing time t proc. = 60 s, and the 
initial ion concentration Fe = 2.5 mg/m3 are presented in 
fig. 4. 

Conclusion. The specific energy consumption and the 
degree of purification of the electrochemical method  
using alternating electric current of industrial frequency: 
W = 1.8 (kW·h)/m3, Y = 99 % [4]. However, this method 
is based on the introduction of a coagulant after electro-
chemical exposure and settling of water for eight hours, 
which reduces productivity and requires additional set-
tling tanks. In the electrochemical process, the formation 
of iron hydroxide occurred in the volume of water without 
sorbents, which led to an increase in the turbidity of the 
water. To extract iron hydroxide, water settling is neces-
sary [4.14].  

The combination of electrochemical action and the use 
of adsorbents made it possible to raise the degree of puri-
fication to 80 %, while the specific energy consumption is 
4.5 (kW·h)/m3. An increase in the electric field strength to 
5.16 V/mm will allow purifying water from iron ions to 
the MPC level (0.3 mg/l). 
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