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Известные методы очистки сточных вод, образующихся в производстве ракетно-космической 

техники с применением гальванических технологий, не позволяют обеспечить предельно 

допустимую концентрацию ионов металлов в очищенной воде либо являются дорогостоящими или 

сложными в эксплуатации. Общетоксичный, эмбриотропный и мутагенный эффект металлов 

хорошо изучен. Эти металлы, в том числе и железо, попадая вместе с водой к продуктам питания 

в живые организмы, способны в них кумулироваться, вызывая у людей патогенез болезней сердца, 

мозга, печени, раковые опухоли. 

Ионы железа, входят в состав сточных вод большинства отраслей промышленности, что 

требует повышенного контроля и разработки эффективных методов очистки сточных вод.  

В статье представлена методика проведения экспериментов, рассмотрен метод 

комбинированной очистки воды, включающий электрохимическое воздействие и адсорбцию. 

Представлены результаты исследований этого метода очистки воды от ионов железа. Выявлена 

зависимость степени очистки от удельного количества электричества, проходящего через 

очищаемую воду, напряженности электрического поля и времени отстаивания. При Qср = 4,7 Кл/л, 

Е = 1058 В/м, использовании кварцевого песка в качестве адсорбента и времени отстаивания в 

течении 24 ч концентрация ионов железа уменьшилась с 1,65 до 0,82 мг/л. Предлагаемый 

комбинированный метод очистки требует недорогих и доступных материалов и прост в 

эксплуатации. 
 

Ключевые слова: комбинированный метод, удельное количество электричества, напряженность 

электрического поля, железо, степень очистки, переменный ток, постоянный ток, сорбенты. 
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The known methods of treatment of wastewater generated in rocket and space technology production 

using electroplating technologies do not allow to ensure the maximum permissible concentration of metal 

ions in treated water, or are expensive or difficult to operate. The general toxic, embryotropic and muta-

genic effect of metals is well studied. These metals, getting together with water to food products in living 

organisms, are able to accumulate in them, causing the pathogenesis of heart diseases, brain, liver, and 

cancerous tumors in people. 

Iron ions are part of wastewater of most industries, which requires increased control and development 

of effective methods of wastewater treatment. 

The article presents a technique for conducting experiments, a method of combined water purification, 

including electrochemical action and adsorption, is considered. The results of studies of this method of wa-

ter purification from iron ions are presented. The dependence of the degree of purification on the specific 

amount of electricity passing through the purified water, the strength of the electric field and the settling 

time is revealed. With Qav = 4.7 Kl/l, E = 1058 V/m, using quartz sand as an adsorbent and settling time 

for 24 hours, the concentration of iron ions decreased from 1.65 to 0, 82 mg/l. The proposed combined 

cleaning method requires inexpensive and affordable materials and is easy to operate. 

 

Keywords: combined method, specific amount of electricity, electric field strength, iron, degree of puri-

fication, alternating current, direct current, sorbents. 

 

Introduction 

Galvanic technologies are used in the production of rocket and space technology, as a result, there 

is pollution of waste water with metal ions [1; 2]. The known methods of wastewater treatment do not 

allow to ensure the maximum permissible concentration of metal ions in the purified water or are ex-

pensive or difficult to operate in industry. One of the most common polluting components is iron ions, 

which is a part of wastewater in most industries, including electroplating, which requires increased 

control and the development of effective wastewater treatment methods. The problem of neutralization 

of industrial wastewater from galvanic industries is one of the most urgent, largely determining the 

environmental situation in the water basins of Russia [3–5] and risks to public health [6; 7], which im-

plies the presence of not only a high cleaning result, but also optimal parameters when introduced into 

the technological process and includes the cost of electricity, consumables, processing time and set-

tling time. 

 

Methodology of conducting an experiment 

The study of the influence of a constant electric field and the specific amount of electricity on the 

degree of water purification from iron ions by the combined method was carried out in a cell (Fig. 1) 

using a graphite flat electrode with holes 3, which plays the role of an anode (100 mm thick) and a 

grid of stainless steel 12X18H10T (1 mm thick) 7, acting as a cathode, arranged in series. Cell 1 is 

made of a dielectric material in a form of a cylindrical tube. Sorbents (quartz sand) 5 were poured into 

the space between the electrodes [8–13]. The volume of treated water is 1 liter. A voltage of 18 V was 

applied to the electrodes, which provided a current of 0.034 A. With the help of clamp 6, the required 

water flow through the adsorbent was set. Fe (III) salts were dissolved in water 2 at an average ion 

concentration of 1.65 mg/l. To register the process parameters, standard devices were used: a voltme-

ter (accuracy class 0.4), an ammeter (0.5), a portable MW14 photometer for determining the total iron 

content in water [14]. The degree of purification was determined by the formula,% 
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where оС , кС  – initial and final concentration of the removed metal ion, mg/l. 

Specific energy consumption W for purification of a unit volume of water (kWh)/m3 was calculated 

by expression 

пр 3
IUτ

W 10 ,
V

  

 

where I is electric power, А; U is voltage at the terminals of the electrodes, V; τp is time of passing 

electric current through purified water, h; V is volume of water to be poured, m3; 10–3 is conversion 

factor from W to kW. 

The electric field strength E, was calculated by the expression 

Е = U / L, V/m, 
 

where U is voltage at the terminals of the electrodes, V; L is interelectrode distance. 

 

 
 

Рис. 1. Схема экспериментальной установки: 

1 – корпус ячейки; 2 – вода с ионами металлов; 3 – анод; 4 – решетка;  

5 – адсорбент; 6 – зажим; 7 – катод (сетка); 8 – вода; 9 – ёмкость 
 

Fig. 1. The scheme of the experimental setup: 

1 –cell body; 2 – water with metal ions; 3 – anode; 4 – grid;  

5 – adsorbent; 6 – clamp; 7 – cathode (grid); 8 – water; 9 – capacity 

 

Research results  

Fig. 2 shows the dependence of degree of purification on the specific amount of electricity passing 

through the water to be purified, the strength of the electric field and the time of melting. 
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Рис. 2. Зависимость степени очистки от удельного количества электричества (среднее значение),  

проходящего через воду, напряженности электрического поля и времени отстаивания 
 

Fig. 2. Dependence of the degree of purification on the specific amount of electricity (average value) 

passing through the water, the strength of the electric field and the settling time 

 

The analysis of the obtained experimental data showed that the effectiveness of the combined 

method depends on the specific amount of electricity passing through the purified water, the electric 

field strength and the settling time. The degree of purification improves with an increase in the settling 

time [5–7]. 

Specific energy consumption, electric field strength and degree of purification of the combined 

method were: 
 

We = 0,035 kW *h/m3, 

 

Е = 1058 V/m, 
 

Y = 50 %. 

 

Conclusion 

With the specific amount of electricity (Q = 9,7 Kl/l), electric field power (Е = 1058 V/m) and set-

tling water for 24 hours, the degree of purification is 50%.  

The dependence of the degree of purification on the amount of electricity is proportional to the 

power of the electric field. In [15], a combined method of water purification was investigated using 

stainless steel as an anode, which was subjected to anodic dissolution, therefore, the specific energy 

consumption according to the calculation is higher than in the presented method. The degree of purifi-

cation in [15] was 80%, since there was a transition of dissolved iron from the anode to water into hy-

droxide, which acted as a coagulant. 

An increase in the degree of purification is observed with an increase in the power of the electric 

field or the specific amount of electricity. To achieve a purification degree equal to 50%, it is neces-

sary to settle for 24 hours, while the specific energy consumption will be 0.035 kWh/m3, which is sig-

nificantly less than in the previous method (0.45 kWh / m3). The closest in terms of results were the 

data at 12 and 24 hours of retention time. To achieve a purification degree of more than 80%, it is nec-
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essary to increase the above parameters several times: the electric field strength, the specific amount of 

electricity and the settling time, which ultimately will affect the specific energy consumption. 
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