
 
 
 

Технологические процессы и материалы 
 

 497

UDC 628.16.087 
Doi: 10.31772/2587-6066-2019-20-4-497-501 

 
For citation: Shestakov I. Y., Vasilyeva Y. A. Water cleaning from metal ions by electrochemical treatment by 

using the diaphragm using of a diagram electrolyzer for cleaning sewage from hexavalent chromium. Siberian Journal 
of Science and Technology. 2019, Vol. 20, No. 4, P. 497–501. Doi: 10.31772/2587-6066-2019-20-4-497-501 

Для цитирования: Шестаков И. Я., Васильева Е. А. Использование диафрагменного электролизёра для 
очистки сточных вод от шестивалентного хрома // Сибирский журнал науки и технологий. 2019. Т. 20, № 4.  
С. 497–501. Doi: 10.31772/2587-6066-2019-20-4-497-501 

 
WATER CLEANING FROM METAL IONS BY ELECTROCHEMICAL TREATMENT  

BY USING THE DIAPHRAGM USING OF A DIAGRAM ELECTROLYZER FOR CLEANING  
SEWAGE FROM HEXAVALENT CHROMIUM  

 
I. Y. Shestakov1, Y. A.Vasilyeva2 

 
1Reshetnev Siberian State University of Science and Technology 

31, Krasnoyarsky Rabochy Av., Krasnoyarsk, 660037, Russian Federation  
2JSC “Academician M. F. Reshetnev “Information Satellite Systems” 

52, Lenin St., Zheleznogorsk, Krasnoyarsk region, 662972, Russian Federation 
E -mail: yakovlevish@mail.ru 

 
In the production of space rocket technology, electrochemical processes are used, as a result  there is pollution of 

sewage by metal ions. The strict requirements of environmental authorities do not allow sewage, containing metal ions 
with concentration exceeding the maximum permissible values, to be discharged directly into reservoir or sewers. The 
greatest difficulties are caused by the purification of water from hexavalent chromium. 

The proposed methods for purifying from hexavalent chromium, electrocoagulation method, galvanocoagulation 
method, sorption methods, combined methods, have some disadvantages, such as: significant energy consumption, 
significant consumption of soluble metal anodes, passivation of the anodes, need for large excesses of reagent (iron 
salts), large amounts of precipitate and the complexity of its dehydration, high cost and scarcity of sorbents, high 
consumption of reagents for the regeneration of sorbents, and others. 

This work shows equipment for experiments, including a diaphragm electrolyzer with a coaxial arrangement of 
electrodes. Formulas for calculating the chromium ions flux due to migration and diffusion are presented. The 
difference between the calculated amperage from the practical one is 25 %, and the theoretical degree of purification 
from the real one is 4 %, which confirms the effectiveness of the proposed cleaning method. 

The concentration of chromium anions was determined by atomic absorption spectroscopy. The degree of 
purification of water from chromium ranged from 84 to 96 %. The highest degree of purification (96 %) was obtained 
with an electrolysis duration of 29 minutes. 

 
Keywords: electroplatings wastes, hexavalent chromium, diaphragm electrolyzer, electrochemical effect, direct 

current. 
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В производстве ракетно-космической техники применяются электрохимические процессы, в результате 

которых происходит загрязнение сточных вод ионами металлов. Строгие требования органов охраны окру-
жающей среды не позволяют сбрасывать непосредственно в водоемы или канализацию сточные воды, содер-
жащие ионы металлов, концентрация которых превышает предельно допустимые значения. Наибольшие 
трудности вызывает очистка воды от шестивалентного хрома. 

Предлагаемые методы очистки от хрома шестивалентного – метод электрокоагуляции, метод гальвано-
коагуляции, сорбционные методы, комбинированные методы – имеют недостатки, такие как значительный 
расход электроэнергии, металлических растворимых анодов, пассивация анодов, необходимость больших  
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избытков реагента (солей железа), большие количества осадка и сложность его обезвоживания, дороговизна 
и дефицит сорбентов, большой расход реагентов для регенерации сорбентов и др. 

В работе показано оборудование для проведения опытов, включающее диафрагменный электролизёр  
с коаксиальным расположением электродов. Представлены формулы для расчёта потока ионов хрома под 
действием миграции и диффузии. Отличие  расчётной силы тока от практической составляет 25 %, теоре-
тической степени очистки от реальной – 4 %, что подтверждает эффективность предложенного способа 
очистки. 

Концентрацию ионов хрома определяли методом атомно-абсорбционной спектроскопии. Степень очистки 
воды от хрома составила от 84 до 96 %. Наибольшая степень очистки (96 %) получена при продолжительно-
сти электролиза 29 мин. 

 
Ключевые слова: гальваностоки, шестивалентный хром, диафрагменный электролизёр, электрохимическое 

воздействие, постоянный ток. 
 
Introduction. Due to the constantly increasing 

requirements for standards for the concentration of 
harmful substances (in particular, for substances of the 
first hazard class – hexavalent chromium) in industrial 
effluents (in particular, in electroplatings wastes), interest 
in various cleaning methods has always been relevant. 

In the production of aircraft parts, galvanic 
technologies are used, as a result of which electroplatings 
wastes of electroplating shop contaminated with metal 
ions are formed. The requirements of environmental au-
thorities do not allow direct discharge into reservoirs or 
sewers of electroplatings wastes containing high concen-
tration of chromium, for example, in the form of chromic 
acid, metal chromates, etc. In addition, chromium is an 
expensive metal and its extraction from chromium-
containing electroplatings wastes is also desirable from an 
economic point of view. For a long time there is a need 
for an economical and efficient way to remove chromium 
from industrial wastewater and its subsequent regenera-
tion [1–7]. 

Currently, there are a large number of ways to purify 
industrial water from chromium – mechanical, chemical, 
electrical, physical, biological, combined, etc. The pro-
posed methods for purifying hexavalent chromium – elec-
trocoagulation method, galvanocoagulation method, sorp-
tion methods, combined methods have their drawbacks, 
such as: high power consumption, significant consump-
tion of soluble metal anodes, passivation of the anodes, 
the need to use a reagent (iron salts), the formation of a 
large amount of precipitate and the complexity of its sub-
sequent dehydration, the high cost and scarcity of sor-
bents, the use of reagents for the regeneration of sorbents, 
and others [8; 9]. SibSAU staff have developed a com-
bined method of purifying water from anions and cations, 
including hexavalent chromium [10; 11]. However, the 
proposed method requires prolonged water precipitation 
(8–10 hours), which is not always possible under produc-
tion conditions. Therefore, the development of an effec-
tive method of purifying water from hexavalent chro-
mium is an urgent problem. 

Diaphragm electrolyzers are used to change the active 
reaction and redox potential of the medium [12]. In this 
work, it is noted that when using a diaphragm electrolyzer 
due to the migration of hexavalent chromium ions from 
the cathode chambers, their concentration in catholyte 
decreases. However, this phenomenon has not been inves-
tigated with the aim of using chromium ions to purify 
water. 

Work Description. Fig. 1 shows the experimental 
setup with the help of which water was purified from 
hexavalent chromium. 

The experimental procedure was similar to that de-
scribed in [13]. The difference is that the number of holes 
in a small tank (3) is increased and the water of the elec-
troplating shop taken from the bath with rinsing water 
following the chromium bath with chromium-containing 
solution in the manufacture (coating) of aircraft parts was 
cleaned. 

Based on the calculations given in article [13], the 
electrolysis time is 29 minutes. In this case, the degree of 
purification should be equal to 100 %. 

The degree of purification was calculated by the for-
mula 
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where оС , кС  – initial and final concentration of the re-

moved metal ion, mg/l; 
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100 % = 96 % 

 

where оС  [CrO4]
2- =  7.0 mg/l; кС  [CrO4]

2- = 0.29 mg/l. 

The results of the experiments are presented in fig. 2. 
Thus, the discrepancy with the estimated degree of pu-

rification is 4 %. 
To confirm the correctness of the selected calculation 

method described in [13], it is necessary to compare  
the values of the calculated amperage (theoretical) Icalc 

and average, measured in the process of electrolysis 
(practical) Iexp.medium. 

It is known that the flow of dissolved particles in the 
electrolyzer consists of three terms [14; 15]: 

 

Ni = –Zi · Ui · F · Ci · Ф – Di · Ci + Ci · v, 
flow           migration              diffusion     convection 

 

where Ni – component i flow, mol/(cm2 s); Zi – ion charge 
in proton charge units; Ui – component mobility i, 
cm2mol/(J s); F –   Faraday constant, C/mol; Ci – concen-
tration of component i, mol/cm3; Ф – voltage between 
electrodes, V; Di – diffusion coefficient, cm2/s; Сi – con-
centration gradient, mol/cm3. 

We neglect the third term since the electrolysis mode 
is stationary and, accordingly, the convective component 
is negligible. 
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After data substitution, the migration flow will be 
equal to: 

–Zi · Ui · F  · Ci · Ф = 7.655 · 10–10  
2

mol

s  cm
. 

The diffusion component is determined: 
 

Di · Ci = 26.77 · 10–11  
2

mol

s  cm
. 

 
 

 
 

Fig. 1. Experimental setup: 
1 – fluoroplastic tank; 2 – cathode (stainless steel 12Х18Н10Т); 

3 – fluoroplastic glass (small tank) with holes; 4 – tarpaulin diaphragm;   
5 – graphite anode; 6 – DC source; 7 – multimeter 

 
Рис. 1. Экспериментальная установка: 

1 – ёмкость из фторопласта; 2 – катод (нержавеющая сталь 12Х18Н10Т);  
3 – фторопластовый стакан (малая ёмкость) с отверстиями; 4 – диафрагма из брезентовой 

ткани;  5 – анод из графита; 6 – источник постоянного тока; 7 – мультиметр 
 
 
 
 

 
 

Fig. 2. Dependence of the degree of purification on the time of electrolysis 
 

Рис. 2. Зависимость степени очистки от времени проведения электролиза 
 

 

 

 

 

 

 

 

1 

2 

7 

3

6 

5 

4 



 
 
 

Сибирский журнал науки и технологий.  Том 20,  № 4 
 

 500

Thus, the flux of chromium ions will be equal to: 
 

Ni =10.3 · 10–10 
2

mol

s  cm
. 

 

The amperage will be: 
 

Icalc = Ni · F · S = 993 950 · 10–10 
2

А

cm
 · 323.106 cm2 =  

= 3.2 · 10–2 A = 0.032 A,   
 

where Ni – component i flow, mol/(cm2*s); F – Faraday 
constant, C/mol; S – surface area of the cathode (anode) 
involved in electrolysis, cm2. 

The average value of amperage during electrolysis  
in 29 minutes made up: Iexp.medium.= 0.043А. 

Conclusion. The highest degree of purification (96 %) 
was obtained with an electrolysis duration of 29 minutes. 
The process was carried out at a voltage of 50 V. 

The difference between the calculated amperage from 
the practical one is about 25 %, and the theoretical degree 
of purification from the real one is 4 %, which confirms 
the effectiveness of the proposed cleaning method and the 
correct calculation method. 

Further experiments are required, followed by practi-
cal testing under industrial conditions with an increased 
rate of electrochemical reactions in order to reduce  
electrolysis time. 
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