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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical 

sciences scientific journal has been accepted for indexing in the Emerging Sources Citation 
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate 
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation 
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of 
Science offers to researchers, authors, publishers, and institutions sets it apart from other 
research databases. The inclusion of News of NAS RK. Series of geology and technical 
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the 
most relevant and influential content of geology and engineering sciences to our community. 

 
 
Қазақстан Республикасы Ұлттық ғылым академиясы "ҚР ҰҒА Хабарлары. Геология жəне 

техникалық ғылымдар сериясы" ғылыми журналының Web of Science-тің жаңаланған нұсқасы 
Emerging Sources Citation Index-те индекстелуге қабылданғанын хабарлайды. Бұл индекстелу 
барысында Clarivate Analytics компаниясы журналды одан əрі the Science Citation Index Expanded, 
the Social Sciences Citation Index жəне the Arts & Humanities Citation Index-ке қабылдау мəселесін 
қарастыруда. Webof Science зерттеушілер, авторлар, баспашылар мен мекемелерге контент 
тереңдігі мен сапасын ұсынады. ҚР ҰҒА Хабарлары. Геология жəне техникалық ғылымдар 
сериясы Emerging Sources Citation Index-ке енуі біздің қоғамдастық үшін ең өзекті жəне беделді 
геология жəне техникалық ғылымдар бойынша контентке адалдығымызды білдіреді.  

 
 
НАН РК сообщает, что научный журнал «Известия НАН РК. Серия геологии и технических 

наук» был принят для индексирования в Emerging Sources Citation Index, обновленной версии Web 
of Science. Содержание в этом индексировании находится в стадии рассмотрения компанией 
Clarivate Analytics для дальнейшего принятия журнала в the Science Citation Index Expanded, the 
Social Sciences Citation Index и the Arts & Humanities Citation Index. Web of Science предлагает 
качество и глубину контента для исследователей, авторов, издателей и учреждений. 
Включение Известия НАН РК. Серия геологии и технических наук в Emerging Sources Citation 
Index демонстрирует нашу приверженность к наиболее актуальному и влиятельному контенту 
по геологии и техническим наукам для нашего сообщества. 
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ELECTROCHEMICAL RULES  
OF FERRUM-ALUMINIUM ELECTRODES PAIR DISSOLVING  

WHEN POLIRIZED WITH ALTERNATING CURRENT 
 

Abstract. The purpose of this work is to research electrochemical rules of dissolution of a pair of ferrum-
alluminium electrodes when polarized with 50 Hz industrial alternating current. The process of dissolution of ferrous 
and aluminium electrodes was researched (Fe-Al) in water solution of chlorohydric acid with electrolysis method. It 
was established, that when current density is alternated within interval of 100–300 А/m2, dissolving current output of 
aluminium electrode increases from 62 to 90,4 %, and for ferrous electrode increases from 12 to 34 %. It is estab-
lished that along with increase of chlorohydric acid concentration, dissolving current output for ferrous electrode is 
not changing. At the same time dissolving current output for aluminium electrode is increasing. Results of research 
as regards impact of electrolysis time upon the process showed that together with increase of time, ferrum dissolving 
current output with creation of ferrum ions remains stable. At the same time aluminium dissolving current output 
with time decreases. It is established, that within the temperatures range 25–70 С, together with its increase the pro-
cesses of ferrum and aluminium dissolution intensify. Possibility to synthesize mixed salts of researched metals by 
ferrum and alluminium polarization with alternating current in chlorohydric acid is demonstrated. 

Key words: electrochemistry, electrolysis, aluminum, ferrum, coagulant, current density, concentration, elec-
trode, alternating current, temperature. 

 
Electrochemical method is one of environmentally friendly technologies [1-6]. Therefore application 

of industrial alternating current for the purposes of synthesis of metal compounds from water medium, that 
are significant for national economy, gives opportunity for resolving a range of problems connected with 
purification of natural water bodies and making coagulant for these purposes [7]. 

Suspended dispersed and colloidal particles in water in the majority of cases have equal charges, that 
preconditions appearing of intermolecular repulsion powers and aggregate stability. Since water 
purification technology envisages partial or complete removal of impurities, they try to destroy particles’ 
stability, removing their charge or decreasing it to very small values. This effect is obtained by adding to 
the water sulfates of aluminium, ferrum (ІІ) and ferrum (ІІІ), aluminium chloride, ferrum chloride (ІІІ), 
aluminate of soda, aluminium oxychloride and other substances that being coagulants either violate 
aggregate stability or create hydrolysis-caused colloids absorbing alloys from water [8-16].  

Dissolving of ferrous electrode together with aluminium electrode when polarized with alternating 
current was researched (table 1). This type of experiment was intended for electrochemical synthesis of 
ferrous-aluminium coagulant in acid solutions. The experiment showed that within interval of current 
densities 100–300 А/m2 dissolving current output for aluminium electrode comprised not more than from 
62 to 90,4 %, and for ferrous electrode increased from 12 to 34 %. Dissolving current output for ferrous 
electrode compared to aluminium electrode is less. In anodic half period the increase of electrode chemical 
dissolution happens due to substantial hydrogen disengagement speed up on the surface of electrode, 
which gives alkaline characteristics to the solution. 
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Table 1 – Impact of current density upon mixed ions creating current output  
when aluminium ferrous electrodes pair is polarized with alternating current 

 

i, А/m2 100 150 200 250 300 

ВТ (Fe), % 12,0 13,1 16,2 25,0 34,0 

ВТ (Al), % 62,0 62,4 87,0 89,3 90,4 

Note: НCl – 1М; τ = 1,5 hour; t = 25ºС. 

 
Emergence of aluminium ions (ІІІ) when polarized with alternating current is explained by the fact 

that aluminium electrode dissolves in anodic half period and aluminium ions (ІІІ) disengage in the 
process, while in cathodal half period hydrogen ions discharge on the surface of the metal. 

Al0 + 3 e →Al+3  (1) 

2H+ +2e → H2  (2)  

Standard electrode potential of ferrum transfer into ions has negative values: 

Fe – 2e → Fe2+ Е0 = -0,44 V  (3) 

Fe – 3e → Fe3+ Е0 = -0,04 V (4) 

However, the oxide layer emerging on its surface in atmospheric conditions does not allow the metal 
to dissolve in the water, but ferrum is slightly dissolvable in acids, for example, in chlorohydric acid, 
however, the speed of dissolution is not high. 

Fe + 3HCl → FeCl3 + H2  (5) 

Main reaction going on during anodic oxidation of ferrum in chlorohydric acid – dissolving of metal 
with creation of two- and trivalent ions, and creation of oxide layer on it if current density is high. 

Process of depassivation of certain part of metal in presence of chloride ions is shown in the literature 
[17-20]. With adsorption method, it pushes out from the metal surface passivating oxygen, which in the 
end increases speed of dissolving process. 

Chlorohydric acid concentration impact upon ferrous-aluminium electrode dissolving current output 
and upon creation of mixed compounds (table 2) was researched. With current density of 150 А/m2 and 
chlorohydric acid concentration increase up to 4М, ferrous electrode dissolving current output does not 
change, while aluminium electrode dissolving current output increases up to 200 %. In ferrous-aluminium 
electrodes’ pair due to negative value of standard potential of the aluminium electrode, active dissolution 
of this electrode is observed in anodic half period, while ferrous electrode in this half period is almost not 
dissolving. It can be explained by the fact that alternating current increases speed of metal oxide film 
dissolving and chemical dissolution process happens; all these processes result in increase of aluminium 
electrode current yield. 
 

Table 2 – Impact of chlorohydric acid concentration on ferrum and aluminium dissolving current yield  
when ferrous-aluminium electrode pair is polarized with alternating current 

 

С, Н 1,0 2,0 3,0 4,0 

ВТ (Fe), % 18,3 18,3 18,2 18,2 

ВТ (Al), % 72,1 95,1 142,5 200,0 

Note: i = 150 А/m2; τ = 1,5 hour; t = 30ºС. 

 
As it is obvious from table 3, if electrolysis is extended, ferrous electrode dissolving current output 

with creation of ferrum ions (ІІ) comprises 20 % and the value stays stable with the flow of time, while 
aluminium electrode dissolving current output decreases. In galvanic ferrous-aluminium pair of electrodes 
passivation of ferrous electrode in chlorohydric acid is observed. In galvanic pair of electrodes the process 
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of ferrum chemical dissolution happens when disconnected from electrodes circuit as well. Ferrous-
aluminium pair of electrodes, when polarized with alternating current in acid solutions, aluminium ions 
(ІІІ) creating current output decreases if electrolysis process is extended. After a period of time decrease 
of aluminium dissolving current yield is explained by passivating, which happens due to the fact that 
electrolysis product covers the electrode surface and concentration polarization occurs. 
 

Table 3 – Impact of electrolysis period on ferrum and aluminium dissolving current output  
when ferrous-aluminium pair of electrodes is polarized with alternating current 

 

τ, hour 0,5 1,0 1,5 2,0 3,0 

ВТ (Fe), % 20,0 20,0 20,1 20,1 20 

ВТ (Al), % 79,0 75,0 71,2 60,5 39,1 

Notes: НCl – 1М; i = 150 А/m2; t = 25 ºС. 

 
In further experiments, researches as regards impact of temperature upon dissolving current output 

for ferrous-aluminium pair of electrodes when polarized with alternating current (figure) were carried out. 
In the process of polarization with alternating current, if electrolyte temperature is increased up to 70 С, 
ferrous electrode dissolving current output increases from 31 to 79,6 %. This phenomenon is explained by 
the fact that ferrum surface at high temperature partially looses oxide film and together with electro-
chemical dissolution ferrous electrode’s chemical dissolving is increasing. Aluminium electrode current 
output increases from 65,5 to 88,2 %.  
 

 
 

Impact of temperature upon dissolving current output  
for a pair of ferrous (1) - aluminium (2) electrodes when polarized with alternating current: 

НCI – 1М; i = 150 А/м2; τ = 1,5 hour 
 

Increase of current output at high temperatures is connected with speed up of additional reactions of 
hydrogen disengagement on an electrode, which increases рН alkalinity in the solution around surface of 
the electrode in this way activating mechanism of electrode chemical dissolving. 

Therefore, we have researched process of ferrum and alluminium dissolving with application of               
50 Hz industrial alternating current by dissolving a pair of ferrum-aluminium electrodes. Based on the 
results of researches, absolutely new electrochemical methods of ferrum and aluminium compounds 
synthesis from metal waste (metal scrap and chips), which are frequently uses as coagulants for waste-
water treatment from dispersed pollutants, were developed. 
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ЭЛЕКТРОХИМИЧЕСКИЕ ЗАКОНОМЕРНОСТИ  

РАСТВОРЕНИЯ ПАРЫ ЭЛЕКТРОДОВ ЖЕЛЕЗО-АЛЮМИНИЙ  
ПРИ ПОЛЯРИЗАЦИИ ПЕРЕМЕННЫМ ТОКОМ 

 
Аннотация. Цель состоит в исследовании электрохимических закономерностей растворения пары 

электродов железо-алюминий при поляризации промышленным переменным током частотой 50 Гц. Иссле-
дован процесс растворения железного и алюминиевого электродов (Fe-Al) в водном растворе соляной кис-
лоты методом электролиза. Установлено, что при изменении плотности тока в интервале 100–300 А/м2 выход 
по току растворения алюминиевого электрода увеличивается с 62 до 90,4 %, а железного электрода увели-
чивается с 12 до 34 %. Показано, что при повышении концентрации соляной кислоты выход по току раство-
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рения железного электрода остается неизменным. В то же время выход по току растворения алюминиевого 
электрода увеличивается. Результаты исследований по влиянию времени электролиза показали, что с уве-
личением продолжительности, выход по току растворения железа с образованием ионов железа остается 
постоянным. При этом выход по току растворения алюминия с течением времени понижается. Установлено, 
что в диапазоне температур 25–70 С, с ее повышением процессы растворения железа и алюминия интен-
сифицируются. Показана возможность синтезирования смешанных солей исследуемых металлов путем поля-
ризации переменным током железа и алюминия в соляной кислоте. 

Ключевые слова: электрохимия, электролиз, алюминий, железо, коагулянт, плотность тока, концен-
трация, электрод, переменный ток, температура. 
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АЙНЫМАЛЫ ТОКПЕН ПОЛЯРИЗАЦИЯЛАНҒАН  
ТЕМІР-АЛЮМИНИЙ ЭЛЕКТРОДТАРЫ ЖҰБЫНЫҢ ЕРУІНІҢ  

ЭЛЕКТРОХИМИЯЛЫҚ ЗАҢДЫЛЫҚТАРЫ 
 

Аннотация. Жұмыстың мақсаты темір-алюминий электродтар жұбын жиілігі 50 Гц болған өндірістік 
айнымалы токпен поляризациялау кезінде олардың еруінің электрохимиялық заңдалықтарын зерттеу болып 
табылады. Электролиз əдісі арқылы тұз қышқылының сулы ерітіндісінде алюминий жəне темір (Fe-Al) элек-
тродтарының еру процессі зерттелді. Ток тығыздығын 100–300 А/м2 аралығында өзгерткенде алюминий 
электродының еруінің ток бойынша шығымы 62%-дан 90,4 %-ға, ал темір электродының еруінің ток бойын-
ша шығымы 12%-дан 34 %-ға дейін өсетіндігі анықталды. Тұз қышқылының концентрациясы өскен сайын 
темір электродының еруінің ток бойынша шығымы өзгермейтіндігі көрсетілді. Алайда, осы жағдайда алю-
миний электродының еруінің ток бойынша шығымы өсетіндігі анықталды. Электролиз уақытының əсерін 
зерттеу бойынша алынған нəтижелер уақыт өткен сайын темір электродының оның иондарын түзе еруінің 
ток бойынша шығымының бір қалыпты болатындығын көрсетті. Ал, алюминий электродының еруінің ток 
бойынша шығымы уақыт өткен сайын төмендейді. Ерітінді температурасының 25–70 оС аралығында өсуі те-
мір жəне алюминийдің қарқынды еруіне алып келетіндігі анықталды. Тұз қышқылында темір жəне алюми-
ний металдарын айнымалы токпен поляризациялау кезінде олардың аралас тұздарын алуға болатындығы 
көрсетілді. 

Түйін сөздер: электрохимия, электролиз, алюминий, темір, коагулянт, ток тығыздығы, концентрация, 
электрод, айнымалы ток, температура. 
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