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NAS RK is pleased to announce that Bulletin of NAS RK 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 Bulletin 
of NAS RK in the Emerging Sources Citation Index demonstrates our dedication to providing the 
most relevant and influential multidiscipline content to our community. 

 
 
Қазақстан Республикасы Ұлттық ғылым академиясы "ҚР ҰҒА Хабаршысы" ғылыми журна-

лының 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. Web of Science зерттеушілер, 
авторлар, баспашылар мен мекемелерге контент тереңдігі мен сапасын ұсынады. ҚР ҰҒА 
Хабаршысының Emerging Sources Citation Index-ке енуі біздің қоғамдастық үшін ең өзекті жəне 
беделді мультидисциплинарлы контентке адалдығымызды білдіреді.  

 
 
НАН РК сообщает, что научный журнал «Вестник НАН РК» был принят для индексирования 

в Emerging Sources Citation Index, обновленной версии Web of Science. Содержание в этом индек-
сировании 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 Вестника НАН РК в Emerging 
Sources Citation Index демонстрирует нашу приверженность к наиболее актуальному и 
влиятельному мультидисциплинарному контенту для нашего сообщества. 
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ELECTROCHEMICAL OXIDATION OF NITROGEN (II) OXIDE  
IN THE NEUTRAL MEDIUM 

 
Abstract. Electrochemical oxidation of nitrogen oxide was considered in the work. The study was carried out 

in the sodium sulphate solution. The effects of current density in the anode, electrolyte concentration, granular elec-
trode layer thickness and volume of dispersed gas on the oxidation rate of nitrogen (II) oxide and the current output 
of its oxidation were investigated. The experiments were carried out in a thermostated electrolysis cell in galva-
nostatic conditions. A granular graphite electrode was used as anode and graphite plate as a cathode, the duration of 
the experiments was 0.5 hours. Nitrogen (II) oxide gas was supplied at a certain speed at the bottom of the elec-
trolysis cell. The study discovered that nitrate ions were formed as the main product. Optimal parameters of the 
electrochemical oxidation of nitrogen oxide were determined. 

Keywords: electrochemistry, electrolysis, nitrogen oxide, granular electrode, current density. 
 
One of the main sources of formation of pollutant emissions into the environment is the chemical and 

metallurgical industries. Therefore, it is crucial today to process production waste and remove valuable 
components from them. Due to the development of technology, especially non-ferrous metallurgy and 
motor transport, a large amount of toxic gases are emitted into the atmosphere. These substances have a 
great impact on the lives of human beings, plants and animals [1-3]. According to the latest data, 12 mil-
lion tons of nitrogen oxides (calculated for nitrogen) penetrate air per year [4]. 

It should be noted that the total nitrogen oxides are emitted from various pollutants – 40% from 
vehicles and other transport engines, 30% from thermal power plants, 20% from fossil fuels and 10% from 
other sources [4]. Despite the technological difficulties in processing production wastes containing 
nitrogen (II) oxide, which is formed as a result of various processes, it is important to deactivate them and 
obtain the desired products.  

One of the most effective and simplest methods of waste deactivation is currently an electrochemical 
method. Subsequently, granular electrodes are used to intensify electrochemical methods. The peculiarity 
of these electrodes is that the process takes place in the amount of granular electrodes of the electrolysis 
cell. We conducted a number of studies to deactivate production waste containing nitrogen (II) oxide in an 
electrochemical way based on the oxidation [5-9]. 

In this regard, in our work, we considered the possibility of oxidizing nitrogen oxide gas by electro-
lysis using graphite electrodes in the anode space in sodium sulphate solution. 

The study was carried out in a thermostated electrolysis cell of 100 ml in galvanostatic conditions. 
The granular graphite electrodes (length - 3 ml, diameter - 1.5 ml) were used as anode and graphite plate 
as a cathode, the duration of the experiments was 0.5 hours. Nitrogen (II) oxide gas was supplied at a 
certain speed at the bottom of the electrolysis cell. The effects of current density in the anode, electrolyte 
concentration, granular electrode layer thickness and volume of dispersed gas on the oxidation rate of 
nitrogen (II) oxide and the current output of its oxidation were investigated. After the electrolysis, nitrate 
ions formed in the solution were analyzed [10]. 
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The effect of the current density on the oxidation process of nitrogen (II) oxide was considered in the 
range of 25-400 A/m2. As the current density increases, the oxidation rate of nitrogen (II) oxide and the 
current output of its oxidation decrease (figure 1). Apparently, as the current density increases, alongside 
with the nitrogen oxide oxidation process in the anode, the proportion of oxygen increases and leaves the 
reaction zone without interacting with the NO gas. 

 

 

 
Figure 1 – The effect of current density  

on the current output of nitrogen (II) oxide oxidation (1) 
and on the oxidation rate (2):  

CNa2SO4
 = 1M, τ = 0.5 h, δ = 2 cm, V (NO) = 300 ml 

 
Figure 2 – The effect of the sodium sulphate solution 

concentration on the current output of nitrogen (II) oxide 
oxidation (1) and the oxidation rate (2):  

i = 100 A/m2, τ = 0.5 h, δ = 2 cm, V(NO) = 300 ml 
 

When we increase the sodium sulphate concentration in the range of 0.1-1.25 mol/l, it is observed 
that the oxidation rate of nitrogen (II) oxide is slightly reduced (figure 2, curve 2) and the current output 
increases significantly (figure 2, curve 1). In our view, gas bubbles of nitrogen (II) oxide can be oxidized 
by interaction with oxygen in the form of atomic and molecules that are formed when they collide with 
anode or are separated on the electrode surface. As the concentration of the sodium sulphate increases, it is 
assumed that the small gas bubbles of oxygen gas are formed and the possibility of their participation in 
the reaction increases. 

We believe that the granules we use are charged particles in all volumes, so the height of these elec-
trodes can have a major impact on the oxidation process. Therefore, the effect of the granular electrode 
layer thickness on the oxidation rate of the nitrogen (II) oxide and the current output of the oxidation in 
the sodium sulphate solution was studied in the range of 0.5-5 cm, the following result was achieved. 
  

 
Figure 3 – The effect of the granular electrode layer thickness 
on the current output of the nitrogen (II) oxide oxidation (1) 

and the oxidation rate (2): i = 100 A/m2,  
CNa2SO4 = 1M, τ = 0.5 h, V (NO) = 300 ml 

 
Figure 4 – The effect of gas volume on the current output 

of nitrogen (II) oxide oxidation (1) and the oxidation rate (2):  
i = 100 A/m2, [Na2SO4] = 1M, τ = 0.5 h, δ = 2 cm 
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As the granular electrode layer thickens to a thickness of 2 cm, the oxidation rate of nitrogen (II) 
oxide is slightly reduced, while the current output increases to 85% (figure 3). The thicker the layer, the 
less the current output is observed. In our view, as the thickness of the granular electrode layer increases, 
the contact of the particles weakens and affects the electrode polarization value and the non-inactive zone 
and bipolar granules emerge in the electrode volume. 

Our studies also examined the effects of oxidation reaction and the volume of gas passing through the 
electrolysis. As can be seen from figure 4, an excessive increase of the gas volume can lead to a reduction 
in the oxidation rate. In our opinion, the rapidly passing gas, due to the inability to fully oxidize within 
half an hour, lowers the oxidation rate of the nitrogen oxide. And as the volume of gas is increased, an 
increase in the current output of the gas oxidation is observed. Because, according to the law of mass 
action, the higher the volume of the reaction substances, the easier a chemical reaction proceeds. In our 
case, this is the case. 

In conclusion, the anode oxidation of nitrogen (II) oxide gas was investigated using granular 
electrodes. The peculiarity of these electrodes is that the process takes place in granular electrodes with a 
developed surface area. During the oxidation, the formation of the nitrates ions was determined. The 
results of the study can be used for the development of technology for waste decontamination with 
nitrogen (II) oxide.  
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АЗОТ (ІІ) ОКСИДІН ЭЛЕКТРОХИМИЯЛЫҚ ЖОЛМЕН НЕЙТРАЛ ОРТАДА ТОТЫҚТЫРУ 
 
Аннотация. Жұмыста азот оксидін электрохимиялық жолмен тотықтыру мүмкіндігі қарастырылды. 

Зерттеу жұмыстары натрий сульфаты ерітіндісінде жүргізілді. Азот (ІІ) оксидінің тотығу дəрежесі мен тоты-
ғуының ток бойынша шығымына – анодтағы ток тығыздығының, электролит концентрациясының, түйіршікті 
электродтар қабаты қалыңдығының жəне жіберілген газ көлемінің əсерлері қарастырылды. Тəжірибелер 
гальваностатикалық жағдайда термостатталған электролизерде жүргізілді. Анод ретінде – түйіршікті графит 
электродтары, ал катод ретінде – графит пластинкасы қолданылды, тəжірибелердің ұзақтығы 0,5 сағ. Азот (ІІ) 
оксиді газы электролизердің төменгі жағынан белгілі бір жылдамдықпен беріліп отырылды. Зерттеу бары-
сында негізгі өнім ретінде нитрат иондары түзілетіні анықталды. Азот оксидінің электрохимиялық жолмен 
тотықтыруының оңтайлы параметрлері анықталды.  

Түйін сөздер: электрохимия, электролиз, азот оксиді, түйіршікті электрод, ток тығыздығы. 
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ЭЛЕКТРОХИМИЧЕСКОЕ ОКИСЛЕНИЕ ОКСИДА АЗОТА (II) В НЕЙТРАЛЬНОЙ СРЕДЕ 

 
Аннотация. В работе изучен процесс электрохимического окисления оксида азота. Исследования 

проводились в растворе сульфата натрия. На выход по току и степень окисления оксида азота (ІІ) изучено 
влияние плотности тока на аноде, концентрация электролита, толщина слоя кускового электрода и объем 
газа. Опыты проводились в гальваностатических условиях в термостатированном электролизере. В качестве 
анода использовали кусковой графитовый электрод, а в качестве катода графитовую пластинку, продол-
жительность электролиза 0,5 час. Газ оксид азота (ІІ) подавали с нижней части с одинаковой скоростью. 
Установлено, что основным продуктом окисления являются нитрат-ионы. Определены оптимальные пара-
метры электрохимического окисления оксида азота. 

Ключевые слова: электрохимия, электролиз, оксид азота, кусковой электрод, плотность тока. 
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