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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.
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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 (I1) 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 ¢lectrolysis 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 ¢lectrode 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/m*. 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.
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Figure 1 — The effect of current density Figure 2 — The effect of the sodium sulphate solution

on the current output of nitrogen (II) oxide oxidation (1)
and on the oxidation rate (2):
Criayso, = IM, T= 0.5h, 8 =2 cm, V (NO) = 300 ml

concentration on the current output of nitrogen (I) oxide
oxidation (1) and the oxidation rate (2):
i=100 A/m?, t=0.5h, 8=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 c¢m, the following result was achieved.
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Figure 3 — The effect of the granular electrode layer thickness
on the current output of the nitrogen (IT) oxide oxidation (1)
and the oxidation rate (2): 1 = 100 A/m?,
Crazsos = IM, 1= 0.5h, V(NO) = 300 ml

Figure 4 — The eftect of gas volume on the current output
of nitrogen (II) oxide oxidation (1) and the oxidation rate (2):
i=100 A/m’, [Na,SO,| = IM,1=0.5h,8=2cm
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As the granular electrode layer thickens to a thickness of 2 c¢m, 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 1s 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 areca. 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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A30T (II) OKCHAIH DJIEKTPOXUMMUSAIBIK )KOJIMEH HEUTPAJI OPTAJIA TOTBIKTBIPY

Annotamus. JKyMBICTa a30T OKCHIAIH 3JICKTPOXHMHATIBIK >KOIMCH TOTHIKTBIPY MYMKIHIITI KapaCTHIPBLIIBL
3epTTey KYMBICTAPBI HATPHH CyIb(aThl epiTiHaiciHae xyprizinmi. A3oT (II) OKCHIIHIH TOTBIFY JOPCHKECI MCH TOTHI-
FYBIHBIH TOK OOMBIHINA IIBIFBIMBIHA — AHOATAFBI TOK THIFbI3IBIFBIHBIH, 3JCKTPOUT KOHICHTPAIMSCHIHBIH, TYHIPIIIKTI
3JICKTPOATAP KAa0ATHl KANBIHIBIFBIHBIH JKOHC JKIOCPUITCH Ta3 KOICMIiHIH OCepiepi KapacTHIpbUIABL ToxkipuOemep
TaJIbBAHOCTATUKAIIBIK JKAFIANIA TEPMOCTATTAIFAH 3JICKTPOJM3CPAC KYPrisinai. AHOA peTiHAe — TYHIpImKTi rpadur
3ICKTPOATAPHL, a7l KATOA PETiHAC — Tpa()uT IIACTHHKACH KOTIAHBUIABL, ToKipuOeaepain y3akrsirsl 0,5 car. Asor (1)
OKCHIi Ta3bl NCKTPOIHM3EPIIH TOMCHT] JKAFbIHAH OCITimi Olp *KbUTTAMABIKIICH OCPLTIN OTHIPHLIABL. 3epTTey Oaphl-
CBIH/IA HETI3T1 OHIM PETiHAEC HUTPAT HOHAAPHI TY3LICTiHI AaHBIKTAIABL. A30T OKCHIIHIH 3JCKTPOXHMILLUIBIK >KOJIMEH
TOTBHIKTBIPY BIHBIH OHTAHIIBI TAPAMETPIICP] AHBIKTATIIBL.
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YJIEKTPOXUMHUYECKOE OKHCJIEHUE OKCHJIA A3OTA (II) B HEHTPAJIBHOM CPEJE

AnHoTtamusi. B paboTe m3yueH mpoIlecC 3NMEKTPOXMMHYECKOTO OKHCICHHS OKCHaa a3ora. MccrmemosaHmA
TIPOBOAMJIMCH B PacTBOpPE Ccyiab(ara Harpusa. Ha BBIXOJ MO TOKY M CTENEHb OKHCICHHA okcuaa azora (II) m3yueHo
BIMSIHHC IUIOTHOCTH TOKA HA aHOJE, KOHICHTPAIMS 3JICKTPOJIMTA, TONIIMHA CJIOS KYCKOBOTO 3JIEKTPOJa W 00BbEM
raza. OnbITH MPOBOJWINCH B TATbBAHOCTATHUCCKUX YCIOBHAX B TCPMOCTATHPOBAHHOM JNIEKTpoam3epe. B kauecTse
aHOJA WCTIONb30BAMH KYCKOBOHM IpauTOBBIH 3MCKTPOA, 4 B KAUECTBE KAaTOJAa IPaUTOBYIO IIACTHHKY, IPOAOI-
JKUTEJIBHOCTE 3nekTpoau3a 0,5 yac. ['a3 okcua azora (II) mogaBanu ¢ HIWKHEH YacTU C OJAMHAKOBOW CKOPOCTBIO.
YCTaHOBJ'IeHO, YTO OCHOBHBIM HIPOAYKTOM OKHCJICHHUS ABJLIFOTCS HHUTPAT-HOHBI. Or[pe/:[eneHLI ONTHMAJIBHBIC TIapa-
METPHI IICKTPOXUMHIECCKOTO OKHCICHHAS OKCHIA a30Ta.

KioueBnbie c/10Ba: 31EKTPOXHMUSL, JICKTPOIH3, OKCHIL 230Ta, KYCKOBOH JJICKTPO, IUNIOTHOCTh TOKA.
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