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Abstract: Airports are one of the sources of environmental pollution with runoff water containing emerging
contaminants. The process of electrochemical purification of model runoff water containing ethylene glycol
and formed during the treatment of aircraft with anti-icing agents was studied. As an anode there was used
PbO, electrode. The structure and morphology of PbO2 electrode samples obtained by electrochemical
deposition on the titanium plate surface was studied using scanning electron microscopy. It revealed that the
use of PbO, as an anode makes it possible to bring the COD value of the solution to the required standards.
After electrolysis, the COD values for all studied ethylene glycol concentrations from 10 to 100 mg/l were in
the range of 0.34-4.6 mgO2/I. The effect of current density, concentration of ethylene glycol and sodium

chloride on the efficiency of electrochemical oxidation of ethylene glycol was analyzed.
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Introduction

Pollution of water with organic
contaminants is the most important problems
that many researchers have recently been trying
to solve to ensure and maintain the state of
water quality [1-3].

In order to prevent the pollution of
aquatic ecosystems with organic contaminants,
wastewater from various industries is currently
subjected to preliminary treatment using various
methods before being reset [4].

Airports are one of the sources of
environmental pollution [5], associated with the
treatment of aircraft with anti-icing agents,
cleaning and maintenance of aircraft, ground
service equipment and vehicles. This uses a
significant amount of harmful chemical
compounds that enter the runoff water.
Pollutants in airport runoff water have the
organic and inorganic nature, among which

ethylene glycol can be noted as one of the toxic
compounds [6, 7].

Electrochemical methods are considered
to be the most promising for removing organic
pollutants from wastewater [8-10]. Oxidation of
contaminants in an electrochemical cell is
achieved either through direct electron transfer
to the anode, or through indirect or mediated
oxidation [11]. The studies presented in [12]
showed that the nature of the electrode material
has a great influence on both the selectivity of
the process and the efficiency. For example, on
some anodes, only partial oxidation occurs and
they are used for the electrochemical conversion
of pollutants, while on others, the compounds
are  completely  mineralized to CO,
(electrochemical combustion) [13].

Regardless of the anode material, the
first step in the oxygen transfer reaction is the
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discharge of water molecules to form an
adsorbed hydroxyl radical (HO). The nature of
the material determines the ™activity" and
"inactivity" of the electrodes. On "active"
electrodes, adsorbed radicals interact so strongly
with the anode to form chemisorbed "active
oxygen" or oxide, provided that higher
oxidation states are available to the electrode
material. The surface of the redox couple
MO/M (chemisorbed "active oxygen™) can act

as an agent in the process of oxidation or
electrochemical transformation of organic
compounds on the surface of "active" electrodes
[14, 15].

Lead dioxide with a high O, overvoltage
is one of the most commonly used anodes for
the removal of organic compounds [16, 17].
Based on this, in this work, we consider the
electrochemical oxidation of ethylene glycol on
PbO, deposited on the titanium plate surface.

Experimental

In order to prepare the PbO, electrode, a
titanium plate was preliminarily subjected to
ultrasonic treatment for 3 h in distilled water.
Then the titanium plate was placed in a sodium
hydroxide solution for 30 min, followed by
treatment in a hydrochloric acid solution. The
treated titanium plate was placed in acetone.
Then PbO, was deposited using a 0.25 M
Pb(NOs3), solution containing 0.01 M NaF and
0.1 M HNOg; solution. Electrolysis was carried
out at a voltage of 3-4 V during the day [18].
The obtained Ti/PbO, electrode was washed in
distilled water and dried for further use.
Electron microscopy and XRD analysis were

used to characterize the resulting electrode. An
image of the electrode surface was obtained
using a scanning electron microscope (JEOL
JSM_7001F (Japan)). XRD analysis was
carried out on a PANalytical Empyrean series 2
diffractometer.

Ti/PbO, electrode was used as an anode
for electrolysis. A titanium plate was used as a
cathode. 100 ml of ethylene glycol solution with
various concentrations was poured into the cell
for electrolysis. The content of ethylene glycol
was followed by a decrease the COD of the
solution using a fluid analyzer "Fluorat-02-3M™
(Russia).

Results and discussion

The structure and morphology of Ti/PbO,
electrode samples obtained by deposition on the

surface of a titanium plate was studied using
scanning electron microscopy
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Fig. 1. SEM image (a) and XRD pattern (b) of the Ti/PbO; electrode sample.
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As can be seen from Fig. 1a, the surface of
the titanium plate is covered with a continuous
layer of PbO,. The slight roughness of the PbO,
surface is apparently related to the layer-by-layer
deposition of PbO, on titanium plate. Fig. 1b
shows the XRD pattern which is accord with the
obtained PbO, film. The ICDD PDF4 database
was used to identify the peaks in the XRD pattern.
The peaks on the XRD pattern correspond to lead
dioxide, which is confirmed by their identity to
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the data for PbO, in the database (98-003-4234).

The electrochemical oxidation of
ethylene glycol in a two-electrode cell, where a
Ti/PbO, electrode was used as an anode and a
titanium plate as a cathode, was carried out. Fig.
2 shows the COD of an ethylene glycol solution
on the electrolysis time at various current
densities. As the current density increases, the
rate and efficiency of the electrochemical
oxidation of ethylene glycol increase.

T'ime, min

Fig. 2. COD of ethylene glycol solution from electrolysis time at different current densities (A/cm®):
0.013;2-0.006 ( 0.1 M NaCl, C (ethylene glycol) = 100 mg/l, Q=0.325 Ah.)

As can be seen from Fig. 2, at a current
density of 0.013 A/cm®, COD is completely
removed already after 15 minutes of
electrolysis. A twofold decrease in the current
density leads to a significant increase in the
electrolysis time until the COD is completely
reduced. The amount of electricity was 0.325
Ah.

The concentration of ethylene glycol in
the solution significantly affects the COD index.
With an electrolysis time of 10 minutes, the
COD value of the solution is 5.92 mgO,/l,
which corresponds to the “dirty” water category.

The electrochemical treatment of the
ethylene glycol solutions makes it possible to
reduce COD to values for very pure waters. On
fig. 3 (A) shows the dependence of the residual
COD for ethylene glycol solutions on its initial

concentration. After electrolysis, the COD
values for all studied ethylene glycol
concentrations were in the range of 0.34-4.6
mgQO,/l. Thus, the electrochemical treatment of
aqueous solutions of ethylene glycol using
sodium chloride as an electrolyte makes it
possible to bring the wastewater performance to
the required standards.

The concentration of ethylene glycol in
the solution has no significant effect on the
degree of purification (Fig. 3 (b)). When the
concentration of ethylene glycol changing in the
range from 10 mg/l to 100 mg/l, the degree of
COD reduction ranges from 96 to 98%. The
effect of the concentration of sodium chloride
on the degree of ethylene glycol removal was
also investigated.
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Fig. 3. COD of aqueous ethylene glycol solutions after electrolysis depending on its initial
concentration (a) and the effect of ethylene glycol concentration on the efficiency of
electrochemical purification (b)

Fig. 4 shows the effect of the degree of
ethylene glycol removal on the concentration of
sodium chloride. An increase in the sodium
chloride concentration leads to an increase the
degree of runoff water purification from
ethylene glycol. At a sodium chloride
concentration of 0.15 M, the degree of ethylene
glycol removal reaches 99.1%. The increase of

COD removal, %

the degree of ethylene glycol removal with an
increase of the sodium chloride concentration is
associated with a more intense formation of
active chlorine in the solution, which
approaches the optimal value at sodium chloride
concentrations in the solution corresponding to
0.15 M.
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Fig. 4. Effect of sodium chloride concentration on the efficiency of electrochemical cleaning
of solutions from ethylene glycol (Cethyiene glycot =75 mg/1)

Thus, the electrochemical oxidation of
ethylene glycol in a solution of sodium chloride
increases the efficiency of the process with an
increase in the concentration of sodium
chloride, which is associated with the generation

of active chlorine and indirect oxidation of
ethylene glycol. The study of the effect of
current density on the degree of ethylene glycol
removal at the same concentrations of sodium
chloride and ethylene glycol revealed that the
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optimal current density was 0.1 A/cm’. An
increase of the current density leads to the
appearance on the cathode surface of the
polymer film of the of ethylene glycol reduction
products and the products of its oxidation. At

higher current densities, an intense evolution of
oxygen and hydrogen is observed, while a
decrease in the degree of purification of the
solution from ethylene glycol by 10-15% is also
observed.

Conclusion

The influence of the ethylene glycol
concentration to the water COD value was
investigated. It found that at an ethylene glycol
concentration of 100 mg/l, the COD value of the
solution is 5.92 mg O,/ which corresponds to
the “dirty” water category. It established that the
electrochemical treatment of aqueous solutions
of ethylene glycol using sodium chloride as an
electrolyte makes it possible to bring the

wastewater indicators to the required standards
and the COD values for all studied ethylene
glycol concentrations lie in the range of 0.34-4.6
mg Oy/l. It revealed that at the same
concentrations of sodium chloride and ethylene
glycol, the optimal value of the current density
at a degree of purification of 99% was 0.1
Alem?,
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HAVA LIMANLARININ TULLANTI SOTH SULARLARININ ETILENQLIKOLDAN
ELEKTROKIMYOVI TOMIZLONMOSI

D.S. Magomedova, *Z.M. Alimirzayeva, *A.G. Magomedova
'A.B. Isaev, *T.A. Xarlamova
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Xiilasa: Hava limanlart atraf miihiti tullanti sulart ilo ¢irklondiron — monbalordon biridir.
Toyyaralorin donmasi aleyhina reagentlordan istifads naticasinda etilenqlikol amoala galir va tullant:
sularima daxil olur. Bu igda torkibindo etilenglikol olan  model tullanti sath sularlarinin
elektrokimyavi tamizlanmasi tadqiq edilmigdir. Anod kimi PbO, asasli elektroddan istifada olunub.
Gostarilmigdir ki, bu anoddan istifads etmaklo elektrolizdon sonra mahlulda etilenqglikolun migdar
0.34-4.6 mq O/l taskil edir, bu da miiayyan edilmis norma daxilindadir.

Agar sozlor: tullanti sular, etilenglikol, sularlarin elektrokimyavi tamizlonmasi, anod
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SJTEKTPOXHMHYECKAA OUYHCTKA IIOBEPXHOCTHBIX CTOKOB TEPPHTOPHH
ADSPOIIOPTOB, COAEPKAIIITUX 3TH/IEHIJIHKOJIb

Iﬂ.lll. Mazomedoea, *3.M. Anumup3saesa, AT, Mazomeooesa, 14.B. Hcaes,
T.A Xapnamosa

'Kageopa neopeanuyecoii xumuu u xumuyeckoii sxono2uu, JJaeecmanckuii 20cy0apcmeentblil
yuugepcumem. yi. M. I'aoocuesa 43a. e. Maxauxana, 367001. Poccus.
’Kaghedpa obweii u 6uonocuueckoi xumuu, Jacecmanckuii 20¢y0apcmeenblii MeOUYUHCKUTE YHUBEPCUmem
Munucmepcmesa 30pasooxpanenus Poccuiickoti @edepayuu.
nn. Jlenuna, 1. 2. Maxaukana, 367000. Poccusa
*Kagpedpa meopemuueckoii u npuknadHnoti xumuu,
Mocxosckuii cocyoapcmeenmbvlli 001aCcmMHOU YHUGepCUmen,
yia. Bepvt Bonowwunotl, 0.24. 2. Meimuwu. Mock. 0oa. 141014. Poccus

Annomauusn: Asponopmoel A61AOMCA OOHUM U3 UCTMOYHUKOS 3ACPA3HEHUsl OKpYdcarouell cpeovl
cmounbiMu 8o0amu. Hccredosan npoyecc d1eKmpoxXumMudeckol OYUCMKU MOOENbHbIX CIMOYHBIX 800,
cooeparcauux SMUNEHSTUKOTIb u obpazyrowuxcs npu obpabomie camonemos
npomueootIedeuUmenbHblMU peazenmamu. B kauecmee anooa Obll UCNONb306AH INEKMPOO HA
ocnose PbO,. Cmpyxkmypa u mopgonocus obpasyos snekmpooos na ocrose PbO,, nonyuennvix
nymem 0CaxicoeHusi Ha N0BEPXHOCMb MUMAHOBOU NIACMUHDL, ObLIA UCCIe008AHA C UCNONL30BAHUEM
CKanupyroweu 31eKmpoHHoU Mukpockonuu. Ilokazamo, umo ucnoiv3ogarue 6 Kauecmee aHood
PbO, nossonsiem oosecmu snauwenue XIIK pacmeopa 0o mpebyemvix nopm. Ilocae snexkmponusa
sHauenus XIIK ona ecex uccnedoanmvix kowyewmpayutl smunenenuxons om 10 oo 100 me/n
nedxcana 6 npeoenax 0.34-4.6 meOy/n. Hzyueno enusuue NIOMHOCMU MOKA, KOHYEHMPAyuu
SMUNEH2IUKONISL U  XA0PUOA HAMPUs HA IPOeKmusHocms  MeKMPOXUMULECKO20 OKUCTIeHUs
IMUNEHETUKOJIAL.

Kniouesvie cnosa: cmounvie 800bl, dMULEH2IUKONL, A3PONOPM, OKUCIEHUE, eKMPOXUMUYECKAs]
0UUCKA, OUOKCUO CBUHUA.
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