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The study of thiadiazole derivatives as potential corrosion inhibitors
of low-carbon steel in hydrochloric acid

The inhibition effect of series of thiadiazole derivatives against the corrosion of mild steel in 15 % HCI was
studied by weight-loss method and electrochemical measurements. The experiments were performed on.steel
St3 at 293 K, the exposure time of the samples in solution for weight-loss measurements was 24 h. Potentiody=
namic polarization curves were obtained in a typical three electrode cell with the help of electrochemical meas-
uring complex SOLARTRON 1280 C. A scan rate was 1 mV-s? and a measurement point was taken every
0.2 s. 2-aminothiazole, 5-amino-1,3,4-thiadiazole-2-thiol, 2-amino-1,3,4-thiadiazole, 2-amino-5-(furan-2-yl)-
1,3,4-thiadiazole, 1,3,4-thiadiazole-2-ylamide of acetic acid were studied as potential inhibitors: The maximal
inhibition efficiency was obtained at concentration 0.10-0.20 g-L™%. The best result' was demonstrated by
5-amino-1,3,4-thiadiazole-2-thiol (inhibition effect was more than 90 %). The minimal inhibition effect had
1,3,4-thiadiazole-2-ylamide acetic acid. The corrosion inhibition effect calculated from data of the corrosion
current density and from the weight-loss measurements were in sufficiently good-agreement. The effective
activation energy of the corrosion of St3 increased significantly due the presence of the'inhibitors (from 3.3 to
94.8 kJ-molt). The results point to promising of investigating of series of thiadiazole derivatives and inhibitory
compositions based on thiadiazole as potential acid corrosion inhibitors:

Keywords: low-carbon steel, corrosion, inhibitors, thiadiazole, thiazole, weight-loss method, impedance spec-
troscopy, adsorbtion.

Introduction

Corrosion of metals and alloys is a big problem for the oil and gas industry. The use of acidic media leads
to the failure of well equipment, oil collection and distillation units, and pipelines [1-3]. Inhibitors are specially
selected compounds that are used to prevent.the destruction of metals and alloys from corrosion [4, 5]. They
are added into the corrosion system in alow concentration and reduce the rate of corrosion without significantly
changing the composition of the system. At the present time, the development of new environmentally friendly
corrosion inhibitors that do not contain toxic metals and inorganic phosphates is of great importance [6-9].

Many organic compounds containing heteroatoms are able to slow down metal corrosion in acidic media.
The most widespread are inhibitors based on nitrogen-containing compounds [10]. However, compounds con-
taining sulfur atom in theimolecule are also of great interest today. Such compounds include thiols, thiosulfonic
acids, thiophenes, and sulfur-containing triazoles [11, 12].

Thus, the purpose of this'work was the research of some thiadiazole derivatives as corrosion inhibitors
for mild steel in a 15 % solution of hydrochloric acid.

Experimental

The material for the study were the samples made of low-carbon steel St3 of composition, wt%, Fe, 98.36;
C, 0.2; Mn, 0.5; Si, 0.15; P, 0.04; S, 0.05; Cr, 0.3; Ni, 0.2; Cu, 0.2. All measurements were conducted in
unstirred 15 % HCI solutions prepared on the basis of distilled water and HCI of the chemically pure grade.
Products of organic synthesis, thiadiazole derivatives, were used as corrosion inhibitors (Table 1).

All the data presented in the work was obtained by averaging the results of three parallel measurements.
MS Excel software was used to calculate the average results and standard deviations of direct and indirect
measurements.

The main parameters of steel corrosion were estimated according to generally accepted methods [13].
Rectangular samples made of St3 steel with a size of 25%20x2 mm were used for weight-loss analysis. The
working surface area was 1180 mm?,
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Table 1
Chemical compounds studied in the work as corrosion inhibitors
Cipher Formula Name by nomenclature
N
AK-9 [\ 2-aminothiazole
s)\NHz inothiaz
N_N - - - -
AK-10 NHZ/QS»\SH 5-amino-1,3,4-thiadiazole-2-thiol
N—N
AK-23 /o 2-amino-1,3,4-thiadiazole
ks)\NHz
N—-N
/ »\ . .
AK-44 \ AN S NH, 2-amino-5-(furan-2-yl)-1,3,4-thiadiazole
(0]
N-N S
AK-69 ( >\ )&\ 1,3,4-thiadiazole-2-yl acetic acid amide
s N

The corrosion rates (K), the inhibition factor (y) and the degree of protection (Zy) were calculated using
equations:

K:mo—m
S.t
KO

Y—K,

K, =K

Z, = -100 %,
K0

where mg is the mass of the initial sample,.g; m'is the mass of the sample after corrosion testing and removal
of corrosion products, g; S is the surface area of the sample, m?; 1 is the immersion time, h; Ko and K are the
corrosion rates of steel in pure solution and with the addition of an inhibitor, g-m-hour, respectively.

Electrochemical measurements were performed in a three-electrode cell with cathode and anode com-
partments separated by a porous. glass diaphragm using a potentiostat-galvanostat with a built-in
SOLARTRON 1280C frequency analyzer (Solartron Analytical). Polarization curves were obtained by poten-
tiodynamic polarization from the cathode region to the anode region with scan rate of 1 mV-s*. All values of
potential are presented in the standard hydrogen electrode scale.

Polarization measurements were carried out in the temperature range from 293 to 353 K. The cell was
connected to an LT 100 thermostat with external circulation to set the required temperature.

Thanks to this method, it is also possible to determine the Tafel sections of the polarization curves and
calculate the degree of protection from electrochemical data:

Zatjen :Ioiﬂ'loo %,
0
where ip and iiny are the current densities of steel corrosion in pure solution and with the addition of an inhibitor,
A-m?, respectively.

Based on the electrochemical results the activation energy of the corrosion process was calculated. The
calculations were performed according to the temperature-kinetic method. The effect of temperature on the
current density when concentration polarization or delayed discharge stage is described by an equation similar
to the Arrhenius equation:

Ini=-E, /RT,

where i is the corrosion current density, A-m?; Ee is the effective activation energy of corrosion process,
J-mol?; T is the temperature, K.
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A straight line in the coordinates Ig(i)= f(1/T) allows to calculate Eef/R as the tangent of the angle of

inclination.

Measurements of the impedance spectra were carried out at a temperature of ~293 K. The range of fre-
quencies used in impedance measurements was f from 20 kHz to 0.01 Hz, and the amplitude of the alternating
signal was 5-10 mV. The electrodes were immersed into the solution for an hour to establish the corrosion
potential.

Parameter »? (calculated in ZView?2) was used as an evaluation criterion for equivalent electrical circuits
for their suitability for simulation of experimental impedance spectra. The equivalent circuit was considered
satisfactory at ¥?< 10~ (using weight coefficients calculated by the experimental values of the impedance
module) [14].

The surface coverage (0) of C1018-electrode by corrosion inhibitor was determined from equation:

C,-C
0=—2 ,
Co - Cl
where C,, C and C; are the capacity of the double electric layer in a pure acid solution,‘in a solution with a
given concentration of the inhibitors and in a solution where 6 = 1, respectively.
The value of C; was determined by extrapolating the curve in coordinates

C=f i to (ij:o,
Cinh mh

where Cin is the concentration of the inhibitor in solution, g-L™.

Results and Discussion

At the first stage of the study, the corrosion rate of the St3 steel in 15 % HCI solution was studied by the
weight-loss method. Then the corrosion rate of mild steel in.the presence of some thiadiazole derivatives was
measured. In the course of the work, it was found that some of the testing samples are not-well soluble in 15 %
HCI solution. As the result the following concentrations were used: 0.05-0.2 g-L ™.

The results are presented in Table 2.

Table 2

The main parameters of the St3 corrosion in 15 % HCI solution and in the presence of inhibitors

Cipher | Cigh, g-L% | K, g-mZhour? | Zg, % Y
— — 15.2+0.8 — -
0.20 6.9+0.4 54+3 2.19+0.11
AK-9 0.10 8.0+0.4 4842 1.91+0.04
0.05 9.4+0.3 38+2 1.62+0.03
0.20 1.5+0.1 90+3 10.22+0.32
AK-10 0.10 2.6+0.1 83+3 5.91+0.13
0.05 4.0+0.2 74+3 3.83+0.11
0.20 6.1+0.2 67+2 2.51+0.09
AK-23 0.10 10.0+0.5 4642 1.53+0.04
0.05 15.7+0.7 16+1 0.96+0.01
0.20 5.5+0.2 92+4 12.30+0.43
AK-44 010 12:0.1 643 | 2.77:0.04
0.20 11.6+0.6 4042 1.67+0.03
AK-69 0.10 9.5+0.4 37+1 1.60+0.03
0.05 9.1+0.4 24+1 1.32+0.02

According to the results of weight loss measurements presented in Table 2, the nature of the substituent
in the thiadiazole molecule has a significant influence on the values of the inhibition effect. The corrosion rate
of St3 increases in the presence of potential inhibitors with increasing in the acid concentration. From weight-
loss measurements (Table 2) and the results of solubility of substances we can conclude that the optimal inhi-
bition effect has been shown by AK-9, AK-10, AK-23. Then, a number of electrochemical studies for estima-
tion of the mechanism of the action of inhibitors were made.
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The polarization curves were obtained in 15 % HCI solution without and with addition of 0.1 gL? of
thiadiazoles. The temperature range varied from 293 to 353 K. The polarization curves are given in Figure 1,
and the electrochemical parameters of the processes are presented in Table 3.
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Figure 1. Polarization curves of St3 in solution.of 15 % HCI in the presence of 0.10 gL inhibitor AK-9 (a), AK-10 (b),
AK-23 (c) at temperatures of: 1 — 293 K; 2 — 313 K; 3— 333 K; 4 — 353 K

In the solutions of 15 % HCI containing 0.10 g-L* of inhibitors, the corrosion potential of the St3 is
shifted to the cathodic region.

The currents in the, system are reduced in both the cathodic and anodic processes for each inhibitor.
Therefore, testing substances can:be classified as inhibitors possessing relatively mixed effect (anodic/cathodic
inhibition) in acidic solutions..From the results of Table 3, it follows that the values of the Tafel coefficients
b. decrease in comparison with the pure solution of 15 % HCI. This result indicates that hydrogen can be
removed fromthe steel surface in two ways — by electrochemical desorption and recombination.

As can be seen from these polarization results, all inhibitors have significant effect on the b, values in the
temperature range of 293-333 K. A sharp increase in b is observed for AK-10 and AK-23 inhibitors at a tem-
perature of 353.eK. The Tafel coefficients obtained in the presence of AK-9 are less affected by temperature.

This result indicates that the AK-9 protects St3 from corrosion effectively with increasing temperature,
while in the case of the AK-10 and AK-23 protective effect significantly decreases with increasing tempera-
ture. It can be assumed that AK-10 and AK-23 slow down the corrosion process due to physical adsorption on
the steel surface and they desorb from the electrode surface into the solution with temperature. In contrast, in
the case of AK-9, a chemisorption process is likely.

The temperature dependence of the St3 steel dissolution in deaerated 15 % HCI and in the presence of
thiadiazoles is ploted in Arrhenius coordinates In i — 1/T (where i is the corrosion current density). The calcu-
lated values of the apparent activation corrosion energy in the absence and presence of AK-23, AK-10 and
AK-9 are 23.3, 120.7, 60.8 and 35.3 kJ-mol*, respectively.

The presence of the inhibitor increases the energy barrier for the dissolution process of St3 and this leads
to a decreasing of the corrosion rate.
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Table 3

Polarization parameters and the corresponding inhibition efficiency for the corrosion of the St3
in solution of 15 % HCI containing 0.10 g-L"* of inhibitors in the temperature range 293-353 K

Cipher | T,K | ba, mV | be, MV | icorr 103, Am2 | —Ecorr, V. | Zeticn, %
— 9342 140+2 1.58+0.04 0.200+0.002 -
AK-9 293 471 1332 0.06+0.01 0.192+0.001 | 962
AK-10 13343 | 125+2 0.10+0.01 0.235+0.003 | 94+3
AK-23 65+1 154+3 0.06+0.01 0.208+0.001 | 96+2
— 7442 148+2 2.01+0.03 0.197+0.001 —
AK-9 303 431 140+2 0.06+0.01 0.197+0.001 | 97+2
AK-10 13843 | 12342 0.45+0.01 0.250+0.003 | 78+2
AK-23 59+1 154+3 0.22+0.01 0.209+0.002 | 89+2
— 62+1 154+4 3.16+0.03 0.190+0.001 —
AK-9 313 401 143+3 0.08+0.01 0.201+0.002 | 9742
AK-10 1444 | 120+£2 1.20+0.02 0.2584+0.002 | 62+1
AK-23 54+1 154+5 0.40+0.01 0.208+0.001 | 87+3
- 55+#1 | 167+£5 5.01+0.02 0.180+0.001 =
AK-9 333 36+1 143+2 0.32+0.01 0.183+0.001 | 94+3
AK-10 160+£3 | 1674 2.0+£0.02 0.191+0.001 |  60+2
AK-23 44+1 154+3 1.00+0.01 0.177£0.001 | 20+2
— 201 182+5 199.50+9.98 | 0.120+0.002 —
AK-9 353 31+2 1512 0.71+0.01 0.167+0.001 | 99+1
AK-10 174+4 | 200+3 79.43+4.32 0.177+0.001 | 60+4
AK-23 28+1 | 25044 158.50+6.98 | 0.168+0.002 | 20+3

In the case of AK-23 and AK-10 the corrosion process proceeds with kinetic control, but in the case of
an uninhibited solution and AK-9 with a mixed one. One can notice definite contradiction between high inhi-
bition effect and low values of activation energy of corrosion for AK-9 as compared to AK-23 and AK-10.
This fact be explained possibly by the film formation in.chemisorption process, which creates an additional
diffusion barrier [15].
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Figure 2. Nyquist diagrams of the St3 electrode in 15 % HCI solution at Ecor (1) in presence of the compounds:
(a) — AK-9, (b) — AK-10, (c) — AK-23 with concentration: 2— 0.01 g-L!; 3—0.05g-L;
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The impedance spectra of St3 in 15 % HCI solution at corrosion potential Ecorr Were in the form of com-
bination of one semicircle in the high-frequency range and one inductive or capacity arc in the low-frequency
range. In Figure 2 ReZ is the real component of impedance and ImZ is the imaginary e component of imped-
ance.

The diameter of the capacitive semicircle increased the in the high frequency region in the solutions
containing inhibitors. This growth is stronger at high concentrations of the inhibitor. This fact can be explained
probably by the difficulties of realization of the electrode reactions.

To simulate the corrosion-electrochemical behavior of the St3 electrode in 15 % HCI solutions in the
presence of AK-10 inhibitor the equivalent electrical circuit is proposed as shown in Figure 3a. In the presence
of AK-9 and AK-23 inhibitors, the behavior of the St3 electrode in 15 % HCI solutions is acceptably described
by the equivalent scheme in Figure 3b.

The values of the parameter y for the schemes calculated in ZView2 were in the range of (2-6)-10*,
which indicates a good correlation with experimental data. The values of the parameters of<the equivalent
schemes are given in Table 4.
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a

Figure 3. Equivalent electrical circuits for the St3 electrode.in 15 % HCI solutions at Ecor

Table 4
Numerical values of parameters of equivalent circuits
for St3 electrode in 15 % HCI solution without and in the presence of inhibitors
-em-2-g(-D)
Con LT | ReQem? | R Qcm? CPQE"" ”F| cm Sp CIL, F-em?/H-cm? 0
Without inhibitor
- | 31.97+0.12 [, 389.4+53 | 1.92+0.10 | 0.83+0.02 | 0.000195+0.000010 | —
AK-9
0.01 41.424+0.13 829.0+10.2 1.48+0.10 | 0.84+0.02 0.000225+0.000010 0.21+0.01
0.05 54.18+0.12 977.7+11.0 1.26+0.10 | 0.84+0.03 0.000378+0.000012 0.44+0.01
0.10 64.77+0.14 1156+15.4 1.22+0.10 | 0.82+0.02 0.000211+0.000010 0.66+0.01
0.20 77.56+0.16 2573+21.1 1.10+0.10 | 0.80+0.02 0.000070+0.000013 0.86+0.01
AK-10
0.01 37.79+0.11 393.9+3.2 0.95+0.10 | 0.86+0.02 11.7+0.6 0.56+0.01
0.05 54.34+0.13 556.0+5.4 0.83+0.10 | 0.87+0.02 85.5+3.2 0.77+0.01
0:10 113:6+0.32 757.3+8.9 0.78+0.10 | 0.89+0.03 482.5+28.0 0.91+0.01
0.20 128.6+0.22 1263.0+9.3 0.82+0.10 | 0.86+0.02 786.5+35.1 0.93+0.01
AK-23
0.01 29.46+0.11 711.0+11.2 1.38+0.10 | 0.86+0.02 0.000175+0.000019 0.15+0.01
0.05 33.28+0.12 1429.0+16.7 1.45+0.10 | 0.84+0.02 0.000140+0.000015 0.31+0.01
0.10 39.41+0.13 1508.0+12.9 1.31+0.10 | 0.84+0.01 0.000203+0.000010 0.64+0.01
0.20 91.38+0.15 1906.0+19.4 1.14+0.10 | 0.80+0.01 0.000125+0.000010 0.84+0.01

There is a regular increase in resistances R: and R, and a decrease in parameter Q. of constant phase
element CPE; (with comparable p1) with the increase of the concentration of AK compounds (it follows from
Table 4). The latter increase indicates the inhibition of electrode processes (mainly the cathodic process) in the
presence of the studied compounds and their adsorption on the electrode surface. The parameters R, and C:
can also be associated with the kinetics of the adsorption of AK compounds on the electrode surface (the
Frumkin—Melik-Gaikazyan impedance without diffusion impedance).
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The capacity of the double-electric layer and the degree of the surface coverage by inhibitors were calcu-
lated (Table 4) from the obtained values of the parameters of the equivalent circuit (Fig. 5). These results were
processed in the coordinates of the Langmuir and Freundlich equations (Fig. 4, Table 5).
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Figure 4. Langmuir (a) and Freundlich (b) isotherms of adsorption of AK-9 (curve 1), AK-10 (curve 2)
and AK-23 (curve 3) on the surface of St3 in 15 %HCI solutions

Table 5

Parameters of Langmuir and Freundlich isotherms for/the adsorption of AK-9, AK-10, and AK-23
on the surface of St3 in 15 % HCl solutions

Inhibitor Langmuir Freundlich
K, dmé-g? Q, umol-m? R? K n R?
AK-9 13.99 1.15 0.9870 1.85 0.47 0.9972
AK-10 133.80 0.95 0.9927 1.27 0.17 0.9925
AK-23 7.06 1.38 0.9838 2.11 0.59 0.9854

The calculated values of the correlation coefficients indicate that the process of the surface coverage by
inhibitor molecules to a greater extent follows the Freundlich isotherm. It describes adsorption on an energet-
ically inhomogeneous surface [16].

Conclusions

Thiadiazole derivatives actas effective inhibitors of acid corrosion for the mild steel St3. They possess a
mixed effect, reducing the rates of partial cathodic and anodic reactions. The mechanism of action of thiadia-
zoles changes with increasing temperature, that is expressed in a sharp increase in the coefficients by of the
Tafel equation. At the same time, the free corrosion potential shifts to the cathodic region. The analysis of the
polarization curves correlates with the results that have been obtained by the impedance spectroscopy and they
confirm mostly the cathodic mechanism of inhibitors action.

The degree of the surface coverage by inhibitor with growing of its concentration causes an increase in
the protective effect. It was established from the analysis of the impedance spectra. The coverage of the St3
surface is described by the Freundlich isotherm for an energetically inhomogeneous surface. The activation
energy values have been calculated and they indicate that the corrosion process is slowed down due to the
physical adsorption on the surface of St3 in the case of AK-10 and AK-23. But the chemisorption process is
more likely for AK-9. The values of the inhibiting effect calculated from the results of weight-loss and elec-
trochemical measurements are qualitatively correlated. The differences in the results of the experimental meth-
ods used in this work are related to the peculiarities of the rate of the adsorption equilibrium establishing.

The research was supported by the Perm Research and Education Centre for Rational Use of Subsoil,
2021.
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M. Ilnotaukosa, A.Bb. llleun, M.I". lllep6ans, A.Jl. ConoBreB

TuaanazoJr TybIHABLIAPBIH TY3 KbIIIKbLIBIHIAFBI A3KOMIPTEKTI
00JIaTTBIH KOPPO3UAFAa KAPpChl HHTMOUTOPJIAPBI PeTiH/Ie 3epTTey

Makanazna 6ipKatap THaARa30J TYBIHABUIAPBIH 15 % Ty3 KBIIKBUIE €piTIHALIEpiHAET] a3KOMIPTEKTi 00IaTTHIH
KOppO3Us ‘MHTUOUTOPNApHl PETIHAE 3ePTTEY HOTIKENEpl KenrTipinreH. ['paBUMETPHSIIBIK CHIHAKTap JKOHE
JIEKTPOXUMIHIBIK 3epTTeynep St3 a3 kemiptekti 6onmarra 293 K temmepartypana »Kypri3ingi, cbiHamMazapIbH
acep eTy. yakwIThl 24 car. [lomspu3aumsi KHMCBIKTapbhl KaTOATHI aiMaKTaH YII BJEKTPOATHI jkKacyllajga
noreHnnoguHaMukanbik pexumae SOLARTRON 1280 C 3nekTpOXUMHSIIBIK OJIIIIEY KEHICHIH KoJaaHa
OTBIPBI TipKeIi. 2-aMHUHOTHA30, S-aMuHO0-1,3,4-THaauaszon-2-tuom, 2-aMmuHo-1,3,4-tnanuaszon, 2-aMuHO-5-
(pypan-2-nm)-1,3,4-Tnanuason, cipke KbIIKBUIBIHEIH 1,3,4-THaana3on-2-uiaMuATepl 3epTTeii. 3epTTenreH
Koceuibictap 0,10-0,20 ! KOHLEHTpanuMsAChIHAa OapblHIIA JKaKChl KOPFAHBIC oCepiH KOpCceTeTiHi
aHbIKTaNAbL 90 %-maH >KOFapbl KOPFAHBIII KaCHETKe He OOJFaH KOCBUIBICKA S-aMuH-1,3,4-THanmaszon-2-1uomn
JKaTaThIHBI aHBIKTANIBL. EH a3 kopraHbic Kacuetke (60 %-naH a3) ne 00IFaH KOCBUIBICKA CipKe KBIIIKBUTBIHBIH
1,3,4-tnaguazon-2-unamMugi. DIEKTPOXUMISIIBIK 3epTTeyJIepIiH HOTIXeCi KapacThIPbUFaH KOCBUIBICTAP/IBIH
apanac (KaToATBHI-aHONTHIK) THIITI WHTHOWUTOpIAp OOJNBINT KENeTiHIiH KepcerTi. MHruOuTopiapaslH Kopray
9CepiH TOK THIFBI3BIFBIHBIH ©3repici OOWBIHINA ecenTey IpaBUMETPHSUIBIK CHIHAKTAPIBIH HOTIDKENEepiMeH
colikec KeneTiH HoTmxkenep Oepeni. THruOUTOpIapapl KOPPO3HUSIIBIK OpTaFa eHrizy St3-TiH epy MpolLeciHiy
THIMJI aKkTHBTeHAIpYy dHeprusickiH 3,3-teH 94,8 k/lx / Mombra neillin endyip apTrhipaasl. JKYMBICTBIH
HOTIIKENEPiH KBIIIKBUIABI KOPPO3HUSHBIH MOTSHIMAIABl TEXETIMITEepiH THAaHa30J TYBIHABLIAPhl apachblHAa
i34ey KOHE ONapAbIH HeTi3iHIe HHIHOMpJeyNl KOMIO3ULMSIIAPABl JaMBITY TEPCIEKTHBAIbI EKeHIIrH
KepceTesi.

Kinm coe30ep: xymcak 06onar, KbIIKBUIIBI KOPPO3Ws, WHTHOWTOpPIAp, THAAHA30J, THAa30JI, TPaBUMETPHS,
UMITEJIaHC, aJICOPOIIHSL.
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HccienoBanue mpou3BOIHBIX THAAHA30/1a B KAaUeCTBe NOTEHIUATbHbBIX
HHTHOUTOPOB KOPPO3UH MAJIOYIJIEPOAUCTOMN CTATU B COJISTHOH KUCJIOTE

B craTtbe mpuBeneHEI pe3ybTaThl HCCISIOBaHUS psijia MPOU3BOJHBIX THAAMa30Jla B KaUeCTBE MHTHOUTOPOB
KOPPO3UH MaJIOYTJIEPOAUCTOH CTaimy B 15-TPOLIEHTHBIX PACTBOPAX COISIHON KUCIOTHI. [ paBuMeTprueckue uc-
IbITAaHHUA ¥ JIEKTPOXUMHYECKHE UCCIICJOBAHMS BBIIIOJIHEHBI Ha Mayoyriaepoauctoi cranu Ct3 mpu temnepa-
Type 293 K, Bpems 3Kkcro3unuu 00pasnos cocTaBuwio 24 4. [lonspusanroHHble KpUBbIE CHUMAIN B TOTEHIINO-
JMHAMHYECKOM PEXUME B TPEXIMEKTPOAHOI suelike N3 KaTOXHOW 00NacTH B aHOJHYIO CO CKOPOCTBIO pas-
BepTKM ToTeHImMana 1 MB-c™, UCHONB3ys NMEKTPOXUMUIECKUH M3MepuTenbHb kommiekc SOLARTRON
1280 C. UccnemoBaHbl 2-aMUHOTHA30JI, S5-amuHO-1,3,4-THamuason-2-Toji, 2-amuHo-1,3,4-Tnaguason, 2-
aMuHO-5-(pypan-2-nm)-1,3,4-tnaguazomn, 1,3,4-trmagnazon-2-miaMu YKCyCHOH KHCIIOTHL. Y CTaHOBIICHO, UTO
UCCIIEI0BAHHbIE COEeMMHERHs B KOHIeHTpamuax 0.10-0.20 r-1! IposBIsAIOT J0CTATOYHO XOPOLIEE 3alUTHOE
neicteue. Hammyummit pesyneTar naer S-amuHO-1,3,4-THaana3on-2-THOJI C 3alIUTHBIM JIeWCTBHEM Ooiee
90 %. HaumeHpmmm 3ammuTtHEIM jaeiictBueM (MeHee 60 %) oGmamaer 1,3,4-THanua3zon-2-uiaaMua yYKCYCHON
KUCJIOTBL. DJIEKTPOXUMHUYECKUMH HCCIIE0BaHUAME YCTAHOBJIICHO, YTO JAHHBIC COCIMHEHUS SBILTIOTCS MHLH-
OuTOpaMM CMELIAHHOTO (KaTOIHO-aHOIHOT0) TUHa. PacyeT 3auTHOrO AeHCTBHS HHTHOUTOPOB TIO H3MEHEHHIO
BEJIMYMH IUIOTHOCTH TOKA KOPPO3UH MOKa3al Pe3y/bTaThl, KAYECTBEHHO COBIAJAIOIINE C Pe3yJbTaTaMi rpa-
BUMETPUYECKHUX HCIBITaHUI. BBeeHHE HHTHOUTOPOB B KOPPO3HOHHYIO CpEly 3HAYUTENHHO NOBBINIACT (-
(PEeKTUBHYIO SHEPTHIO AKTHBAIMK KOPPO3MOHHOTO Mporiecca pacTsopenns C13 ¢ 3,3 1o 94,8 xllx-mons L. Pe-
3yJIbTaThl PabOTHI YKa3bIBAIOT Ha MEPCIEKTUBHOCTD TOMCKA IOTCHIMAIbHBIX HHLHOUTOPOB KHCIOTHOH KOPPO-
3MH B psi/ly HPOM3BOHBIX THAANA30J1a U pa3pabOTKU MHIMOUPYIONMX KOMIIO3UIIMH Ha UX OCHOBE.

Kniouesvie cnosa: ManoyriepoaucTas CTaib, KUCJIOTHAsS KOPPO3Us, HHTHOUTOPBI, THAANA30JI, THA30]I, TPaBH-
METPHSI, UMITCIAHC, aICOPOITHSL.

References

1 Brylee, D.B.T. & Rigoberto, C.A. (2015). Polymeric corrosion inhibitors for the oil and gas industry: Design principles and
mechanism. Reactive and Functional Polymers, 95, 25-45. https://doi.org/10.1016/].reactfunctpolym.2015.08.006

2 Alamri, A.H. (2020). Localized corrosion and mitigation approach of steel materials used in oil and gas pipelines. Engineering
Failure Analysis, 116. https://doi.org/10.1016/j.engfailanal.2020.104735

3 Chauhan, D.S., Jafar Mazumder, M.A., Quraishi, M.A. & Ansari, K.R. (2020). Chitosan-cinnamaldehyde Schiff base: A bio-
inspired macromolecule as corrosion inhibitor for oil'and.gas industry. International Journal of Biological Macromolecules, 158, 127—
138. https://doi.org/10.1016/j.ijbiomac.2020.04.200

4 Serpil, S., Berrin, D., Aysel, Y. & Giilsen, T. (2012). Schiff bases as corrosion inhibitor for aluminium in HCI solution. Cor-
rosion Science, 54, 251-259. https://doi.org/10.1016/j.corsci.2011.09.026

5 Heakal, F.E. & Elkholy, A.E. (2017). Gemini surfactants as corrosion inhibitors for carbon steel. Journal of Molecular Liquids,
230, 395-407. https://doi.org/10.1046/jimoll1q:2017.01.047

6 Murat, F., Hiilya, K. & Mustafa, K. (2015). A new corrosion inhibitor for protection of low carbon steel in HCI solution.
Corrosion Science, 98, 223-232. hitps://doi.org/10.1016/j.corsci.2015.05.036

7 El-Haddad, M.N. (2013). Chitosan as a green inhibitor for copper corrosion in acidic medium. International Journal of Bio-
logical Macromolecules, 55, 142-149. https://doi.org/10.1016/j.ijbiomac.2012.12.044.

8 El-Haddad, M.N. (2014). Hydroxyethylcellulose used as an eco-friendly inhibitor for 1018 c-steel corrosion in 3.5 % NaCl
solution. Carbohydrate Polymers, 112, 595-602. https://doi.org/10.1016/j.carbpol.2014.06.032

9 Dehghani, A., Bahlakeh, G., Ramezanzadeh, B., & Ramezanzadeh, M. (2020). Potential role of a novel green eco-friendly
inhibitor in corresion inhibition of mild steel in HCI solution: Detailed macro/micro-scale experimental and computational explora-
tions. Construction and Building Materials, 245. https://doi.org/10.1016/j.conbuildmat.2020.118464

10 Singh, P.,Srivastava, V. & Quraishi, M.A. (2016). Novel quinoline derivatives as green corrosion inhibitors for mild steel in
acidic medium: Electrochemical, SEM, AFM, and XPS studies. Journal of Molecular Liquids, 216, 164-173.
https://doi.org/10.1016/j.molliq.2015.12.086

11 Varvara, S., Muresan, L.M., Rahmouni, K. & Takenouti, H. (2008). Evaluation of some non-toxic thiadiazole derivatives as
bronze corrosion inhibitors in aqueous solution. Corrosion Science, 50, 2596-2604. https://doi.org/10.1016/j.corsci.2008.06.046

12 Lalitha, A., Ramesh, S., & Rajeswari, S. (2005). Surface protection of copper in acid medium by azoles and surfactants. Elec-
trochimica Acta, 51, 47-55. https://doi.org/10.1016/j.electacta.2005.04.003

13 Negm, N.A,, Kandile, N.G., Badr, E.A., & Mohammed, M.A. (2012). Gravimetric and electrochemical evaluation of environ-
mentally friendly nonionic corrosion inhibitors for carbon steel in 1M HCIl. Corrosion Science, 65, 94-103.
https://doi.org/10.1016/j.corsci.2012.08.002

14 Shein, A.B., Plotnikova, M.D., & Rubtsov, A.E. (2019). Zashchitnye svoistva riada proizvodnykh tiadiazola v rastvorakh sernoi
kisloty [Protective properties of some thiadiazole derivatives in sulfuric acid solutions]. Izvestiia vuzov. Khimiia i khimicheskaia
tekhnologiia — Proceedings of universities. Chemistry and chemical technology, 62, 123-129 [in Russian].
https://doi.org/10.6060/ivkkt.20196207.5968

CHEMISTRY Series. No. 3(103)/2021 101


https://doi.org/10.1016/j.reactfunctpolym.2015.08.006
https://doi.org/10.1016/j.engfailanal.2020.104735
https://doi.org/10.1016/j.ijbiomac.2020.04.200
https://doi.org/10.1016/j.corsci.2011.09.026
https://doi.org/10.1016/j.molliq.2017.01.047
https://doi.org/10.1016/j.corsci.2015.05.036
https://doi.org/10.1016/j.ijbiomac.2012.12.044
https://doi.org/10.1016/j.carbpol.2014.06.032
https://doi.org/10.1016/j.conbuildmat.2020.118464
https://doi.org/10.1016/j.molliq.2015.12.086
https://doi.org/10.1016/j.corsci.2008.06.046
https://doi.org/10.1016/j.electacta.2005.04.003
https://doi.org/10.1016/j.corsci.2012.08.002
https://doi.org/10.6060/ivkkt.20196207.5968

M.D. Plotnikova, A.B. Shein et al.

15 Kovacevié, N., & Kokalj, A. (2012). Chemistry of the interaction between azole type corrosion inhibitor molecules and metal
surfaces. Materials Chemistry and Physics, 137, 331-339. https://doi.org/10.1016/j.matchemphys.2012.09.030

16 Batueva, T.D., Shcherban’, M.G., & Kondrashova, N.B. (2019). Mesoporous silica materials and their sorption capacity for
tungsten (V1) and molybdenum (V1) ions. Inorganic Materials, 55, 1146-1150. https://doi.org/10.1134/S0020168519110013

Information about authors:

Plotnikova Maria Dmitrievna — Candidate of chemical sciences, Assistant professor of Physical
Chemistry Department, Perm State National Research University, Bukireva street, 614990, Perm, Russia;
e-mail: plotnikova-md@mail.ru; https://orcid.org/0000-0002-4050-5682;

Shein Anatoly Borisovich — Doctor of Chemical sciences, Professor of Physical Chemistry Department,
Perm State National Research University, Bukireva street, 614990, Perm, Russia; e-mail: ashein@psu.ru;
https://orcid.org/0000-0002- 2102-0436;

Shcherban' Marina Grigoryevna (corresponding author) — Candidate of chemical sciences, Assistant
professor of Physical Chemistry Department, Perm State National Research University, Bukireva street,
614990, Perm, Russia; e-mail: ma-sher74@mail.ru; https://orcid.org/0000-0002-6905<6622;

Solovyev Aleksandr Dmitriyevich — 3rd year student (undergraduate studies), Perm State National
Research University, Bukireva street, 614990, Perm, Russia; e-mail: solovev s92@mail.ru; https://or-
cid.org/0000-0002-7852-3683

102 Bulletin of the Karaganda University


https://doi.org/10.1016/j.matchemphys.2012.09.030
https://doi.org/10.1134/S0020168519110013
mailto:plotnikova-md@mail.ru
https://orcid.org/0000-0002-4050-5682
mailto:ashein@psu.ru
https://orcid.org/0000-0002-%202102-0436
mailto:ma-sher74@mail.ru
https://orcid.org/0000-0002-6905-6622
mailto:solovev_s92@mail.ru
https://orcid.org/0000-0002-7852-3683
https://orcid.org/0000-0002-7852-3683



