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Abstract. Several 2-thiohydantoin—Shiff base derivatives were prepared as eco-
friendly corrosion inhibitors for mild steel in acid environment. Their anticor-
rosion properties were studied on mild steel in 0.5 M HCI solution as corrosion
electrolyte by using usual gravimetric and different electrochemical techniques
(weight loss measurement, potentiodynamic polarization and potentiostatic
electrochemical impedance spectroscopy). Mild steel surface was characterized
using two analytical techniques, scanning electron microscopy for surface mor-
phology and elemental composition and atomic force microscopy. The study
has shown that the inhibiting action of these environmentally benign inhibitors
synthesized from inexpensive commercially available starting materials could
be attributed to adsorption on the metal surface.
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INTRODUCTION

As corrosion scourges the production of most industries globally, rising
financial costs take their toll. According to a report from 2016, the cost of mit-
igating the effects of corrosion is estimated to US$ 2.5 trillion, which amounts to
about 3.4 % of the global gross domestic product.! Mild steel (MS) is a widely
used construction material employed in many industries due to its exemplary
mechanical properties and substantially low cost. Despite of its attractive pro-
perties and uses, low corrosion resistance of mild steel in acidic solutions notably
limits its applications.2 Aggressive mineral acid solutions are often used in ind-
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1410 STANIC e al.

ustrial processes which apply mild steel, most notably HCI for acidifying, pick-
ling and industrial cleaning. Corrosion inhibitors are the most practical and pro-
fitable way of abating corrosion of metals in aqueous media.3~7 Molecules with
conjugated multiple bonds, aromatic groups and various atoms like oxygen, sul-
fur and nitrogen display good corrosion inhibiting activities since they are readily
adsorbed on metal surfaces.® But, due to adverse effects on the environment,
many of these compounds cannot be used.? Environmental awareness, as well as
the ever-rising demand of industry necessitates the use of new, safe, environ-
mentally friendly corrosion inhibitors.10-16

2-Thiohydantoins are derivatives of hydantoins in which a carbonyl group
has been replaced with a thiocarbonyl group.!7 They are a class of mostly non-
-toxic, biologically active drug-based compounds with many applications in
medicine and industry.!® Hydantoin, 2-thiohydantoin and some of their deri-
vatives have displayed some anticorrosion properties.!922 Schiff base molecules
that contain the azomethine group have also been shown to exhibit anticorrosion
activities.23-26 Keeping this in mind, the aim of this study is to explore the cor-
rosion behaviour of four 2-thiohydantoin—Schiff base derivatives, synthesized from
inexpensive and commercially available substrates as budget- and eco-friendly
corrosion inhibitors, using gravimetric, electrochemical and microscopic methods.

EXPERIMENTAL
Materials and methods

All substrates and reagents were obtained commercially and used without further
purification. Solvents were refined by distillation and standard drying procedure before use.
IR spectra were recorded on a Perkin-Elmer FT-IR spectrometer model Spectrum One. NMR
spectra were recorded on a Varian Gemini 2000 NMR spectrometer in DMSO as the solvent.

Synthesis of inhibitor compounds 14

A mixture of aldehyde (0.01 mol) and thiosemicarbazide (0.01 mol) in methanol (30 ml)
was refluxed for 3 h and then cooled. The formed precipitate was filtered off, dried, and puri-
fied by re-crystallization with hot methanol, yielding thiosemicarbazone. A mixture of thio-
semicarbazone (0.01 mol), ethyl chloroacetate (0.01 mol) and anhydrous sodium acetate (0.03
mol) in methanol (50 mL) was refluxed for 6 h. The mixture was cooled and poured into cold
water. The resulting precipitate was filtered off, washed with hot water, dried and re-crystal-
lized with hot methanol. The 2-thiohydantoin derivatives are fully characterized by NMR and
IR spectroscopy. Spectral data is given in the Supplementary material to this paper.
Preparation of corrosion solutions

The corrosive electrolyte used for electrochemical experiments was 0.5 M HCI, prepared
from a 37 % HCI solution diluted with Milli-Q water. Four synthesized 2-thiohydantoin deri-
vatives, compounds 14, used in five different concentrations (0.05, 0.1; 0.5, 1.0 and 10 mM)
were tested as corrosion inhibitors for MS. Fresh test solutions were prepared by dissolving
compounds 1-4 in 0.5 M HCI prior to each experiment.
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2-THIOHYDANTOIN DERIVATIVES AS CORROSION INHIBITORS 14 1 1

Electrochemical measurements

The electrochemical measurements were carried out in a three-electrode Pyrex glass cell,
where a saturated calomel electrode (SCE), with a Luggin capillary placed close to the work-
ing electrode (WE) to compensate the ohmic drop, was used as a reference electrode. All rep-
orted potentials were referred to the SCE. The counter electrode was a Pt plate. Mild steel
(MS), of chemical composition (mass %) expressed as: Fe with C (max. 0.17 %), P (0.045 %),
S (0.045 %), N (0.009 %) was used as the WEs. The MS cylinders were embedded in epoxy
resin, leaving a surface area of 1.3 cm? exposed to the corrosive acidic solution. Before each
experiment WEs was mechanically abraded using silicon carbide paper (grade 600—1200), fol-
lowed by washing with Milli-Q water in an ultrasonic bath for 5 min, whereupon it was tho-
roughly rinsed with absolute ethanol and deionized water and finally dried. All experiments
were performed at room temperature and without stirring.

Before any electrochemical measurement, the WEs were immersed into the prepared
electrolyte for 30 min until a relatively stable open circuit potential (Egcp) was achieved. The
typical OCP vs. time diagram is shown in Fig. 1; it can be observed that after 30 min of
immersion, only negligible changes in the Eqcp are measured, showing that the steady-state is
achieved after 30 min.
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Fig. 1. Open circuit potential curves for MS corrosion in 0.5 M hydrochloric acid solution
after 20 h (A) and 30 min (B) of immersion.

Potentiostat/galvanostat EG&G PAR 2631A, controlled by Power Suite software, was
used for potentiodynamic polarization (PP) measurements. The PP curves were obtained by
changing the potential between — 0.250 V and 0.250 V relative to the Eqcp with a scan rate of
I mV sl

Potentiostatic electrochemical impendance spectroscopy (PEIS) measurements were per-
formed on potentiostat/galvanostat station BioLogic SAS SP-240 equipped with software for
corrosion and physical electrochemistry. PEIS studies were carried out in the frequency range
of 1072-10° Hz by using a 10 mV root mean square sinusoidal potential amplitude around
open circuit readings (being in the range from —0.430 to —0.476 V) for all the samples.
Randle’s equivalent circuit was employed for fitting and analysis of the PEIS data using
Zview® software.
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1412 STANIC e al.

Gravimetric measurements

MS weight loss test was performed in a 200 mL beaker with 100 mL of the test solution
in the absence and the presence of different inhibitor concentrations. Before testing, MS cylin-
der samples were polished, thoroughly rinsed with absolute ethanol and deionized water, dried
and weighted. Then, the samples were inserted in the test solutions for 24 h. All experiments
were triplicated in order to reach a good reliability. Average weight loss in the absence and in
the presence of inhibitor was reported.

Microscopic methods

The surface morphology characterization of the MS samples was performed using a sca-
nning electron microscope (SEM) instrument (JOEL JSM-IT300LV operated at 20 keV) after
24 h of immersion in 0.5 M HCI solution in the absence and the presence of inhibitor. Chem-
ical composition of the samples was determined using energy dispersive X-ray spectroscopy
(EDS). The EDS spectra were recorded on the X-ray spectrometer (Oxford Instruments)
attached to the SEM using Aztec software. Surface characteristics of the MS samples were
performed using atomic force microscopy AFM NT-MDT Solver Pro instrument in contact
mode.

RESULTS AND DISCUSSION
Synthesis of inhibitors

The inhibitors were synthesized according to a previously published proce-
dure involving thiosemicarbazide.2” The first part of the synthesis is the conden-
sation of aromatic aldehydes and thiosemicarbazide into thiosemicarbazones,
which then undergo cyclization with ethyl chloroacetate in the presence of
anhydrous ethyl acetate to corresponding 2-thiohydantoin derivatives in good to
excellent yields (Scheme 1).

S
NH,NHCSNH, N-NH NH, CICH,COOEt >\\NH
ArCHO ——————» 7,7 N-N
MeOH § CH;COONa, MeOH 7/
Ar = Ph (1); 2-OH-Ph (2); furyl (3); 3-OMe-4-OH-Ph (4) 14 O

Scheme 1. Synthesis of 2-thiohydantoin—Schiff base derivatives.

Potentiodynamic polarization measurments

Potentiodynamic palarization (PP) curves for the electrochemical corrosion
of MS in 0.5 M HCI without and with the inhibitors present in different concen-
trations are given in Fig. 2. As it can be seen from the Tafel plots, Fig. 2, the type
of the polarization curves is almost the same in uninhibited and inhibited sol-
utions. Anodic and cathodic Tafel slops have only slight change in their values,
implying that the corrosion reaction of MS is kinetics-controlled and that the ads-
orbed inhibitor does not affect the primary mechanism.28 According to the polar-
ization measurements, the presence of the inhibitors does not cause any signific-
ant shift in E.qp, but the Tafel curves were moved towards lower current den-
sities, indicating that inhibitors can reduce the MS anodic dissolution and slow
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2-THIOHYDANTOIN DERIVATIVES AS CORROSION INHIBITORS 14 1 3

down the hydrogen ions reduction. It can be deduced that the corrosion rate of
MS in 0.5 M HCI is decreased in the presence of inhibitors in the corrosive
medium. The observed decrease in corrosion current density may be ascribed to
the adsorption of an inhibitor onto the MS surface. The MS surface protection
from acid dissolution can be explained by the adsorption of 2-thiohydantion deri-
vative molecules (with high negative charge density at the hetero atom) which
occupy the active sites on the metal surface, mainly composed of iron atoms with
incomplete d shells.1921.29
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Fig. 2. The potentiodynamic polarization curves for MS in 0.5 M HCI solution in the absence
and presence of inhibitor compounds 1-4; v=1mV sl

Tafel extrapolations of the linear section of the anodic and cathodic curves
recorded were derived and the values of the electrochemical parameters, cor-
rosion potential (Ecorr), corrosion current densities (icor), anodic and cathodic
Tafel slopes (8, and f., respectively), are listed in Table I. The corrosion pot-
ential (E¢orr) of MS exposed to the 0.5 M HCI is about —504 mV, while in the
presence of the inhibitors, E.q+ changes from —488 to —526 mV. Determination of
the inhibitor type for any of the examined compounds depends on a difference
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1414 STANIC e al.

TABLE L. Electrochemical parameters derived from the potentiodynamic polarization curves
obtained for MS in 0.5 M HCI solution without and with compounds 1-4 present in various
concentrations

Medium Cinn / MM Eo / mV vs. SCE igo / pA cm2 B,/ mV dec! B,/ mV dec”! /%

Blank - -504 92 81 120 -
Compound 1 0.05 =512 38 92 110 59
0.1 =500 23 84 112 75

0.5 —497 26 64 113 72

1.0 -504 26 75 117 71

10.0 =515 21 82 105 77

Compound 2 0.05 =515 45 92 107 51
0.1 -514 46 74 102 50

0.5 -521 39 74 111 58

1.0 -526 39 84 107 58

Compound3  0.05 =505 45 95 141 51
0.1 488 23 65 113 75

0.5 =500 23 104 73 74

1.0 —494 17 80 115 82

10.0 -500 24 69 113 74

Compound 4  0.05 =510 45 111 128 51
0.1 -490 35 67 114 62

0.5 =511 23 88 68 75

1.0 =510 41 82 105 55

10. 0 —513 47 76 102 49

recorded between E.orr (AEcor) in the uninhibited and the inhibited solut-
ion.21.29.30 If the difference AE o is greater than 85 mV, the inhibitor can be
recognized as anodic or cathodic type, but if difference in AE;q is lower than 85
mV, the inhibitors can be categorized as mixed type inhibitors. In our study, the
shift AE o is less than 85 mV, indicating that the inhibition effect can be cath-
odic as well as anodic (mixed type inhibitors). This suggests that the presence of
inhibitors in acid solutions used prevents the anodic metal dissolution reaction
and controls the mechanism of cathodic hydrogen evolution at the same time.
According to the PP curves recorded it can be assumed that compound 2 behaves
as cathodic inhibitor reflected by decrease in the current density of the cathodic
branch, and no significant effect in the anodic domain. Based on the PP curves
obtained, the inhibition efficiency (7 / %) was calculated by the equation:

.0 i

77:100 lCOI-‘I(‘)_ corr (1)

! corr

where: 0. and i, are corrosion current density values recorded without and
with the inhibitor present, respectively, and the results are presented in Table I.
All inhibitors showed a substantial corrosion potential. The corrosion inhibition
efficiency increases with increasing concentration of the 2-thiohydantoin deri-
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2-THIOHYDANTOIN DERIVATIVES AS CORROSION INHIBITORS 14 1 5

vatives up to 1.0 mM, implying that the corrosion inhibition ability may be asso-
ciated with the molecular structure of the inhibitor.

However, the additional increase in concentration up to 10.0 mM for com-
pounds 3 and 4 resulted in the reduction of the inhibition efficiency. Recently,
Alhaffar et al.3! and Pavithra et al.32 reported analogous behaviour of inhibitors
in 1.0 M HCI and 0.5 M H;SOy4. They assumed that after specific inhibitor quan-
tity increments in solution, when optimum inhibitor concentration is achieved, no
active sites remained for adsorption, because maximum surface coverage is
accomplished, and the inhibitor molecules could not adsorb on the substrate.
However, the corrosion still occurs, probably because the interactions among
adsorbed and unadsorbed inhibitor molecules generate the desorption of mole-
cules which results in reduced inhibition efficiency, with the additional inc-
reasing in concentration of inhibitors. For all studied inhibitors, the recorded cor-
rosion inhibition is relatively stable at concentration around 0.5 mM, with the
corrosion inhibition rate of =75 %. The mechanism of inhibition depends on the
interaction between the inhibitor and the metal surface. It is known that organic
corrosion inhibitors have at least one polar unit with heteroatoms (nitrogen, sul-
fur, oxygen and sometimes phosphorus) which is considered as the reaction
centre for chemisorption processes. Additionally, the size, orientation, shape and
electric charge on the inhibitor molecule determine the degree of adsorption and
the inhibition effectiveness. Moreover, iron possesses great coordination affinity
to heteroatom containing ligands. All these factors could explain the difference in
the inhibiting action of the thiohydantoin-Schiff base derivatives. All compounds
have four chelating sites (—NH, C=S, C=N and aromatic ring). The obtained
results indicate that all compounds adhere to the chemisorption process through
the adsorption on the MS surface established on the donor—acceptor interactions
between the 7 electrons of donor atoms of the inhibitors and the vacant d orbitals
of the ferric ion in the oxidized MS surface.2!-23 However, compound 3 exhibited
the best performances with the inhibition rate of 82 %. This higher inhibitions
efficiency might be attributed to the presence of an additional oxygen atom in the
heteroaromatic ring, which contributed to better adsorbing.20

Potentiostatic electrochemical impendance spectroscopy

Potentiostatic electrochemical impendance spectroscopy (PEIS) was used for
the estimation of the performance ability rate, characterization of the various cor-
rosion processes and the study of the reaction mechanisms at the electrochemical
interface. After PP studies, the best performing concentrations of all 2-thiohyd-
antoin derivatives were used for further PEIS evaluation. Fig. 3 illustrates the
Nyquist plots of the MS electrode in a 0.5 M HCI solution in the absence and the
presence of different inhibitor (compounds 1-4) concentrations. Since the potentio-
dynamic measurements showed that compound 2 has the smallest corrosion inhi-
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Fig. 3. Nyquist plots for MS electrode and different inhibitors compounds 1-4 at various
concentrations with respect to blank 0.5 M HCI. Scattered dots represent experimental data,
while solid lines represent calculated and fitted results.

bition efficiency among all tested, only the best performing concentration (1.0
mM, 5 = 58 %, Table I) was used for further PEIS evaluation. The presence of
different inhibitors causes an increase in the capacitive loops, compared to the
reference solution. Taking into consideration the shape of the impedance dia-
gram, it can be said that their size depends on both structure and concentration of
the inhibitor and that the Nyquist representations spectra consist of one single
slightly depressed capacitive loop, showing that the charge transfer controls the
corrosion reaction on an inhomogeneous and rough electrode surface.33 Analysis
of Nyquist plots reveals that the capacitive loops are depressed semicircles and
not perfect semicircles, as expected from theory of PEIS, that accounts for fre-
quency dispersion effect of a rough and inhomogeneous electrode surface, where
the inhibitor molecular film is not acting as a perfect double layer capacitor. The
results can be interpreted in terms of an equivalent circuit of the electrical double
layer shown in Fig. 4. This equivalent circuit has been used to model the inter-
face between iron and acid.34 The double layer capacitance, Cq was calculated
using the following equation:35.36

2)
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2-THIOHYDANTOIN DERIVATIVES AS CORROSION INHIBITORS 14 1 7

where: Cq / F em2 is the double layer capacitance, -Z max is the maximum
imaginary component of the impedance, Ry / Q cm? is the uncompensated
solution resistance and R; / Q cm? is the charge transfer resistance.

AN
R Fig. 4. Randle’s equivalent circuit used for fitting of
the PEIS curves.

The electrochemical data was evaluated using a Randle’s equivalent circuit
(Fig. 4) where Ry is the solution resistance, Cq; is the double layer capacitance
and R is the charge transfer resistance.36-37

The proposed equivalent circuit and the fitted results represent a good match,
which is proved by very small chi-square values that are in the order of 103 for
all the experimental data. All electrochemical impedance parameters are pre-
sented in Table II. As corrosion current (i.or) is inversely related to Ry, the inhi-
bition efficiency, performance ability (1 / %) can be determined by the following

expression:28.29
0
R
n:IOO[l—C—t] 3)

ct

where: R.? and Ry are the charge transfer resistances of uninhibited and
inhibited solutions.

Data clearly shows that R, has an ascending trend, whereas Cgqj has a des-
cending trend at the whole concentration range. The decrease in Cgqj values can
be attributed to a decrease in local dielectric constant and, more likely, to an inc-
rease in the thickness of electrical double layer. This suggests that the inhibitor
molecules inhibit the corrosion rate by adsorption at metal/solution interface.38
The concentration of the inhibitor plays a crucial role, but it cannot be stated that
for all the inhibitors there is a positive shift in the R values with the increasing
concentration. This shift in R clearly shows the increasing inhibition efficiency
and it may be attributed to the blocking of active sites of the metal surface by
surface adsorption. The capacitance values showed a reduction due to decrease in
the electric double layer, which is probably due to the replacement of water
molecules, which have a higher dielectric constant, with inhibitor molecules pos-
sessing a lower dielectric constant, hence supporting the idea of surface ads-
orption of inhibitor molecules.3” Ry refers to the solution resistance and its values
increase noticeably only when compound 4 was used as an inhibitor.

The inhibitors were also analysed by Bode diagrams (Supplementary mat-
erial, Fig. S-13). Bode diagrams of all inhibitor concentrations, as well as
untreated MS electrode show phase shift that corresponds to the maximum of the

Available on line at www.shd.org.rs/JSCS/

(CC) 2022 SCS.



1418 STANIC e al.

semi-circle presented in Nyquist diagram. This is typical behaviour for the pro-
cess that is represented by Randle’s equivalent circuit shown in Fig. 4. There is
slight, but not significant, shift in the frequency for maximum phase shift, which
could be due to different types of inhibitors, and not due to different mechanisms.
The mechanism of corrosion inhibition is based on the adsorption of inhibitor on
the MS electrode surface.

TABLE II. Electrochemical impedance parameters in absence and in the presence of inhi-
bitors

Medium Cipp / MM R,/ Qcm? R,/ Q cm? Cy / PF cm? n/!%
Blank - 2.86 82.3 987.2 -
Compound 1 0.05 - - - -
0.1 2.31 433 38.2 81
0.5 - - - -
1.0 2.64 343 49.4 76
10.0 2.19 748 314 89
Compound 2 0.05 - - - -
0.1 - - - -
0.5 - - - -
1.0 3.01 187 118.4 56
10.0 - - - -
Compound 3 0.05 - - - —
0.1 2.75 329 47.6 75
0.5 - - - -
1.0 2.87 633 34.8 87
10.0 3.14 211 98.1 61
Compound 4 0.05 - - - -
0.1 2.56 294 55.8 72
0.5 3.26 317 51.2 74
1.0 3.55 257 66.9 68
10. 0 2.98 305 76.5 63

Gravimetric measurements

Immersion test followed by the weight loss method is one of the cheapest,
easiest, and most widely recognized strategies to explore and calculate the cor-
rosion rate. The influence of varying concentrations of compound 3 on corrosion
of MS in aggressive test solutions was studied by the weight loss method, and the
obtained results of inhibition efficiencies and corrosion rates are presented in
Table III. The inhibition efficiencies of compound 3 increase with its concen-
tration, which may be ascribed to greater coverage of the metal surface with
inhibitor molecules. From the weight loss, the corrosion rate (CR) and the inhi-
bition efficiency (7 / %) were estimated as:33-39

CR :% 4)
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2-THIOHYDANTOIN DERIVATIVES AS CORROSION INHIBITORS 14 1 9

where, wy and wr are the initial and the final weights (mg) of MS, S/ cm? is the
surface of the MS sample exposed to the test solution, and ¢ / h is the immersion

time.
B CRy —CR
n= 100(—CR0 ] 5)

where CR and CR( are the corrosion rates in the presence and the absence of
compound 3, respectively.

TABLE III. Corrosion parameters for MS sample after immersion for 24 h in 0.5 M HCI
solution in the absence and presence of compound 3 at different concentrations.

Medium Cinn / MM CR/mgcm?2h! n!%
Blank - 0.659 -
Compound 3 0.1 0.268 59
1.0 0.075 89
10.0 0.066 90
Surface study

Corrosion of the MS surface was characterized after immersion in 0.5 M
HCI solution with and without inhibitor compound 3 using SEM/EDS technique.
SEM was used for surface morphology while EDS provided data about the
elemental composition. Fig. 5 illustrates SEM images of the uninhibited and the
inhibited MS surfaces after immersion for 24 h in 0.5 M HCI solution. Surface of
the MS sample directly exposed to free acid without the presence of inhibitors is
severely damaged and rough with deep corrosion cracks and pits (Fig. 5A), while
the surface of the sample submersed in the acid solution with the compound 3 at
1 mM was uniform, smoother and less corroded and cracked (Fig. 5B). The SEM
surface analysis are in good agreement with corrosion metal evaluation and
showed that the compound 3 has good inhibition properties and protects the MS
surface from the effects of acid by the formation of the protective film on the
metallic surface.0

Fig. 5. SEM images of the MS sample without (A) and with inhibitor compound 3 at 1 mM (B).
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1420 STANIC ez al.

EDS analysis of both MS samples (without and with the addition of com-
pound 3) was performed to record elemental compositions. EDS analysis of the
MS samples without the inhibitor compound 3 showed the presence of high con-
tent of oxygen (9.67 %). On the other hand, EDS analysis of the sample
immersed in the solution with the inhibitor compound 3 showed a significant inf-
luence of its presence on the corrosion of the sample, since the oxygen content
was reduced to only 0.12 %, obviously due to the formation of thin protective
layer of inhibitor molecules on the MS surface. This protective film was also res-
ponsible for the inhibition of corrosion.4!

The 3D micrographs of MS surfaces acquired from AFM without and with
the compound 3 are displayed in Fig. 6. Fig. 6A shows MS surface after immer-
sion in 0.5 M HCI solution without the inhibitor with average roughness of 337
nm. It should be noted that the roughness parameters of the sample are much
higher and that the peak heights of the roughness profile exceed the measuring
range, so the sampling area where the heights are smaller and the surface is more
uniform was selected for analysis. Fig. 6B shows MS surface immersed in the
solution with the inhibitor compound 3 with the average roughness of 97.5 nm,
suggesting good adsorption on the metal surface.

B

Y Axis, pm

5
07M0 X Axis, pm 0
Y Axis, pm

Fig. 6. AFM images of MS without (A) and with inhibitor compound 3 (B).

CONCLUSION

Four 2-thiohydantoin—Shiff base derivatives were synthesized as eco-friendly
corrosion inhibitors and evaluated for their anti-corrosion performance for MS in
0.5 M HCI solution. The corrosion inhibition efficiency of all inhibitors increases
with their concentration reaching a maximum value at 1.0 mM. The polarization
curves reveal that the thiohydantoin derivatives act as mixed type inhibitors. The
derivative with a heteroaryl furyl group, compound 3, is the most effective inhi-
bitor, exhibiting the inhibition efficiency in the range from 82-90 % depending
on the method used. The changes in impedance parameters indicate the adsorpt-
ion of inhibitors on the MS surface and thus formation of a protective film. SEM
and AFM confirmed the presence of the inhibitor protective film on the MS sur-
face. The present investigation has shown that these low cost and environment-
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ally friendly inhibitors provide good protection for mild steel against corrosion in
the acidic medium.

SUPPLEMENTARY MATERIAL

Additional data and information are available electronically at the pages of journal
website: https://www.shd-pub.org.rs/index.php/JSCS/article/view/11776, or from the corres-
ponding author on request.
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H3BOJ
AHTHUKOPO3UOHA AKTUBHOCT JEPHUBATA HNIM®OBUX BA3A 2-TUOXUIAHTOUHA
3A MEKHU YEJTUK Y 0,5 M HCI1

TIETAP b. CTAHWR', HATAIIIA M. BYKUREBUR’, BECHA C. LIBETKOBHUR’, MUPOCJIAB M. TIABJIOBUER?,
CUJIBAHA b. TMMHUTPUJEBUR?, BUJbAHA LIMHUT' u MAPHJA [I. JKUBKOBUR*

"Uncmumyim 3a ungopmauuone iwexnonoiuje Kpaiyjesau, Yuusepsuiiei y Kpaiyjesuy, Josana Llsujuha 66,
34000 Kpatyjsay, ZHchiumyw 3a xeMujy, WexHoI0Tujy u metanypiujy, Ynueepsutiewi y beoipagy,
Fbetowesa 12, 11000 Beoipag, SHchuuiym 3a pygapciieo u metnanypiujy bop, 3enenu dynesap 35,

19210 Bop u 4¢axyﬂu7.eu7 Meguyunckux nayka, Ynueep3utiewi y Kpaiyjesuy, Ceetiozapa
Mapxosuha 69, 34000 Kpaiyjesay,

Hexomuko nepusarta [Ingosux 0asa 2-THOXHWZAHTOMHA Cy HANPAB/EHH KA0 €KOJIOUIKH
NPUXBaT/bUBY MHXMOUTOPH KOPO3Hje MEKOT YeluKka y KUCenoj cpesuHu. HbuxoBa aHTHKOPO-
3MOHA CBOjCTBA Cy UCMHUTaHa Ha MekoM 4yenuky y 0,5 M pactBopy HCl xao kopo3noHOM enex-
TponuTy, kopucrehu yobuuyajeHe rpaBUMETDHjCKE M Pa3IUUUTE €IEKTPOXEMHjCKe TEXHUKE
(Mepeme TyOUTKa Mace, MOTEHIIMOJUHAMHWYKA TOJIapU3alifja, TIOTEHIMOCTATCKA CIeKTPOCKO-
NHja enexTpoxeMujcke umrnenanuyje). [IoBpUIMHA MEKOT YesuKa je OkapaKTepucaHa JBema
QHAIMTUYKUM TEXHHKaMa, CKeHHpajyhoM eleKTPOHCKOM MHKPOCKONHjoM 32 MOPQOJIOTHjy
NOBPLIMHE U e/leMEeHTapHH cacTaB U MUKPOCKONHjoM aToMcke cwie. CTyauja je mokasana jia
ce UHXUOUTOPHO eI0Bakbe OBUX EKOJIOIIKH D@HUTHUX MHXUOUTOPA, CUHTETHCAHUX U3 jedTH-
HUX KOMEDLHUjaJHO NOCTYNHMX IT0/Ia3HUX MaTepujana, MO)Ke IPHUMNUCATH afiCOPILUUjH UHXH-
OrTOpa Ha MOBPIUMHYU MEKOT YeJTHKa.

(ITpumsbeHo 12. anpuiia, pesugupaHo 12. jyna, mpuxsaheno 24. asrycra 2022)
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