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EVALUATION OF THE EFFECTIVENESS OF AN AMIDO-
CONTAINING CORROSION INHIBITOR IN MINERALIZED WATER-
OIL ENVIRONMENTS

In this work, the effectiveness of inhibiting corrosion processes in mineralized water-oil media using a complexing
amine-containing corrosion inhibitor was investigated in detail. The inhibition efficiency and corrosion rate were
determined using the massometric method. According to the results of the experiments, it was _found that the thiourea
inhibitor was most effective in a medium with a NaCl concentration of 3 % and 10 % at pH 6—7 and doses of
10-50 mg/dm?>. It was under such conditions that a significant decrease in the corrosion rate was observed compared
to control samples without an inhibitor.

In addition, the influence of temperature and acidity of the medium was an important factor. It was shown that at a
weakly acidic pH and an elevated temperature of 80 °C, thiourea demonstrated increased inhibitory properties.

At the same time, the results obtained indicate that the inhibitor is effective at lower temperatures. In particular, some
of the experimental data demonstrate a high level of metal protection in environments with a fixed pH value at a
temperature of 20 °C. After the conducted studies, it can be stated that the amino-containing inhibitor thiourea is a
promising corrosion inhibitor for use in mineralized water-oil systems.
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Statement of the problem. The destruction of metal equipment, mainly made of carbon steel, due to corrosion
has become a serious problem that has attracted the attention of many researchers in recent decades. This is mainly
due to the significant wear and tear of industrial and municipal equipment, environmental damage, which leads to
significant economic losses. Global estimates show that the economic impact associated with corrosion can be from
3 to 6 % of the world's gross domestic product annually.

In many industrial sectors, carbon steel is the predominant base material due to its unique mechanical properties,
making it suitable for the manufacture of equipment in a wide range of industries, particularly in water management
systems. It is because of the versatility of carbon steel that there are a large number of corrosive environments and
unique operating conditions that negatively affect the performance and service life of industrial equipment. This
highlights the urgent need to develop effective strategies to reduce the effects of corrosion.

Analysis of previous research. Among various corrosion prevention methods, inhibitor protection has gained
particular importance. This is primarily due to a number of advantages of using inhibitors, namely low effective
doses, technologically simple application procedures, and cost-effectiveness.

Corrosion inhibitors are generally divided into two main categories depending on their chemical nature:
inorganic inhibitors and synthetic organic inhibitors. The main commercial inorganic inhibitors include chromates,
phosphates, phosphonates, nitrates and molybdates, which are most often used in neutral media. These inhibitors
are known for their long-lasting anti-corrosion effect even at high temperatures and are inexpensive reagents.
However, their high toxicity to ecosystems and lack of biodegradability have led to their ban in many countries.
As a result, the proportion of organic inhibitors is increasing. Thiourea (SC(NH2)2) is an organic compound similar
in structure to urea, in which the oxygen atom has been replaced by a sulfur atom. Its molecule has strong donor-
acceptor properties due to the presence of nitrogen and sulfur atoms, which makes thiourea chemically active and
suitable for the formation of coordination compounds with metals.

It is thanks to these properties that Thiourea slows down this process of corrosive destruction, forming a
protective film on the metal surface, which prevents the metal from contacting aggressive agents, such as hydrogen
or chloride ions. Studies show that the effectiveness of thiourea is particularly high in acidic environments, in
particular in solutions of hydrochloric and sulfuric acids, where the corrosion rate is usually highest.
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The mechanism of action of thiourea as an inhibitor is based on its adsorption on the metal surface. Nitrogen
and sulfur atoms have lone electron pairs that can form bonds with metal atoms, forming a dense layer that changes
the surface potential and reduces the rate of anodic and cathodic reactions. The inhibition efficiency increases with
increasing thiourea concentration, but in excessive amounts it can, on the contrary, destabilize the layer. Studies
on carbon steel in 1 M HCI have shown that the protection efficiency reaches 80-95 % depending on temperature
and concentration [1]; [2]. In a study of E-34 steel in sulfuric acid, it was found that the adsorption of thiourea
obeys the Langmuir isotherm, which indicates the formation of a monomolecular layer with chemical interaction
between the inhibitor molecules and the metal surface [4].

On the metal surface, thiourea can form complexes of the Fe—S or Fe—N type, which stabilize the passivation
layer. In some cases, it acts primarily as an anodic inhibitor, reducing metal dissolution, in others, as a mixed
inhibitor, inhibiting both parts of the corrosion process. Electrochemical studies have shown that the presence of
thiourea increases the resistance to charge transfer and reduces the corrosion current density [4].

Despite its rather strong anti-corrosion properties, the use of thiourea has a number of limitations. It is a toxic
compound, and its effect on organisms can be harmful with prolonged contact. There is evidence of possible
carcinogenicity in high doses, although the International Agency for Research on Cancer (IARC) classifies it as a
group 3 compound, i.e. “not classified as carcinogenic to humans” [5]. At elevated temperatures, thiourea can
partially decompose, which reduces the effectiveness of protection. However, its availability on the Ukrainian
market, even despite the full-scale invasion, and the relatively low cost of 1 m3 of treated water, at the level of
0.7-5 UAH, make its use promising both for water use systems and for equipment in the oil production and oil
refining industries. However, a large number of corrosive environments and conditions of water use in industry
and municipal services require a detailed study of the effect of thiourea on reducing the corrosion rate.

The aim is to establish the effect of the organic inhibitor thiourea on the intensity of metal corrosion processes
in oil-containing media at different pH values and temperatures, as well as to determine the conditions under which
the inhibition efficiency is maximum.

Working methodology. When conducting experiments to determine the effectiveness of corrosion inhibitors at
different pH and temperatures, the degree of corrosion was determined using the massometric method. Samples in the form
of rectangular plates were prepared for testing. Before testing, the samples were ground manually, then mechanically
polished with a fine abrasive material until the scratches remaining from grinding were completely removed, marked and
weighed. Degreasing was carried out with ethyl alcohol. At the end of the experiment, the metal samples were removed
from the corrosive environment, dried and weighed again to determine the loss of metal mass [6].

The results obtained were calculated using formulas for determining the mass corrosion index, the corrosion rate
reduction coefficient, and the degree of inhibitory protection against corrosion was determined for each individual sample.

The mass corrosion index was determined by the formula:

(Mn — Mk)
=~ "~ 1
= M
where Mn — initial mass of the sample, g;
Mk — mass of the sample after the test, g;
S — sample area, m2;
T — duration of the tests, h.
The speed reduction factor (j) is calculated by the formula:
j =Wx/Wi . (2)

where Wi is the corrosion rate with inhibitor,
Wx is the corrosion rate in the blank sample.

The degree of corrosion protection (Z) was calculated based on the corrosion rate reduction coefficient,
using the formula:

z =[1—1.j-100% 3)
J

where j is the corrosion rate reduction coefficient.
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Presentation of the main material. To determine the corrosion rate and the effectiveness of thiourea as a
corrosion inhibitor, model solutions containing a water-mineral component (3—10 % sodium chloride solution) and
an organic component — oil were used. The pH of the medium was changed using acetic acid and alkali. The model
corrosion environments used in the work are typical not only for the oil production industry, but also for a wide range
of industrial and municipal water systems, in particular, heating networks, circulating water supply systems,
desalination plants and mining and enrichment processes. In the absence of oil products, the studied environment can
be considered as a typical model for municipal and industrial water systems, while the introduction of oil allows
extrapolating the obtained results to the operating conditions of the oil and gas complex equipment. This indicates the
universal nature of the obtained results and the possibility of their implementation in the conditions of a circular
economy and modernization of engineering infrastructure

Table 1 — Corrosion rate of St20 in solutions of different mineral composition at different temperatures

Compositi(?n of the Oil congentr?tion, pH Temperature, °C Cotrosion rate, W, g/m’h
aquatic environment cm’/dm
3 % NaCl 50 9.0 20 0.0225
3 % NaCl 50 8.0 20 0.0287
3 % NaCl 50 7.0 20 0.0385
3 % NaCl 50 6.0 20 0.0458
3 % NaCl 50 5.0 20 0.0637
3 % NaCl 50 9.0 80 0.1124
3 % NaCl 50 8.0 80 0.1314
3 % NaCl 50 7.0 80 0.2409
3 % NaCl 50 6.0 80 0.2746
3 % NaCl 50 5.0 80 0.3551
10 % NaCl 50 9.0 20 0.034
10 % NaCl 50 8.0 20 0.0378
10 % NaCl 50 7.0 20 0.0465
10 % NaCl 50 6.0 20 0.0694
10 % NaCl 50 5.0 20 0.0825
10 % NaCl 50 9.0 80 0.2366
10 % NaCl 50 8.0 80 0.2475
10 % NaCl 50 7.0 80 0.3299
10 % NaCl 50 6.0 80 0.3929
10 % NaCl 50 5.0 80 0.4597

As can be seen from Table 1, for both NaCl concentrations and at both temperatures, a clear pattern of increasing
corrosion rate with decreasing pH of the medium is observed. At a temperature of 20 °C in a 3 % NaCl medium, the
corrosion rate increases from 0.0225 g/m*-h (pH 9) to 0.0637 g/m*-h (pH 5), i.e. almost 2.8 times. A similar trend is
characteristic of a 10 % NaCl medium, where W increases from 0.034 to 0.0825 g/m?-h, which corresponds to an
increase of approximately 2.4 times. A decrease in pH leads to an increase in the concentration of H* ions, which
activate the anodic process of metal dissolution and reduce the stability of protective corrosion films. An increase in
temperature from 20 to 80 °C sharply intensifies corrosion processes regardless of the composition of the salt medium.
For 3 % NaCl at pH 7, the corrosion rate increases from 0.0385 to 0.2409 g/m?*-h, i.e. more than 6 times. For 10 %
NaCl at pH 7, the increase occurs from 0.0465 to 0.3299 g/m?h, i.e. approximately 7 times. This effect can be
attributed to the acceleration of electrochemical reactions, increased diffusion of aggressive ions, and decreased
stability of adsorption films on the metal surface at high temperatures. The presence of 50 cm3/dm? of oil forms a
multiphase environment in which corrosion processes are complicated by the formation of heterogeneous adsorption
films. At moderate temperatures, these films can partially inhibit corrosion, but at elevated temperatures their
protective properties decrease, which contributes to the localization of corrosion damage.

Based on the experimental results demonstrating a significant increase in corrosion activity with decreasing pH,
increased mineralization (3—10 % NacCl) and increasing temperature to 80 °C, it is advisable to choose thiourea as
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one of the basic inhibitors for further studies. The nature of the thiourea molecule (S,N-atoms) ensures effective
adsorption and formation of protective complexes with iron ions, which reduces anodic activity and slows down
corrosion processes in high-salt and acidic environments.
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Fig. 1 — Corrosion protection efficiency when using thiourea inhibitor in 3 % NaCl solution
containing oil at 20 °C

Figure 1 clearly shows that the maximum degree of corrosion protection, which is 63.7 %, is observed at a
concentration of thiourea inhibitor of 50 mg/dm? at pH 8. In general, analyzing the data of the graph, we can state
the presence of a pronounced tendency to increase the degree of metal protection with increasing alkalinity of the
environment and increasing the amount of inhibitor introduced. This indicates that a change in acid-base conditions
is an important factor in regulating corrosion processes, and thiourea demonstrates the best parameters of action
precisely in the range of weakly alkaline pH values.
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Fig. 2 — Corrosion protection efficiency when using thiourea inhibitor in 3% NaCl solution
containing oil at 80 °C
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According to the results presented in Figure 2, it can be determined that the most optimal indicators of the degree
of corrosion protection were achieved at pH 6. The temperature regime of the experiment, which was 80 ° C, played
a key role and significantly influenced the final values. With a further increase in pH, a decrease in the effectiveness
of the inhibitory action is observed, which indicates the presence of an optimal pH limit, exceeding which leads to
the opposite effect and a decrease in the protective ability of the system..
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Fig. 3 — Corrosion protection efficiency when using thiourea inhibitor in 10% NaCl solution
containing oil at 20 °C.

Figure 3 shows the nature of the increase in the effectiveness of the inhibitor thiourea in a 10 % NaCl solution.
Based on the constructed dependence, it can be seen that optimally high values of the degree of protection are observed
at pH 9. The highest value was achieved at a dose of inhibitor of 50 mg/dm?, where the degree of protection is 40 %.
The obtained data confirm that an increase in the concentration of chlorides and an increase in the alkalinity of the
medium can activate the mechanisms of metal passivation with the participation of the inhibitor.
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Fig. 4 — Corrosion protection efficiency when using thiourea inhibitor in 10 % NaCl solution
containing oil at 80 °C
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Figure 4 shows the opposite trend — the effectiveness of the thiourea inhibitor decreases significantly at pH 7, 8
and 9. This is significantly influenced by the elevated experimental temperature of 80 °C, which becomes the
dominant factor determining the kinetics of the corrosion process. High temperature probably accelerates the diffusion
processes and destruction of protective films, which reduces the effectiveness of the inhibitory effect even with
increasing pH.

Conclusions. Analyzing the generalized results of the study of the influence of the thiourea inhibitor on the
course of corrosion processes in aqueous-salt environments, it can be concluded that at a solution temperature of
20 °C, the degree of metal protection from corrosion increases with increasing pH level of the environment. In
particular, in a 3 % NaCl solution, the highest degree of protection is 63.4 % and is observed at pH 8. For a 10 %
NaCl solution, the optimal value is recorded at pH 9, where the maximum degree of protection reaches 40 %. In both
cases, the best results were obtained at the same dose of the thiourea inhibitor — 50 mg/dm?, which indicates the
presence of an optimal concentration of the reagent, which provides the most effective passivation of the metal surface
under these conditions.

However, the results of experiments at a temperature of 80 °C demonstrate a significantly different pattern. At
increased pH values (7, 8, 9), a decrease in the effectiveness of the inhibitory effect of thiourea is observed, which
indicates a change in the mechanism of the corrosion process and possible destruction or instability of the formed
protective film at high temperatures. Increased temperature can accelerate diffusion processes, activate the
aggressiveness of chlorine ions and reduce the stability of inhibitory complexes on the metal surface.

At the same time, it is worth noting that at a temperature of 80 °C the inhibitor efficiency remains high in the
region of lower pH values (5 and 6). The highest protection rates are 53.5 % for 3 % NaCl solution and 78.3 % for
10 % NaCl, which demonstrates potentially more favorable conditions for the use of thiourea precisely in the weakly
acidic range at elevated temperatures. This suggests that the inhibitor exhibits different mechanisms of action
depending on the temperature of the environment and the acid-base balance, which is an important criterion in the
selection of optimal inhibitory protection parameters for industrial conditions.

Prospects for further research. Further research should focus on clarifying the mechanisms of thiourea
inhibition under different temperature and pH conditions. In particular, additional studies are needed to determine the
stability of the protective film at elevated temperatures, where a significant decrease in inhibitor efficiency is observed
in alkaline environments. Understanding the adsorption behavior and structural changes of thiourea complexes on the
metal surface will help optimize dosage and operating parameters.

It is also promising to investigate modified or combined inhibitor systems that could improve thermal stability
and efficiency in highly aggressive chloride media. Testing thiourea-based formulations in real industrial water
systems and varying salinity levels will provide practical validation of laboratory results and support the development
of effective corrosion control technologies.
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Kocmuna M. M., Hocauosa IO. B.

OIIHKA E®EKTUBHOCTI AMIJOMICHOI'O IHI'IBITOPA KOPO3Ii B MIHEPAJII3OBAHUX
BOJHO-HA®TOBUX CEPEJJOBHIIIAX

B oaniii pobomi 6yno demanvno docniodceno epexmusnicms iH2i0)y8aHH KOPOIIUHUX NPOYECI8 Y MIHEPANI308AHUX
600HO-HAPMOBUX Ccepedosuwlax npu GUKOPUCMAHHI [HZIOimopa mioceyosuna. AxmyanvHicmb 00CIONCeHHs
00yMo6IeHa MUM, WO 0OAAOHAHHS HADMO2aA3080i NPOMUCIOBOCMI NOCMIUHO NPAYIOE 8 ACPECUBHUX YMOBAX, Oe
NPpUCYmHi COTli, KUCEHb, CIPKOBOOEHb, 3MiHU memnepamypu ma pH, wjo 6 komniexci 3Ha4HO RPUCKOPIOE PYIHY8ANHS
Memanesux KoHcmpykyit. Buxopucmanns egpexmusnux i oocmynuux ineibimopie koposii 003680J5€ N0008ICUMU
EKCRIyamayiunul cmpox O0ONAOHAHHA, 3HUSUMU GUMPAMU HA DEMOHM | meXHiuHe 00CIY208Y8AHHA, A MAKONC
niosuwumu 6e3nexy npoMUCiIo8UxX NPoyecis.

YV Oocnioocenni eusnauenns egpexmusnocmi [HeIOY8aHHA MA WEUOKOCMI NPOMIKAHHA KOPO3Ii NpPo8oounocs 3d
00NOMO2010 MaAcoMempuyHo2o memoody. Lleil memoo, 3acHO8aAHUll HA BUMIPIOBAHHI 8MpaAmMu MAacu Memany nicis
nepeoysants y Kopo3iliHoMy cepedosuwyi Npomseom neeHo2o nepiody, 00360Js€ 6e3n0cepeOHbo OYIHUMU Pi6eHb
3axucHoi 0ii ineibimopa. J{ocnioni 3pazxku cmani niooasanucs GNaugy cepedosuiy 3 pisHow KOHYeHmMpayicio Xa0puoy
nampiio (NaCl), sminnumu noxasnuxamu pH ma memnepamyporo. Takuil nioxio 6i0meopioe ymosu, MaKcumaibHo
HAOAUINCEHT 00 eKCRIYAMAYIUHUX Y C8ePONOBUHAX MA MPYOONPOGIOHUX CUCTEMAX.

3a pesynemamamu nposedeHux excnepuMeHmis GCMAHOGIEHO, WO HallepeKmugnie IH2IOIMop mioceu08UHA
npossus cebe y cepedosuwyi 3 konyenmpayicio NaCl 3 % i 10 % npu pH 6-7 ma dozax 10—-50 me/om’. Came 3a maxux
VMO8 CHOCMEPI2ANOCs CYMMEBE 3HUNICEHHS WGUOKOCMI KOpPO3ii NOPIGHAHO 3 KOHMPOIbHUMU 3paskamu 0e3
ineioimopa. Ilosichenns ybo2o sA8uwa Modce 6ymu nog’szane 3 Qopmy8aHHAM WiNbHOIL 3AXUCHOT NAIBKU HA NOBEPXHI
Memarny, wo nepeuKo0Ncac KOHMAKmy 3 a2pecueHUMU IOHAMU XA0PUOIE.

Kpim moeo, sascnusum gpakmopom suseusca enius memnepamypu ma Kuciomuocmi cepedosuwya. Ilokasano, wo
npu crabkokuciomy pH ma niosuweniii memnepamypi 80 °C mioceyosuna demoHcmpyeana niosuujeni iHeioyoui
eracmusocmi. Lle cgiouumv npo ii 30amuicms aKmMuGHO 63AEMOOIAMU 3 NOGEPXHel0 Memany U cmabinizyeamu
3aXUCHUTL Wiap HABIMb 8 YMOBAX GUCOKOI KIHEMUYHOT aKMUBHOCI KOPOZIUHUX peakyiti. ¥ npomMuciosux ymosax maxi
napamempu € munosuMu, Wo pooums pe3yibmamu 00CIONCEHHsL 0COOIUBO YIHHUMU 0N RPAKMUKU.

Boonouac ompumani pezynomamu exazyiomv Ha me, wo iHeiOIMOp epekmusHUll i NPU HUICYUX MEMNepamypax.
3okpema, yacmuna eKCnepuUMeHMAaIbHUX OAHUX OeMOHCMPYE BUCOKULL PIBEHb 3AXUCMY MemAny 8 cepedosuiyax i3
@ixcosanum snauennsm pH npu memnepamypi 20 °C. Lle mooice bymu eaxciugum 0ist Cucmem 3 MeHUlL iHMeHCUBHUM
HacpieaHHAM abo npu mpaHcnopmyeanHi Hagmu i 600U HA NOBEPXHEBUX OLIAHKAX 0ONAOHAHHSL.

3acanom excnepumenm 008i6, WO MIOCEUOBUHA € NEPCHREKMUBHUM I[HSIOIMOPOM KOpO3ii 011 BUKOPUCMAHHS 6
MiHepanizo8anux 600Ho-Hagmosux cucmemax. Bona 30amua 3abe3neyumu eghekmusHuil 3axucm aK npu 6apito8anHi
memMnepamypHux ma KUCI0MHO-TYHCHUX YMO8, MAK i npu pi3Hiti KoHyenmpayii coneu y cepedosuwyi. Taxum yunom,
BUKOPUCMAHHS MIOCEYOBUHU 5K [H2IOImopa Kopo3ii Modice Ccymmeeo NioSUwumu HAOIIHICMb Memaneéo2o
0071a0HAHHA 8 HApMO2a308UO00YEHIL 2aY3i U 3HUBUMU MEXHOTI02TYHI PUBUKU, NO8 S3AHI 3 PYUHYBAHHAM MAMePIaiis.

Knrwuosi cnosa: soono-nagpmosi cepedosuwa, kopo3sis, ineioimop, memnepamypa, pH, pecypcoepexmugnicmo,
SAMKHYME cucmemi 6000KOPUCITYEANHSL
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