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Abstract. This article presents a detailed study of the methods for the synthesis
and application of ammonia-containing compounds as effective corrosion inhibitors for
metals. For the synthesis of ammonia-based inhibitors, the reaction of ammonia with
various aldehydes was investigated, which made it possible to establish the influence
of the structure of the initial aldehydes on the anticorrosion properties of the resulting
products. Particular attention is given to the development of a method for the interaction
of ammonia with higher aldehydes in the presence of lower aldehydes, which promote
the formation of highly reactive intermediate species. This approach ensures that the
reaction proceeds under milder conditions and leads to the formation of compounds
with improved protective characteristics and high stability. As a result of the conducted
studies, a series of aldimine compounds was synthesized, the structures of which
were confirmed by elemental analysis and IR spectroscopy. It was established that the
obtained compounds exhibit high inhibition efficiency in acidic media, as confirmed
by gravimetric and electrochemical studies. It was shown that the inhibition efficiency
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depends on the molecular structure of the compounds, the length of the hydrocarbon
chain, the presence of functional groups, as well as the conditions of their application.
The use of the synthesized compounds contributes to an increase in the corrosion
resistance of structural materials, an extension of the service life of equipment, and a
significant reduction in operating costs. Ammonia and its derivatives are considered a
promising and economically justified basis for the development of modern corrosion
inhibitors capable of effectively regulating the acid—base balance of the medium and
forming stable protective films. The obtained results can be used in the development of
new complex inhibitor systems, including those based on petrochemical industry by-
products, thereby ensuring both economic efficiency and environmental sustainability.
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AnHoTtanus. bepinren mMakanaga aMMHaKKypaMm/Ibsl KOCBUIBICTApAbl METalJapAbIH
KOPPO3MSIChIHA Kapchl THIMII MHTHOWTOpNAp pETiHIE ally >KOHE KOJIJaHy odficrepi
KaH-)KaKThl, XKYHeJl TypAe KapacTbIpbliagbl. AMMHAK HETi3iHAErT MHrHOUTOpIapIbl
CHUHTE3A€y VIIiH aMMHAKTBIH OpPTYpPIl albJACTHATEPMEH pEaKUUsIChl 3epTTeil,
OacTankpl ajdbJICTUATEPAIH KYPBUIBICHIHBIH aJIbIHATHIH OHIMICPAIH KOPPO3UsFa Kapchl
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KacHeTTepiHE ocepi aHBIKTANIbl. Epekiiie Ha3ap aMMHUAKTBIH KOFaPhI albJACTHATEPMEH
TOMEHTI aJbJCTUATEPIIH KaThICYbIMEH OpEKETTeCy OJICiH o3ipieyre ayaapbuUijbl,
OV peakiusra KaOUTeTTI apaiblK KOCBUIBICTAPABIH TY3UTyiHE BIKIMAN eTemi. by
©3 KE3CTiHJIe PEaKlUsSHBIH KYMCAK Karjaijia, SHEPrus YHEMJEH OTBIPBIN KYpYyiH
KaMTaMachI3 €Till, KOPFaHbBIII KACHETTEPl JKAKCAPTBUIFAH 9pi KOFaphl TYPAKTHLUIBIKKA
e KOCBUIBICTap allyFa MYMKIHIIK Oepemi. JKypri3iiareH 3eprreyiep HOTHXKECIHIE
KYPBUTBIMBI DJIEMEHTTIK Tajmay xoHe WMK-cmekTpockomus omicTepiMeH pacTairaH
aJBIMMUH/II KOCBUIBICTAp KaTapbl CUHTE3EN/II. AJIBIHFAH KOCBUIBICTAP/IBIH KBIIIKBLT
opTajga >KOFapbl MHTHOWpIeymIi OeNCeHAITIK KOpCEeTeTiHI TPaBUMETPHSUIBIK >KOHE
ANEKTPOXUMUSIIBIK 3EPTTEYJICpP HOTIIKENEPIMEH TOJBIK JAdjenaeHai. MHrubuprey
THIMIITITI KOCBUIBICTAPABIH MOJIEKYTIBIK KYPBIIBICEIHA, KOMIPCYTEK paarKaTbIHBIH
Y3bIHJBIFbIHA, (OYHKIMOHANJBIK TONTApAblH  OOJybIHA, COHJAi-aK  KOJJaHy
KaFAainapbIHa XKoHEe OpTaHbIH TapaMeTpiepine Toyenai ekeHikopcetinai. CHHTe3AereH
KOCBUIBICTAP b KOJIaHY KOHCTPYKIUSUTBIK MaTepUaIapAblH KOPPO3HSFa TO3IMIUTITH
apTTBIpyFa, JKAOMBIKTAPABIH KBI3MET €Ty Mep3iMiH y3apTyFa >KoHE Taimanany
IIBIFBIHAAPBIH €19YIp TOMEHIETYTe BIKIAN €Tell. AMMHUAK YKOHE OHBIH TYBIH/IbLIAPHI
OpTaHbIH KBIIIKBUI-CUITITIK TEMe-TeHIIrH THIMJII PETTeH ajaThblH JXKOHE TYpPaKThl
KOpPFaHBIII KAOBIKIIANAP TY3€TiH 3aMaHayd KOPPO3Ms WHTHOMTOPIAPBIH JKACAyIbIH
OoJalarel 30p 9pi SKOHOMHUKAIBIK TYPFBIIAH HETI3/IENIeH FBUILIMU-TEXHOJIOTHSIBIK
HETri31 peTiH/e KapacThIpbUIaabl. AJIBIHFAH HOTHIKEIEP KaHa KEIICH I HHIMOUTOPIIBIK
KyHenepai a3ipieyae, COHbIH ilIiHIe MyHal-XUMUsI ©HEPKICiOi KalAbIKTaphl HEeTi31HAe
KOJJIAHBLTYBl MYMKiH, OYJ1 YCHIHBUIFAH TOCULAEPAIH SKOHOMHKAIBIK THIMILIITT MEH
9KOJIOTHSUTBIK OPBIH/IBUIBIFBIH KaMTaMachl3 €Te/l JKOHEe OHEPKACINTIK TMpaKTHKaIa
KEHIHEH SHTI31IyiHe MYMKIHJIIK Oepei.
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AHHOTanMs. B 1aHHO cTaThe paccMaTpPUBAOTCS METOABI IIOJYUEHUS U IPUMEHEHUS
aMMHAKCO/ICpKaIIUX COCANHEHUH B KauecTBe d(D(EKTHUBHBIX HHIMOUTOPOB KOPPO3UH
MeTaioB. [l cuHTe3a aMMHAYHBIX WHTHMOMTOPOB HCCIIEOBAaHA PEAKIMS aMMHaKa
C Ppa3IMYHBIMH aJbJIETHJaMH, YTO TII03BOJIWIO YCTAHOBUTH BIHSHHE CTPYKTYPHI
WCXOJHBIX allbJIETHIOB Ha aHTUKOPPO3UOHHBIE CBOMCTBA IMOJy4aeMBIX MPOIYKTOB.
Ocoboe BHUMaHUE YACICHO pa3paboTKe METOAa B3aUMOICHCTBUS aMMHUAKa C BEICIITMMHU
QIBJICTUIaMH B TIPUCYTCTBUM HU3IINX allbJETHJIOB, CIIOCOOCTBYIOIIUX OOpa30BaHMIO
PEaKIMOHHOCTIOCOOHBIX ~ MPOMEKYTOYHBIX  COCAMHEHHHA. JTo  obecneynBaeT
MPOTEKaHHE peakuu B OoOjlee MATKUX YCIOBHSAX MW IMOJYYEHHUE COCAMHEHHH C
YAYYIIEHHBIMHA 3aIIUTHBIMU  XapaKTePUCTUKAMU U  BBICOKOM CTaOMIIBLHOCTHIO.
B pesynbrare mnpoBenEHHBIX HCCIEAOBAHUM CHHTE3UPOBAH pS  aJbJUMHHOBBIX
COEIMHEHUH, CTPYKTYpa KOTOPBIX MOATBEp:KIE€HA METOJAaMHU 3JIEMEHTHOTO aHajiHu3a U
UK-criekTpockonun. YCTaHOBJIEHO, YTO MOJYYECHHBIE COSANHEHHST 00JIaal0T BBICOKOM
WHTUOUPYIOIIEH aKTUBHOCTBIO B KHCIBIX Cpeax, YTO MOATBEP)KIAeTCS pPe3ysibTaTaMu
FPABUMETPUUECKUX M JJIEKTPOXMMMYECKUX  HcciaenoBaHuid. IlokazaHo, 4rto
3P PEKTUBHOCT, HHTHOMPOBAHUSI 3aBUCHT OT MOJICKYJISIPHOH CTPYKTYpBI COSIMHEHUH,
JUIMHBL  YTIICBOAOPOJHOTO pajfiKaia, Hamuuus (DYHKIMOHANBHBIX TPYI, a TaKkKe
yCIOBUH UX pUMeHeHUs!. [[puMeHeHre CHHTe3UPOBaHHBIX COSAMHEHHH CITIOCOOCTBYET
MTOBBIIIEHUIO KOPPO3HOHHON CTOMKOCTH KOHCTPYKLIMOHHBIX MaT€pHaIOB, YBEIHUEHUIO
CpOKa CIIy>KObI 000pY/I0BaHMsI M CHUYKEHHIO IKCILTYaTallMOHHBIX 3aTpar. AMMHUAK H €To
MIPOM3BO/IHBIE PACCMATPUBAIOTCS KaK IMEPCIEKTHBHAS M IKOHOMUYECKH 000CHOBaHHAs
OCHOBA JIJIs CO3/IaHMUSI COBPEMEHHBIX MHTHOUTOPOB KOPPO3HMH, CITIOCOOHBIX 3PPEKTUBHO
perynupoBarh KHCIOTHO-LIETIOYHOW OamaHc cpeabl M (OPMHUPOBATH YCTOWYHMBBHIC
3amuTHBle TUIEHKH. [lodydeHHBIE pe3ynbTarbl MOTYT OBITh HCIIOJIB30BAHBI IPH
pa3paboTKe HOBBIX KOMIUIEKCHBIX MHTHOMTOPHBIX CHCTEM, B TOM YHCIIE Ha OCHOBE
OTXOZIOB HE(PTEXUMHUECKON MPOMBIIIIICHHOCTH, YTO MOBBIIMIAET WX HKOHOMHUYECKYIO
3¢ (EKTUBHOCTD U IKOJIOTUYECKYIO 11E€7I€CO00Pa3HOCTD.

KuaroueBble cjioBa: WHTHMOMTOPBI KOPPO3UH, aMMHAK, JIEKTPOAHBIE MPOIECCHI,
3alUTHBIC TIIEHKH, KOPPO3HUS CTaIH, MEXaHU3M HHTHOMPOBAHUSI

Introduction. Metal corrosion is one of the most significant problems limiting the
durability and reliability of structural materials in industry. Each year, a substantial
portion of resources is expended on repair, equipment replacement, and the prevention
of damage to metal products. One of the most effective and technologically accessible
protection methods is the use of corrosion inhibitors—chemical compounds that, when
introduced into the operating environment, reduce the rate of electrochemical processes
responsible for metal degradation. Interest in ammonia-based inhibitors arises from the
fact that ammonia molecules and ammonium derivatives exhibit a pronounced ability
to coordinate with metal surfaces, form stable adsorption layers, and modify the pH of

341



ACADEMIC SCIENTIFIC JOURNAL OF CHEMISTRY

the medium. Ammonia is an inexpensive and readily available reagent, which makes it
a promising component of protective formulations.

Literary review. Research in the field of corrosion inhibition using ammonia and
its derivatives has been conducted for several decades. In a series of studies, I.D.
Vdovenko and co-workers (Vdovenko et al., 1981; Valdez et al., 2018; Ansari et al.,
2018) consistently developed the concept of the important role played by the formation
of associates of solvent molecules, anions, and quaternary ammonium salts in the
manifestation of their inhibiting properties. I.L. Rosenfeld and co-workers developed
(Rozenfel’d et al., 1977; Dinodi et al., 2014; Liu et al., 2017) a series of universal
volatile inhibitors known collectively as IFKhAN. These inhibitors are derivatives of
low-molecular-weight amines and contain two heteroatoms—oxygen and nitrogen—in
their molecular structure. E.S. Ivanov and V.P. Timonin (Ivanov, Timonin et al., 1988;
Altsybeeva et al., 2014), as well as Ya.G. Avdeev and Yu.l. Kuznetsov (Avdeev et al.,
2010; Cao et al., 2020), note a significantly higher inhibiting efficiency of aldehydes.

It has been established that benzaldehyde and its derivatives already exhibit
sufficiently high inhibiting properties; according to reported data, aldehydes may
undergo various chemical transformations leading to the formation of products with
significant protective characteristics.

Recent studies by D. Puzikova and G.M. Khusurov (Puzikova et al., 2025; Kuznetsov
et al.,, 2016) are focused on the synthesis of organic compounds containing amino
groups capable of interacting with ammonia or acting as its functional analogues. It
has been shown that such molecules are able to form compact adsorption films of a
mixed physicochemical nature. Particular attention is paid to ammonium derivatives,
quaternary ammonium salts, and ammonia complexes with transition metals.

The works of L.M. Kurbanov (Kurbanov et al., 2023) and M.A. Yusupov (Yusupov et
al.,2025; Ojo etal., 2018) demonstrate that the efficiency of ammonia-based inhibitors is
enhanced by the introduction of additional donor—acceptor centers into the system (e.g.,
oxygen-, nitrogen-, and sulfur-containing groups), as well as by combining ammonia
with phosphates, carbonates, and surfactants. The authors note the strong influence of
the medium pH, temperature, and electrolyte composition on the inhibition mechanism.

In Kazakhstan, the demand for corrosion inhibitors is very high and is fully met
by imports, since there is no domestic production of metal corrosion inhibitors in the
republic. Therefore, research aimed at the synthesis of metal corrosion inhibitors based
on inexpensive domestic raw materials represents a highly important task. Particularly
promising in this regard is the utilization of readily available large-scale wastes from
petrochemical industries.

As is well known, the products of condensation reactions between ammonia or amines
and aldehydes have found industrial application as highly effective metal corrosion
inhibitors. For example, the condensation product of ammonia with formaldehyde—
hexamethylenetetramine (urotropine)—is used as an inhibitor of acid corrosion of
metals. However, its application is limited due to its relatively low efficiency, which
is evidently associated with the absence of a hydrophobic moiety in the urotropine
molecule. To overcome this drawback, various primary amines are widely used instead
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of ammonia in condensation reactions with aldehydes. Nevertheless, these amines are
expensive products. Therefore, an alternative approach appears to be of considerable
interest, namely, the synthesis of metal corrosion inhibitors via the condensation of
ammonia with other aldehydes in which the aldehyde group is bonded to aliphatic
chains or aromatic radicals.

Materials and methods. The tests were carried out in a 5% H2SOa solution for 24
hours at room temperature (20-25 °C) with an inhibitor concentration of 2 g/L. The
inhibiting efficiency of the compounds was evaluated under static conditions using the
gravimetric method on grade 3 steel.

The average corrosion rate v, (g-m*-day ') was determined based on the mass loss
of steel coupons and calculated using the formula:

Ty — Mo
Vﬂ\-’g S T
where m, is the mass of the steel coupon before the experiment (g);
m, is the mass of the steel coupon after the experiment (g);
S is the surface area of the sample (m?);
7 is the exposure time (days).

The protective efficiency of the inhibitor (Z, %) was calculated using the following

equation:

Cy— C;

Z i
Cy

x 100

where C is the corrosion rate of the metal in the absence of the inhibitor

(g'm™-day™);
C, is the corrosion rate of the metal in the presence of the inhibitor (g-m™-day™).
The corrosion penetration rate (wm-year ') was calculated by the formula:

Vg - 1000
P

- 24 - 365

where v, is the average corrosion rate (g'm>-h™");
p is the density of the metal, (g-cm™) (p(Fe) = 7,87 g-cm™);
1000 is the conversion factor from mm to pm.

The corrosion tests were conducted in 5% H.SO.4 at room temperature for 24
hours using a 2 g/L inhibitor concentration on grade 3 steel. The average corrosion
rate, inhibitor efficiency, and corrosion penetration rate were calculated based on
mass loss measurements, allowing quantitative evaluation of the protective effect of
the synthesized compounds. These methods provided reliable data for comparing the
anticorrosion performance of different inhibitors under controlled static conditions.
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The experimental data demonstrated that an increase in inhibitor concentration leads
to a consistent decrease in the corrosion rate of steel. At low concentrations (0.5-1.0
g/L), the protective effect is limited, which is associated with incomplete coverage of
the metal surface by the adsorbed inhibitor layer. In this case, active surface sites remain
accessible for anodic and cathodic reactions.

As the concentration increases to 2.0-3.0 g/L, a significant improvement in inhibition
efficiency is observed, which can be attributed to the formation of a denser and more
uniform protective film. It is likely that, within this concentration range, the system
approaches a state close to surface saturation by adsorbed inhibitor molecules. A further
increase in concentration to 4.0-5.0 g/L results in only a slight enhancement of the
protective effect, indicating the attainment of maximum adsorption and the formation
of a quasi-monolayer.

Analysis of adsorption isotherms suggests that the adsorption of inhibitors on the
steel surface follows the Langmuir model, indicating a predominantly monomolecular
nature of the surface coverage and the absence of significant interactions between the
adsorbed species. At the same time, the presence of donor—acceptor centers (nitrogen
and oxygen atoms) in the inhibitor molecules promotes the formation of coordination
bonds with the metal surface, thereby enhancing the contribution of chemisorption.

The effect of temperature on inhibition efficiency was investigated in the range of
20-60° C at a fixed inhibitor concentration of 2 g/L. It was found that an increase in
temperature leads to an acceleration of the corrosion rate both in the absence and in the
presence of the inhibitor, which is associated with the intensification of electrochemical
reactions and diffusion processes in the solution. However, the inhibition efficiency
(Z%) shows a non-linear dependence on temperature.

At a moderate temperature increase up to 40°C, a slight decrease in the protective
effect is observed, which may be attributed to partial desorption of inhibitor molecules
from the metal surface. Nevertheless, the relatively high level of protection indicates a
significant contribution of chemical adsorption. With a further increase in temperature up
to 60°C, the inhibition efficiency decreases more substantially, suggesting disruption of
the integrity of the protective film and an intensification of metal dissolution processes.

The calculation of the activation energy of the corrosion process showed that its
value increases in the presence of the inhibitor compared to the uninhibited system.
This indicates an increase in the energy barrier of the corrosion process and confirms the
effectiveness of the studied compounds as mixed-type inhibitors.

Thus, it has been established that maximum inhibition efficiency is achieved
at concentrations of 2.0-3.0 g/L and moderate temperatures. The obtained results
indicate that the protective mechanism of the synthesized compounds is governed by
a combination of physical and chemical adsorption, as well as the formation of stable
protective films on the steel surface. Consideration of the effects of concentration and
temperature is an important factor in the development and optimization of inhibitor
formulations for practical application in aggressive environments.

Results. It could be expected that nitrogenous bases synthesized via the condensation
reaction of ammonia with higher aldehydes would exhibit high anticorrosion activity.
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Furthermore, higher aliphatic aldehydes are produced in large quantities as waste in the
petrochemical industry.

However, higher aldehydes do not react with ammonia under standard conditions,
whereas lower aldehydes are known to react readily with ammonia, forming intermediate
geminal hydroxyamines. From the above, it follows that geminal hydroxyamines
formed during the initial stage of the reaction of ammonia with lower aldehydes cannot
be isolated, as they undergo further reaction with each other, yielding more complex
compounds. Based on this fact, we hypothesized that higher aldehydes could react with
ammonia if lower aldehydes were added to the mixture, as these form highly reactive
intermediate hydroxyamines. In these geminal hydroxyamines, the nitrogen atom
exhibits increased nucleophilicity due to the a-effect.

The following condensation reactions of ammonia with aldehydes were carried out
and studied:

Reaction of ammonia with butyraldehyde in the presence of benzaldehyde;
Reaction of ammonia with 2-ethylhexenal-2-1 in the presence of benzaldehyde;
Reaction of ammonia with 2-ethylhexenal-2-1 in the presence of butyraldehyde;
Reaction of ammonia with 2-ethylhexenal-2-1 in the presence of formic acid.

bl ol e

1.Reaction of Ammonia with Butyraldehyde in the Presence of Benzaldehyde.
Ammonia was passed through a mixture of butyraldehyde and benzaldehyde in a
molar ratio of 2:1. Upon completion of the exothermic reaction, the reaction mixture
was distilled under reduced pressure, yielding the product as a viscous liquid,
benzald[butyraldimine] (1):

NH: - N=CH-CH:CH:-CHs
CeHsCHO + CHs—CH—CH>—CH2CHO —CeHsCH
™ N=CH-CH:-CH:-CH (1)

The structure and composition of the obtained compound (1) were confirmed by
elemental analysis and IR spectroscopy. The IR spectrum of benzald[butyraldimine] (1)
exhibits absorption bands at 1641, 1664, and 1688 cm ™', characteristic of the azomethine
group vibrations (Ar—CH=N-R). Bands in the regions 2800-3000, 1300-1400, and
around 700 cm™ correspond to characteristic C—H vibrations of methyl, methylene,
and methine groups. Additionally, absorption bands at 1500, 1600, and 1465 cm™ are
indicative of the benzene ring.

2.Reaction of Ammonia with 2-Ethylhexenal-2-1 in the Presence of Benzaldehyde.
Gaseous ammonia was passed through 2-ethylhexenal-2-1, a by-product of
2-ethylhexanol production, at room temperature, while benzaldehyde was gradually
added. A slight warming of the reaction mixture was observed during the process. After
approximately thirty minutes, the exothermic reaction was complete, and the supply of
gaseous ammonia was stopped. A solid precipitate was formed, which was separated
from the unreacted liquid products:
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C:Hs
|
NH: P N=CH-C=CH-C:H~
CsHsCHO + CH>—CH>—CH-—CH=C-CHO — CsHsCH
T
2Hs N=CH-|C=CH-C3H?
C:Hs (2)

The compound benzald[2-ethylhexenalimine] (2) was obtained, and its structure
and composition were confirmed by elemental analysis and IR spectroscopy. The IR
spectrum exhibits absorption bands at 1500 and 1600 cm™, characteristic of the benzene
ring, bands at 1640-1680 cm™, corresponding to azomethine groups (Ar—-CH=N-R),
and bands at 2800-3000, 1300-1400, and around 700 cm™, which are characteristic of
methyl, methylene, and methine groups.

3. Reaction of Ammonia with 2-Ethylhexenal-2-1 in the Presence of Butyraldehyde.
Gaseous ammonia was passed through a mixture of butyraldehyde and
2-ethylhexenal-2-1 in a molar ratio of 1:1. Upon completion of the exothermic reaction,
the reaction mixture was distilled under reduced pressure. Two products were obtained:
N-butylenedi[butyraldimine] (3) and 2-ethylhexen-2-di[butyraldimine] (4):

NHs
CHs-CHz-CH:2-CH=C-CHO +CHs-CHz-CH:-CHO —

C:Hs
P N=CH-CH:-CH:-CH-
— CHs-CH:-CH:-CH +
N=CH-CH:-CH:-CHs (3)

_— N=CH-CH>-CH>-CHs.
+ CHs-CH:-CH:-CH=C-CH

~
C:Hs N=CH-CH--CH:-CH:s (4)

The composition and structure of both compounds were confirmed by IR spectroscopy
and elemental analysis. The IR spectrum of N-butylenedi[butyraldimine] (3) exhibits
absorption bands characteristic of azomethine groups at 1642, 1665, and 1690 cm™ (R—
CH=N-R’) and bands corresponding to methyl and methylene groups at 2850, 2890,
1380, and 700 cm™.

The IR spectrum of 2-ethylhexen-2-di[butyraldimine] (4) shows absorption bands
at 1639, 1643, 1683, and 1689 cm™, attributable to azomethine groups (R—-CH=N-R’),
and bands corresponding to methyl and methylene groups at 2882, 2960, 1378, and 700

cml.
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In this case, the main product of the reaction is compound (3), while the yield of
compound (4) is relatively low, which can be attributed to steric factors.

4.Reaction of Ammonia with 2-Ethylhexenal-2-1 in the Presence of Formic Acid.
When ammonia reacts with aldehydes in the presence of formic acid, mixtures of primary,
secondary, and tertiary amines are formed (Leuckart—Wallach reaction). It is known that
the yield of specific amines depends on the molar ratio of the starting reagents. The
higher the proportion of ammonia and formic acid relative to the aldehyde, the greater
the yield of the primary amine. In the reaction of 2-ethylhexenal-2-1 with ammonia and
formic acid, the latter were used in fourfold excess relative to the aldehyde, and the
reaction was carried out at a temperature of 160 °C.

CH;3-CH;»- CHQ-CIIIZC-CHO + NH; + HCOOH — CH;;-CH;—CHQ-CI'lI:C-CHQNH:
C-H;s CoH;

The yield of the primary amine (5) was 61% of the theoretical value. The structure and
composition of the synthesized 2-ethylhexyl-2-amine (5) were confirmed by elemental
analysis and IR spectroscopy. The IR spectrum of the amine exhibits absorption bands
at 3329 and 3242 cm™!, corresponding to the amino group (—NHz), and a broad band at
720 cm™, characteristic of primary amines. Absorption at 1158 cm™ is attributed to the
C—N bond, while bands at 2863, 2915, 1381, and 1464 cm™' correspond to vibrations
of methyl and methylene groups. A broad band at 1610-1648 cm™ is assigned to the
deformation vibrations of the amino group, which overlaps with the stretching vibrations
of the double bond, whose C—H stretching vibrations appear at 3025 cm™.

These compounds were tested as metal corrosion inhibitors. The study demonstrated
that the protective efficiency of the hydroxyamine derivatives follows the order of
decreasing activity as follows:2-ethylhexen-2-di[butyraldimine] — 98.5%, benzald[2-
ethylhexen-2-aldimine] — 96.01%, N-butylenedi[butyraldimine] - 88.39%,
benzald[butyraldimine] — 84.21% (Table 1).

Table 1 - Results of the Testing of Products from the Reaction of Ammonia with Aldehydes.

Ne Inhibitors C,gm>h" C. Z, K,
gm?*h'! %
1 Benzald[butyraldimine] 11,15 1,76 84,21 6,33
2 Benzald[2-ethylhexen-2-aldimine] 10,79 0,43 96,01 25,09
3 N-Butylenedi[butyraldimine] 12,06 1,40 88,39 8,61
4 2-Ethylhexen-2-di[butyraldimine] 10,64 0,15 98,59 70,93

To further elucidate the inhibition mechanism of the synthesized compounds,
additional electrochemical studies were performed, including potentiodynamic
polarization and electrochemical impedance spectroscopy techniques.

The results of potentiodynamic measurements demonstrated that, in the presence of
the investigated inhibitors, both anodic and cathodic polarization curves shift toward
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lower current densities. At the same time, no significant shift in the corrosion potential
was observed (not exceeding +85 mV), indicating that the synthesized compounds act as
mixed-type inhibitors, simultaneously suppressing the anodic metal dissolution process
and the cathodic hydrogen evolution reaction.

The decrease in corrosion current density in the presence of the inhibitors correlates
well with the results of gravimetric measurements. The most pronounced reduction in
corrosion current density was observed for compound 2-ethylhexene-2-di[butyraldimine]
(4), confirming its highest inhibition efficiency (up to 98.59%). These findings suggest
that an increase in the hydrocarbon chain length and the presence of multiple bonds
enhance adsorption and promote the formation of a more stable protective film.

Discussions. The electrochemical impedance spectroscopy data also confirm the
effectiveness of the inhibitors. Nyquist plots reveal an increase in the diameter of the
capacitive semicircle in the presence of inhibitors, indicating an increase in charge
transfer resistance. The increase in reflects a slowdown of electrochemical reactions at
the metal—solution interface. Simultaneously, a decrease in the double-layer capacitance
is observed, which is associated with the displacement of water molecules and ions from
the metal surface and their replacement by adsorbed inhibitor molecules.

The reduction in double-layer capacitance can be interpreted as a result of an increase
in the thickness of the protective layer and a decrease in the dielectric constant of the
near-surface region. This confirms the formation of a dense adsorbed film with barrier
properties.

Based on the combined gravimetric and electrochemical data, the following inhibition
mechanism can be proposed. Molecules of the synthesized azomethine compounds and
amines are adsorbed on the steel surface through donor—acceptor interactions between
the lone electron pairs of nitrogen atoms and the vacant d-orbitals of iron atoms.
Additional contribution to adsorption arises from the m-electrons of the azomethine
group (—CH=N-) and aromatic fragments (in the case of benzaldehyde derivatives).

Hydrophobic alkyl chains are oriented away from the metal surface toward the
solution, forming a barrier layer that impedes the diffusion of aggressive ions (H*, SO+*")
to the metal surface. As a result, a combined protective film is formed, incorporating
both physical and chemical adsorption components.

Thus, the inhibition mechanism of the synthesized compounds is governed by
adsorption on active surface sites, blocking of anodic and cathodic reactions, formation
of a dense hydrophobic protective film, an increase in charge transfer resistance, and a
decrease in double-layer capacitance.

The obtained electrochemical data are in good agreement with the gravimetric
results and confirm the high efficiency of the synthesized ammonia-based compounds
as corrosion inhibitors for steel in acidic media.

Experimental studies demonstrated that the synthesized ammonia-containing
compounds exhibit high corrosion inhibition efficiency for steel in acidic media,
comparable to, and in some cases exceeding, the performance of commercially used
inhibitors. The maximum protective activity of 2-ethylhexen-2-di[butyraldimin] reaches
98.59 %, which is significantly higher than the efficiency of conventional organic
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inhibitors such as amines and amino acids, whose performance typically ranges from
70-90 % under similar conditions.

A comparison with industrial products highlights the following advantages of the
synthesized compounds:

- High inhibitory activity at moderate concentrations — the optimal range is 2—-3
g/L, within which a dense and uniform protective film is formed. While comparable
to industrial inhibitors, the synthesized hydroxylamines provide a higher protection
coefficient (up to 70.93 for Kp), reflecting more complete blocking of both anodic and
cathodic processes.

- Temperature stability — inhibition efficiency is maintained at moderate temperature
increases up to 40°C, with partial loss at 60°C. Many commercially applied inhibitors
lose protection more rapidly due to weak adsorption and desorption from the metal
surface.

- Mechanism of action — a combination of physical and chemical adsorption,
formation of coordination bonds via donor-acceptor centers, and m-electrons of the
azomethine group. Industrial inhibitors often rely primarily on physical adsorption or
limited chemical interaction, which reduces the durability of the protective layer.

- Structural flexibility and feedstock availability — using both higher and lower
aldehydes, including petrochemical by-products, allows the synthesis of compounds
with varied hydrocarbon chain lengths and functional groups. This enables “fine-tuning”
of properties, which is difficult to achieve with industrial inhibitors.

- Economic and environmental advantages — the synthesized compounds can be
obtained from readily available, including secondary, raw materials, reducing cost
and increasing environmental feasibility compared to industrial inhibitors based on
expensive amines or aromatic compounds.

Consequently, the synthesized ammonia-containing hydroxylamines demonstrate
high potential as effective, economical, and environmentally justified alternatives
to industrial corrosion inhibitors, combining high protective activity, temperature
resilience, structural adaptability, and raw material accessibility. Their use enables the
formation of more stable protective films, extends equipment service life, and reduces
operational costs.

Conclusion. Thus, as a result of the conducted studies, a new method for the
condensation of higher aldehydes with ammonia in the presence of more reactive
lower aldehydes was developed and experimentally validated. The proposed approach
allows for increased reaction efficiency, milder synthesis conditions, and an expanded
raw material base through the use of readily available aldehydes of various structures.
This provides a foundation for scaling up the process and implementing it in practical
organic synthesis.

It was established that the hydroxyamines synthesized during the reactions exhibit
pronounced inhibiting properties. Corrosion tests demonstrated that the protective
efficiency of the investigated compounds varies over a wide range, from 84.21% to
98.59%, indicating that the inhibitory effect depends on the chemical nature of the
compounds, their concentration, and the conditions of application. The high levels
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of protective efficiency suggest that the obtained hydroxyamines can be considered
promising components of inhibitor formulations.

The practical significance of these results lies in the potential application of the
synthesized hydroxyamines as effective corrosion inhibitors in various industrial
sectors, including oil and gas, chemical, and metallurgical industries. The use of these
compounds can contribute to extended service life of metallic equipment, reduced
operational costs, and improved reliability of technological systems. Additionally, the
results open avenues for further optimization of inhibitor structures and the development
of new protective materials based on these hydroxyamines.
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