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RESERCH ON STRUCTURAL FEATURES AND PHYSICO-CHEMICAL
PARAMETERS OF PLANT-BASED BISIMIDAZOLINES

The intensive development of industry, the expansion of production processes, and the
improvement of key process parameters require the reliable operation of process equipment
and building structures. Reliable corrosion protection plays a key role in ensuring the
continuous operation of equipment. This article presents the results of a study of certain
structural features and physicochemical characteristics of bisimidazolines synthesized based
on a oxidized in the presence of manganese naphthate mixture of corn, palm, and cottonseed
oil fatty acids with triethylenetetramine. The aim of this study is to further investigate their
potential as corrosion inhibitors in preservative formulations. The cyclic structure of the
bisimidazolines is confirmed, and the intensity and optical density of the main functional
groups, as well as their solubility in various hydrocarbon environments are determined.
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Introduction

Corrosion affects various sectors, from energy and transport to petrochemicals and
construction. Globally, according to various estimates, the annual economic losses from
corrosion range from 3 to 4% of the world's gross domestic product (GDP), which is
equivalent to hundreds of billions of dollars. Corrosion also poses a significant threat to
ecosystems, as the destruction of structures like pipelines, storage tanks, and offshore
platforms can lead to leaks of chemicals, oil, and other toxic substances into the environment.
These leaks often result in ecological disasters, contaminating water, soil, and air, and
damaging flora and fauna.

Effective diagnosis of corrosion processes and the selection of appropriate protection
methods help reduce this percentage, increasing the economic efficiency of enterprises and
preventing emergency situations [1].

Among various protection methods, chemical-technological methods based on the use
of inhibitors occupy a special place [2, 3]. Organic compounds are a universal and effective
basis for their creation. Their efficiency can be significantly enhanced through structural
modifications, the use of composite systems, and the application of environmentally friendly
natural components. In the future, the development of organic inhibitors is focused on
creating complex, multifunctional protective compositions adapted to specific operating
conditions.

Thus, an analysis of inhibition methods reflected in modern scientific literature reveals
the following. There is active use of heterocyclic inhibitors and their salts [4]. Six-membered
aromatic heterocycles—pyridinium salts of alkylphenols—have been studied as biocides and
inhibitors of hydrogen sulfide corrosion in oil production [5]. Corrosion inhibitors for steel in
water-salt environments, which are fully conjugated organic compounds of quinone
derivatives, have also been investigated [6]. The six-membered polycyclic amine, urotropine,
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is used for inhibiting acid corrosion [7]. It has been established that protective layers formed
on the surface of 12Cr18Nil0Ti stainless steel in H,SO, solutions containing inhibitor
compositions based on a five-membered triazole derivative — HM®XAH-92, exhibit a
protective effect [8]. The corrosion rate of ferrous metals in hydrogen sulfide-containing
environments has been studied. The inhibitor contains an organic ammonia derivative and
aminotriazole or its derivative [9].

Imidazoline salts prove to be particularly effective, demonstrating resistance to
temperature fluctuations and chemical aggression [10]. The anti-corrosion protection of
metals in highly mineralized hydrogen sulfide-containing environments has been studied. The
corrosion inhibitor contains imidazoline derivatives in its active base [11]. The corrosion of
an API 5L X-70B pipeline was tested in the presence of an imidazoline derivative under
constant flow conditions in a brine solution containing kerosene [12]. The inhibition of mild
steel corrosion in a CO,-containing 0.5 M NaCl solution was investigated using imidazolines
having mono-, di-, and triphenyl substituents on C and N in CH,CH,;NH, and (CH,CH,;NH),
CH,CH;NH, suspensions [13]. The case of retarding the corrosion process of steel rebar in a
steam solution containing 3.5% NaCl in the presence of a specialized cationic imidazoline
quaternary ammonium salt inhibitor was considered [14]. The inhibiting properties of
imidazoline derivatives based on diethylenetriamine and natural petroleum acids have been
studied in a 1% aqueous sodium chloride solution saturated with carbon dioxide and in a
hydrogen sulfide environment [15]. The kinetic effect on the corrosion of Ct3 steel of
inorganic complexes of imidazoline derivatives, obtained from synthetic petroleum acids and
polyethylene polyamines with nitric acid, in a hydrogen sulfide environment was studied in
work [16].

In recent years, considerable attention has been paid to the development of
environmentally friendly corrosion inhibitors, based on plant compounds that contain
nitrogen-bearing functional groups. These substances are renewable, biodegradable, and less
toxic compared to traditional synthetic analogs. The advantages include: availability of raw
materials, absence of toxic components and heavy metals, biodegradability, and compatibility
with water treatment systems. Moreover, the growing popularity of biodegradable inhibitors
stimulates further research into the synthesis and modification of imidazolines based on plant-
derived raw materials to enhance their effectiveness and stability under various conditions
[17][18].

In this work, we present the results of studies on the structure and physicochemical
characteristics of bis-imidazolines synthesized based on a mixture of fatty acids (oxidized in
the presence of manganese naphthenate) of certain vegetable oils with triethylenetetramine
(TETA). The goal is the subsequent investigation of their potential as corrosion inhibitors in
the composition of lubricants and preservation fluids.

Experimental part

Corn, cotton and palm oils were used as the starting raw materials. The process of
isolating fatty acids from vegetable oils was carried out by hydrolysis. The oxidation of the
isolated acids was performed with atmospheric oxygen in the presence of a manganese
naphthenate catalyst according to the method presented in [19]. The synthesis of bis-
imidazolines was conducted following the procedure in [20]. Given the number of amine
fragments in the polyamine used, the ratio of acids to triethylenetetramine was taken as 2:1
for the preparation of bis-imidazolines.

The synthesized bis-imidazolines were identified by IR spectroscopy using an ALPHA
spectrometer (BRUKER, Germany) in the wavenumber range of 600-4000 cm *. The IR
spectra of the bis-imidazolines are presented in figures 1-3.
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Fig. 1. IR Spectrum of Bis-imidazoline synthesized based on a mixture of corn
oil acids (oxidized in the presence of Mn aphthenate) with triethylenetetramine.

The following absorption bands are observed in the IR spectrum of the sample
presented in figure 1:

« Deformation (721,1457 cm ™) and stretching (2816,2852,2922 cm %) vibrations of the
C—H bond in CH3 and CH; groups;

« Stretching (3006 cm %) vibrations of the C=C bond;

« Deformation (1547 cm ™ and stretching (3291 cm™?) vibrations of the N-H group;

« Stretching (1273 cm %) vibrations of the C—N bond;

« Stretching (1646 cm ™) vibrations of the C=N bond.
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Fig. 2. IR spectrum of bis-imidazoline synthesized based on a mixture of palm
oil acids (oxidized in the presence of Mn naphthenate) with triethylenetetramine.

The following absorption bands are observed in the IR spectrum of the sample
presented in figure 2:

« Deformation (721,1353,1456 cm™*) and stretching (2816,2851,2921 cm ™) vibrations
of the C—H bond in CH3 and CH,, groups;

« Deformation (1491,1547,1611 cm*) and stretching (3290 cm %) vibrations of the N-H
group;

« Stretching (1272 cm %) vibrations of the C—N bond;

« Stretching (1650 cm ) vibrations of the C=N bond.
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Fig. 3. IR Spectrum of bis-imidazoline synthesized from a mixture of cottonseed
oil acids (oxidized in the presence of Mn naphthenate) with triethylenetetramine.

The following absorption bands are observed in the IR spectrum of the sample

presented in figure 3:

« Deformation (721,1353,1457 cm ™) and stretching (2816,2851,2921 cm ™) vibrations
of the C—H bond in CH3 and CH,, groups;

« Stretching (3006 cm ™) vibrations of the C=C bond;
« Deformation (1548,1614 cm™*) and stretching (3294 cm™) vibrations of the N-H

group;

« Stretching (1273 cm %) vibrations of the C—N bond;
« Stretching (1648 cm ™) vibrations of the C=N bond.

Results and discussion
The intensities of the absorption bands and the optical densities of the C-N and C=N
bonds of the bis-imidazolines were studied. The results of the research are presented in table

1.
Table 1
Intensities of Absorption Bands and Optical Densities of Certain Bis-imidazoline Bonds
Intensity of absorption bands, | | Optical Density of Bonds, D
Sample Name C=N C-N C=N C-N
1648 cm™ 1273 cm™ 1648 cm™ | 1273cm?
Bis-imidazoline based on a
mixture of oxidized fatty 67.18 79.03 0.173 0.102
acids of corn oil
(MOACO) with TETA
Bis-imidazoline based on a
mixture of oxidized fatty 73.70 84.84 0.132 0.071
acids of palm oil
(MOAPOQ) with TETA
Bis-imidazoline based on a
mixture of oxidized fatty 71.46 82.12 0.146 0.085
acids of cottonseed oil
(MOACsO) with TETA
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The analysis of the absorption band intensities (1) for the C=N bonds at 1648 cm * in
the bis-imidazolines showed an increase in the sequence: MOACO (lc-n1648 cm™) = 67.18
— MOACsO (Ic=n1648 cm ™) = 71.46 — MOAPO (Ic=n1648 cm %) = 73.70.

The absorption band intensity for the C-N bond at 1273 cm™* changes in the same
order: MOACO (Ic.n1273 cm ™) = 79.03 — MOACSO (Ic.n1273 cm ™) = 82.12 — MOAPO
(Ic.n1273 cm ™) = 84.84.

A comparison of the optical density (D) of the C=N bonds at 1648 cm™* in the studied
bis-imidazolines is reflected in the following absolutely inverse intensity sequence: MOAPO
(Dc=n1648cm™) = 0.132 —> MOACsSO (Dc=n1648cm™) = 0.146 — MOACO (Dc=n
1648 cm ™) = 0.173.

The accumulation of the optical densities (D) of the C—N bonds at the 1273 cm™* peak
of the bis-imidazolines occurs in the following similar increasing sequence: MOAPO (Dc.n
1273 cm %) = 0.071 — MOACsO (D¢ 1273 cm™t) = 0.085 — MOACO (D ¢.n1273cm ™) =
0.102.

Some physicochemical characteristics of the synthesized bis-imidazolines were studied.
The research results are presented in table 2.

Table 2
Physicochemical characteristics of bis-imidazolines

Solubility indicators

Dropping
point
temperature,
°C

Elative
Sample Name | Appearance density,
ds?°, g/em?

Benzene
Gasoline
Ethanol

White
Spirit
DMFA

Bis-
imidazoline
based on a Viscous mass
mixture of light brown 0.940 34 + + + + +
oxidized fatty color
acids of corn
oil with TETA
Bis-
imidazoline
based on a
mixture of
oxidized fatty
acids of palm
oil with TETA
Bis-
imidazoline
based on a
mixture of
oxidized fatty
acids of
cottonseed oil
with TETA
Note:
 + - completely soluble
« + - soluble with cloudiness

Viscous mass

0,942 49 + + + + +
yellow color

Viscous mass
dark yellow 0,935 48 + + + + +
color

ISSN:3006-1318 49



N.R.Abdullayeva, R.Y.Kaziyeva, S.F.0hmadbayova, E.I.Ozizbayli

Conclusions
Based on the conducted IR spectroscopy studies, the cyclic structure of the bis-
imidazolines was proven, and the intensity and optical density of their main functional groups
were determined. An inverse relationship between these specified values (I and D) was
established. The investigation of the physicochemical characteristics of the bis-imidazolines
determined their solubility in various hydrocarbon media, dropping points, and density, which
varied within the range of 0.935 to 0.942 g/cm®.
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BITKI ©SASLI BiSIMIDAZOLINLORIN STRUKTUR XUSUSIYYOTLORININ
VO FIZIKI-KIMYBVIi XASSOLORININ ToDQIQI
XULASO

Acar sozlor: bisimidazolinlor, struktur, optiki sixliqg, intensivlik, hollolma

Sonayenin intensiv inkisafi, istehsal proseslorinin genislondirilmasi, osas proses
parametrlorinin tokmillogdirilmosi texnoloji avadanhiglarin vo tikinti konstruksiyalarinin
etibarli istismarini tolob edir. Korroziyadan etibarli qorunma avadanligin fasilosiz iglomasini
tomin edon todbirlor kompleksinin osas komponentidir. Mogalodo mangan naftenatin
istirakinda oksidlosmoys moruz galmis qargidali, palma, pambiq yag tursulart qarisigr vo
trietilentetramin asasinda sintez olunmus bisimidazolinlorin bazi struktur xiisusiyyatlorinin vo
fiziki-kimyoavi xassolorinin todqiqi naticalori togdim olunub. Mogsad onlarin sonradan
goruyucu torkiblordo korroziya inhibitorlari kimi potensialini miioyyan etmokdir.
Bisimidazolinlorin siklik qurulusu tosdiglonib, asas funksional qruplarin intensivliyi, optiki
sixliglart vo hamg¢inin miixtolif karbohidrogen miihitlords hallolma gabiliyyatlori miiayyan
olunub.
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Munucmepcmea Hayxu u Obpazosanus AP

UCCJIENOBAHUE CTPYKTYPHBIX OCOBEHHOCTEN 1 ®U3UKO-XUMHWYECKHX
ITOKA3ATEJIEM BUCUMUJIA3OJIMHOB PACTUTEJIBHOI'O ITPONCXOXIEHW A
PE3IOME

Kniouegvie  cnosa:  OMCUMUIA30JMHBI,  CTPYKTypa, ONTHYECKas  IUIOTHOCTb,
WHTECUBHOCTb, PACTBOPUMOCTh

MHTEeHCUBHOE  pa3sBUTHME  IPOMBIIUICHHOCTH, YBEJIMYEHUE  IPOM3BOACTBEHHBIX
IPOIIECCOB, TOBBIIICHHE OCHOBHBIX TEXHOJOIMYECKHX MapaMETpOB TPEOYIOT HaJEKHYIO
9KCIULyaTalU0 TEXHOJOTMYECKOro 00OpYAOBaHMs U CTPOUTEIbHBIX KOHCTpyKuuil. Ocoboe
MECTO B KOMIUIEKCE MEPOIPHUATHH 10 oOecrneueHno OecTpepbIBHON OSKCILTyaTaluu
000pyI0BaHUSI OTBOJUTCS HAJEXKHOM 3aluTe ero oT KOppo3uu. B crarke mnpencraBiieHbI
pe3yJIbTaThl UCCIIEOBAHUM HEKOTOPBIX CTPYKTYPHBIX OCOOEHHOCTEH U (PU3MKO-XUMUYECKUX
XapaKTEepUCTUK OMCHUMMIA30JMHOB, CUHTE3MPOBAaHHBIX HA OCHOBE CMECH OKHCIICHHBIX B
NPUCYCTBUHU HApTHATA MapraHIla )KUPHBIX KHCIOT KYKypy3HOTO, HAJIbMOBOTO U XJIOIIKOBOTO
Macel ¢ TPUITUICHTETPAMHHOM C LENbI0 JNaJbHEHINEro MCCIECNO0BaHUA HMX B KadeCTBE
MHIMOUTOPOB KOPPO3MM B KOHCEPBALMOHHBIX cocTaBaxX. IloaTBepikleHa IMKIMYEKCKas
CTPYKTypa OMCHMUAA30JIMHOB, ONpEAETICHbl HMHTEHCHBHOCTb, OINTHYECKass IUIOTHOCTh
OCHOBHBIX (YHKIMOHAJIBHBIX TPYNI, a TakkKe pacTBOPUMOCTb B Pa3jIU4HBIX
YIIIEBOAOPOAHBIX CPEaaXx.
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