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Abstract 

Metals corrosion is serious problems in most industries. This problem can be 

mitigated by adding special chemicals capable of being adsorbed on metallic 

surfaces. Efficient materials should be rich in functional groups containing 

heteroatoms and/or pi bonds for supporting their adsorb ability on surfaces. An 

overview of modern literature based on the use of nitrogen-containing organic 

compounds as inhibitors of corrosion in an aqueous medium is reviewed. It is 

established that they are most effective and widely used inhibitors and 

efficiency of them depends on several factors. The several new imidazolin 

containing inhibitors have been synthesized and have been made to correlate 

the inhibition efficiency with these factors 
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Corrosion of metallic constructions is a serious problem in most industries worldwide.  

The cost of corrosion greatly impacts the economics of industrialized nations. That can be 

controlled via addition of special chemicals having adsorption capability on metal surfaces and 

hence isolating it from the aggressive environment. The use of organic inhibitor compounds has 

proven to be one of the most practically effective methods for mitigating metal corrosion in 

various aggressive media. Heterocyclic organic compounds containing nitrogen, sulfur and 

oxygen atoms are often used to protect from corrosion of metals. Their inhibiting role is based on 

excellent ligand abilities and formation of stabile metal complex. There exists an empirical rule 

that the general trend in the inhibition efficiencies of molecules containing heteroatoms is such 

that O<N<S [1]. In this paper, we would like to consider in more detail nitrogen containing 

corrosion inhibitors.  

Three quaternary ammonium gemini surfactants were synthesized, characterized, and 

evaluated as corrosion inhibitors for carbon steel in oil well formation water containing sulfide 

ions. The corrosion inhibition efficiency was measured by using electrochemical impedance 

spectroscopy (EIS) and potentiodynamic polarization techniques. It was found that the inhibition 

efficiency increased with increasing length of the alkyl group attached to the 

tertiary nitrogen atom. The adsorption of the inhibitor molecules on carbon steel surface was 

found to follow the Langmuir adsorption isotherm [2]. The corrosion inhibition of modified 

natural product 2-hydroxypropyltrimethyl ammonium chloride chitosan (HACC) for carbon steel 
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in 0.25 M H2SO4 solution was studied through four methods including weight loss method, 

potentiodynamic polarization curves, EIS and scanning electron microscopy (SEM) techniques. 

The concentration of HACC and solution temperature affected HACC inhibition efficiency. The 

weight loss results indicated the high HACC concentration and low temperature lead to good 

inhibition. HACC was a mixed inhibitor by retarding both anodic and cathodic processes 

simultaneously. Standard free adsorption energy Delta G was calculated and discussed. The 

adsorption of HACC obeyed the Langmuir isotherm and was of spontaneous characteristic 

accompanied by joint physisorption and chemisorption. [3]. The influence of the temperature on 

the inhibitive properties of seven mono- and dicationic quaternary ammonium bromides on mild 

steel was investigated in 1 M HCl and 1 M H2SO4. Impedance, polarisation resistance and 

polarisation curves methods were used. Two adequate structural models of the interface metal 1 

M HCl + inhibitor were proposed to describe the processes in different temperature ranges. 

Conclusions were made about the inhibitors' adsorption type [4]. The amide-

containing compositions based on sunflower oil and nitrogen-containing bases, monoethanol-

amine, diethanolamine with subsequent synthesis of their sulfate derivatives have been 

synthesized. The prepared products have been tested as carbon dioxide corrosion inhibitors, 

biocides steel in relation to different bacterial cells, oil-collectors and oil-dispersers of the thin 

oil film on aqueous surface [5]. The influence of 8-fluoro-3-methyl-9-(4-methylpiperazin-1-yl)-

6- oxo-2,3-dihydro-6H-1-oxo-3a-aza-phenalene- 5-carboxylic acid or levofloxacin (P1) and 

newly synthesized 8-fluoro-3-methyl-9-(4-methyl-piperazin-1yl)- 6-oxo-2,3-dihydro-6H-1-oxa-

3a-aza-phenalene-5-carboxylic acid-(5-methyl-pyridin-2-yl)-amide (P2) on corrosion inhibition 

of mild steel in 0.5 M hydrochloric acid solution was studied using weight loss and 

electrochemical techniques. Inhibition efficiency of P1 and P2 increased with concentration and 

decreased with temperature in the concentration range 0.14-0.35 mM in the temperature range 

303-333 K. Thermodynamic parameters for dissolution and adsorption process were studied. 

Increase in energy of activation after the addition of inhibitors indicated formation of barrier film 

which prevents charge and mass transfer. Free energy of adsorption showed that the type of 

adsorption was neither physical nor chemical but comprehensive. The adsorption of the P1 and 

P2 on the mild steel surface was found to obey the Langmuir isotherm.  As result it was found P2 

better inhibitor compared to P1 [6]. Three thiosemicarbazides, namely 2-(2-aminophenyl)-N 

phenylhydrazinecarbothioamide (AP4PT), N,2-diphenylhydrazinecarbothioamide (D4PT) and 2-

(2-hydroxyphenyl)-N-phenyl hydrazinecarbothioamide (HP4PT), were  investigated as corrosion 

inhibitors for mild steel in H2SO4  solution using gravimetric and gasometric methods. The 

results revealed that they all inhibit corrosion and their % inhibition efficiencies (%IE) follow 

the order: AP4PT > HP4PT > D4PT. The %IE obtained from the gravimetric and gasometric 

experiments were in good agreement. The thermodynamic parameters obtained support a 

physical adsorption mechanism and the adsorption followed the Langmuir adsorption isotherm 

[7]. In work [8], interaction of triglycerides of cottonseed oil and diethanolamine yielded diethyl 

amide. Further, phosphate was synthesized with the participation of orthophosphoric acid, on the 

basis of which complex ethanolamine salts were obtained, exhibiting high anticorrosive activity 

in the hydrogen sulfide medium. The technical result of the invention in work [9] is to expand 
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the range of water-soluble corrosion inhibitors and improve the corrosion resistance of articles 

made of ferrous and non-ferrous metals. The inhibitor contains: the condensation product of 

boric acid with monoethanolamine and a mixture of fatty acids of the limiting and unsaturated 

series with the hydrocarbon radical C2-C6 at a molar ratio of 1: 5: 3, respectively 20.0-25.0 % 2-

hydroxyethyl methacrylate 2.0 -4.0%   and solvent up to 100 %. As a solvent, it contains water. 

New water-soluble inhibitors of acid corrosion of steel based on diethylenetriamine and natural 

petroleum acids have been synthesized. The inhibitory properties of the compounds obtained in 

an aqueous solution of 1% NaCl saturated with CO2 on the surface of St1018 steel and in a H2S-

containing medium on the surface of steel St3 are studied. It was revealed that the effectiveness 

of anticorrosion protection in the presence of test compounds is 96-99% at concentrations 50-100 

ppm in a CO2 -containing medium, and in a H2S-containing medium, these compounds at the 

same concentration protect the steel by 93-99,6%. The adsorption energies of the complexes are 

determined from the adsorption isotherm of Langmuir. It is shown that in synthesized 

imidazoline derivatives these energies are less than -40 kJ / mol, which proves the formation of a 

chemically adsorbed film on the steel surface [10]. A set of four linear alkyl chain 1,3-bis-

dialkylamino-2-propanol (2-2OH-2, 4-2OH-4, 6-2OH-6, 8-2OH-8), were used to evaluate the 

effect of carbon chain length on the adsorption and corrosion behavior of steel Q235 in simulated 

concrete pore solution containing 0.3 mol/L NaCl by electrochemical techniques and quantum 

chemical calculations. The results showed that n-2OH-n (n=2,4,6,8) were anodic inhibitor and 

inhibition efficiency of n-2OH-n (n=2,4,6,8) ranked as 8-2OH8>6-2OH-6>4-2OH-4>2-2OH-2. 

With adsorbing atoms and length of non-polar carbon chains of n2OH- n (n=2,4,6,8) 

increased, corrosion current density decreased and pitting expansion was restrained effectively 

[11]. A series of [(2-dimethylamino)ethylamino]-methylidene-1,3-dicarbonyl compounds was 

synthesized for the first time starting from the corresponding 2-ethoxymethylidene derivatives 

and N,N-dimethylethylenediamine. It was shown that further alkylation of aminomethylidene 

derivatives with methyl iodide occurs regioselectively at the tertiary nitrogen atom. 

Quaternization products obtained exhibit high corrosion inhibition of mild steel in hydrochloric 

acid medium [12]. The corrosion inhibition behavior of nitrogen-containing amino acid L-

Histidine on mild steel in 0.1 M H2SO4 solution in the temperature range of 30-60
0
C was studied 

by weight loss measurements, and potentiodynamic polarization measurements in work [13]. 

Three ionic liquid based gemini cationic surfactants:, N-1,N-1,N-2,N-2,N-2-hexadodecylethane-

1,2-diaminium bromide (G2IL), N-1,N-1,N-2,N-2,N-2-hexadodecylpropane-1,3-diaminium 

bromide (G3IL) and N-1,N-1,N-2,N-2,N-2-hexadodecylhexane-1,6-diaminium bromide (G6IL) 

were synthesized and their chemical structures were elucidated by using spectroscopic 

techniques. The performance evaluation of the synthesized inhibitors on the carbon 

steel corrosion in acidic environment (1.0 M HCI) have been investigated at different 

concentrations by potentiodynamic polarization, EIS, and weight loss techniques. 

Potentiodynamic polarization studies indicate that the studied inhibitors are mixed 

type inhibitors. For all inhibitors, the inhibition efficiency increases with increasing their 

concentration but decreases with increasing temperature [14].  The inhibitory effect of two Schiff 

bases 3-(5-methoxy-2-hydroxybenzylideneamino)-2-(-5-methoxy-2-hydroxyphenyl)-2,3-dihyd- 
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roquinazoline-4(1H)-one and 3-(5-nitro-2-hydroxybenzylideneamino)-2(5-nitro-2-hydroxy-

phenyl)-2,3-dihydroquinazoline-4(1H)-one on the corrosion of mild steel in 1 M hydrochloric 

acid were studied using mass loss, potentiodynamic polarization technique and EIS 

measurements at ambient temperature. The investigation results indicate that the Schiff Bases 

compounds with an average efficiency of 92% at 1.0 mM of additive concentration have fairly 

effective inhibiting properties for mild steel in hydrochloric acid, and acts as mixed type 

inhibitor character. The inhibition efficiencies increase with increase in inhibitor concentration. 

This reveals that the inhibitive mechanism of inhibitors were primarily due to adsorption on mild 

steel surface, and follow Langmuir adsorption isotherm [15]. 1,1'-Bis (1-methyl pyridinium-2-

yl)-4,4'-dipyridinium dichloride di-iodide (TPy) and 1,1'-dimethyl-4,4'-dipyridinium di-iodide 

(DPy) have been synthesized and used as corrosion inhibitors for ferritic type 430 stainless steel 

in 0.5 M H2SO4 solution. Polarization, weight loss and  SEM measurements confirm the 

inhibitive action of these compounds and the increase in inhibition efficiency with an increase in 

concentration and temperature. The compounds enhance the passivation of the steel by 

increasing suppression of the critical current. The quantum chemical calculations explain the 

good adsorption of these compounds on the steel surface and the greater inhibition efficiency for 

TPy compared with that of DPy inhibitor [16]. The inhibitive actions of three sensitized 

derivatives of N,N'-diquaternized 4,4'-dipyridinium salts (TMdPyBr2, HMdPyBr2 and 

MPhdPyCl2) on general and pitting corrosion of the stainless steel in aerated 0.1 M HCl have 

been studied at temperatures. Corrosion potential and polarization measurements proved that the 

three compounds act as mixed type inhibitors with dominant anodic and their adsorption on the 

steel surface Obey Langmuir adsorption isotherm. The diquaternized salts inhibited 

the corrosion and improved the passivation of the stainless steel, their inhibition efficiencies 

(except for TMdPyBr2) increased with temperature. EIS measurements and optical microscopic 

investigation confirmed the inhibitive actions of and proved that both TMdPyBr2 and 

HMdPyBr2 inhibit the pitting initiation while MPhdPyCl2 is less efficient inhibitor against the 

pitting. The mechanism of corrosion inhibition discussed in the light of the molecular structure 

of dipyridinium salts [17]. Corrosion mitigation on mild steel exposed to 1 M HCl was carried 

out using a water soluble chitosan derivative. The compound (2-pyridyl)-acetyl chitosan was 

synthesized and characterised using Fourier transform infra red spectroscopy. The compound 

was investigated for its corrosion inhibition efficiency using gravimetry, potentiodynamic 

polarization and EIS. The inhibition efficiency was found to increase with increase in 

concentration of the inhibitor. The inhibition is of mixed anodic-cathodic nature. The adsorption 

of inhibitor on mild steel surface obeys Langmuir adsorption isotherm model [18]. 

The corrosion behaviour of Al in 2 M HCl solution in the absence and presence of 

phenylhydrazine, urea, thiourea, N-allylthiourea, and thiosemicarbazide is investigated using 

different chemical and electrochemical techniques. It was found that the inhibition efficiencies of 

these compounds increase with increasing their concentration and molecular weights [19]. 

Chemical and electrochemical measurements incorporated with quantum chemical calculations 

and molecular dynamics simulations were used to study the corrosion inhibition characteristics 

of some thiosemicarbazone derivatives on the inhibition of aluminium corrosion in 1.0 M HNO3. 
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Polarization curves demonstrated that the thiosemicarbazone derivatives were of mixed-

type inhibitors. EIS plots indicated that the addition of thiosemicarbazone derivatives increases 

the charge-transfer resistance of the corrosion process, and hence the inhibition performance. 

The molecular dynamics simulation results show that the three thiosemicarbazone derivatives 

can absorb on the surface through the sulphur and nitrogen atoms as well as pi-electrons in the 

pyridyl structure [20]. Quantum chemical approach at B3LYP/6-31G(d,p) level of theory, was 

used to calculate some structural and electronic properties of three quinoxaline derivatives, 

recently reported as mild steel corrosion inhibitors in acidic media, to ascertain the correlation 

between their experimental inhibitive efficiencies and some of the computed parameters. The 

results of most of the global reactivity descriptors show that the experimental and theoretical 

studies agree well and confirm that Me-Q=S is a better inhibitor than Q=S and CI-Q=S, 

respectively [21]. Cyclohexylidenecyclohexanon is investigated by EIS technique as 

a corrosion inhibitor of carbon steel in 20% hydrochloric solution. The inhibitor is investigated 

also as surfactant at the solution -air interface by means of the maximum bubble pressure 

technique. It is shown that the Langmuir adsorption of inhibitor takes place at solution -air and 

solution -steel interfaces. Equilibrium adsorption constant values make (1.7 +/- 0.4) x10(3) M-1 

and (4.0 +/- 0.8) x10(3) M-1 respectively. Free adsorption energy was estimated as (-28 +/- 0.5) 

kJ mol(-1) and (30 +/- 0.6) kJ mol(-1) respectively. The closeness of the adsorption constant and 

the free adsorption energy values suggest that the inhibitor adsorption on steel is caused basically 

by the hydrophobic interaction of inhibitor molecules with the solution molecules and less 

depends on the interaction with steel [22]. A novel aqueous penetrating corrosion inhibitor 

marked PCI-2016 was prepared by using multicompound and chelate-induced techniques. 

Adsorption and inhibition behaviors of PCI-2016 in a chloride solution had been investigated. 

Test results indicated that the PCI-2016 had excellent inhibition ability and identified curative 

effect on the corrosive steel in the chloride solution. Adsorption of PCI-2016 molecules on the 

steel surface followed the Temkin adsorption isotherm. Mechanism studies indicated that a stable 

chelate formed between the iron and N-containing polycarboxylate ligands might be responsible 

for the high inhibiting efficiency of the inhibitor in the chloride solution [23].  The effect of 

some mercapto functional azole compounds on the corrosion of mild steel in 1 M hydrochloric 

acid solution was studied by polarization and EIS. Polarization studies showed depression of 

cathodic and anodic polarization curves in the presence of mercapto functional azole compounds 

[24]. The rate of corrosion of metals in both pure and water or chloride-

containing tetrafluoroborates can be substantially reduced in the presence of 2-

mercaptobenzothiazole. In 0.001 M 2-mercaptobenzothiazole the rate of corrosion drops by 70% 

at 25
0
C and by 60 % at 200

0
C with respect to the corrosion rate in absence of corrosion inhibitor. 

It is proposed that the other derivatives of azoles and thiazoles, which have been successful 

as corrosion inhibitors in aqueous media, can also be efficient in low temperature ionic liquids 

[25].  Quantum chemical calculations based on DFT method were performed on three nitrogen-

bearing heterocyclic compounds oxadiazoles used as corrosion inhibitors for the mild steel in 

acid media to determine the relationship between the molecular structure of inhibitors and 

inhibition efficiency. The structural parameters, such as energy and distribution of highest 
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occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO), the 

charge distribution of the studied inhibitors, the absolute electronegativity values, and the 

fraction of electrons (delta N) transfer from inhibitors to mild steel were also calculated and 

correlated with inhibition efficiencies. The results showed that the inhibition efficiency 

of inhibitors increased with the increase in energy of HOMO and decrease in energy gap of 

frontier molecular orbital, and the areas containing N and O atoms are most possible sites for 

bonding the steel surface by donating electrons to the mild steel [26]. Three triazoles compounds 

used as corrosion inhibitors for copper in acidic medium, namely: 1,2,4 triazole, 3-amino 1,2,4 

triazole and 3,5-diamino 1,2,4 triazole have been studied theoretically in aim to investigate the 

correlation between its molecular reactivity indicators and the corresponding inhibition 

efficiency. All quantum chemical calculations at the B3LYP/6-31+G(d,p) method were 

performed with and without solvent effect. Not only the neutral inhibitors has been studied, but 

also the first and the second protonation forms. A good correlation between theoretical and 

experimental data has been obtained both in gas and aqueous phases, notably for 

unprotonated inhibitors [27]. In work [28] synthesis of water soluble and 

efficient corrosion inhibitors PBTB carrying single benzotriazole part and PDBTB containing 

double benzotriazole segments for copper in 3.5 wt% sodium chloride solution was proposed. 

PDBTB showed greater corrosion inhibition effect than PBTB basing on survey results of 

polarization curves, EIS and SEM. Adsorption mechanism of the studied inhibitors on copper 

surface was studied by FT-IR spectra, X-ray photoelectron spectroscopy (XPS), X-ray 

diffraction spectra as well as adsorption isotherm. The inhibiting effect of 1-ethyl-3-

ethylbenzotriazolium bromide ionic liquid, [C2Et]Br, on the corrosion behaviour of mild steel in 

5 wt. % HCl was investigated by using various techniques such as weight loss, potentiodynamic 

polarization and EIS. All studies showed that the increase in inhibition efficiency and decrease in 

the corrosion rate by increasing the inhibitor concentration. Polarization measurements indicated 

that the [C2Et]Br acted essentially as a mixed-type inhibitor. The electrochemical impedance 

study showed that corrosion inhibition took place by adsorption [29]. The objectives of work 

[30] research are to study the performance of benzotriazole as corrosion inhibitors in chloride 

solution. Corrosion and inhibition studies on API 5LX65 carbon steel in chloride 

solution containing various concentrations of benzotriazole has been conducted at temperature of 

70
0
C using EIS. The experimental results of carbon steel corrosion in 3.5% NaCl 

solution containing 500 mg/l H2S at different BTAH concentrations showed that corrosion rate 

of carbon steel decreases with increasing of BTAH concentrations from 0 to 10 mmol/l. The 

inhibition efficiency of BTAH was found to be affected by its concentration. The optimum 

efficiency obtained of BTAH is 93% at concentration of 5 mmol/l. The result of  XRD and EDS 

analysis reveal the iron sulfide (FeS) formation on corroded carbon steel surface without 

inhibitor. The EDS spectrum shows the nitrogen (N) bond on carbon steel surface inhibited by 

BTAH. Imidazole, 1,2,4-triazol and their 1-methyl derivatives were evaluated as copper 

corrosion inhibitors in NaCl solution by corrosion experiments and their bonding to Cu was 

characterised by DFT calculations. Deprotonated triazole adsorbs considerably stronger than 1-

methyl-triazole, whereas deprotonated imidazole displays only slightly more exothermic 
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aqueous-phase adsorption free energy than 1-methyl and neutral imidazole. This suggests that 

triazole should be a more efficient inhibitor than 1-methyl-triazole, whereas the efficiency 

of imidazole and 1-methyl-imidazole should be similar. The experimental measurements only 

partly support this inference, because 1-methyl-imidazole accelerates corrosion at higher 

concentrations [31]. Four new 2-(substituted phenyl) benzimidazole derivatives have been 

synthesized and their inhibiting action on the corrosion of mild steel in 1 M HCl is compared 

with that of 2-phenyl benzimidazole employing electrochemical and gravimetric 

measurements, as well as theoretical calculation. Results of the investigation show that 

substitution to the phenyl group attached to benzimidazole brings about obvious increase 

in corrosion inhibition propensity and is related to property of the substituent group as well as its 

position in the phenyl ring. Inhibition efficiency for all the inhibitors increases 

with their concentration and is retained for long time of exposure [32]. Novel phosphorus-free 

corn stalk polysaccharide derivatives were prepared using 2,3-epoxypropyltrimethylammonium 

chloride, N-methyl imidazole, pyridine and epichlorohydrin as starting materials. 

The corrosion inhibition performance with their adsorption mechanisms for mild steel was 

studied in 1.0 mol/L HCl solution by a series of techniques such as weight loss, potentiodynamic 

polarization curves, EIS, SEM and XPS analysis. The results suggested that the inhibitors were 

mixed ones with predominant anodic inhibition and the corrosion behavior in the presence of 

QAPSs can been explained by the adsorption film mechanism. Moreover, the adsorption process 

obeys Langmuir adsorption isotherm model and the N, C atoms of the heterocycle and the O 

atom of the hydroxyl group combined with the Fe element from the XPS spectra [33].  The study 

[34] focuses on the issue of oil/water partitioning as quantified by the partition coefficient (log P) 

and the important issue of inhibitor speciation according to the acid dissociation constant (pKa). 

pKa and log P values are then calculated for a series of imidazole derivatives and integrated into 

a model for inhibitor availability as a function of the water cut. Applications to lifetime 

prediction and inhibitor design are then discussed. Two new imidazole derivatives, namely 1,4-

bis(N-imidazolylmethyl)-2-5-dimethoxybenzene (BIDM) and 1,3,5-tris(N-imidazolylmethyl)-

2,4,6-trimethoxybenzene (TITM), were synthesised and their effects on the inhibition of mild 

steel corrosion in ground water medium are reported. The study was carried out using 

gravimetric and electrochemical techniques in order to determine the corrosion inhibition 

efficiencies of the bipodal and tripodal structured imidazoles. All measurements thus confirmed 

that both BIDM and TITM behaved as good inhibitors for mild steel corrosion in ground water 

medium [35].  Compounds of poly(ionic liquid)s (PILs), derived from imidazole with different 

alkylic chain lengths located in the third position of the imidazolium ring (poly(' -vinyl-3-

dodecyl-imidazolium) (PImC(12)), poly (1-vinyl-3-octylimidazolium) (PImC(8)) and poly(1-

vinyl-3-butylimidazolium) (PImC(4)) hexafluorophosphate) were synthesized. These compounds 

were tested as corrosion inhibitors on aluminum alloy AA6061 in diluted sulfuric acid (0.1-1 M 

H2SO4) by weight loss tests, polarization resistance measurements and inductively coupled 

plasma optical emission spectroscopy. The surface film displayed general corrosion, and pitting 

occurred as a consequence of PILs' partial inhibition along with a continuous dissolution of 

defective patchy film on formation. A slight improvement in efficiency was displayed by 
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compounds having high molecular weight and a long alkyl chain, as a consequence of steric 

hindrance and PIL interactions [36]. The synergism of imidazole (IMZ) and poly(ethylene 

glycol) 600 (PEG) for zinc corrosion inhibition in 3 mol KOH solution was investigated using a 

combination of electrochemical and gravimetric methods, and the surface morphology of the 

zinc was observed by SEM. It is found that there is a synergistic effect between IMZ and PEG 

for the zinc corrosion inhibition. The difference in molecular structure, ring for IMZ and chain 

for PEG, and in binding atoms with zinc, nitrogen in IMZ and oxygen in PEG, contributes to this 

synergistic effect. IMZ inhibits zinc corrosion by mainly depressing the anodic reaction, whereas 

PEG by depressing the cathodic reaction [37]. The purpose of paper [38] is to adopt both the 

fragments of imidazole and thiosemicarbazide as reaction centers, to synthesize a water-

soluble corrosion inhibitor named as thiosemicarbazide-imidazole derivative (TH-IM). Findings 

that in the aggressive condition of CO2 saturated NaCl solution at 333 K for 72 h with 400 ppm 

inhibitor dosage, the efficiency of inhibition increases approximately 98% through the method of 

weight loss. The effect of the reduction of the native surface oxide of Fe on the binding of 

imidazole, as a corrosion inhibitor with Fe in an aqueous brine solution has been addressed in 

work [39]. The surface interactions and corrosion inhibition efficiency were studied using XPS 

and EIS. It was shown that imidazole dissolved in brine bonds with the unreduced iron oxide 

surface via pyrrole-type nitrogen. However, surface interactions with Fe occur via both pyridine-

type and pyrrole-type nitrogen atoms when imidazole is added to brine containing a cathodically 

reduced iron surface. The packing density of imidazole is found to be higher ill the latter case 

with a corresponding increase in the corrosion inhibition efficiency. The influences of a 

benzimidazole derivative namely 1 8-bis (1-chlorobenzyl-benzimidazolyl) -octane (CBO) on 

the corrosion behaviour of mild steel in different concentration HCl solutions were studied by 

weight loss, potentiodynamic polarization, EIS measurements and SEM observations The results 

showed that CBO acted as an excellent and a mixed-type inhibitor via strongly chemical 

adsorption onto mild steel surface to suppress simultaneously both anodic and cathodic processes 

according to the Langmuir adsorption isotherm Inhibition efficiencies increased with increasing 

concentration of inhibitor and HCl [40]. The inhibition performance and mechanism of 1-octyl-

3-methylimidazolium bromide ([OMIM]Br) and 1-allyl-3-octylimidazolium bromide 

([AOIM]Br) for the corrosion of mild steel in 0.5 M H2SO4 were investigated using weight loss 

method, electrochemical measurements, SEM and quantum chemical calculation. The results 

revealed that [OMIM]Br and [AOIM]Br acted as modest cathodic inhibitors, and due to the 

electron-donating effect of allyl group, [AOIM]Br showed better inhibitive performance [41]. A 

newly amino acid ionic liquid, 1-octlyl-3-methylimidazolium L-prolinate ([Omim]Lpro) was 

investigated as the inhibitor for mild steel in 0.5 M H2SO4 solution. The obtained results revealed 

that [Omim]Lpro was a mixed-type inhibitor with a predominantly cathodic action for mild steel 

in 0.5 M H2SO4 solution, and inhibition efficiency reached nearly 80% at the concentration of 

10mM, in which the Omim cation played a major role in the corrosion inhibition of [Omim]Lpro 

[42]. The inhibition and the effect of temperature and concentration of 1,4-di(1-vinyl-3-

methylimidazolium) benzene dibromide on the corrosion of mild steel in 1.0 M HCl solution was 

investigated by electrochemical polarization and weight loss experiments at temperatures 
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ranging from 303 to 343 K. The studied inhibitor concentrations ranged between 1.0x10
-6

 M and 

1.0x10
-2

 M. The percentage inhibition increased with the increase of the inhibitor's 

concentration. The percentage inhibition has reached about 93 % at the concentration of 1x10
-2

 

M and 303 K. On the other hand, the percentage inhibition decreased with the increase of 

temperature. Using the Langmuir adsorption isotherm, the thermodynamic parameters for the 

adsorption of this inhibitor on the metal surface were calculated. 1,4-di(1-vinyl-3-

methylimidazolium) benzene dibromide was found to be a potential corrosion inhibitor, since it 

contained not only nitrogen, but also three aromatic systems, double bond, and it is a large 

molecule which has a big surface with high malar surface coverage [43]. The corrosion behavior 

of a pipeline steel API 5L X-70 was tested under flow assisted conditions in a sour brine 

solution containing kerosene in the presence of an imidazoline derivative. Inhibitor film provided 

efficiencies in the range of 70-99% at 200 ppm with initial corrosion rates in the range of 125-

134 mpy (3.2-3.4 mm/y). In the absence of inhibitor, chemical species of cubic maghemite 

(Fe2O3) predominated with an apparent decrease in orthorhombic marcasite (FeS2) on the steel 

surface when angle was increased from 30 degrees to 90 degrees. In the presence of inhibitor, 

maghemite (Fe2O3) and marcasite (FeS2) prevailed as a mixture of oxides and sulfides at the 

impingement angles. Mackinawite appeared with and without the presence of corrosion inhibitor 

at every angle tested. As flow rate and angle are increased, inhibitor efficiency decreased due to 

partial film formation. Imidazoline derivative is efficient albeit a periodic replenishment is 

required after a 3-4 hour period. DFT molecular simulation of imidazoline derivative 

emphasized nitrogenpolarity and capability of interacting with another molecular species [44]. 

Inhibition of mild steel corrosion in CO2-0.5 M NaCl (40
0
C, 1 atm; 120

0
C, 10 bar) by a new 

series of imidazolines having single-, twin-and triple-tailed phenyl substituents at C and N  

pendants of CH2CH2NH2 and (CH2CH2NH)2CH2CH2NH2 have been examined. Imidazolines 

containing twin-tailed (3,5-dioctyloxyphenyl) hydrophobes outperformed their single-and triple-

tailed counterparts as well as two commercial imidazolines. The triamine pendant imparted 

better inhibition at higher temperature and pressure. The XPS study confirmed the presence of an 

imidazoline film covering the metal surface. The imidazolines prefer to be adsorbed on the metal 

surface rather than micellization [45].   

Conclusion 

Based on the above review of modern literature, it can be said that the most effective and 

widely used inhibitors are N-containing organic substances. The effectiveness of their inhibition 

depends on several factors, such as the shape of the molecules, the aromaticity, the strength of 

the bond to the metal, the presence of the nitrogen atom of the carrier of the electron pair, and the 

number of binding atoms or groups. Given the high relevance of nitrogen-containing corrosion 

inhibitors due to their specific properties providing a high level of protection, we decided to 

expand our research in this direction by synthesizing new imidazoline containing inhibitors, and 

attempted to compare the effectiveness of inhibition with the above factors. 
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