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Abstract: The study of the inhibitory efficacy of prop-2-yn-1-ol, methyloxirane for 
corrosion control of mild steel in concentrated hydrochloric acid (18.5%) at temperature 
80 °C (chemical pickling conditions of steel) was investigated using electrochemical 
and gravimetric methods for different concentrations. Using weight loss, and 
potentiodynamic polarization techniques and the morphological structure, the results 
shows that inhibitor had an excellent protection. The substance has demonstrated 
remarkable inhibition efficiency, and its inhibitory characteristics are stronger as 
concentrations increase (Inhibitory efficacy of up to 91 % for 1.2g/L). Based on the 
polarisation curves, the addition of the inhibitor in the HCl solution induces the decrease 
of the anodic current corresponding to the attack of the metal. The morphological 
structure was examined by scanning electron microscopy, which clearly shows this 
inhibitor's good protection, which delays the acid attack of bare steel with a uniform and 
bright pickling appearance. 
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1. Introduction 

Many industries prefer the use of mild steel. Because of its superior mechanical qualities and 
inexpensive price, it is frequently used as a piping and oil and gas production building material for 
conduit tubes, downspouts, and transport tubes (Aiad et al. 2018; Abdallah et al. 2018; Abd El-Lateef 
et al. 2018; A. Zouitini and Zouitini 2018; Al-Azawi et al. 2016; Adam et al. 2018; Wang et al. 2012;. 
Corrosion is a major problem in the industrial sector, causing significant economic losses every year. 
The use of corrosion inhibitors is a way to prevent or minimize corrosion. In particular, the use of 
inhibitors in the chemical pickling of mild steels in hydrochloric acid (HCl) is a common practice in 
many industries. Prop-2-yn-1-ol, methyloxirane is one type of corrosion inhibitor that has shown 
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promise in reducing corrosion in this context. However, the effectiveness of this inhibitor needs to be 
studied in depth to determine its effectiveness and potential limitations (Hegazy 2018). 

However, mild steel has experienced corrosion assault in industrial settings, particularly from attacks 
caused by hydrochloric acid, which is employed in the sector for acid cleaning, descaling, and pickling 
(Elouafi et al. 2002; Bouklah et al. 2006). The usage of it is still significantly limited by its sensitivity 
to corrosion, though (A. Zouitini et al.  2018; Al-Taweel et al. 2019; Hegazy 2018; Mohamad et al. 
2014; Salman et al. 2019). The most popular strategy for preventing metal corrosion is the application 
of corrosion inhibitors because it doesn't call for any specialized tools is cheap and is simple to 
implement (El-Lateef et al. 2018; Kadhim et al. 2017; Kharbach et al. 2017; Zhang et al. 2015). 

Most of the inhibitors intended for this application are organic compounds containing coordination 
sites for joining with metals. These coordination sites may include many linkages as well as heteroatoms 
including nitrogen, sulfur, and oxygen. These inhibitors minimize corrosion by obstructing the active 
corrosion sites, and by the complexion on the metal surface, they create a protective layer (Cavani et al. 
1991; Mousty et al. 1994; Playle et al. 1974). Due to the interaction between the molecular structures of 
the inhibitor and the active sites found on the metal's surface, they primarily function through adsorption 
processes (chemisorption and/or physisorption) (Abdel-Karim and El-Shamy 2022; Ahamad et al. 2010; 
Ouali et al. 2010). The density and availability of free pi electrons on inhibitor drugs' functional groups 
often regulate the interaction's strength. Overall, due to their toxicity, many corrosion inhibitors generate 
issues for the environment. The environment should not be harmed by new corrosion inhibitors, and they 
should be non-toxic (Khaldi et al. 1998; Legrouri et al. 1999). 

The search for novel organic anti-corrosive chemicals has been intensive in recent years, and N-
heterocyclic compounds have emerged as potent corrosion inhibitors.  

Pickling inhibitors are chemical compounds added to the pickling solution to suppress the aggressive 
action of acid on the metal surface. They form a protective film or barrier on the metal, reducing the rate 
of acid attack and preventing excessive dissolution of the metal. Inhibitors greatly improve the pickling 
process, ensuring controlled and efficient removal of impurities while minimizing metal loss and 
corrosion. 

Prop-2-yn-1-ol, methyloxirane, also known as propargyl alcohol epoxide, is a versatile organic 
compound with excellent acid inhibiting properties. Its chemical structure includes a triple bond and an 
epoxide ring, giving it unique properties and making it an ideal candidate for pickling inhibition. 

The inhibiting action of prop-2-yn-1-ol, methyloxirane can be attributed to its ability to adsorb onto 
the metal surface and form a protective film. The triple bond and epoxy ring contribute to the formation 
of a stable complex with metal ions, hindering acid attack and reducing the rate of metal dissolution. 
This film acts as a barrier, preventing direct contact between acid and metal, thus reducing the corrosion 
process. There are several advantages to using prop-2-yn-1-ol, methyloxirane as a pickling inhibitor. 
Firstly, it effectively minimizes metal loss during the pickling process, thus preserving the structural 
integrity of mild steel. Secondly, the inhibitor reduces the risk of surface pitting and corrosion, thereby 
improving surface quality. In addition, prop-2-yn-1-ol, methyloxirane is compatible with the HCl 
medium, facilitating its application and integration into existing pickling processes. The a pplication of 
prop-2-yn-1-ol, methyloxirane as a pickling inhibitor in HCl medium (18.5%) for mild steels shows 
promising potential for various industrial sectors. The use of this inhibitor can improve the efficiency 
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and reliability of pickling processes, thus contributing to the production of high-quality steel products. 
Further research and development are required to optimize its dosage, its compatibility with other 
pickling acids and its performance under different processing conditions. 

Continuing to search for the progress of heterocyclic compounds as efficient inhibitors for the mild 
corrosion steel in HCl solution, the present investigation discusses the inhibitory efficiency, namely, 
prop-2-yn-1-ol, methyloxirane on corrosion of mild steel in (18.5%) HCl by using weight loss 
measurements and scanning electron microscopy (SEM). The purpose of this research was to investigate 
mild steel's resistance to corrosion in a (18.5%) HCl media. Utilizing weight loss, and potentiodynamic 
polarization techniques, the surfactant was thoroughly studied. Additionally evaluated was the mild steel 
adsorption mode of the inhibitor chemical and the mechanism of corrosion inhibition. 

 
2. Experimental procedure 

2.1 Materials  
The substance used in this study are analytically trustworthy, therefore they haven't been previously 

purified. Moreover, the prop-2-yn-1-ol, methyloxirane molecules (Figure1) (commercial name: NP 
INIBIT) was supplied by (Quaker company, French). The hydrochloric acid at 37% was obtained from 
VWR INTERNATIONAL SAS. The mild steel samples used in this study were pre-treated prior to the 
experiments by grinding with various emery papers of grades 220, 400, 800, 1000, and 1200, rinsing 
with bi-distilled water, degreasing with acetone, and then washing again with double-distilled water. 
Finally, the samples were washed again with air drying before use. The molar HCl solutions used for all 
electrochemical and gravimetric studies were made by diluting the analytical solution, HCl 37%, with 
bidistilled water.  

 

 

Figure 1: Structural molecular “prop-2-yn-1-ol, methyloxirane 

2.2 Gravimetric measurement 

Using the ASTM approach, the weight loss measures were refined. A double glass cell with a 
thermostat-cooling condenser was used for the gravimetric testing. A (18.5%) HCl solution was used to 
immerse rectangular samples that measured 3 cm x 3 cm x 2.7 cm in both the absence and presence of 
various concentrations of a prop-2-yn-1-ol, methyl oxirane, for 5 min at temperature 80 °C. After The 
steel samples were then withdrawn, rinsed with bi-distilled water, cleaned with acetone, and dried before 
being weighed. The efficiency of the inhibitor is calculated by the following equation: 

𝐸𝐼 =
Δm! −	Δm"

Δm!
	× 100														(1) 

Δm!, represents the mass loss without inhibitor and	Δm", the mass loss in the presence of the inhibitor. 
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2.3 Electrochemical measurement 
The three electrodes are connected to a potentiostat / Galvanostat (PGP201) controlled by a computer 

via a "Volta Master4" software. The scanning speed applied is 2 mV/s in the area of the anodic and 
cathodic branches in a potential range encompassing the corrosion potential from -700 mV to -300 mV. 
The electrolyte solution is a hydrochloric acid solution (18.5%). The temperature is fixed at T= 80 °C. 
The latter is equipped with a lid with five openings: three for the three electrodes, one for the 
thermometer, and possibly one to control the atmosphere above the solution. Before each series of 
experiments, the electrode is immersed in the solution for 10 min under agitation (Saouti et al. 2021). 

2.4  SEM analysis 
The microstructure and the morphology were analyzed by scanning electron microscopy (SEM) using 

Quattro S, FEG from FEI Company at 20 KV. The observation allows seeing in detail the texture and 
the morphological structure of the inhibitor used in this study (shape, size, and arrangement of its 
organics constituents on the surface). 

3. Results and discussion 

3.1 Gravimetric measurement 
The analysis of the obtained results showed that the mass loss ∆𝑚 is equal to 0.548 𝑔 after 6h of 

immersion in the acid solution in the absence of inhibitor. While it is equal to 0.051 𝑔 in the presence of 
the inhibitor with a concentration of 𝐶 = 0.6 𝑔/𝐿. This result is justified that the corrosion rate decreased 
with the increase in the concentration of prop-2-yn-1-ol, methyloxirane, and the inhibition was enhanced, 
as displayed in Table 1 and consequently an increase in the effectiveness of the inhibitor which reaches 
a maximum of 92.70% (Bouchtart et al. 2020; Ji et al. 2015; Zarrok et al. 2012).  This confirms that 
prop-2-yn-1-ol, methyloxirane molecules are relatively well adsorbed on the mild steel surface. 	

Table 1: Changes in the mass of the steel sample during the gravimetric tests. 

  

 

 

 

 

In addition, the mass loss decreases to 0.040 𝑔 with a positive effect of adding the inhibitor up to a 
concentration of 0.6 𝑔/𝐿. For a concentration above this value, the mass loss remains almost constant. 
For a double concentration (1.2 g/L) the mass loss is 0.04 (a decrease of 0.01 g). We also note that the 
efficiency reaches a threshold value of 90% for a concentration of 0.6 𝑔/𝐿	(figure 2). 

C(g/L) mi (g) mf (g)0.3 Δm (g) EI (%) 

0 112.285 111.737 0.548 0 

0.3 111.602 111.467 0.135 75.36 

0.6 111.602 111.551 0.051 90.69 

0.9 111.551 111.500 0.051 90.69 

1.2 111.500 111.460 0.04 92.70 
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Figure 2: curve of variation of the inhibitory efficacy of the inhibitor with prop-2-yn-1-ol, methyloxirane as a 

function of the concentration 

3.2 Electrochemical measurement 
The anodic and cathodic potentiodynamic polarization curves of mild steel in the absence and 

presence of different inhibitor concentrations in (18.5%) HCl acid medium are shown in Figure 3.  The 
first analysis of these curves shows that the anodic and cathodic reactions are affected by the addition of 
the inhibitor. Indeed, the presence of the inhibitor even at a very low concentration (0.3g/L) causes a 
shift of the corrosion potential towards positive values (from -550 mV to -480 mV) (Bentiss et al. 2012; 
Tourabi et al. 2013). The addition of the inhibitor in the HCl solution induces the decrease of the anodic 
current corresponding to the attack of the metal and the decrease of the cathodic current corresponding 
to the reduction of oxygen (Table 2) (Ech-chihbi et al. 2019; Yıldız 2019). Moreover, the effectiveness 
of the electrochemical inhibitor (%) is defined as follows: 

𝐸𝐼	(%) =
j!#$%% −	j#$%%

j!#$%%
	× 100															(2) 

where j!#$%% and 	j#$%% are the corrosion current density values of the steel in the absence and presence 
of the inhibitor, respectively. 

The electrochemical inhibitory efficiency of the inhibitor shows several advantages based on the 
concentration studied. The lowest concentration examined, which is 0.3 g/L equivalent to 0.00262 
mol/L, exhibits a relatively low inhibitory efficiency. However, as the concentration of the inhibitor 
increases, the inhibitory efficiency improves significantly. At a concentration of 1.2 g/L, the inhibitory 
efficiency reaches a maximum value of 91%. Moreover, through the analysis, it is found that the optimal 
concentration of the inhibitor is 0.6 g/L equivalent of 0.00525 mol/L. This concentration provides a 
satisfactory inhibitory efficiency, as doubling the concentration to 1.2 g/L equivalent of 0.01050 mol/L 
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only results in a marginal 4% increase in electrochemical efficiency. Therefore, the additional amount 
of inhibitor added to double the concentration does not provide a significant improvement in inhibitory 
performance, considering the potential costs and practical considerations associated with higher inhibitor 
dosages. 

 
Figure 3: Polarization curves of steel in HCl medium without and with prop-2-yn-1-ol, methyloxirane. log i (E) 

Table 2: electrochemical parameters obtained from polarization curves for different inhibitor concentrations 

C(g/L) E(mV) jcor (µA/cm2) Rp (Ω.cm2) βa (mV) βc (mV) EI/jcor (%) 

0 -543.4 1.1432 30.26 192.9 -136.2 -- 

0.3 -471.9 0.2241 89.89 135.1 -93.0 80 
0.6 -487.3 0.1388 139.82 123.2 -99.7 87 
0.9 -469.4 0.1149 144.68 80.3 -121.4 89 
1.2 -487.6 0.0975 273.22 131.2 -150.8 91 

 

The presence of the prop-2-yn-1-ol, methyloxirane molecules play simultaneous effect to create a barrier 
at the metal surface against the arrival of both H+ and dissolved oxygen in aerated acid solution. We can 
introduce the synergistic intermolecular effect to protect steel in the chemical pickling (18.5% HCl) via 
the presence of oxygen and triple bond as well as hydroxyl group (Zarrok et al. 2013, Loto & Tobilola 
(2018); Toghan et al. 2023). 

3.3 Examination of the steel surface 
Fig.5 shows photos of these different samples, each strip in an HCl solution (18.5%) containing a 

different value of the inhibitor concentration. From this image, we notice by examination, a remarkable 
improvement of the samples aspect by comparing the pickled piece in the absence (dark aspect) to those 
pickled in presence of the inhibitor (clear and bright aspect). 
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Figure 4: curve of variation of the inhibitory efficacy of the inhibitor with prop-2-yn-1-ol, methyl oxirane as a 

function of the concentration  

 
Figure 5: Samples immersed in HCl solutions (18.5%) at different concentrations of the inhibitor. 

3.4 SEM analysis 

Figure 6 shows the SEM images of the corroded and uncorroded mild steel surfaces without and with 
the prop-2-yn-1-ol, methyloxirane. The results obtained by SEM for the samples of the steel after 
chemical pickling in HCL medium in the absence of inhibitor, allow identifying the type of corrosion, 
indicating pitting corrosion and a damaged state due to some cracks scanned on the surface (Fig.6b). On 
the other hand, in the presence of the inhibitor, no attack on the surface of the steel was observed, which 
shows good protection of the steel against corrosion due most probably to the formation of a protective 
layer on the surface (Fig.6a) (Eddy et al. 2014; Hanoon et al. 2020;). The analysis of two SEM (Scanning 
Electron Microscopy) images showing steel attacked by hydrochloric acid and another that is not 
attacked in the presence of an inhibitor can help to understand the effects of inhibitors on steel corrosion. 
The image of the steel attacked by hydrochloric acid shows a rough and irregular metal surface, 
indicating that corrosion has occurred. One can also observe the formation of cavities, cracks, and 
deposits on the metal surface, indicating that corrosion has altered the metal structure. 
On the other hand, the image of the steel in the presence of an inhibitor shows a smoother and less altered 
surface, indicating that corrosion has been slowed down or inhibited by the action of the inhibitor. One 
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can also observe a reduction in the formation of cavities, cracks, and deposits on the metal surface, 
suggesting that the inhibitor effectively protected the metal structure.  

 

Figure 6: Scanning electron microscope (SEM) photos of the mild steel surface after 5 min immersion 
in HCl medium, (a) in the presence of 0.6 g/l of the inhibitor, (b) in the absence of the inhibitor. 

 

The SEM micrograph also shows the development of a thick layer of corrosion products, relating to the 
iron oxides formed. This layer shows a porous structure, in fact, the presence of pits and crevices in the 
iron oxide layer leads to the formation of channels that allow the diffusion mainly of H+ ions as well as 
Cl- anions and water molecules from the HCl solution (corrosive medium).  We are therefore faced with 
a degradation of the surface state of the alloy in question (steel) through the intense dissolution of iron 
by the attack of H+ ions and the consequent release of Fe2+ ions. SEM micrographs reveal an 
improvement in surface condition, i.e. the absence of heterogeneities (pitting) in the morphology of the 
steel's metallic surface in the presence of corrosion inhibitors. This is due to the formation of a protective 
layer on the metal surface as a result of physiosorption and essentially chemisorption of the inhibitor 
molecules on the steel's metal surface. Corrosion inhibitors are substances that reduce or prevent 
corrosion by modifying the chemical environment around the metal surface. They can act by forming a 
protective layer on the metal surface, neutralizing corrosive acids, or regulating electrochemical 
reactions at the metal surface. 
In conclusion, the SEM images clearly demonstrate the protective effect of corrosion inhibitors on steel 
and can help to evaluate the effectiveness of different inhibitors for industrial applications. 

Conclusion 
In (18.5%) hydrochloric acid solution, the produced inhibitor (Prop-2-yn-1-ol, methyloxirane) 

showed excellent inhibitive activity for mild steel corrosion. The substance has demonstrated remarkable 
inhibition efficiency, and its inhibitory characteristics are stronger as concentrations increase. In a 
hydrochloric acid solution, it works as an inhibitor with anodic predominance for mild steel. The 
polarization curves indicate that Prop-2-yn-1-ol, methyloxirane acts as a anodic-type inhibitor. 
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According to SEM examination, metal is successfully shielded from the HCl aggressive solution by a 
protective coating, which is the cause of Prop-2-yn-1-ol, methyloxirane inhibitory mechanism. 

References 
Abdallah M., Hegazy M., Alfakeer M., & Ahmed H. (2018). Adsorption and inhibition performance of 

the novel cationic Gemini surfactant as a safe corrosion inhibitor for carbon steel in hydrochloric 
acid. Green Chemistry Letters and Reviews, 11, 457–468. 
https://doi.org/10.1080/17518253.2018.1526331 

Abdel-Karim A. M., & El-Shamy A. M. (2022). A Review on Green Corrosion Inhibitors for Protection 
of Archeological Metal Artifacts. Journal of Bio- and Tribo-Corrosion, 8(2), 35. 
https://doi.org/10.1007/s40735-022-00636-6 

Abd El-Lateef H. M. A., Adam M. S. S., & Khalaf M. M. (2018). Synthesis of polar unique 3d metal-
imine complexes of salicylidene anthranilate sodium salt. Homogeneous catalytic and corrosion 
inhibition performance. Journal of the Taiwan Institute of Chemical Engineers, 88, 286–304. 
https://doi.org/10.1016/j.jtice.2018.04.024 

Adam M. S. S., Abd El-Lateef H. M., & Soliman K. A. (2018). Anionic oxide‑vanadium Schiff base 
amino acid complexes as potent inhibitors and as effective catalysts for sulfides oxidation: 
Experimental studies complemented with quantum chemical calculations. Journal of Molecular 
Liquids, 250, 307–322. https://doi.org/10.1016/j.molliq.2017.12.013 

Ahamad I., Prasad R., & Quraishi M. A. (2010). Experimental and quantum chemical characterization 
of the adsorption of some Schiff base compounds of phthaloyl thiocarbohydrazide on the mild 
steel in acid solutions. Materials Chemistry and Physics, 124(2), 1155–1165. 
https://doi.org/10.1016/j.matchemphys.2010.08.051 

Aiad I., Shaban, S. M., Moustafa, H. Y., & Hamed, A. (2018). Experimental Investigation of Newly 
Synthesized Gemini Cationic Surfactants as Corrosion Inhibitors of Mild Steel in 1.0 M HCl. 
Protection of Metals and Physical Chemistry of Surfaces, 54(1), 135–147. 
https://doi.org/10.1134/S2070205118010173 

Al-Azawi K. F., Al-Baghdadi, S. B., Mohamed, A. Z., Al-Amiery, A. A., Abed, T. K., Mohammed, S. 
A., et al. (2016). Synthesis, inhibition effects and quantum chemical studies of a novel coumarin 
derivative on the corrosion of mild steel in a hydrochloric acid solution. Chemistry Central 
Journal, 10, 23. https://doi.org/10.1186/s13065-016-0170-3 

Al-Taweel S., Al-Janabi K., Luaibi H., Al-Amiery A., & Gaaz T. (2019). Evaluation and characterization 
of the symbiotic effect of benzylidene derivative with titanium dioxide nanoparticles on the 
inhibition of the chemical corrosion of mild steel. International Journal of Corrosion and Scale 
Inhibition, 8, 1149–1169. https://doi.org/10.17675/2305-6894-2019-8-4-21 

Bentiss F., Outirite M., Traisnel M., Vezin H., Lagrenée M., Hammouti B., et al. (2012). Improvement 
of corrosion resistance of carbon steel in hydrochloric acid medium by 3,6-bis(3-
pyridyl)pyridazine. International Journal of Electrochemical Science, 7, 1699–1723. 

Bouchtart A., Rguiti,M., Mouaden K. E., Albourine A., Chaouiki A., Ralghi R., et al. (2020). Mild steel 
corrosion inhibition by some heteroatom organic compounds in acetic acid medium. Moroccan 
Journal of Chemistry, 8(4), 8–993. https://doi.org/10.48317/IMIST.PRSM/morjchem-
v8i4.20562 

Bouklah M., Ouassini A., Hammouti B., El Idrissi A. (2006). Corrosion inhibition of steel in sulphuric 
acid by pyrrolidine derivatives, Applied Surface Science 252 (6), 2178-2185 

Cavani F., Trifirò F., & Vaccari A. (1991). Hydrotalcite-type anionic clays: Preparation, properties and 
applications. Catalysis Today, 11(2), 173–301. https://doi.org/10.1016/0920-5861(91)80068-K 



Haddaji et al., Mor. J. Chem., 2023, 14(3), pp. 718-728 727 
 

Ech-chihbi E., Nahlé A., Salim R., Oudda H., El Hajjaji F., El Kalai F., et al. (2019). An Investigation 
into Quantum Chemistry and Experimental Evaluation of Imidazopyridine Derivatives as 
Corrosion Inhibitors for C-Steel in Acidic Media. Journal of Bio- and Tribo-Corrosion, 5(1), 24. 
https://doi.org/10.1007/s40735-019-0217-9 

Eddy N., Chahul H., & Oguzie E. (2014). Theoretical and experimental studies on the corrosion 
inhibition potentials of some purines for aluminum in 0.1 M HCl. 

El Ouafi A., Hammouti B., Oudda H., Kertit S., Touzani R., Ramdani A. (2002). New bipyrazole 
derivatives as effective inhibitors for the corrosion of mild steel in 1M HCI medium, Anti-
corrosion methods and materials, 49'3), 199-204, https://doi.org/10.1108/00035590210426463  

Hanoon M.M., Resen A., Shaker L., Amir A., Kadhum A., & Al-Amiery A. (2020). Corrosion 
Investigation of Mild Steel in Aqueous Hydrochloric Acid Environment Using N-(Naphthalen-
1- yl)-1-(4-Pyridinyl)Methanimine. Biointerface Research in Applied Chemistry, 11, 9735–9743. 
https://doi.org/10.33263/BRIAC112.97359743 

Hegazy M. (2018). Corrosion Inhibition Performance of a Novel Cationic Surfactant for protection of 
Carbon Steel Pipeline in Acidic Media. International Journal of Electrochemical Science, 13, 
6824–6842. https://doi.org/10.20964/2018.07.53 

Ji G., Anjum S., Sundaram S., & Prakash R. (2015). Musa paradisica peel extract as green corrosion 
inhibitor for mild steel in HCl solution. Corrosion Science, 90, 107–117. 
https://doi.org/10.1016/j.corsci.2014.10.002 

Kadhim A., Al-Okbi A. K., Jamil D. M., Qussay A., Al-Amiery A. A., Gaaz T. S., et al. (2017). 
Experimental and theoretical studies of benzoxazines corrosion inhibitors. Results in Physics, 7, 
4013–4019. https://doi.org/10.1016/j.rinp.2017.10.027 

Khaldi M., Badreddine M., Legrouri A., Chaouch M., Barroug A., De Roy A., & Besse J. P. (1998). 
Preparation of a well-ordered layered nanocomposite from zinc–aluminum–chloride layered 
double hydroxide and hydrogenophosphate by ion exchange. Materials Research Bulletin, 
33(12), 1835–1843. https://doi.org/10.1016/S0025-5408(98)00185-8 

Kharbach Y., Qachchachi F. Z., Haoudi A., Tourabi M., Zarrouk A., Jama C., et al. (2017). Anticorrosion 
performance of three newly synthesized isatin derivatives on carbon steel in hydrochloric acid 
pickling environment: Electrochemical, surface and theoretical studies. Journal of Molecular 
Liquids, 246, 302–316. https://doi.org/10.1016/j.molliq.2017.09.057 

Legrouri A., BadreddineM., Barroug A., De Roy A., & Besse J.-P. (1999). Influence of pH on the 
synthesis of the Zn–Al–nitrate layered double hydroxide and the exchange of nitrate by 
phosphate ions. Journal of Materials Science Letters, 18(13), 1077–1079. 
https://doi.org/10.1023/A:1006647505203 

Loto R. T., Tobilola O. (2018), Corrosion inhibition properties of the synergistic effect of 4-hydroxy-3-
methoxybenzaldehyde and hexadecyltrimethylammoniumbromide on mild steel in dilute acid 
solutions, Journal of King Saud University - Engineering Sciences, Volume 30, Issue 4, 2018, 
384-390, https://doi.org/10.1016/j.jksues.2016.10.001  

Mohamad A. B., Kadhum A. A. H., Al-Amiery A. A., Ying L. C., & Musa A. Y. (2014). Synergistic of 
a coumarin derivative with potassium iodide on the corrosion inhibition of aluminum alloy in 1.0 
M H2SO4. Metals and Materials International, 20(3), 459–467. https://doi.org/10.1007/s12540-
014-3008-3 

Mousty C., Therias S., Forano C., & Besse J.-P. (1994). Anion-exchanging clay-modified electrodes: 
synthetic layered double hydroxides intercalated with electroactive organic anions. Journal of 
Electroanalytical Chemistry, 374(1), 63–69. https://doi.org/10.1016/0022-0728(94)03346-3 

Playle A. C., Gunning S. R., & Llewellyn A. F. (1974). The in vitro antacid and anti-pepsin activity of 
hydrotalcite. Pharmaceutica Acta Helvetiae, 49(9–10), 298–302. 



Haddaji et al., Mor. J. Chem., 2023, 14(3), pp. 718-728 728 
 

Salman T. A., Zinad D. S., Jaber S. H., Al-Ghezi M., Mahal A., Takriff M. S., & Al-Amiery A. A. 
(2019). Effect of 1,3,4-Thiadiazole Scaffold on the Corrosion Inhibition of Mild Steel in Acidic 
Medium: An Experimental and Computational Study. Journal of Bio- and Tribo-Corrosion, 5(2), 
48. https://doi.org/10.1007/s40735-019-0243-7 

Saouti F., Charquaoui A., & Naimi Y. (2021). Physico-chemical factors conditioning the electronic 
conduction of conductive polymers. E3S Web of Conferences, 229, 01058. 
https://doi.org/10.1051/e3sconf/202122901058 

Toghan A.; Fawzy A.; Alakhras A.I.; Sanad M.M.S.; Khairy M.; Farag A.A. (2023). Correlating 
Experimental with Theoretical Studies for a New Ionic Liquid for Inhibiting Corrosion of Carbon 
Steel during Oil Well Acidification. Metals, 13, 862. https://doi.org/ 10.3390/met13050862  

Tourabi M., Nohair K., Traisnel M., Jama C., & Bentiss F. (2013). Electrochemical and XPS studies of 
the corrosion inhibition of carbon steel in hydrochloric acid pickling solutions by 3,5-bis(2-
thienylmethyl)-4-amino-1,2,4-triazole. Corrosion Science, 75, 123–133. 
https://doi.org/10.1016/j.corsci.2013.05.023 

Wang J., Zhou W., & Du Y. (2012). Effect of sodium silicate pretreatment on phosphate layer: 
Morphology and corrosion resistance behavior. Materials and Corrosion, 63(4), 317–322. 
https://doi.org/10.1002/maco.201005742 

Yıldız, R. (2019). Adsorption and inhibition effect of 2,4-diamino-6-hydroxypyrimidine for mild steel 
corrosion in HCl medium: experimental and theoretical investigation. Ionics, 25(2), 859–870. 
https://doi.org/10.1007/s11581-018-2649-5 

Zarrok H., Al Mamari K., Zarrouk A., Salghi R., Hammouti B., Al-Salem S., et al. (2012). Gravimetric 
and Electrochemical Evaluation of 1-allyl-1H-indole-2,3-dione of Carbon Steel Corrosion in 
Hydrochloric Acid. International Journal of Electrochemical Science, 7, 10338–10357. 

Zarrok H., Zarrouk A., Salghi R., Assouag M., Bouroumane N., Ebenso E. E., Hammouti B., Touzani 
R., Oudda H. (2013). Corrosion and corrosion inhibition of carbon steel in hydrochloric acid 
solutions by 2-[Bis-(3,5-dimethyl-pyrazol-1-ylmethyl)-amino]-3-hydroxy-butyric acid, Der 
Pharma Lettre, 5 (3), 327-335 

Zhang B., He, C. Chen X., Tian Z., & Li F. (2015). The synergistic effect of polyamidoamine dendrimers 
and sodium silicate on the corrosion of carbon steel in soft water. Corrosion Science, 90, 585–
596. https://doi.org/10.1016/j.corsci.2014.10.054   

Zouitini A., Kandri Rodi Y., Elmsellem H., Ouazzani Chahdi F., Steli H., Ad C., Ouzidan Y., Essassi E. 
M., Chetouani A., Hammouti B., Zouitini A. (2018). Corrosion Inhibition Behavior of Indazole 
Derivative as a Green Corrosion Inhibitor for Mild Steel in Hydrochloric Acid: Electrochemical, 
Weight Loss and DFT Simulations Studies. Moroccan Journal of Chemistry, 6(3), 6–403. 
https://doi.org/10.48317/IMIST.PRSM/morjchem-v6i3.11041 

 

 

(2023); https://revues.imist.ma/index.php/morjchem/index 
 


